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The present invention relates generaily to electronic
computing devices and more particularly relates to a
unique, low cost, gencral purpose type of electronic digi-
tal computing device.

With the ever-increasing cnormity and complexity of
record keeping and accounting systems in the business
world of today, there is accordingly an ever-increasing
demand, by necessity, for the adaptation and utilization
of high-speed mechanization techniques compatible with
such systems. FEven though the installation of large scale
dala processors and electronic computing equipment has
partially satisfled the needs of the larger business estab-
lishments, unfortunately they are not economically with-
in the realm of practical usage by the smaller business
establishments. Consequently, the long-felt nced by
smaller businesses is yet to be satisfied. .

Therefore, one of the principal objects of the present
invention is to devisc a new and improved low-cost elec-
tronic digital computer, which is of the general purpose
type in that it possesses substantially unlimited arithmetic
and programming capabilities and yet is characterized by
extreme simplicity of operation and compatibility with
present-day record keeping and accounting systems.

Another object of the present invention is to devise a
unique electronic computer having the characteristics
aforesaid and which utilizes a commercially available ac-
counting machine as one of its several input-output means
in a manner such that the printing format is controlled
almost entirely by the accounting machine and thereby
minimizing memory space necessary for printing formai-
control.

Still another object of the present invention is to devise
a unique electronic computer having the characteristics
aforesaid and which utilizes a serial-digit data-transfer
technigue and an addressable, random access, coincident-
current magnetic core memory synchronized to its several
input-output devices in a novel manner to alleviate the
necessity of extensive buffering to effect communication
with the devices.

A further object of the present invention is to devise
an ambiguous-word type computer having the character-
istics aforesaid and which is capable of utilizing, in an
extremely simple manner, an address incrementing and
decrementing format for an internally stored program
whereby a single instruction of the program is capable of
initiating a sequence of like operations on a multitude of
word significations.

Another object of the present invention is to devise such
a new and improved low-cost computer which is adapted
to utilize input media in the form of data-carrying ledger
cards, each having recorded thercon a combination of
historical, current, and fixed data which is not only hu-
man-readable, but additionally is machine-readable and
readily adaptable for computaticnal purposes.

Still another object of the present invention is to devise

a unique computer of the above-mentioned characteristics
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which not cnly utilizes the data carried by the ledger card
medin and other input medja in addition to key-board
entry data to perform all calculations involved in a com-
puiing operation, but additionally, as an incident to the
computing operation, updates the ledger card data in both
its printed human-readable and its magnetically-recorded
meachine-rendable sections and is thereby capable of pro-
ducing a printed journal shect and other output docu-
mernis, if desired.

A further object of the present invention is to devise a
novel low-cost computer which is capable of suppressing
all insignificant digits while updating the ledger card data
in both its printed human-readable and magnetically-
recorded machine-readable sections.

And another object of the present invention is to de-
vise & new and improved low-cost transistorized computer
which docs not require air conditioning and which utilizes
inexpensive resistor logic and transistor flipflop control
circuitry which perform multinie functions and thus main-
tain the cost of the computer at a minimum.

The features of the present invention which are be-
lizved to be novel arc set forth with particularity in ap-
pended claims. The organization and manner of apera-
tion of the invention, together with further objects and
advantages thereof, may best be understood by reference
to the following deseription taken in connection with the
accompanying drawings, in the several figures of which
like reference characters identify like elements, and in
which:

FIG. 1 is a perspective view of the novel computer ¢on-
siructed in accordance with the present invention;

FIG. 2 is a plan view of the keyboard of the account-
ing machine portion of the computer;

] FIGS. 3A and 3B, when joined together at the dashed
Lines, form a lengitudinal cross-sectional view of the ac-
counting machine portion of the computer;

FIG. 4 is a plan view, partly in section, of the mecha-
nism utilized in accordance with the present invention for
stopping the amount racks of the accounting machine por-
tion;

_FIG. 5A is a plan view showing the conductor pattern
disposed on the top surface of the printed-circuit board
utilized for determining the stopped positions of the
amount racks;

FIG. 5B is a plan view showing the conductor patiern
disposed on the bottom surface of the printed-circuit
board wilized for determining the stopped positions of
the amount racks;

.FIG. 5B is a plan view showing the conductor pattern
disposed on the bottom surface of the printed-circuit
board shown in FIG. 5A.

FIG. 6 is an exploded vicw of one of the various sole-
noid actuated mechanisms utilized for selectively stop-
ping an amount rack;

IIG 7is a‘fm‘gmc:nf,ary view of the photoelectric means
|.1|’u'4;'r:-d for indicating the instantaneous point-by-point
digitzl positions of the various amount racks;

FIG. 8 is a pln;'z view of the timing rack comb uiilized
by tbc photozlectric means of FIG. 7;
bni;ic(t}.; I?C;sn :1 liii:;;;e:flicf\groi ﬂtthe splgnoid-actuated switcg‘t

i m L elermining the stopped posi-
tzo:}s oL ine.vm'ious amount racks;

. FIG. 10 is a partial end view of the mechanism shown
in FIG, 9;
) FIG. 11 is a partial front view of the mechanism shown
in FiG, 9;

FIG. 12 is a fragmentary cross-sectional view of the
basket portion of FIG, 9;

FIG. 13 is a plan view of the solenoid-actuated rear
form-bar readout mechanism utilized by the card and
paper tape punching mechanisms for sensing the position

of the accounting machine carriage;
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FIG. 14 is a front view of the ledger card handling
mechanism shown in FIG. 1 with the cover and table
portions thereof removed;

FIG. 15 is a partial front view of the solenoid-actuated
mechanism shown in FIG. 16 which is utilized for selec-
tively preventing the lower compression rolls from being
disengaged from the accounting machine platen;

FIG. 16 is a partly cross-sectional view taken along
lines 16—16 of FIG. 14;

FIG. 17 is a partly cross-sectional view showing the
relationship between the ledger card handling equipment
and the accounting machine carriage;

FiG. 18 is a partial view of FIG. 17 showing the rela-
tionship between the compression rollers, the card-
handling platen and the accounting machine platen when
the carriage of the accounting machine is open;

FIG. 19 is a partial view of FIG. 17 showing the com-
pression rollers latched against the card-handling platen,
and, additionally showing the relative position of the
magnetic recording and reproducing heads;

FIG. 20 is a partial view of FIG. 17 showing the con-
struction of the slotted side-plate portion of the account-
ing machine carriage;

FIG. 21 is a fragmentary cross-sectional view of a
portion of the card-handling platen driving mechanism
shown in FIG. 14;

FIG. 22 is a plan view, partly in section, of a portion
of the card-handling mechanism shown in FIG. 1;

FIG. 23 is a fragmentary cross-sectional view of the
jedger card guide assembly shown in FIG. 22;

FIG. 24 is a partial plan view of the rear rack driving
means shown in FIG. 17 which is utilized for effecting
linear translation of the accounting machine carriage;

FIG. 25 is a fragmentary view, partly in section, of
FIG. 24 showing the switching means utilized for detect-
ing home position of the accounting machine carriage;

FIG. 26 is a fragmentary view, partly in section, of the
means utilized for preventing a typewriter key on the
accounting machine keyboard from being depressed while
the accounting machine is carrying-out a cycle of opera-
tion;

FIG. 27 is a fragmentary view of the means utilized for
mamually locking the typewriter carriage-return keys;

FIG. 28A illustrates the rotatable position of the com-
mutator switching means, initially shown in FIG. 14,
when the compression rollers are latched with respect to
the ledger card drive platen;

FIG. 28B illustrates the rotatable position of the com-
mutator switching means when the compression rollers
are unlatched from the ledger card drive platen;

FIG. 29 is a fragmentary cross-sectional view longitu-
dinally taken through the ledger card handling mecha-
nism;

FiG. 30 is a fragmentary cross-sectional view of the
solencid-actuated means shown in FIG. 29 which is uti-
lized for selectively locking the accounting machine car-
riage in home position;

FIG. 31 is a fragmentary view of the card-drive platen-
braking means shown in FIG. 15;

FIG. 32 is a fragmentary view of the solenoid means
utilized for automatically unlatching selected low-order
ones of the order-hooks of the accounting machine from
their respective type-sectors;

FIG. 33 is a side view, partly in section, of one of the
magnetic recording and reproducing heads utilized by the
computer in accordance with the present invention;

FIG. 34 is a partial side view, partly in section, of the
solenoid-actuated type-sector latching and unlatching
mechanism;

FIG. 3§ is a partial plan view of the solenoid-actuated
type-sector latching and unlatching mechanism shown in
FIG. 34; . :

FIG. 36 is a fragmentary cross-sectional view of the
composite magnetic recording and reproducing head as-
sembly utilized by the computer;
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FIG. 37 is a fragmentary view, partly in section, of a
portion of the linkage of the overdraft control mechanism
of the accounting machine;

FiG. 38 is a side elevational view of a portion of the
cycie-initiating motor-bar mechanism of the accounting
machine and the solenoid-actuated means utilized for
automatically effecting selective operation thereof;

FiG. 392 is a fragmentary view of the solenoid-actuated
means which is utilized to selectively prevent an early
release of a depressed amount key during an addition or
subtraction cycle of operation of the accounting machine;

FIG. 40 is a fragmentary view of the portion of the
accounting machine mechanism which is utilized in initi-
ating a total-taking cycle of operation thereof;

FIG. 41 is a fragmentary view of the reverse tabulation
mechanism of the accounting machine;

FIG. 42 is a fragmentary view of the switching means
shown in FiG. 41 which is utilized in detecting whether
or not the accounting machine is in the process of carry-
ing out a cycle of operation thereof;

FIG. 43 is a fragmentary view of the accounting ma-
chine forward-tabulating lever and the switching means
associated therewith utilized in detecting whether or not
the accounting machine carriage is tabulating over a car-
riage stop;

FiG. 44A is a fragmentary view of the totalizer reverse
key and the mechanism associated therewith;

FIGS. 44B through 44G are fragmentary views of vari-
ous cam actuated switching means which are utilized to
eifect selective energization of the paper tape punching
mechanism shown in FIG, 44H;

FIG. 44H is a partial side elevational view of the paper
tape punching mechanism utilized by the computer;

FIGS. 45A and 458, when joined together at the dashed
lines, form a simplified block diagram of the computer
circuitry;

FIG. 45C is a simplified block diagram of the adder-
subtracter portion of the computer circuitry;

FIG. 45D is a simplified block diagram of the paper
tape punch control circuitry;

FIGS. 46 through 51 disclose the schematic circuit
diagrams of all of the various building blocks utilized
in constructing the circuitry portion of the computer;

FIGS. 52A and 523, when joined at the dashed lines,
form a schematic circuit diagram of the coincident-cur-
rent magnetic core memory;

FIG. 53 is a portion of the logical diagram of the
adder-subtracter circuiiry;

FIG. 54 is the remaining portion of the logical dia-
gram of the adder-subtracter circuiiry;

FIG. 55 is a logical diagram of section 1 of the in-
struction register;

FIG. 56 is a logical diagram of the decoder portion
of section 1 of the instruction register;

FIG. 57 is a logical diagram of section 2 of the in-
struction register;

FIG. 58 is a logical diagram of sections 3 and 4 of
the instruciion register;

FIG. 59 is a logical diagram of section 5 of the in-
struption register and the compare circuitry relating to
sections 3 and 4 of the instruction register;

FIG. 60 is a poriion of the logical diagram of the
r§a@-write, digit-cycle, word-cycle and subcommand ini-
tiating circuitry;

FIG, 61 is an additional portion of the logical diagram
of the read-write, digit-cycle, word-cycle and subcom-
mand initiating circuitry;

FIG. 62 is a logical diagram of the bit-counter;

FIG. 63 is a logical diagram of the digit-counter;

FIG. 64 is a logical diagram of the high-order section
of the word-selecting register;

FIG. 65 is a logical diagram of the low-order section
of the word-sclecting register and a logical diagram of
the Y-drivers;

T'IG. 66 is a logical dingram of the X and Y grounders;
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FIG. 67A is a logical diagram of the memory sensc
amplifiers;

FIG. 67B is a logical diagram of the rack-readout
circuitry;

FIG. 68 is a logical diagram of the R-counter;

FIG. €9 is a logical diagram of a portion of the digit-
cycle initiating circuitry;

FIG. 70 is a logical diagram of the “K” digit-register
and associated circuitry;

FIG. 71 is a logical diagram of the “J” digit-register
and associated circuitry;

FIG. 72 is a logical diagram of the F-counter and
compare circuitry;

FIG. 73 is a logical diagram of the instruction register
transfer circuitry;

FIGS. 74 thru 79 are logical diagrams of the various
word-cycle, time-delay and subcommand initiating fip-
flops;

FIG. 80 is a logical diagram of the rack-stopping sole-
noids and flip-flops;

FIG. 81 is a logical diagram of various solenoid con-
trol and light indicating circuitry;

FIG. 82 is a portion of the logical diagram of the
ledger card handling circuitry;

FIG. 83 is an additional portion of the logical dia- 23

gram of the ledger card handling circuitry;

FIG. 84 is a logical diagram of the various timing
clock and push-button control circuitry;

FIG. 85 is a logical diagram of the magnetic recording
reproducing and control circuitry;

FIG. 86 is a schematic diagram of a portion of the taps
punch control circuitry;

FIG. 87A is a timing chart illustrating the instan-
taneous logical states of the various control lines utifized
during a memory read-write cycle of operation;

FIG. 87B is a timing chart illustrating the instanta-
neous logical states of the various synchronizing clock
lines;

FIG. 87C is a timing chart illustrating the instanta-
neous conditions and states of energization of the various
switching and solenoid means utilized by the tape punch
mechanism;

FIG. 87D is a timing chart illustrating the instanta-
neous logical states of the various control lines utilized
during a magnetic recording and reproduction cycle of
operation;

FIGS. 88A and 88B are diagrammatic illustrations of
a portion of the magnetic ledger card utilized by the
compiiter;

FIG. 88C is a diagrammatic illustration of a portion
of the punched paper tape utilized by the computer;

FIGS. 88D and &8E iogether form a diagrammatic
illustration of a portion of the journal shest and pay-
check-statement combination properly placed in the ac-
counting machine carriage, ready for a posting operation
thereon;

FIG. 88F is an illustration of a pay check;

FIG. 88G is an illustration of a statement form;

FIGS. 8%A and 89B logically illustrate the various
portions of the circuitry utilized by the computer in
carrying out an enter-keyboard-words (EKW) instruc-
tion;

FIGS. 90A, 90B and 90C logically illustrate the var-
ious portions of the circuitry utilized by the computer in
carrying out a print-out-words (POW) instruction;

FIGS. 91A, 91B and 91C logically illustrate the var-
ious portions of the circuitry utilized by the computer
in carrying out an enter-card-words (ECW) instruction;

FIGS. 924, 92B and 92C logically illustrate the var-
ious portions of the circuitry utilized by the computer in
carrying out a record-on-card (ROC) instruction;

FIGS. 93A and 93B logically illustrate the various
portions of the circuitry utilized by the computer in
carrving out a shift (SHF) instruction;

FIG. 94 logically illustrates the various portions of

10

55

60

85

70

75

6

the circuitry utilized by the computer in carrying out a
clear-memory-addresses (CMA) instruction;

FIG. 95 logically illustrates the various portions of the
circuitry utiized by the computer in carrying out a
motor-bar (MB) instruction;

FIG. 96 logically illustrates the various portions of the
cireuitry utilized by the computer in carrying out a stop
(STP) instruction;

FIG. 97 logically illustrates the various portions of the
circuitry utilized by the computer in carrying out an
add (ADD) instruction;

FIG. 98 logically illustrates the various portions of the
circuitry utilized by the computer in carrying out a sub-
tract (SUB) instruction;

FIG. 99 logically illustrates the various portions of the
circuitry utilized by the computer in carrying out a sum
{SUM) instruction;

FIG. 100 logically illustrates the various portions of the
circuitry utilized by the computer in carrving out an add-
pairs-of-numbers (APN) instruction;

FIG. 101 logically illustrates the various portions of the
civeuitry utilized by the computer in carrying out a mul-
tiply-doliar-decimal (MDD) instruction;

FIGS. 102A, 102B and 102C logically illustrate the
various portions of the circuitry utilized by the computer
in carrying out a muitiply-and-shift (MUS) instruction;

FIGS. 103A and 103B logically illustrate the various
portions of the circuitry utilized by the computer in carry-
ing out a divide (DIV) instruction;

FIG. 104 logically illustrates the various portions of
the circuitry utilized by the computer in carrying out a
take-alternate-instruction (CFM) instruction;

F1G. 105 logically illusirates the various portions of the
circuitry utilized by the computer in carrying out a take-
alternate-instruction (CFE) instruction;

FIGS. 1056A and 106B logically illustrate the various
portions of the circuitry utilized by the computeer in car-
rying out an enter-punched-tape (EPT) instruction;

FIG. 197A is a flow diagram of the sequence of opera-
tions exccuted in carrying out an EKW instruction;

FIG. 1078 is a flow diagram of the sequence of opera-
tions executed in carrying out a POW instruction;

FIG. 107C is a fiow diagram of the sequence of opera-
tions executed in carrying out an ECW instruction;

FIG. 107D is a flow diagram of the sequence of opera-
tions executed in carrying out an ROC instruction;

FIG. 107E is a flow diagram of the sequence of opera-
tions executed in carrying out an SHF instruction;

FIG. 107F is a flow diagram of the sequence of opera-~
tions executed in carrying out a CMA instruction;

FIG. 107G is a flow diagram of the sequence of opera-
tions executed in carrying out an MB instruction;

FIG. 107H is a flow diagram of the sequence of opera-
tions executed in carrying out an STP instruction;

FIG. 1071 is a flow diagram of the sequence of opera-
tions executed in carrying out an ADD instruction;

FIG, 107) is a flow diagram of the sequence of opera-
tions executed in carrying out an SUB instruction;

FIG. 107K is a flow diagram of the sequence of opera-
tions executed in carrying out an SUM instruction;

FiG. 107L is a flow diagram of the sequence of opera-
tions executed in carrying out an APN instruction;

FiG. 107M is a flow diagram of the sequence of opera-
tions executed in carrying out an MDD instruction;

FIG. 107N is a flow diagram of the sequence of opera-
tions executed in carrying out an MUS instruction;

FIG. 107P is a flow diagram of the sequence of opera-
tions executed in carrying out a DIV instruction;

FIG. 107Q is a flow diagram of the sequence of opera-
tions executed in carrying out a CFM instruction;

FIG. 107R is a flow diagram of the sequence of opera-
tions executed in carrying out a CFE instruction; and

FIG. 107S is a flow diagram of the sequence of opera-
tions executed in carrying out an EPT instruction.

Inasmuch as the following description of a physical
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embodiment of the present invention is of considerablc
length and complexity, and is essentially divided into a
multiplicity of separate secticns, the varicus section head-
ings are herein serially numbered and listed below in or-

der to facilitate immediate reference to the varicus por-
tions of the specification.
Column
1. General Deseription of Computer_ - ... .. ____.._.__ 8
2. Accounting Machine Portion of Compuger (Gesneral). 8
4. Electric Typowritor Portion of Aceonuting Mochine . 8
4. Amount Keyboard of Accounting Muehine. - 9
5. Constraction and Mode of Operation of Ace
of Compuater. ... _.__._ 11
6. Paper Tape Punch Portion of Compul 28
7. Magnetie Ledger Card Handling Portion of Computer. 30
8. Electromechanical Control Meart 3
9. Building Blocks Generally.__._ 47
10, Inverter Building Bloek 47
11. Emitter-Follower Building Blocks. 49
12, Logical OR Building Blocks_.. 2]
13. LO"lL‘l] AND Building Bloeks.__ .. o
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17, X-Dirivers_ . ... 7n
18. Bit-Counter__.__._. i}
19. X and Y Grounders 71
20. Diglt Counter. ... T
21. Y- ])rlvczs _____________ i
22, Word-Selecting Reaister 73
23. Bummary of Word Seleeti T4
24. Synchronizing Clocks. . 75
25, Detailed Read-Write Cyele T
25. Sensc-Amplifier Strobe._.___ ki)
27. Format of Instruction Words Cien 81
9. Format of ENTER-KEYBOARD- WY
(B W00) oo et e e el 84
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30. Format of ENTER-CARD-WORDS Instruction Word (ECW-
L4 S U 87
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32, Format of SHITT Instraction Word (S~ _ g2
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Word (CMA-05) 03
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39, Format of ADD-PAIRS-of-NUMDBILRS Instraction
(APN-1T) it
40, Format of MULTIPLY-DOLILAR-DECIMAT
Word (MDD-12) 46
41. Format of
(MUS-13) 46
49, Format of DIVIDE Iustruction Word (1YIV-14). ur
43. Format of TAKE-ALTERNATEINSTRUCTIONIF X2V
Instruction Word (CFM-15)_ .98
44, Format of TAKKE-ALTHERNA C XY
Instraction Word (C¥F-8Y ... ... ... g8
45. Format of ENTER-PUNCHELD-TATE Instruction Word
(EPT-17)
46. Format Code Designations of Instruction Words
47, Instruction Exccution Time. ...

. Instruction Register Generall
. Section 1 of Instruction Register.
. Section 2 of Instruction Register.
. Section 3 of Instruction Register.
. Section 4 of Instruction Register_
. Scetion 5 of Instruetion Register.
. Instruction Register Presots___ ..
. Summary of Instruction Register.
. R-Counter,
. ¥-Counter
. Compare F-Counter and Digit-C
. 4 Digit-Register- ... ________._
. Compare F-Counter and *
. “K' Digit-Register.._.
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. Control Counter Generally.
. Subinstructions Generally. .
. Funetional Listing and D(‘scupt,lon of Suhinsiruction
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1. General Description af Computer

With reference to FIG. 1 of the drawings, the com-
puter constructed in accordance with the present inven-
tion is completely transistorized and is adapted to be con-
tained in an ordinary metal office desk, indicated generally
as 12. Mounted in the center of the desk is one of the
input-output devices for the computer. This particular
input-output device is in the form of an accountisg ma-
chine, indicated generally as 13, which is of the same gen-

eral type as that shown and described in United States
f.ctiers Patent 2,626,749, issued January 27, 1853, to R. A.
Christian et al. The electronic computing equipnient is
contained in both the left-hand and the right-hand sec-
tions of the desk while the two bottom drawers of the
right-hand section thereof have been retained. One of
the drawers is especially adapted for storage of addi-
tional “form-bars” for the accounting machine while the
remaining drawer is adapted for storage of magretic
“ledger cards” which, together with the form bars, are
utilized to program the computer in a manner as will here-
inafter be more fully described. The bridge, located in
back of the accounting machine and connecting the right-
hand and left-hand sections thercof, provides the ncces-
sary support for the electrical power supplies for the com-
puter, and which are energized from a normal 110-volt
power source. Mounted on the right-hand side of the
accounting machine and disposed in front of the carriage
portion thereof, is a card handling mechanism, indicated
gencrally as 24, which is utilized in reading and recording
magnetic information on the ledger cards. And, disposed
cn the front of the right-hand section of the desk, is a
control panel 15 which supports a portion of the various
manually operable electrical controls and indicating lights
for the computer.

2. Accounting Maclhine Portion of Compiter {General)

As the accounting machine portion of the computer is
of the well-known type substantially as that shown and
dezcribed in the aforesaid Patent 2,626,743, a detailed de-
scription of each of the multitude of vancusly intercon-
nected mechanisms contained therein is not deemed nec-
cssary in order to obtain a full and complete understand-
ing and appreciation of the present invention. However,
in order to insure such a fuil and complete understanding,
there will hereinafter be given a brief description of the
various keyboard controls, as well as the salient featurcs
and functions of the major component parts thereof, along
with the minor modifications and additions thereto which
have been found necessary in order to adapt the account-
ing machine as an input-output device for the computer.

3. Electric Typewriter Portion of Accounting Machine

With reference to FIG. 2 of the drawings, the account-
ing machine <ontains an electric typewriter in addition
to mechanisms for adding and subtracting amounts, and,
by means of its form bar, independently functions in
many ways as a general purpose computer.  Aifl the
mechanisms contained therein are aimed at producing
three results, namely: the ability to select, accumulate
and print totals; the abiiity to print amounis and dates
which are indexed in the key-board; and the ability to
tvpe descriptive information on the various forms and
ledger cards wsed by the machine. The electric type-
writer is an independent power-driven unit having a key-
beoard located directly in front of the “amount” key-
board. “ON” and “"OFF” switches located on the left
side of the keyboard, control the supply of operating
power to the machine, and, a red light indicator 17,
Iocated on the front of the machine near the right side,
indicates whether or not the electric power is “ON.”

Three selective carriage-return keys “RETURN-1,”
“RETURN-2" and “RETURN-3" are located on the
right side of the typewriter keyboard to effect return of
the carriage to a predetermined stop position, with or
without vertical spacing of the platen. The position at
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which the carriage returns, depends vpon the length of
inserts provided in each of the carciage “stops,” illus-
trated as reference numeral 73 in FIG. 3A. Depression
of each of the typzwriter carriage RETURN keys, raises
a “return stop lever” to a given height so that it contacts
the desived “carriage return inscrt” in the carr stop,
to halt the trave! of the carriage. Vertical spacing of
the platen, under contro! of the carriage RETURN keys,
is cfTected by paper feed slides 28, 19, and 20, each lo-
cated at the side of a different one of the RETURN keys.
When one of slides 18 thru 26 is moved foward the
front of the machins, it couples the corresponding RE-
TURN key with vertical space key “VERT” in a man-
ner such that depression of key “VERT” causes the platen
to be spaced vertically in addition to being rdurned to a
p“ec‘:c ermined position. However, ihe paper feed key
“VERT” may be used to vertically space the platen one
or more positions for each depression theicof. lLocated
directly below the cerriage return keys is g typewriter
tabulation key “TAB” which, when depressed, causes the
carriane to tabula{" to a particular cclumn as selected
by a corresponding tysewsriter stop. Tt ds fo be appre-
cinted that ali carring ion to ..vrcimfter be described
is dependent upon the fact that the carriage is closed.

At the left of the amount keyboard is a typewriter
ribbon control lever 21, With lever 21 in the center or
nermal position, the typewriter prints in black; when in
the Jower position, the tynewriler prints in red until the
lever is manually restored to normal; and, when in the
upper position, the typewriter prints in 1»d until comple-
tion of the next operation of the accounting machine, at
which time the lever is automaticaily restored to its central
rosition.  Another ribbon control lever, not shown, is
located on the top of the machine under thz platen.
Mien this lever is in Hs forward position, normal black
printing of amounts is cfiected except during a subtract
opm ation in the #1 totalizer and during a credit balance
ion which are automatically printed-out in red.
'1eu in its rearward position, typewriter ribbon control
icwer 21 is rendered eflective to control the amount print-
g operation, the saume as on typewriter printing.

4, Amount Keyboard of Accouniing Machine

The amount kevboard consists of ten rows of kevs for
entering amcvnts into the accounting machine totalizers
and/or inio the computer memory. Each amount row
consists of nine keys numbered from “17 thra “9,” zeros
end punciuation being printed automatically. Any de-
nressed amount Key s restored to its original positior
vhen ancther amount key in the same row is depressed,
cand, all depressed amount kevs are simultancously re-

sio ed upon depression of the release kev “REL” which
is located immediately to the right of the “BALANCH-1”
key in the lower left corner of the kevboard. This re-
lease key is utilized to restore those kevs depressed in
error, and especially those keys located in the control
saction on the 1=t side of the }\03 board, which are not
relcused by anctber key In the same row.  Any depressed
amount key, or Keys, is automatically restored upon com-
pletion of each machine operation, excent when “repeat
entry” is called for, either by a stop contrel or by depres-
sion of repeat 1.cy "I EPY which ds locaied immediately
to the right of the numbar 3”7 key in the control key-
board section. Those keys fccated on the left side of
the kevboard, svch as date keys | thru 9 and 1 thiu 3
1'eqrccliveiv located in ihe eleventh and twelfth rows, are

‘staydown” kevs which are not released during each ma-
chine operation but arc released only by depression of
another key in that pamcuh[ row, or by depression of a
soecial release kev “REL,” lozated above the number “3”
in the twelith row. A non-repeat date key “NON REP”
is Jocated directly above the special release key “REL”
and, when depressed, effects nen-printing of the vear
dat .' when depressed and is restored only by depression
of the date release key.
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Depression of tabulntis “TAB” located in the
fower right-hand coiner of the amount kevboard, causes
the carriage to be tabulat »:1 :x the Teft until the movement
thereef s arrested by a z able stop on the carriage.
The “TAB” lcjr provides a convenient means for tabulat-
ing the coarriage 1o a desired columnar position without
the necessity of using a “motor-bar™ operution, but is
rormally not used as o nart of a posting sequence, A
carriage-opening key “CARR. OPEN” is located at the
extreme upper rioht-hand cor ner of the keyboard and,
uncn depression thereof, selc:ti opening and
closing coperations of the carriage when the carriage is
located in “home” position. A single depression of the
carriage-opening key causes the carriage to open if it is
closed, or to close if it is open.  The key does not remain
down zoressed, but instead is restored to its origi-
nal position nfr - each depression.

A carriage-return key “"CAR. RET” is lecated im-
mediatelv below the carvizge opening key and, when de-
ssed, eficcts return of the carriage m a given stop
position which is determined by sclective placement of a
suitable carriage-return inserf in the particular stop that
controls the ;Jutu‘ﬂ to be selected if the carriage is
not open.  The carriage-return key is “locked-out™ while
the machine is OY‘CFGUTI" and, conversely, machine op-
cration is locked-out if the carriage- ‘etu n key is de-
pressed and heid down,

A carriage-release key “CARR REL,” locatzd on the
richt side of the keyboard dr"cdv above upper-motor-
bar 23, functions in three diiferent ways: if fully d"pl essed
and held dewn while the carriage dm“;g means is de-
encrgized, the carriage is uniocked and thus permitted to
be manually moved in either direction to any desired posi-
tion; ‘when pu*tialiv deprossed, the oo ge escapement
mechanism is released to permit the carringe to Le trans-
fated from right-to-left by the carriage driving means;
and when fully depressed and held down whilz the car-
riage is translated from
LCLI'LO right. The carr: ¢ key thus permits man-
uai or driven mov“m"nt of the carriage to any desired
position without mlenupdm by forward or reverse-tabu-
lating stops. The carriage-release kev is self restoring
and functions only while depressed, and '"h: aitowed
to resume its initial position, efiects engagement of the
escapement mechanism to hold the carriage at that posi-
tion.

Non-automatic key “NON AUTG,” located at the right
of upper-motor-bar 23, is a stay-down key which, when
depressed, remains down until released by a non-automatic
reicase key "REL,” located directly below it. The non-
automatic key disables the automatic “machine-release™
mechanism to prevent automatic machine operations called
for by stop-control.  When the non-automatic key is de-
pressed, the control keys at the left side of the keyboard
must be operated manually in order to initiate selection
of a particular totalizer. Disabling of the nutomatic ma-
chine-release mechanism alters the normul posting pro-
cedure in order to allow amcunts to he recorded in a
column in which eniries are infrequently made during a
posting operation.  The non-automatic release key “RLL,”
in addition to releasing the “NON-AUTO” key, when
depressed and held down, unlocks jitem-counter reset knobs
24, 25 and 26 so that the corresponding item counters !
through 3 may be reset to zero, #f desired.

Three motor-bars 23, 27 and 28, located on the right
of the keyboard, one above the other, are utilized pri-
marily to release the meachine {or operation. By selec-
tive use of the three motor-bars, aleng with motor-bar
control lever 2%, the carriage is controlled for normal tab-
uiation, skip tabulation, return tabulation and paper fecd,
in addition to the disabling of the carriage opening mech-
anism. There are two methods of motor-bar depression,

each causing different results in carriage functions: the
first is a normal “touch” depression which requires less
than ten ounces of pressure for a distance of ene-eighth
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of an inch, after which a greater resistance to further
travel is met; and the second is a “hold” depression which
requires more than two pounds of presstre for a total
distance of seven thirty-seconds of an inch during more
than one-half of the cycle of the machins.  As the various
carriage functions are alsc conirolled automatically from
carriage stops, it would be neccessary to study in detail
all of these functicns and controls to obtain a complete
understanding of just what fakes place under a different
motor-bar condition as modified by control lever 29, As
such a detailed understanding is not deemed necessary for
a full and complete undersianding of the presant inven-
tion, only a few of the major motoir-bar opcrations will
be briefly discussed. However, a more detailed descrip-
ticn thereof may be hod by reference to previously-men-
tioned Patent 2,626,749,

A touch depression of upper-motor bar 23 dizables
carriage return but does not dizable stop-controlied skip
tabulation or paper feed. Even though paper feed is not
provided by the stop over which a touch oparation occurs,
the upper-motor bar causes the platen to space according
to the setting of the platen-spacing control lever.

A hold depression of upper-motor-bar 23 disables all
tabulation and carriage return., The upper-motor-bar is
designed primarily to permit certain variations in car-
riage travel from the right or left, depending upon the
requirements of the applications.  For example, the upper-
motor-bar disables carviage tabulation and thus permits
vertical posting, and also disables step-controlled corriage
return and thus provides additional fiexibility to meet the
requirements of the application.

A touch or hold depression of middle-motor-bar 27
provides varying results according to the position of motor-
bar conirol lever 29 and the stops which contro! paper
feed, tzbulation, and carringe return.  Wiih the motor-
bar centrol lever in the “TAB” position as shown, a touch
depressicn of the middie-motor-bar causes normal tabula-
tion. However, any stop-controlied tabulation takes pre-
cedence over a touch depression fumnction. A hold de-
pression takes precedence over carriage tabulation and
thus causes the carriage to return to the nearest carriage-
return insert.  If a hold depression takes place while the
carrizge is over a stop containing o skip-control insert,
the carriage then returns to a carriage-return insert and
then tabulates to another predetermined stop depending
upen the established skip-control.  With motor-bar con-
trol lever 22 in a contral position midway between “TAB”
and “VERT,” a touch depression of the middle-motor-
bar disables paper feed, in addition to normal carriage
tabulation and return. On a hold depression, normal
carriage tabulation, stop-controlled non-tabulation, and
carriage return are all disabled. However, in this in-
stance, paper feed and stop-centrolled carriage skip-tab-
ulation function as usual. With the motor-bar control
lever in its Jowermost position “VERT,” on both a touch
and hold depression of the middie-motor-bar, normal car-
riage tabulation and return are disabled. Step-controiled
skip-tabulaticn and paper feed are not disabled on either
a touch or a hold depressicn.

The middie-motor-bar thus provides variable control
of carriage travel and platen spacing in order to mect the
requirements of the application. In addition to operating
the machine, it initiates carriaze travel to the next pre-
determined posting position.  For such posting procedures
as “Accounts Receivable,” “Accounts Payable,” “G

General
Ledger,” etc., the touch and hold depression operations of
(he middle-motor-bar provide the abitity to make muliiple
postings where the carriape must alternately tabujate nnd
return between two posting columns or beiween the ref-
crence column and the posting column.,

A touch or hold dspression of lower-motor-bar 28 takes
precedence over and thus disables paper feed, carriage
return and certain types of stop-controlied carriage tabu-
lation, regardicss of the position of the motor-bar con‘rol
lever. This disabling ability permits the lower-motor-vur
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to effect a “skip-tabulate” machine operation simply by a
touch or hold operation thereof. It also provides the
means for skipping columns in which no postings arc to
be made and to skip operations which are not required
on every posting run; it permits carriage tabulation when
a stop has cstablished non-tabulation control; and it takes
precedence over many functions of the stop, thus provid-
ing variable control over paper feed and carriage tebula-
tion and return.

As previously stated, motor-bar control lever 29 affects
the function of the middle-motor-bar only. When the
lever is in its upper position as shown, the middle-motor-
bar functions in a normal manner, whereas, when in its
middie and lower positions, normai operation of only
the middle-motor-bar is modified.

The control portion of the accounting machine keyboard
is located to the left of the amount section and includes
the usual totalizer selecting and contro! keys, For exam-
ple, “ADD 17 and “SUBT 1” keys respectively sclect
totalizer #1 and conditions the totalizer to receive an
additive or subtractive entry, The “BALANCE 1" and
“SUB-BAL 17 keys respectively select totalizer #1 and
cause it to be operated In a “itotal” or “sub-total” oper-
ation. Located in the same row as keys “BALANCE 17
and “SUB-BAL 17 are four keys numbered 2 thru §
which select and condition the correspondingly-numbered
totalizer to receive additive entries. However, when any
one of the totulizer-sclecting keys is depressed simulta-
neously with “SUBT 2-5" key, the related tolelizer is
szlected and conditioned to receive subtractive entrics.
Similarly, when any one of the totalizer-selecting keys
is simultaneously depressed with “TOTAL 2-5" key, the
related totalizer is selected und conditioned to be operated
in a total taking operation. Howcver, when the “SUB-
TOT” key is operated in addition to the totalizer-selecting
and the “TOTAL 2-3" keys, the sclected totalizer is con-
ditioned to operate in a sub-total operation.

Similarly, located in the same row as keys “ADD 1”7 und
“SUBT 17 are four keys designated 6 thru 9, which, when
operated, select and condition a correspondingly-num-
bered toializer to receive additive entries. When any one
of these four keys is simultaneously used with “SUBT
6-9" kev, the selecicd totalizer is conditioned to receive
subtractive entries. However, when one of these totaljzer-
selecting keys is simultaneously used with the “TOTAL
6-9" and the “SUB-TOT” keys, the selected totalizer is
conditioned to operate in either a total or a sub-total oper-
ation in the same manner as described above for total and
sub-total operations of totalizers #2 thru #5.

Only one of the totalizer-selecting keys in a particular
row can be depressed at one time even though two total-
izers may be selected simultaneously by depressing a de-
sired totalizer-selecting key in each of the two conirol
rows. However, if a selecting kev is depressed in each
of the two rows, only the numerical symbol having the
highest number designation is printed for each row, cach
of the selecting keys being restored to its undepressed
position at the end of each machine operation. Each of
the totalizer-selecting keys may also be munuaily restored
by depressing release key "REL” located to the right of
the first row. Thereafter, the selecting keys will not cause
a repeat of the machine cperation even though repeat key
“REP” (located to the right of the totalizer #35 select-
ing key) is depressed or even though repeat printing of
amounts is called for by a stop-control.

If the stop over which the machine is operating has
subtract, sub-totzl, or total-taking control over the same
totalizer as does the corresponding selecting key, the stop-
control takes precedence. However, in such instances, if
non-select key “NON SELECT” (located in the upper left
corner of the control keyboard) is depressed, the totalizer-
selecting key takes precedence over the stop control.

It should also be noted that it is possible to utilize
the keyboard contro! keys in various combinations to €n-
able amounts {o be transferred from one totalizer to
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another. For cxample, a total may be taken from any
selected totalizer of the group containing totalizers #2
thru #3 or the group contuining the totalizers #6 thru
#9 and be transferred either additively or subtractively
into any one of the totalizers of the opposite group. It
is also possible, through the use of the totalizer #1 con-
trol keys, to enter such totals either additively or subtrac-
tively into totalizer #1. Similarly, a total taken from
totalizer #1 may be entered either addiiively or subtrac-
tively into any one of totalizers #2 thru #9 by depression
of the proper control keys.

Thus, it is seen that the totalizer-selecting keys are used
whenever it is desired to manually select a total or totals
for addition, subtraction, sub-totaling, ot totaling when
they are not selected and controlied by a suitable carriage-
stop insert. Totalizer-sefecting keys may also be used at
random to produce totals for analysis or distribution pur-
poses. For example, sales analysis figures and/or account-
ing data is produced as a by-product of “Billing” and
“Accounts Receivable” posting operations by using total-
izer-selecting keys to distribute amounts into totalizers
other than those used in the regular posting sequence. In
the same manner, major account control totals are estab-
lished as a by-product of an “Accounts Pavable” posting
operation.

If the total being cleared is negative, credit balance key
“CR. BAL” must alco be depressed in order to cause the
printing in red of the true credit balance followed by a
“CR” symbol. A non-select key “NON-SELECT” is lo-
cated in the upper left corner of the keyboard and, upon
depression thercof, disables all selection and control of
the totalizers from a carriage stop but has no effect on
printer or carriage functions. The non-select key also
permits the machine to be operated when the carriage is
not positicned over a stop. Thus, when the non-select
key is depressed, the machine is permitted to be operated
while either over or off a stop while maintaining complete
manual control over all totalizers.

A reverse key “REV.” is located immediately below the
nen-select k2y and, upon depressiou thercof, causes a
reversal of all addition and subiraction control from a
carriage stop. The rcverse key, however, has no effect
on total or sub-total operations from a stop-control, or
apy normal function of the control keys. For example, if
the reverse key is depressed when a “total #1,add #2, and
then subiract # 6" operation is called for by a carriage
siop, the operaticn functions normally by first clearing
totalizer # 1, Therealter, the amount cleared from total-
izer #1 is subtracted f{rom totalizer #2 and simultane-
ously added to the conienis of totalizer #6. If any of
the totalizer-selecting keys are depressed during the same
operaticn, the functions normally produced thereby re-
spectively proceed to cause an addition operation in their
corresponding totalizers, or a subtraction operation if
the subtract control keys are depressed. Simulianeous
depressicn of the reverse key and the credit balance key
permits the “X” totalizer to be cleared while the machine
is operating over a carriage stop, with subtract control
of the “X” fotalizer being maintained while being changed
to add control.

The reverse key effects printing of a lateral diamond
symbol to the iefi of the amount, which symbol takes
precedence over ail other symbols with the exception of
the “CR” symbol. The reverse key may also be used in
a variety of instances such as: correcting errors made
while positing; posting “returns” while invoicing; posting
“debits” and “credits” in the same column; securing an
old-balance-pick-up of credit balances if the carriage is
operated while positioned over an “add #1” stop; and
securing a second old-balance-pick-tuip of credit balances
if the carriage is being operated while positioned over a
“subtract #1” stop.

A non-symbol key, “NON SYM,” is located in the ex-
treme left-hand row directly oppositz totalizer-selecting
key #9 and functions to disable certain symbol printing.
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The non-symbol key disables all symboel printing con-
trolied by a carringe siop, except the “"CR” symbol cn
credit balance and sub-credii balance operations. How-
ever, the non-symbol key has no effect on the printing of
symbols which are initiated by the keyboard control keys
on manually-controlled operations. The non-symbol key
is locked-down for continuous non-print of symbols by
latch 33 which is rendered effective when moved upward
as viewed. However, when latch 33 is in its ineffective
position, as shown, the non-symbol key is restored at
the end of each machine operation. The non-symbol
cey may also be mranually restored by the release key,
reverse key or non-select key, and, consequently, may be
used to non-print symbols when it is necessary to confine
machine printing to a more narrow column than that re-
quired for the printing of an amount followed by a corve-
sponding symbol.

Nine overdraft indicators, indicated generally as 34
and numbered 1 through 9, are located directly above
the control section of the keyboard and correspond to the
correspondingly-numbered toializer, with the exception
of the “X” totalizer. The overdraft indicators are uti-
lized as visual “flag” signals which indicate a minuos bal-
ance occurring in a corresponding totalizer. For ex-
ample, when the contents of the totalizers are positive,
the corresponding indicators display a gray color, how-
ever, when a minus condition occurs in a refated totalizer,
the correspondingly-numbered indicator displays a whiie
color. However, if a totalizer is cleared after the con-
tents thereof was previously negative, or, if various posi-
tive amounts were added back into the totalizer initially
containing a negative amount, thus causing it to contain
a net positive amount, the corresponding overdraft indi-
cator again displays a gray color. Consequently, the
overdraft indicators provide a means of determining when
a particular totalizer contains a negative amount so that
the credit balance key may be depressed by the operator
to control the printing of the true credit balance. In some
applications, such as the automatic machine release being
disabled by a particular stop to provide optional pro-
cedures, the overdraft indicators enable the operator to
determine the existence of a credit balance and in which
totalizer it exists.

In accordance with the present invention, the account-
ing machine just described is slightly modified {o facilitate
its adaptability as an input-cuiput device for the compuier.
Accordingly, manual operation of motor-bars 23, 27 and
28 are prevented by a cover 35 disposed thereover and
affixed to the kevboard so that selective operation of
each of the motor-bars is controlled solely by the com-
puter. However, a “‘resume-program” bar rpb is lo-
cated just below the three normal motor-bars and is adapt-
ed for manual operation by the operator to initiate a
computing operation, all of which is to be more fully
described hereinafier,

Keyboard decimal-point lights Py, P1 and P2 are lo-
cated at the lower section of the amount keyboard be-
tween rows 2 and 3, 5 and 6 and 8 and 9, respectively, and
provide a visual indication as to the decimal-point loca-
tion on the keyboard for each of the keyboard entries.
Operation indicating lights “EK,” “EC” and “HA,” located
on the left front of the machine just below the control
section of the keyboard, respectively give visual instruc-
tions to the operator as to “Enter-Keyboard-Word,”
“Enter-Card-Word” and “Halt” instructions, whose func-
tions, again, will be core fully described hereinafter,

5. Construction and Mode of Operation of Accounting
Machine Portion of Computer

With reference to FIGURES 3A and 3B, there is shown
a greatly simplified cross-sectional view of the account-
ing machine which is essentially the same as that shown
in detail in FIGURES 3A and 3B of said aforementioned
Patent No. 2,626,749 and fully described therein. As a
repetition herein of such massive detailed description and
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lustrations is not deemed essential for a full and com-
plete understanding of the present invention, but a por-
tion of its salient mechanical features are illustrated in
FiG. 3 for the sake of simplicity. However, enough of
its mechanical structure is illustrated herein and a brief
description thercof is given in order that the various
modifications of the machine made in accordance with
tne present invention may be fully understood.

Inasmuch as each denominational row of amount keys
is identical with the other, a descripticn of the #9 denom-
inational row, shown in FIG. 3A, is believed to suffice for
the remaining ones. As shown, each of the nine amount
keys of a denominational row is slidably supported for
vertical movement by top-plate 48. Each key supports a
square stud 41 which is normally disposed on the side
of the downwardly projecting stem portion thereof. Lo-
cated near the center of each key stem is a stud 42
projecting therefrom and which cooperates with a diag-
onal-walled cam slot 43 formed in control or latching
slide 44. Latching slide 44 is supported for lateral move-
ment by rollers 45 and is spring-urged to the right, as
viewed, into engagenient with stud 42 by suitable spring
means not shown. Thus, when one of the amount keys
is depressed, slide 44 is ferced to the left by stud 42 and
into engagement with zero-stop pawl 46. As a result
of the engagement, pawl 46 is rotated in a counter-clock-
wise direction about it pivot 47, thereby releasing block
4% integrally connected to differential actuator or rack
49,  With block 48 released, actuator 49 is freed to move
to the right toward the rear of the machine unti! the
corresponding shoulder 50, formed thercon, comes into
engagement with stud 41 of the depressed key, thus stop-
ping the rack at a lateral position commensurate with
the digital value of the key depressed. For example,
when the #8 key is depressed, the square stud on the
lower end of the stem thereof engapes the lowermost
shoulder of rack 49 and thereby stops the rack in its
#8 digital position, the square stud on the #7 key en-
gages the next higher shoulder, and so on.

The #9 key, however, does not function exactly as do
the remaining keys. When the #9 key is depressed, slide
44 is forced to the left, pawl 46 is rotated counter-clock-
wise, block 48 is released, and rack 49 is permitted to
travel the entire distance to the right, during the machine
operation, until stopped by projecting bar 51. This ex-
treme position of the rack corresponds to its #9 digital
position. If none of the keys of a particular row are
depressed, the corresponding rack is not permitted to
move and thus remains in its #0 digital position.

All of the racks are guided at the rear ends thereof
for straight-line movement during their travel by means
of a slotted bar, not shown, which is supported between
the side-frames of the machine. Each of the racks asso-
ciated with a particular amount row of the keyboard
is connected by link 54 to an auxiliary rack 55 which is
also guided for straight-line sliding movement. Tt is thus
evident that the exact linear translational movement of
amount rack 49 is immediately transmitted to its corre-
sponding auxiliary rack 55. With respect to the racks
associated with the date and symbol key-banks, no auxil-
iary rack is provided inasmuch as these banks are used
merely for printing purposes and consequently do not
have any corresponding totalizer wheels associated there-
with. Each of the amount racks is provided with a slot
56 formed on the lower side thereof, for receiving stud
57 mounted on reducer-arm segment 58, which, in turn,
is rotatably mounted on reducer arm shaft 59 journaled
at either end in the side-frames of the machine. The
rightmost lower edge of reducer-arm segment 58 is spring-
urged by spring 64 into engagement with leading-frame
bar 60 which is supported between a pair of identical
leading-frame arms 61, only one of which is shown.
Arms 61 are fixedly secured to either ends of reducer-arm
shaft 59 and are located just inside the side-frames of the
machine. Fach of arms 61 is provided with a roller 62
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on the lower end thercof which are
with bifurcations provided on a cam
shown.

When the main cam shaft of the machine is rotated
through one revolution by motor 63 mounted con the
lower side of the machine base 65, the cam follower arms
are first rocked in one direction and then are rocked in
the opposite direction so as to effect movement of leading
frame 61 first toward the rear of the machine and then
back to its original posiiion as shown. As each of
reducer-arm segments 58 is spring-urged into engagement
with leading-frame bar 68, by means of pin and slot con-
nection 56-—57 segment 58 is capable of translating its
related amount rack first to the right and then to the left,
as viewed. Hence, all of the amount racks are simul-
tancously urged by spring 64 toward the rear of the
machine during the first half of the machine cycle until
each is stopped by its respectively depressed key. There-
after, all of the amount racks are positively restored to
their home position, as shown, by means of leading-
frame bar 60 coming into direct engagement with arm
58 during the second half of the cycle.

The resulting differential positioning of each amount
rack is transmitted to its corresponding type sector 67,
by means of link 68 pivotally connected between type
sector 67 and segment 58 to rotatably position the type-
sector to correspond to the digital position of the amount
rack, type-sector 67 being pivotally connected to the
upper end of printer arm 69 rotatably mounted on printer
shaft 70. Printer arm 69 is normally locked in the posi-
tion shown by printer release trigger 66, which, when
rocked counter-clockwise, releases the printer and permits
it to be spring-urged clockwise by spring 75, thereby driv-
ing type-sector 67 against the record material placed
around platen 71. After type-sector 67 has been sub-
stantially positioned during the first half of the machine
cycle and leading frame bar 69 has completel its rear-
ward movement, aligner bar 72 is rocked into engagement
with the aligning notches formed on the lower end of
reducer arm segment £8 so as to precisely alien all of the
printing sectors in their differentially-set positicns. After
the printing operation is completed, aligner bar 72 is dis-
engaged from the reducer arm aligning notches thus per-
mitting the racks and type-sectors to return to home posi-
tion.

In some types of accounting operations, it is desira-
ble that a “zero™ is not to be printed when an amount
key in a particular amount row is not depressed. Thus,
as more clearly shown in FIG. 34, a “zero-elimination”
order-hook 76 is pivotally mounted on rod 77 supported
in printer framework 52 and is provided with a tooth
which cooperates with a corresponding tooth on control
plate 78 so as to reiain plate 78, arm 69, and hence
sector 67 against printing movement even though trig-
ger 66 is rocked counter-clockwise as previously de-
scribed. There are other times, however, when it is de-
sired that the “zero” be printed when an amount key is
not depressed, This i3 accomplished as follows: As pre-
viously described, during the first haif of a machine op-
eration the amount racks arc moved rearwardly, thereby
causing reducer arm segment 58 to be moved out of its
home position. This rearward movement causes stud 53,
mounted on an extension of segment 58, to cam down
the tail of order-hook 76 and thus move the tooth thereof
cut of engagement with the corresponding tooth on plate
78 and thus permits type-scctor 67 to make a printing
stroke.

With reference to FIG. 35, there are shown sixteen
zero-elimination order-hooks 76 disposed on shaft 77 in
a side-by-side relationship with respect to one another,
each being associated with a particular type-sector to
control the operation thereof as previously described.
The first and second ones of order-hooks 76, counting
from right to left as viewed, respectively control opera-
tion of the first and sccond ones of type-secciors 67 to

adapted to engage
{ollower arm, not
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allow the printing of symbol designations only. The
third order-hook controls operation of the third type-sec-
tor which normally prints the first-order or “penny”
decimal digit of the amount word having a value from
“0” through “9.” The fourth order-hook controls op-
eration of the fourth type-sector which normally prints
the second-order or “dime” decimal digit of the amount
word with the decimal digit “0” thru “9” being preceded
by a decimal point. Thus, by selective control of the
third and fourth type-sectors, printing of amounts from
.00 to .99 cents are effected. The eighth order-hook con-
trols the printing operation of the eighth type-sector
which normally prints the sixth-order or “thousand dol-
lar” decimal digit of the amount word, with each deci-
mal digit “0” thrn “9” preceded by a comma. Like-
wise, the eleventh order-hook controls printing operation
of the eleventh type-sector which normally prints the
ninth-order or “million dollar” decimal digit of the
amount word, with each decimal digit thereof preceded
by a comma.

Therefore, it is evident that for those zcro digits which
are to be suppressed, the corresponding order-hook is
permitted to lock its corresponding iype-seclor against
a printing movement. Accordingly, for those zero digits
which are to be printed, the corresponding order-hooks
ave rocked out of engagement with their respective type-
sectors to permits those scctors to complete their print-
ing operation. Interlocking studs are provided on the
upper ends of order-hooks 76 and coopcrate with onc
another in a conventional manncr so that a disengaged
order-hook effects the simultaneous disengagement of all
lower-order order-kooks with respect thereto.

The just described accounting machine is provided
with ten conventional add-subtract totalizers, each of
which has a capacity of $9,999,999.99. Only six of the
ten totalizers are diagrammatically iliustrated in FIGS.
3A and 3B and are numbered 1 through 5, and one
designated as the “X” totalizer which is used in over-
draft operations in a manner to be later described herein.
Each of the totalizers includes one gear wheel for each
of the denominational orders of the number, with each
gear wheel having twenty teeth formed along the pe-
riphery thercof. All of the gear wheels of the totalizers
are located in a co-planar relationship with respect to
amount racks 49 and auxiliary racks 55 and are adapted
to be selectively engaged with and disengaged from the
rack teeth in order to permit keyboard entrics to be
transferred therein and to perform the various calculat-
ing functions of the machine.

Located beneath the control keys of the keyboard are
a plurality of toializer control slides, not shown, which
selectively effect the engagement and disengagement of
totalizers #2 through #9 with respect to their respec-
tive amount racks. The type of operation to be per-
formed in any of the totalizers, such as add, subtract,
total, or non-total, is determined by the distance through
which its associated totalizer control slide is permitted
to move. The movements of these slides are controlled
either by carriage stops, indicated generally as 73 in
FIG. 3A, which are mounted on the traveling carriage,
indicated generally as 74 in FIG. 3B, or by the control
keys located on the left-hand side of the keyboard, as
previously described. As a complete understanding of
the totalizer control apparatus, necessary to carry out the
above-mentioned cycles of operation, is not believed
necessary for a full and complete understanding of the
present invention, a detailed description thereof is not
herein given. However, such a detailed description may
be found in the before referred-to Patent 2,626,749, and,
consequently, will not be again repeated herein.

In order to provide the computer with the capability of
either “sensing,” and thereby detzrmining the respective
longitudinal positions of the various amount racks, or
to selectively arrest movement of the racks to position
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each in a predetermined one of its ten positions indicative
of numerals “0" through “9,” a “read-in read-out” device
has been devised and aitached to the rear of the accouni-
ing machine. With additional reference to the plan view
of FIGURE 4, the device consists essentially of a pair of
side plates 88 vertically disposed on either side and to the
front thereof. Side plates 0 are connected together by
means of a horizontally disposed mounting-bar 8%,
afixed by suitable means (not shown) to plate-attaching
blocks 79 attached to plates 80.  Plates 80 are additienally
connected together by rack-solenoid cross-bar 82, affixed
thereto by means of screws 83 threaded in either end of
cross-bar 82. Mounting-bar 81 is also fixedly secured to
the base 63 of the machine (F1G, 3B) by means of screws
threaded therein, whereas, cross-bar 82 is additionally
fixed!y secured o header-bar members 84 of the machine
by strap braces 85, respectively affixed thereto by bolts
86 and 87 threaded therein. A second pair of side plates
83 arc each secured to one of side piates 80 by screws 89
threaded in plates 89, and are additionally secured to onc
another by means of horizontally disposed switch-bars
%8 aflixed normally thereto by means of screws 91
threaded in either end of bars 99.

A printed-switch support member 94 (FIG. 3B),
affixed to bars 20 suitable means not shown, is provided
with a pair of vertical projections 95 located on either
end therecf, and onto which is secured a horizontally dis-
posed plunger-support member 96 by means of screws 97
(F1G. 4) threaded in projections 95, As shown in FiG.
4, a plurality of identical rack exlensions 98 are indi-
vidually connected by means of pins 99 and spring clips
150 to a different one of the ten auxiliary racks 55 which,
when viewed from right to left, respectively represent
the low-order digit “0” through the high-order digit “9"
of the amount word entered in the keyboard of the ac-
counting machine as previously described. As shown in
FiG. 3B, on the uppermost edge of each of rack extensions
88 are formed ten “saw-tooth” shaped rack teeth, indi-
cated generally as 181, cach of which, from right to left as
viewed, respectively represents one of the ten digital
amount positions “0” thru “9” of a different one of the
amount racks.

In order to obtain “straight-line” travel of the amount
racks during movement thereof, each of rack extensions
98 has riveted thereto a switch plunger 182 which is in
sliding contact with plunger support member 96 and
guided between guide washers $83 which, in turn, are
rotatably supported by screws 184 threaded in support
member 96. Vertical movements of the amount racks are
prevented by means of a horizontally disposed cross-bar
92, which is affixed to side plates 89 by screws 93 threaded
in either end of the bar, cross-bar 92 being fitted in a
rectangular slot 198 formed in each of the amount racks.
Rack “wobble” is prevented by means of a double-edged
comb 189 aflixed to the front face of cross-bar 92 by
screws 11Q threaded therein, comb 109 being inserted in
slot 588 of each of the racks in such a manner that each
rack is effectively slideably fitted in the space between
oppositely disposed teeth of the comb, thus preventing any
bending movement of the racks during travel thereof.

When ail of the amount racks are traveling from home
position toward the rear of the machine in a “setting”
direction, it is necessary that all travel in unison with
neither lagging nor leading the other. Consequently, a
“helper” spring 165 is connected between each of rack
exiensions #8 and spring bar 166 attached ai either end
thereof to side plates 88 by suitable means not shown.
Each of the springs possesses a “spring-constant” charac-
teristic suflicient to maintain all of reducer arm segments
88 (FIG. 3A) in contact with their respective leading-
frame bar 68 during the cycle of operation of the machine.
Thus, during the rack-setting operation, all racks simul-
taneously move in exact alignment during their setting
opcration.

For reasons to become more apparent hereinafter, it is
desired that the various digital positions at which the
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amount racks have been positioned, be easily determinable
by the computer. Consequenily, wiper arm assembly,
indicated generally as 187, is affixed to and carried by
the lower side of each of rack exiensions 83. The assem-
bly comprises an angle-bracket 111 welded to rack ex-
tension 98, and which supports a Jaminated body of elec-
trically non-conductive wafers 112 having sandwiched
therebetween a pair of flexible, electrically conductive and
oppositely disposed wiper blades 113 and 114 which are
fixedly secured at one end by meaas of suitable bolts 115.
The opposite ends of wiper blades 113 and 114 are in
sliding contact with the upper and lower faces, respec-
tively, of a printed circuitry type of switch board 116
which is secured to support member 94 by means of
screws 117 threaded in blocks 99.

With reference to FIGS. 5A and 5B, printed-circuit
board 116 consists essentially of an electrically non-con-
ductive support having a plurality of electrical conductors
formed on the opposite surfaces thereof by electrodeposi-
tion, etching, or other well-known techaiques. FIG. 5B
is a plan view of the conductor arrangement disposed on
the bottom face of board 1186, which arrangement com-
prises ten conductors 119, each positioned parallel to the

tovemient of the amount racks, and thus wiper blades
114, and terminating oa the lower side of the board at
terminals D¢ through D9, respectively corresponding to a
successively higher-order amount rack representation.
FIG. 5A is a plan view of the conductor arrangement on
the upper face of board 116, which arrangement com-
prises ten conductors 1318 positioned perpendicular to
the movement of the amount racks, and thus wiper blades
113, and terminating on the upper side of the board at
terminals 120q thru 120, respectively corresponding to
the ten digital positions “0” thru “9” of the amount racks.
As conductors 119 are arranged parallel to the move-
ment of the amount racks, wiper blades 114 are, at all
times, in electrical contact with corresponding ones of
conductors 119, whereas, wiper blades 1i3 are, at all
times, in electrical contact with one of conductors 118,
depending upon, of course, the distance their respective
racks have moved in order to get to their present digital
location. For example, if the amount rack correspond-
ing to the first-order digit is still at home position, the
lowermost one of wipers 113 remain positioned on the
first vertical conductor located en the left of board £16,
as viewed in FIG. 5A. However, if the amount rack has
moved and is now located in its number “1” digital posi-
tion, wiper blade 113 is then positioned on the conductor
located second from the left, and so on, to the tenth ver-
tical conductor upon which wiper blade 113 is positioned
when the amount rack is located in its number “9” digital
position.

Therefore, as wiper blades 113 and 114 are electrically
connected together, in order to “interrogate” the first-
order amount rack as to its digital position, for example,
it is necessary only to supply a pulse of electrical energy
at terminal D¢ on the lower side of board 116. Conse-
quently, the interrogation pulse appears at one of termi-
nals 128a thru 128 on the upper side of board 116 de-
pending upon, and corresponding to, the digital position
of the low-order rack. For example, if the first-order
rack is in the number “5” digital position, the interroga-
tion pulse appears at terminal 128f on the upper side of
board 116. It is now evident that in order to interrogate
all of the amount racks as to their respective digital posi-
tions, it is necessary only to sequentially supply an elec-
trical impulse to terminals D¢ thru D%, and immediateiy
thereafter a sequence of output pulsecs appear at output
terminals 120a thru 120j, respectively corresponding to
the digital position of each of the ten amount racks. That
is, if the first pulse output is at output terminal 120, if
the first-order amount rack is located in the number “3”
digital position; if the second output pulse appears at
output terminal 1284, the second-order amount is lecnted
in the number *1” digital position, and so on, until the
last or tenth cutput pulse appeurs at on¢ of the oulput
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teriminals indicative of the digital position of the tenth-
order amount rack.

In order that the computer is capable of controlling the
printing operation eflected by the accounting machine,
it is necessary that suitable means be provided whereby
aity selected one, or all, of the amount racks of the
machine are capable of being stopped at predetermined
digital positions under the control of the computer.
With reference to FIG 3B, in addition to the “exploded”
view of FiG. 6, such a computer-controlled rack-stopping
nicchanism consists essentially of a plate 125 attached
to the front face of cross-bar 82 by screws 126 threaded
thercin and essentially extending the cntire distance be-
tween side plates 86.

It is to be uppreciated that essentially there are a
iotul of ten individual rack-stopping mechanisms, cach
one peing identical to the one shown in FiG. 6 which
corresponds to and controls positioning of the tenth-
cider amount rack.

An L-zhaped bracket 127 is secured to plate 125 by
means of screws 129 threaded in bracket 127 and a rack-
stopping solenoid RASL (corresponding to the tenth-
order rack) is affixed to bracket i27 by suitable means
not shown. A flat solenoid armature 139 has riveted
thereto an L-shaped spring member 128, the horizontally
disposed leg portion of spring member 128 being affixed
to bracket 127 by means of screws 132 threaded therein,
and washer 131 being interposed between the heads of
screws 132 and spring member 128. The face of the
vertical leg of armature 130 is disposed in close proximity
to core 133 of solenoid RASL and is magnetically at-
tracted thereto each time the solenoid is energized by
clectrical current being passed through input leads 134
and 135 thercof.  Also riveted to the vertical face of ar-
mature 139 is an Lorizontally disposed lever arm 136
having a pair of downwardly depending arms 137 cup-
porting a cylindrical tempered-steel rack-stopping pin 138,

Therefore, it is evident that each time any one of the
ten rack-stopping solenoids is selectively energized, the
vertical leg of armature 130, corresponding to that par-
ticular rack, is attracted toward solenoid core 133, the
left end of lever arm 136 is deflected downwardly, and
pin 138 is ingarted in front of the tooth on rack extension
¢4 corresponding 1o the digital position that particular
rack is desired to be stopped. Thus, by sclectively ener-
gizing all ten of rack-stopping solenoids RAPL-RASL
(F}G. 43 from computer controlled means at particular
times during their movement in the seiting direction, each
of the emount racks is stopped and thus positioned at
any digital position from “0” to “9” and each js then
efiective to control printing of the numerical digit corre-
sponding to the digital position of that particular amount
rack as previously described. With the exception of the
rightmost one of teeth 101, all of the teeth on rack ex-
tension 98 are equally spaced by a distance of approxi-
mately five thirty-seconds of an inch. However, in order
to provide a suitable clearance of approximately twenty-
five thousandths of an inch between rack-stopping pin
138 and the rightmost or “0” digit tooth during inser-
tion of the pin, the spacing between the “0” digit tooth
und the adjacent “1” digit tooth is five thirty-seconds less
twenty-five thousandths, or approximately .132 inch.

A laminated ¢pring buffer mechanism (FIG. 3B) com-
prising top, center, and bottom L-shaped leaves 142, 143,
and 144, respectively, is affixed to the upper surface of
cross-bar 82 by means of screws 145 threaded therein.
The lower end of each of the depending leg portions of
leaves 142 and 143 has a vertical slot, not shown, centrally
formed therein to accommodate lever arm 136 of the
rack-stopping mechanism together with rack exlension 88,
toth of which are slidably positioned therein. The width
of the slot in lesves 142 and 343 is slightly larger than
the greatest thickness of arm 136 or rack %8, but is much
smailcr than the width projection of depending arms 137,
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Additionally, the buffer mechanism is so positioned that
cach end of rack-stopping pin 138 is in closc proximity 1o
the front surface of leaf 142. As a result, lsaves 142
and 143 provide a support for the backside of pin 133
to absorb the foice of (he blow exerted by the rack teeth
on pin 138 when the rack is suddenly stopped thereby.
However, it has been found that when the rack is traveling
at maximum velocity in the rearward setting direction
and is brought to a sudden stop by pin 138 being inscrted
in front of one of teeth 101, the lower ends of leaves
142 and 143 are deflected to the right as viewed in
FIG. 3B. When the rack is suddenly brought to a stand-
stifl, the depending legs of leaves 142 and 143, due to
the energy stored therein, attempt to resume their original
position, As a result, they tend to overshoot their mark
by deflecting to the left and thus attempt to drive the
rack in the opposite direction. To minimize this unde-
sirable effect, a screw 146 is slidably mounted in aligned
holes formed in leaves 142 and 143 and is threaded in
leaf 144. A pressure setling spring 147 is interposcd be-
tween the head of screw 146 and washer 148 positioned
against the front face of leaf 142. Thus, by suitable
adjustment of screw 146, a suitable friction damping effect
is provided the rack-stopping mechanism and rebounding
of the racks is minimized.

As previously described, during a rack setting operation,
all non-stopped amount racks travel in unison and in
alignment with the other. Consequently, control means
hkave been provided whereby the computer not only de-
tects the corresponding digital positions of all stopped
racks, but, in addition, detects the point-by-point digital
position of all non-stopped racks. With reference to FIG.
4, an eleventh or timing rack 149 is provided having a
construction and mode of operation exactly the same as
the just-described amount and auxiliary racks 49 and 55,
respectively, with the exception that timing rack 149 is
not stopped at any time by a depressed key on the ac-
counting machine keyboard and is not provided with a
solenoid-actuated rack-stopping mechanism. Actually, a
conventional amount and auxiliary rack are used for this
purpose and the row of keys, located on the accounting
machine keyboard and which selectively stop that par-
ticular rack when depressed, along with the zero stops
46 (FIG. 3A) associated therewith, have been removed.
Timing rack 149 is provided with an extension 158 at-
tached thereto by pin 99 and spring clip 188, and is essen-
tially of the same general construction as rack extensions
%8 with the exception that rack extension 150 does not
have any teeth formed thereon.

With reference to FIG. 7, together with the partial
plan view thereof in FIG. 8, a flat ond horizontally dis-
posed, timing rack comb 151 is welded to the uppermost
face of rack extension 158 and has formed thersin eight
rectangular shaped slots 152 parcllel disposed with re-
spect to cne another with their Jong axes perpendicularly
disposed with respect to the direction of movement of
rack extension 158, An L-shaped bracket 156 is aflixed
to the upper surface of cross-bar 82 by means of screws
157 threaded therein, and a cubical biock of insulating
material 138 is attached to the lower frent face of the
depending leg of bracket 156 by means of screws 150
threaded in block 158. Block 158 has embedded therein
a photocell 168 whose terminals are connected to output
terminals 161 and adaptzd to be energized by leads 162
connected to a suitable source of electrical energy, not
shown, A further L-shaped bracket £63 is attached to
mounting bar 81 by suitable means, not shown, and has
mounted on the horizontal leg portion thereof, a light
source 164 which is energized by leads 165 connected to
a suitable source of electrical energy, not shown, A hori-
zontally disposed flat plate 166 is fixedly secured to the
lower end of block 158 by suitable means, not shown, and
is positioned directly below and parallel with respect to
timing rack comb 151 intermediate light source 164 and
comb 151, Plate 166 has a single rectangular-shaped slot
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167 formed therein disposed substantially parailel with
respect to, and of sufficient length so as to partially over-
lap the slots formed in comb 151, 1t is evident, there-
fore,, that as Uming rack 15§ is moved from left to right,
as viewed, the slots formed in comb 151 sequentially co-
incide with the slot formed in fixed plate 166, thus se-
quentially exposing light source 164 to photocell 166.

For the accomplishment of the desired objectives in
accordance with the present invention, it is desirable that
the sequential alignment of slots 152 and 167, from the
rightmost 1o the leftmost of slots 132, be synchronized
with the time at which the non-stopped amount racks
simultancously pass through digital positions number “1”
thru *8” For example, at the beginning of a rack-
setting operation when all the amount racks are posi-
tioned in their number “0" digital positions, the relative
positions of slots 152 with respect to slot 167 are as
shown in FIG. 8. Howcver, when the non-stopped
amount racks are approaching their number “1" digital
positions, slot 167 is also approaching alignment with
the rightmest one of slots 152; when ail non-stopped
amount racks are approaching their number “2" digital
positions, slot 167 is approaching alignment with the
second from the rightmost one of slots 152; and so on,
until all non-stopped amount racks are approaching their
nuimber “8” digital positions, at which time slot 167 is
approaching the eighth or leftmost one of slots 152,

However, as the just-described solenoid-actuated rack-
stopping mechanism is not capable of inserting rack-
stopping pin 338 (FIG. 6) in front of the desired one of
rack tecth 101 in a zero amount of time even after the
corresponding solenoid is energized, the computer, hence
the solenoid, must be “warned” or notified slightly in ad-
vance in order for the rack-stopping mechanism to be
cffective in siopping its related rack at the desired digital
position. For example, it has been empirically determined
that, with a rack traveling at an average velocity of
approximately twenty inches per second, approximately
one-tenth of an inch is suflicient anticipation for the rack-
stopping mechanism. Consequently, as the tooth pitch
of the amount racks is approximately equal to five thirty-
seconds of an inch, slots 167 and 152 are in substantial
alignment approximately two-thirds of a digital position
ahead of the non-stopped amount racks. However, as the
amount racks start with an initial velocity of “zero™ and
are thercfore traveling at a relatively low velocity when
passing through digital positions number “1” and number
*2,” and also as the spacing between the first and the
second oncs of rack teeth 161 is approximately twenty-
five thousandths of an inch less than the pitch of the re-
maining teeth, as previously mentioned, the distance be-
tween the slots formed in comb 151, at the rightmost end
thereof, are much less than the distance between the slots
formed in the lefimost end thereof.

Ideally, the slot spacing should approximate the curve-
plot of rack velocity vs. time, However, due to various
loading conditions of the amount racks occurring during
the setting operation thereof, the exact spacing between
slots are empirically determined. Such an empirical de-
termination is as follows: a satisfactory distance between
slot 167 and the first one of slots 152, counting from right
to left and when in a “0" digit position, is .045 inch; a
satisfactory distance between the second and the third
oncs of slots 152 is .162 inch; and the consecutive dis-
tances between the remaining adjacent ones of slots 152
are .164, .153, .157, .153 and .139 inch, respectively,
corresponding 1o slot distances 3—4, 4—35, 56, 6—7,
and 7—8; a slot width of .030 inch has been found
satisfactory.

With reference to FIG. 3B, there is shown a mechani-
cal type of memory device which is utilized by the com-
puter to temporarily store indications of the digital posi-
tions of each of the amount racks at the end of the previ-
ousty-initiated rack-setting operation, The device then
operates suitable output means in the form of a con-
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ventional card or paper tape punching mechanism which
makes a permanent record of all of the sequential digital
positions at which the amount racks were stopped during
a programming or computing cperation,

Such a memory device consists essentially of a hori-
zontally disposed upper switch-basket, indicated gencrally
as 170, and a horizontally disposed lower switch basket
located directly below switch-basket 17¢ and indicated
generally as 171, Upper switch-basket 17§ consists essen-
tially of a substantially flat, rectangular-shaped and hori-
zontally disposed board 172 composed of a suitable c¢lec-
trically non-conductive material, such as fiberboard or the
like, and affixed to the underside of cross-bars 173 by
means of screws 174 threaded therein. Cross-bars 173,
in turn, are affixed to side plates 88 by means of screws
175 which are threaded in the ends of bars 173 as shown
more clearly in FIG. 4, Board 172 is provided with ten
equally spaced and rectangular shaped slots 176, the long
axis of each slot being in axial alinement with the direc-
tion of movement of a different one of the amount racks.
A column of ten pairs of equally spaced and metallic
spring-clips 177 are fixedly secured to an electricaliy non-
conductive mounting block 178 and collectively form a
unitary assembly of the upper switch-basket. As shown
more clearly in FIG. 12, the lower end of cach pair of
spring-clips 177 making-up a column is “snapped in” and
held by the same one of the rectangular slots formed in
board 172. With reference back to FIG. 3B, each col-
umn of spring-clips is disposed directly above and oriented
parallel with respect to the direction of movement of a
corresponding amount rack, and the spring-clips within
the column are spaced in a manner such that each pair
is positioned with respect to another pair to correspond
to a different one of the tcn digital positions of that par-
ticular amount rack. Fach of the spring-clips has con-
nected thereto an electrical conductor forming a part of
input-output cable 179 which is electrically connected in
a manner to be more fully described hereinafter,

Lower switch-basket 171 comsists essentially of a sub-
stantially flat, rectangular-shaped and horizontally dis-
posed upper shelf-plate 18¢ and lower shell-plate i81
bkeld in position by vertically disposed back and frent
side-plates 182 and 183, respectively, in a parallel rela-
tionship with respect to one another. Shelf plates 180
and 181 are provided with a plurality of apertures in-
dividually through which is slidably disposed a lower
electrically-conductive spring-clip member 184, Spring-
clip members 184 are arranged in equaliv-spaced col-
umns and rows and are positioned so that each of the
lower spring-clip members is disposed directly below one
of upper spring-clip members 177, as shown more clearly
in the fragmentary view of FIG. 12. With refcrence to
FIG. 9, the lower spring-clip members are arrangsd in
ten equally-spaced columns which are designated, from
right to left, #0 through #9 and are oriented in axial
alignment with respect to the movement of and respec-
tively corresponding to cne the ten amount racks previ-
ously designated as the first-order digit rack thru the tenth-
order digit rack. Each of the ten lower spring-clip mem-
bers within a column is equally spaced with respect to
one another and are positioned in rows, each of which
corresponds to one of the ten digital positions of the
amount racks. With reference to FIG. 12, two pair of
upper and lower spring-clip members 177 and 184, re-
spectively, are taken from columns #8 and #9 and
shown for illustrative purposes only. As shown, each of
lower spring-clip members 184 within each column is
guided for vertical movement only by means of common
shaft 185 riding in an elongated slot 186 which is formed
in the lower end of member 184, Each of spring-clip
members 184 within a row are spring-urged downwardly
by means of spring 187 which is interlaced between rods
188. Rods 188 are affixed at their ends to side-plates 182
and 183 (FIG. 9) and pins 189 are carried by spring-
clip members 184, An elongated bale 190 is rotutably
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mounted on shaft 191 affixed at its ends to side plates
182 and 183 (FIG. 9) and is spring-urged by spring 192
in a clockwise direction, as viewed, into engagement with
each of lower spring-clip members 184 which are located
in the same column,

Therefore, each time spring-clip member 184 is de-
flected upwardly, bale 150 is first rocked counter-clock-
wise by cam surface 169, and then is rocked clockwise by
spring 192 when cam surface 169 passes the end-most
projection of bale 130. Thereafter, bale 190 engages the
lower-mest portion of cam surface 169 and locks spring-
clip member 184 in its upwardly deflected position, as
shown by the dotted lines, and thus effects a short-circuit
of upper spring-clips 77. However, if a different one of
the lower spring-clip members, located in the same col-
umn, is subsequently dellected upwardly, bale 1%0 is
again rocked counter-clockwise and the lower clip mem-
ber, which was previously held in a locked position, is
returned to its lowermost position by means of spring
187. However, the subsequently deflected lower clip
member is locked in its upwardly deflected position by
subsequent clockwise rotation of bale 199, as before. It
is therefore seen that only one of the lower spring-clip
members in each column is permitted to be locked in an
upwardly deflected position at any one time due to the
fact that a subsequently deflected lower clip member re-
leases all previously deflected lower clip members located
in the same column.

With reference to FIGS. 9 and 10, lower switch basket
171 is provided with a shaft 193 on eiiher end thereof
which rides in an elongated slot 194 formed in arms 195
and 196. Arms 195 and 194 are fixedly secured to
either end of shaft 197 journaled in side-plates 88. On
the right-hand extension of shaft 197, as viewed, is fixedly
secured arm 198 baving a slot formed in the end thereof,
the slot being engaged by pin 199 carried by the ro-
tatable armature 28¢ of an electrically-opercted solenoid
designated L46 and which is mounted on side-plate 8%
by means of bolts 201. Solenoid L46 is a conventional
commercially-available rotary type which, when encr-
gized, the armature thereof is caused to be rotated in a
clockwise direction, and, when de-energized, the armature
is spring urged in a counter-clockwise directicn back to
its initial starting position. Mounted on left side-plate 83
by means of bolts 282 is a second electrically-actuated
solenoid designated 1.45 which is identical in construction
as previously described solenoid L46. Rotatable arma-
ture 203 of solenoid L45 carries a pin 284 which engages
an elongated slot formed on the end of arm 195.

With reference to FIG. 3B, lower switch-basket 171
is spring urged upwardly, as viewed, by suitable springs,
not shown, and normally rests in the positicn as shown.
However, when solenoids 145 and 146 are simultane-
ously energized, shaft 397 is rocked clockwise and baskct
171 is lowered to a position sufficient to engage the Iower-
most end of one of spring-clip members 184 in each of
the ten columns with a corresponding raised cam surface
205 which is formed on the top side of the rightmost end
of each of the ten switch plungers 102 which are in-
dividually affixed to the end of one of rack cxtensions 98.
Consequently, one of spring-clip members 184 in each of
the ten columns engages cam 205 on its corresponding
amount rack, by means of plunger 162, in a manner such
that all of the engaged clip members, one in each col-
umn, are latched in an upwardly deflected position as
previously described. When solencids L45 and L46 (FIG.
9) are both de-encrgized, switch basket 171 is spring
urged upwardly and consequently all of the latched clip
members 184 are thereby brought into engagement with,
and thus short-circuits, corresponding ones of upper
spring-clip members 177. As shown, clip member 184,
corresponding to the number “0” digital position of its
particular amount rack, is illustrated as being in engage-
ment with clip member 177 which is located in the num-
ber “0” digit position in its particular column. However,
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had the amount rack been in its number “9” digital posi-
tion, the righimost one of clip members 184, that is, the
one located in the number “9” digital position, would
have been deflecied upwardly instead of the lower clip
member located in the number “0” digital position as
shown.

With reference to FIGS. 9 and 11, a C-shaped bracke
286 is riveted or otherwise securcd to either end of mount-
ing board 18§ and is provided with a siet 287 into which
slidably fits a vertically oriented rod 288, Rod 288 is heid
fixedly secured by means of set-screw threaded in
bracket 216 which, in turn, is fixedly secured to side-
plate 88 by means of screw 211 threaded in the ead of
bracket 210. Consequently, it is seen that the desired
vertical movement of lower basket 171 is insured at all
times.

In some instances, operation of the card or paper tape
punching mechanism is required only when the account-
ing machine carriage is in ceriain columnar positions cor-
responding to the columnar format of the ledger cards or
business forms in the carriage thereof. Consequently,
operation of the punching mechanism is additionally con-
trolled by means of a plurality of switches located at the
back of the traveling carriage which are acluated by a
plurality of adjustable stops removably mounted on a rear
form-bar located on the back of the carringe. Such a car-
riage-position switch mechanism is of the same general
type as that shown and described in copending application
Serial No. 567,411, filed February 23, 1956, by Edgar H.
Sonnanstine, Jr., and assigned to the same assignee 2s the
instant application. Consequently, a detailed description
thereof is not deemed necessary to be again given hercin
in order to obtain a full understanding and appreciation
of the present invention,

Briefly, however, with reference to FIG. 17, the mecha-
nism includes a substantially C-shaped rear form-bar 212
removably mounted on suitable backets, not shown, which
are secured to the lower rear framework of the carriage,
the rear form-bar being essentially of the same general
construction as the front form-bar which is similarly at-
tached to the front of the carriage. Rear form-bar 212
is slidably supported between rollers 213 and cxtends sub-
stantially the full length of the carriage. Removably
sccured to the rearward face of form-bar 212 are a plu-
rality of plates 214 which are disposed along the length
thereof in predetermined positions corresponding to the
columnar format of the business forms to be inserted into
the carriage of the accounting machine.

Each of plates 214 is provided with two paraliel and
vertically disposed columns of holes formed therein, not
shown, one predetermined hole or holes in each column
having inserted therein one of switch operating studs 215
and 216, With reference to the plan view of FIG. 13,
stud 215 is adapted to coact with one of a plurality of
switch plungers 217 arranged in a left-hand row, whereas,
stud 216 is adapted to coact with one of a plurality of
switch plungers 218 arranged In a right-hand row. The
total number of switch plungers 217 and 218 are equal
to the total number of columnar holes formed in plate
214, and each plunger is disposed directly opposite a
different one of the holes, and, consequently, directly op-
posite any stud inserted therein. As shown, plungers 217
and 218 are slidably mounted in a shiftable framework,
which, together with plungers 217 and 218, constitutes a
switch basket similar to previously described switch basket
171 shown in FIGS, 3B and 9. Each of the plungers has
an enlarged rearward end, or lower end as viewed, having
parallel side surfaces which fits snugly between and is
guided for movement by suitable slotted guide rods 219.
The forward, ie. upper, end of cach of the plungers is
slotted to snugly embrace a suitably slotted guide rod 2280,
guide rods 219 and 226 being fixedly secured at their ends
to top plate 221 and 2 bottom plate, not visible, which are
slotted to receive guide rod 222 to form a shiftable frame-
work for supporting plungers 217 and 2i8. A substantial-
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ly V-shaped actuating lever 223 is pivotally mounted on
stud 224 and has the end of the upper arm thereof pinned
to upper plate 221 and also ¢ the lower plate, not shown,
by means of pin 223 which is fixedly secured between the
upper and lower plates. The end of the remaining arm
of lever 223 is slotted to receive stud 226 carried by the
rotatable armature of an electrically-actuated, rvotary
solenoid 1.47 which is of the same general construction as
those previously described.

When solenoid L47 is energized, the armaiure thereof
is rotated in a counter-clockwise direction, as viewed,
thereby causing stud 226 to rock lever 223 in a clockwise
direction to shift the switch basket upwardly until a
seiected one of each of the upper ends of plungers 217
and 218 respectively engage studs 215 and 216. Con-
szguently, as a result of such engagement, predetermined
ones of plungers 217 in the left-hand row, and prede-
termined cones of plungers 218 in the right-hand row, are
both depressed and latched in their downwardly deflected
positions, and, additionally, simultaneously release se-
lected ones of previously depressed and latched plungers.
When solenoid 147 is de-energized, the switch basket is
spring-urged back to its initial sturting position. As a
result of the basket return, the electrically non-conductive
tip 228, carried on the lower end of each of the plungers,
engage and thus deflect downwardly the topimost ones of
a plurality of switch blades 229 which are arranged in
twenty rows with each row corresponding to a different
one of plungers 217 and 2£8. When the uppermost one
of switch blades 229 is deflected downwardly, all of the
switch blades in that particular column are electrically
connected together until solenoid 227 is again energized to
move the switch basket upwardly, as viewed, as previously
described.

A substantially V-shaped arm 153 is pivotally mounted
on stud 154 and supports a roller on the upper end there-
of which is adapted to engage a projection of plate 214,
as shown in dotted lines, to rock arm 153 counter-clock-
wise, as viewed, and effect actuation of a switching mecha-
nism, indicated generally as SC41, in a well known man-
ner.

With reference to FIGS. 44B and 44D, cam actuated
switching means have been provided to effect selective en-
ergization of solenoids L45 and L46 (FIG. 9) and 1.47
(FIG. 13) at predetermined times and in a predetermined
sequence, in addition to effecting selective energization
of a suitable paper tape punching mechanism in a manner
to be described hereinafter. It is to be noted that FIG.
44D is essentially a fragmentary view of the main cam
shaft mechanism of the accounting machine poriion of
the present computer which is iflustrated in FIG, 44 of the
previously referred-to Patent 2,626,749 and fully described
therein.

Briefly, however, the main cam shaft 588 of the ac-
counting machine extends transversely across the machin
bencath base 65 and is journaled at either end in roller
bearings 589, only one of which is shown, mounted in
brackets 596 secured to the under side of hase 65 by
means of screw 591 threaded therein. Even though not
illastrated in FIG. 44D, cam shaft 588 has secured thereto
a plurality of cams which are utilized for controlling
verious machine functions in a manner fully described
in Patent 2,626,749. In accordance with the present in-
vention, however, a pair of plate cams 592 and 593 are
affixed to either side of a split hub 594 by means of screws
595 threaded therein. Hub 594, in turn, is fixedly secured
to shaft 588 by means of screws 5%96. As shown more
clearly in FIG. 44B, a fiat plate 597 is secured to depend-
ing projections formed on the underneath side of base
65 by means of screws 598 threaded therein. A mount-
ing frame 599, in turn, is fixedly secured to the bottom
side of plate 597 by means of screws 600 threaded therein
and is adapted to have fixedly secured to the depending
leg therecf, by suitable means not shown, a plurality of
switches SC42, SC43, and SC49,
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As diagrammatically illustrated in FIG. 44G, and, as
shown by the timing chart of FIG. 87C, for reasons to
become miore apparent hereinafter each time main cam
shaft 588 of the machine is rotated clockwise through a
arc of 126 degrees from the starting position as shown
in F1G. 468, cam 592 engages the movable arm of switch
SC49 such that the normally-opened contacts thereof are
closed thereby; when the main cam shaft is rotated 168
degrees clockwise from the starting position as shown,
cam 592 additionally engages the movable arm of switch
SC48 such that the normally-opened contacts thereof are
closed and the nermally-closed contacts thereof are
opened thereby; when the main cam shaft is rotated 182
degrees, the movable arm of switch SC49 is released by
cam 592 and the normaliy-opened contacts thereof re-
sume their initial opened condition; a 213 degree clock-
wise rotation of the main cam shaft causes cam 593 to
engage the movable arm of switch SC42 such that the
normally-opened contacts thereof are closed thereby; a
224 degree clockwise rotation of the main cam shaft
causes the movable arm of switch SC48 to be released
by cam 592 such that the normally-opened and the nor-
mally-closed contacts of switch SC48 are allowed to re-
sume their initial conditions; and, a 264 degree clockwise
rotation of the main cam shaft causes the movable arm
of switch SC42 to be released by cam 3593 such that the
contacts thereof are allowed to resume their initial con-
ditions.

As previously mentioned, due to the incorporation of
an overdraft control mechanism in the accounting ma-
chine portion of the present camputer, true negative totals
are permitted to be selectively printed-out from any of
the totalizers therein, all of which is fully described in
the previously referred-to Palent 2,626,749, With refer-
ence to the fragmentary view of FiG. 44F, which essen-
tialty corresponds to FIG. 47 of the just referred-to patent,
the overdraft control mechanism includes an overdraft
cam shaft 601 extending transversely across the machine
beneath base 65 and is journaled in brackets 682, only
one of which is shown, which are secured to the under-
neath side of base 65 by means of screws 663 threaded
therein. Secured to overdraft shaft 601 is a spur gear
684 which disconnectably engages a similar spur gear,
not shown, mounted on main cam shaft 588 (F1G. 44D).
As fully described in the just referred-to patent, the pitch
diameter of overdraft gear 604 is twice that of the similur
gear mounted on the main cam shaft of the machine,
thereby causing overdraft cam shaft 681 to be rotated at
one-half the speed of main cam shaft 588 when the latter
is rotated during a machine cycle.

In accordance with the present invention, a pair of leaf
switches, indicated generally as SC45 and SC47, are in-
sulated from and fixedly sccured to bracket 605 by means
of screws 6066 threaded thercin, bracket 605 being fixedly
secured to bracket 602 by suitable means not shown.
Rotatably mounted on a stud 607 (FIGS, 44C and 44E)
affixed at one end to bracket 685, are a pair of cam fol-
lower arms 608 and 609 which are respectively spring
biased in a clockwise direction, as vicwed in FIGS. 44C
and 44E, by means of springs 610 and 611. Fixedly se-
cured to averdraft cam shaft 661 are a pair of cams 612
and 613 which are properly positioned on shaft 691 so
as to engage rollers 614 and 615 respectively carried by
cam follower arms 608 and 609, Respectively affixed to
the upper end of each of arms 638 and 609 is one of a
pair of insulating tips 616 and 617 which are adapicd to
respectively engage leaf switches SC45 and SC47.

With additional reference to the timing chart of FIG.
87C, when main cam shaft 588 is rotated 30 degrees from
the initial starting position thereof, overdraft cam shaft
601 is engaged thereto and is thereafter rotated at one-
half the speed of the main cam shaft. Thereafier, cach
time overdraft shaft 60% is rotated 10 degrees counter-
clockwise from ifs starting position as shown in Fii
44C, cam follower arm 608 is permitted to be rocked
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clockwise by spring 610 due to the decreascd diameter
of cam 612 being presented to roller 614, Thus, when
arm $48 is rocked clockwise, the normally-closed contacts
of Teaf switch 8C48 ore opened thereby. Each time over-
druft shaft 601 is rotated 165 degrees counter-clockwise
frcin its initisl starting position, an incrcased diameter
of cam 612 is presented to roller 614, and, conscquently,
cum follower arm 688 is rocked counter-clockwise and
thereby closes the contacts of switch SC45.

With additicnal reference to FIG. 44E, each time over-
druft shaft 661 is rotated 260 degrees counter-clockwisz
from its starting position as shown, the maximum diam-
cter of cam 613 is presented to roller 613, and, conse-
quently, cam follower arm 609 is deflected counter-clock-
wise such that the normally-opened contacts of leaf switch
5C47 are closed thereby., However, each time the over-
draft shaft is rotated 290 degrees counter-clockwise from
its sturting position, the minimum diameter of cam 613
is presented to roller 615 to allow arm 689 to be rocked
clockwise by spring 611, which, in turn, allowed the con-
tacts of switch SC47 to resume their undeflected positions
as shown,

6. Paper Tape Punch Portion of Computer

It is to be appreciated that substantially any one of the
multitude of commercially available paper tape or card
recording mechanisms is quite easily adaptable to be
utitized by the present computer {0 provide a permanent
record of all of the sequential digital positions at which
the amount racks of the accounting machine portion
thereof were selectively stopped doing a programming
or computing operation. However, FIG. 44H discloses a
partially cross-sectional and fragmentary view of a pre-
ferred high speed paper tape recording mechanism so
utifized by the present computcer, which mechanism is
fully described in copending application Serial No.
820,539, filed June 15, 1959, by Richard C. Simmerman
et al. and assigned to the present assignee, FIG. 44H of
the present application being substantially identical to
“YG. 1 of the just-mentioned copending application.

It is to be noted at the ocutset that the recording mech-
anism partially shown in FIG. 44H essentially relates to
that portion of the entire mechanism which is utilized,
together with a common feeding means, for punching a
single hole in the paper tape during each operation there-
of. As it is desired to utilize a transversely oriented
column of eight holes, plus one sprocket hole, in a re-
cording tape with respect to the travel thereof, and in
accordance with the particular code associated with the
punching mechanism, it is to be appreciated that the
complete paper tape recording mechanism, in fact, in-
cludes a combination of nine substantially identical ones
of such punching mechanisms shown in FIG. 44H, plus
the single paper tape feeding means.

As shown, side frames 618, only one of which is shown,
form the main supperting structure for the recording
mechanism, side frames 618 being held in a fixed spaced-
apart relaticnship by means of a plurality of cross-bars
including a punch guide block 619, a punched lever
comb 620, and a punch interposer guide block 621. A
rectanguiariy-shaped punch support block 622 is fixedly
secured to one of side-plates 618, by suitable means not
shown, and is provided with a single row of nine bores
formed therethrough, each bore being adapted to have
slidably disposed thercin a punch member 623. Each
of the punch members €23 is provided with a recess lo-
cated midway its length, into which is disposed one end
of a punch-restoring lever 624, punch-restoring lever 624
being rotatably supported on a shaft 625 fixedly secured
to the side frames 618, and additionally being spring
urged in a counter-clockwise direction, as viewed, by
means of a spring 626 connected to the leftmost end
thereof.  Consequently, punch members 623 are spring-
urged upwardly by meuans of corresponding oncs of levers
A die block 627 is spaced from and parallel dis-
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posed belew punch support block 622 and is provided
with a corresponding row of nine bores formed there-
through, with each of the bores being in axial alignment
with respect to a different one of punches 623, and, the
space between support block 622 and die block 627 being
of sufficicnt magnitude to provide a proper clearance for
the passage therethrough of paper tape 628.

A plurality of nine punch levers 629 are cach pivotally
supported by a different one of punches 623 and are each
rotatably mounted on an eccentric 63¢ formed on a shaft
631, which, in turn, is journaled in the side frames 618.
A punch lever comb 629 is transversely disposed mid-
way the length of punch levers 629 and is provided with
a plurality of rectangularly-shaped slots for accommo-
dating each of the punch levers, The comb 629 also
houses a shaft 632, which constitutes a stop for each of
the punch levers 629 which are normally being urged
thereagainst by means of the spring bias applied to
punches 623, as previously described.

Suitable power means, not shown, is operatively con-
nected to the shaft 631 so as to continually rotate the
eccentric 630 in a clockwise direction during operation
of the punching mechanism. This clockwise rotation of
the eccentric 630 causes the rightmost end of cach of the
punch levers 629 to be vertically translated in an ellipti-
cal oscillatory path. Disposed adjacent the rightmost
end of each of the punch levers 629 is a corresponding
plurality of interposers 633, one for each of the punch
levers 629, slidabiy supported in a guide comb block 634,
which is fixedly secured to punch interposer guide block
621 by suitable means not shown. Each of the inter-
posers 633 is substantially pinned to the lowermost end of
an interposer arm 635, the uppermost end of each of the
interposer arms being rotatably supported on a shaft 636
contained within the guide block 621. The uppermost
end of each of the interposer arms 635 has an extension
formed thereon which is adapted to be selectively engaged
by armature 637 of a corresponding one of a plurality
of electrically actuated solenoids, indicated generally as
638, which are each supported by bracket 639 attached
to side frames 618.

In order to initiate a punching operation, selected ones
of the solenoids 638 are simultaneously energized, so that
the respective ones of the armatures 637 are each de-
flected to the right and thereby engages the projection
of the related one of the interposer arms 635. As a
result of the simultancous engagements, selected ones of
the interposers 633 are simultaneously deflected to the
left, from the position shown, and thereby present ob-
structions in the paths of travel of the rightmost ends
of corresponding ones of the punch levers 629. Due to
the engagement with interposer 633, the respective punch
lever pivois about that particular interposer, instead of
pivoting about punch 623, as previously described. Thus,
corresponding ones of punches 623 are thercby simulta-
neously deflected downwardly to perforate a digit repre-
sentation in the tape 628. Thereafter, the punches are
returned to their normal positions due to the urgency of
the springs 626 acting through the levers 624. However,
in order to positively insure punches 623 being restored
to their normal positions, the leftmost end of each of
the punch restoring levers is engaged by the leftmost end
of a corresponding one of punch levers 37, during trans-
lation thereof, and is thereby urged counter-clockwise to
positively restore its correspending punch to its normal
position.

Located adjacent the front of interposer arms 635 is
an interposer restoring cam 640, which is continually
rotated in a clockwise direction in synchronism with the
eccentric 639. The cam 640 is initially rotatably posi-
tioned with respect to the eccentric 630 in such a way
that at approximately 135 degrees of each revolution of
the eccentric 630, the cam 640 engages the lowermost
ends of those interposer arms 635 which have been de-
flected forwardly by their respective solenoids, and thus
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simultaneously restores each interposer arm 635 and its
related armature 637 and interposer 6§33 to their normul
positions. Located adjacent the rear of the guide comb
block 634 is a permanent magnet 6§41, which exerls a
sufficient magnetic attraction to interposers 633 to nor-
mally maintain each in an ineffective position, the attrac-
tion, however, being insufficient to interfere with the
shifting of the interposer arms 635 by the corresponding
armatures of solenoids 638.

Suitable driving means are provided for intermittently
advancing the paper tape 628 by onc unit of distainc
during that period between approximaiely 23
degrees of revolution of the eccentric £30; i.e., ofter cach
digital punching operation is completed. As shown, the
paper tape 628 is fed from a supply reel 642 through the
punching station and subsequenily stored on a takeup
recl 643, Such feeding mieans conipris ‘het wheel
644 attached to a feed line 645, which is rotainbly sup-
ported by the side {rames 618. Also mounied on feed
line €43, adjacent sprocket wheel 644, 15 a second spracket
wheel, not shown, having a series of sprocket teeth formed
on the periphery thereof for engaging correspoading
sprocket holes puached in the paper tape.  Also mounted
on the end of feed line 645 is a manually operable knob,
not shown, which provides manual contrel of the tfecd
line.

The mechanism for advancing the ratchet wheel 614,
to provide a paper-feeding opcraticn, includes a pawl $45
pivotaily supported on a stud ¢46 and disposed within a
slot, not shown, longitudinally {ormed in the lowermost
end of a shaft 647. The uppermost ead of the shaft 647
is pinned to the lowermost end of a paper feed arm: §43
rotatably mounted on the ecceniric 6249. 'The shaft 647
is slidably disposad in support 675 and guide 876 in such
a2 manner that elliptical translational movement of paper
feed arm 648 by eccentric 639 is transmitted to shaft 647
to effect vertical oscillating movement thereof. The ver-
tical oscillations of the shaft 647, of course, osciliate the
pawl 643 in a similar manner. The pawl 645 s normally
spring urged in a counter-clockwise direction, as shown,
into engagement with the teeth of ratchet wheel 644 by
means of spring 677 connected to an extension thereof.
However, in order to insure positive engagement of nawl
645 with the teeth of ratchet wheel 644, the rightmost
edge of the upper end of pawl 645 is engaged by a cam
6783, in such 2 manner that, when the cara 678 is rotated,
the pawi 6435 is thereby positively deflected to the left and
into engagement with the ratchet wheel tceth.

At the begianing of a punching operation during which
the cccentric 630 is rotated from 0 to 180 degrees, the
shaft 647 is deflected downwardly and thereby withdraws
the paw! 645 from engagement with the ratchet wheel 644,
As the pawl 645 continues its downward movement, the
spring €77 pivols the pawl 643 counter-cloc anld
thus positions the pawl beneath the next lower ratchet
tooth. On the upstroke of shaft 647, ratchet whee! 644
is indexed counter-clockwise, and thus the paper tape is
advanced by one unit of distance. As just mentioned,
pawl 645 is additionally positively dellected into enzage-
ment with the ratchet whee! 644 by means of cam 678,
thus assuring a proper feeding cperation.

7. Magnetic Ledger Card Handling Portion of Computer

With reference back to FIG. 1, a magnetic ledger card
handling mechanism, indicated generatly as 14, is mounted
on the rightmost side of the just-described accounting ma-
chine portion of the computer, and is adapted to cooperate
with the accounting machine to automaiically effect in-
sertion of ledger cards in the carriage thereof and to
antomatically effect cjection of the ledger cards when
the carriage is within approximately two inches of ifs
exireme right-hand position, as shown. The card handling
mechanism is normally enclosed by a front cover 231,
which supports a smooth surfaced and horizontally dis-
posed toble 232, onto which tedger cards arc sequentially
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placed prior to their insertion into the accounting ma-
chine curriage.

With vefercnce to FIG. 14, there is shown a front view
of the card handiing mechanism with cover 221 and table
232 vemroved. The mechanism comprises a vertically dis-
posed left side-plate 233, a vertically disposed ripht side
plate 234, o vertically disposed back side-plate 233, a
tically disposed front side-plate 23€, end a diagonally
disposed bottom side-plate 237, all of which are con-
nected together by suitable means, not shown, to form
the busiz support structure for the mechanizm. The lefi-
most cid of bottom side-plate 237 is aflixcd to the lower-
most end of left side-plate 223 by suitable means, not
shown, side-plate 233 being afiixed to the rightmost bot-
tem side of the accounting machine frame 65 by means
of bolts 238 threaded therein. The lefimost side of buck
side-plate 235 is aflixed 1o the right-hand cxtension of a
rail 2490, which normally supports the rearward poriion
of the accounting machine carrioge, by means of screws
232 threaded in the rail 246. A platon 241 is journnled
in the uppermost cnds of side-plaies 233 and 234, and
in also jouranled in hubs 242 and 243, which are respec-
tively welded or otherwise affixed to side-plates 233 and
234, The plaien 241 is substantially identical in construc-
tion to conventional accounting machine platens and com-
prises essentially a centrally disposed metallic hub 244
proj 7 from cither ends thereof. The hub 244 sup-
ports a metallic tube, not shown, which is provided with
a layer of rubber, or the like, facing material 245 con-
centrically disposed thereabout.

Mcans are provided to effect the desired automatic
rotational movement of the card handling platen 241 in
order that the ledger cards, which are previously in con-
tact with the uppermost surface thereof, are driven there-
by into operaiive engagement with the accounting ma-
chine plaien. Such means essentially comprises an elec-
tricafly-operated card drivisz motor (CDM) which is
moeunted on the inpermost surface of side-plate 234 by
means of screws 247 threaded in the end bracket of the
cerd drive raotor, as shown in the fragmentary view of
FIG. 31. The output shaft 248 of motor (CDM) ex-
tends through bracket 234 and is rotatably supported at
its extended end by mounting bracket 249, which is fixedly
secured in a spaced paraliel relationship with respect to
bracket 234 by means of posts 259 interposed therebe-
tween. Qne end of each of the posts 258 is welded or
otherwise affixed to bracket 234, whercas the opposite
ends thereof are fixedly secured to plate 249 by mcans
of screws 251 individually threaded therein. Freely
mounted on thc motor shaft 248 are a pinion gear 252
and a conventional friction clutch mechanism, indicated
gencrally as 253, which comprises a pair of metallic
washers having a fiber washer interposed therebetween
and glued or otherwise affixed to the innermost face of
one of the metailic washers. A knurled friction-adjust-
ment knob 254 is threaded on the motor shaft 248 inter-
mediate friction cluich 253 and pinte 2492, Thus, by ro-
tational adjustment of the knob 254, a predetermined
amount of torque is transmitted from the motor shaft 248
to the pivion gear 252 in a well-known manner. With
additional reference to FIG. 31, the pinion gear 252
meshes with an idler gear 255, which, ia turn, meshes with
a spur gear 256 affixed to one end of shaft extension 237
by means of set screw 238 threaded in gear 256, With
reference to FIG. 21, the opposite end of the shaft ex-
tension 257 is connected to the hub 244 of the platen 241
by means of a st screw 252 in the hub 244.

Therefore, it is evident that rotational movement of a
predetermined terque is imparted te the card drive platen
241 by the card drive motor (CDM) through a friction
clutch mechanism and a gear train interposed therebe-
tween. However, for reasons to become more apparent
hereinafter, it is desirable that rotational movement of
the card drive platen 241 be immediately arrested at
predetetermined  times. Censcquently, a  fastacting
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electrically-operated card drive broking means has been
previded and comprises a braking solenoid, indicated gen-
erally by the reference character (CDB), which is at-
tached to the cutermost surfoce of the side plate 234
directly opposite the idler gear 255, by suitable means
not shown. The idler gear 235 is freely mounted on a
longitudinally movable armature shaft 263 in such a man-
ner that when selengid (CDB) is de-energized, the card
drive motor (CDM) is permitted to rotate the platen 241
in a normal manner. However, when the solenoid
(CDB) is enerpized, the idler gear 285 is pulled inwardly,
or to the le viewed, and thercby locked against fur-
ther rotational movement. Due to the normal action of
the friction clutch 233, any and ali undesirable cffects
created by rotor inertia of moter (CDM) are precluded
when platen 241 is suddenly brought to a standstiil cven
though the motor is momentarily energized after the brak-
ing aclicn ccours.

As shown in FIG. 1, the traveling paper carriage, for
the before-described accounting machine, consists of a
framework which includes a pair of end housings 264
With reference to FIG. 17, the end housings 264, only
one of which is shown, are supperted in a spaced and
parallel relationship with respect to each other by msans
of an G-shaped cross-bar 265, zn L-shaped cross-bar
266, and a C-shaped carriage rack rail 267, to which both
of the end housings are secured by suitable means, not
shown. The cross-bars 2658 and 266 are fixedly secured
directly to the end housings 264, whereas the rack rail
267 is fixedly secured at either end thereof to a bracket
268 by suitable means, not shown, the bracket 263 being
bonded to a rubber block 269, which, in turn, is bonded
to a second bracket, 270 sccured to end housing 264 by
means of screws 271 threaded therein,

The thus-constituted carriape frame is supported for
transverse sliding movement on the accounting machine
frame by micans of a tube 272 secured to the under side
of the cross-bur 246 by suitable connecting wembers 273.
The tabe 372 rides in ond is horizontally supported by
a scries of grooved bail-bearing rollers 274, which are
rotatably secured to the back-rail 240. Vertical and side-
wise movement of tube 272 is prevented by means of a
plurality of conically-shaped ball-bearing roliers, not
shown, which are mounted on either side of and in en-
gagement with the tube 272.  The forward portion of the
carriage is supported by means of ball-bearing rollers 278,
which are received within a grooved formed in the cross-
bar 267. The roliers 273, in addition to being rotatably
supported by a vertically disposed frame-plate on the
accounting machine, not shown, aie also rotatably sup-
ported on the front side-plate 236, ‘Ths accounting ma-
chine carriage is yieidably driven in either direction by
suitable fluid driving means (including motor 63, FIG.
3A), operatively connected to a driving gear 277, which
engages a carriage-drive pinion rack 276 fixedly secured
to the cross-bar 265.

With additional reference to FIG. 20, a substantially
V-shaped guide-plate 278 is fixedly secured to the inner-
most side of each of the end housings 264 and has formed
therein an elongated slot 279, in which rides a pin 289
affixed to an end-plate 281. A rectangularly-shaped front
feed chute 282 extends the full width of the carriage
and is secured at either end therecf 1o both of the end-
plates 281i. On the lowermest side of the accounting
machine carriage, there is rotatably supported a square
shaft 283 (FIG. 17) and a bail 284, each operatively con-
nected together and opcratively connected to the lower-
most end of the side-plates 281 in such a manner that
when the carriage open key (“CARR. OPEN,” FIG., 2)
is depressed, rail 284 is deflected counter-clockwise, as
viewed. Consequently, arm 285 (FIG. 16), and hence
shaft 283, are both {freed to be rocked counter-clockwise
and thereby allow the lowermost ends ¢f the side-plates
2481 to be deflected downwardly and around the account-

ing machine platen 74, Wicn the shaft 283 is rocked
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counter-clockwise (FIG, 17), lower compression rolls
288, carried thereby, are moved out of engagement with
the platen 71. Due to thc positional locations of the
slots 279 in the side-plates 278 and pins 286 riding therein,
when the lowermost ends of the side-plates 281 are de-
flected downwardly and around the platen 71, the front
feed chute 282 is lowered into the position shown in FIG.
18, thereby completing normal opening of the accounting
machine carriage in the manner more fully shown and
described in the before-referred-to Patent No. 2,626,749,
When the accounting machkine carriage is open and the
card-drive mechanism latched in a driving position, as
will later be described, a suitable ledger card is permitted
to be driven downwardly to the left of chute 282, as
viewed, between paper guide plate 289 and the bottom
side of platen 71, and into paper guide channel 281.
Thereafter, closing of the carriage engages the compres-
sion rolls 288 with the platen 71 to secure the ledger
card prior to the unlatching of the card-drive mechanism,
as, again, will later be described.

In accordance with the present invention, an elongated
housing 292, extending substantially the full length of the
carriage, as shown in FIG. 1, is pivotally mounted at
either end thereof to the topmost side of the side-plates
281 by means of a pivot 293, the housing 292 having
affixed at either end thereof brackets 299 shown in FIG.
20. A second pin 294 is affixed to each of the brackets
290 and rides in a second elongated slot 295, which is
formed in each of the side-plates 278 just above the slot
279, as shown more clearly in FIG. 20. A plurality of
compression tolls 296 are rotatably supported by brackets
297 affixed to a shaft 298, which is operatively supported
by the housing 292. The compression rolls 296 project
throngh suitable openings formed in the front face of the
housing 292, as more clearly seen in FIG. 1,

During the just-described carriage opening operation
when the lower end of each of brackets 281 is deflected
in a path down and around platzn 71, bracket pin 289
and housing pin 224, respectively riding in slots 279 and
295, separate from the other. Therefore, when front
chute 282 is in the position shown in FIG. 18, housing
292 is silted by a further amount, and, conseguently,
compression rols 296 are positicned in close proximity
to card-handling platen 241, the relative positions of pins
289 and 294 being shown in FIG. 20 in their moved pasi-
tions by dotted lines. With reference to FIG. 19, the
amount of tilt of housing 292 is limited by a pair of arms
299, each connected at opposite ends of, and projecting
through, housing 292 as shown. The depending end of
each of arms 299 respeciively support a stud 300,  Thus,
when housing 292 is in the position shown in FIG. 18,
stud 300 engages the large diameter portion of one of a
pair of cams 301 which are rotatable about shaft 237
and are disposed at either end of platen 241 as shown in
FIG. 14, When cams 3¢! are simultancouvsly rotatcd
counter-clockwise, as viewed and by suitable means to
be described hereinafter, both of studs 388 are engaged
thereby to further tilt housing 292 in a counter-clockwise
direction and thereafter latch all of compression rolis 296
firmly against platen 241 as illustrated in FIG. 19. It
is therefore obvious that as long as compression rolls
296 are latched against card-drive platen 241, paper guide
282292 is prevented from being raised to the position
shown in FIG. 20.

Therefore, when compression rolls 296 are latched
against card-drive platen 241, card-drive motor (CDM)
(FIG. 14) is energized and platen 241 is thereby rotated
in a clockwise direction, as viewed in FIG. 19, the front
edge of a ledger card, indicated as reference numeral 365
and normally resting on table 232 as shown in FIG, 22,
is automatically driven between the lowermost side of
front feed chute 282 and the uppermost sides of paper
guides 302 and 383, thence between the lowarmost side
of platen 71 and the uppermost side of paper-guide 289
(FIG. 17), and thereafter into chute 291,
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By reversing card drive motor (CDM) and driving the
Jedger card outwardly to a predetermined position, bail
284 is rotated clockwise the;sby positively driving com-
pression rolls 288 into engagement with platen 71 by suit-
able means not shown. Unlatching of upper compression
rollers 296 allows paper-guide 282—292 to raise to the
position shown in FIG. 17. Consequently the ledger card
is automatically positioned by paper guide strips 392 for
a subsequent posting operation.

With reference to FIGS. 14 and 16, means for selec-
tively rotating latching cams 381 comprises an electrically-
operated motor (PGM) mounted on vertically disposed
bracket 310 by screws 311 threaded in the end housing
of the motor, bracket 31@, in turn, being secured to front
side-plate 236 by means of screws 312 threaded in bracket
318. The ocutput shaft of motor (PGM) projects through
bracket 310 and has affixed thereto spur gear 313 in
mesh with a second spur gear 314, Gear 314 is fixedly
secured to a hollow shaft 313 rotatably mounted on shaft
316 which is journaled in bracket 310 and right side-
plate 234. A second hollow shaft 317 is also rotatably
mounted on shaft 316 and has spur gear 318 affixed on
the end thereof adjacent side-plate 234. Gear 318
meshes with the rightinost one of spur gears 319 affixed
to either end of shaft 320 which is journaled in side-
plates 233 and 234 and disposed parallet with respect to
platen 241. Gears 319 individually mesh with one of
spur gears 321 which are rotatably mounted on a projec-
tion of cach of side-plates 233 and 234, as illustrated in
FIG. 21, with respect to side-plate 234,

Fach of spur gears 321 is fixcdly secured to one of
cams 381, by suitable means not shown, cach of which
is individually rotatably supported by the projection of
one of side-plates 233 and 234,  As shown in FIG. 14,
a coil spring 324 surrounds oppositely disposed end por-
tions of hollow shafts 315 and 317 and either end thereof
is affixed to shafts 315 and 317 by means of screws 322
and 323, respectively, threaded therein.

Therefore, it is seen that rotational movement of the
rotor of latching motor (PGM) is iransmitied to both of
Iatching cams 301 by way of gears 313, 314, spring 324,
and gears 318, 319, and 321. As latching cams 381 are
positively stopped by latching pins 389, as previously de-
scribed in connection with FIG. 19, adverse effects of
rotor inertia of the latching motor are eliminated by spring
324 even though the motor may momentarily be energized
after the latching operation is completed.

With reference to FIG. 16, contrel means have been
provided for selectively energizing the latching motor to
effect the previously described latching and unlatching
operation of the compression rollers with the card drive
platen. The control means consist essentislly of an
L-shaped bracket 327 fixedly secured at one end to front
side-plate 236 by means of screws 328 threaded in bracket
327. A substantially V-shaped member 329 is pivotally
mounted at its center to the opposite end of bracket 327
by means of pin 338 and is spring-urged in a clockwise
directicn, as viewed, by means of spring 331. The left-
most leg of member 329 is in contact with lever arm 332
which actuates the plunger of microswitch 333 affixed to
the frame of the card handling equipment, by suitable
means not shown.

Thus, during a normal carriage opening operation of
the accounting machine, as previcusly described, paper
guide housing 292, in reaching the position shown in FIG.
18, rocks member 329 in a counter-clockwise direction,
as viewed. When deflected counter-clockwise, member
329 releasss the plunger of switch 333 to thereby permit
energization of the paper guide motor (PGM, FIG. 14)
and thus initiates counter-clockwise rotation of cams 301
to complete the latching operation as previously described.

Additional commutator type of control means have
been provided to effect selective de-energization of the
paper guide motor upon completion of the latching opera-
tion. With additional reference to FIG. 14, such control
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means consist essentially of a flat C-shaped electrically
non-conductive support member 334 concentrically dis-
posed about hollow shaft 317 and supportad by side-plaie
234 by means of posts 335 interpescd therebetween and
respectively connected thereto by suitable means, not
shown. Affixed to the inside face of member 334 are
four circumferentially disposed flexible metallic brushes
336, N, E, and 339 which are adapted to engage the face
surface of commutator 349 concentrically disposed about,
and affixed to hollow shaft 317.  As shown in FIGS. 28A
and 28B, the facz of commutctor 34@ consists of a laver
of electrically non-conductive material designated 341 hav-
ing embedded therein a C-shaped electrically-conductive
commutator bar 342.

When paper guide 262-—292 is in the position as shown
in FIG. 18 and compression rolls 296 are adjacent to, but
not latched against, card drive platen 241, brushes 339
and E are electrically connected together by commutator
bar 342, as shown in FIG. 28B. However, when paper
guide motor PGM is energized, cam 381 (FIG, 19) is
rotated counter-clockwise to complete the latching oper-
ation as previously described. When the latching opera-
tion is completed, communator 340, thence commnutator
bar 342, will have been rotated counter-clockwise to the
position as shown in FIG. 284, and, as a result, brushes
N and 336 are electrically connected together by com-
mutator bar 342 to effect de-energization of the paper
guide motor in a manner to be more fully described here-
inafter. With reference to FIG. 14, solenoid actuated
reversing relays, designated by the reference characters
(PGR) and (CDR), are each mounted on bracket 342
affixed to lower end-bracket 237, and are respectively
utilized to control the directions of rotation of paper
guide motor (PGM) and card drive motor (CDM), as
will later be described.

As previously mentioned, in the mechanization of rec-
ord keeping and accounting procedures, it is desirable to
utilize a ledger card having historical, current, and fixed
data recorded thereon in both machine readable and hu-
man readable languages. With reference to FIG. 108A,
there is illustrated a machine-readable ledger card 305
which is adapted to be utilized in accordance with the pres-
ent invention. Accordingly, ledger card 365 is provided
with a vertical strip of ferromagnetic material 3¢6 coated
along the left margin of the face surface thereof, the mag-
netic strip being effectively divided into three magnet-
ically isolated vertical channels which are each adapted
for selective recording of information therein.

With reference to FIG. 19, a magnetic read-write as-
sembly, indicated generally as 343, is supported by bracket
344 affixed to left side-plate 233 of the card handling
mechanism and is so positioned that the magnetic strip on
each ledger card passes over the top thereof each time
a card is fed into or out of the accounting machine car-
riage. A metallic leaf spring 345 is interposed between
paper guide 282 and the top of read-write assembly 343
in such a manner that each ledger card is guided there-
under, and, consequently, the magnetic strip on each
ledger card is, at all times, lightly pressed against the top
face of assembly 343 to insure consistent magnetic re-
cording and reproduction characteristics, and for other
well-known reasons.

As shown in FIG. 36, magnetic read-write assembly
343 comprises three encapsulated read-write heads 346,
347, and 348, which are equally-spaced from and disposed
parallel with respect to one another. As shown in FIG.
33, each magnetic head comprises two substantially flat
and generally C-shaped ferromagnetic pole pieces 349
and 350 having their lower legs abutting and their upper
legs separated by a uniform air gap of approximately
.005 inch. Each leg is respectively encompassed by one
of a pair of serially-connected and inductively-aiding coils
351 and 352, each wound with approximately 600 turns
of suitably electrically-insulated wire. The junction of
coils 351 and 352 is connected to output terminal 353,
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whereas the remaining ends thereof are respectively con-
nected to output terminals 354 and 355.

The air-gaps of magnetic read-write heads 346-348
are lengthwise aligned with the other, are properly posi-
tioned as shown in FIG. 19 so as to be contiguously dis-
posed with respect to the magnetic strip of the ledger card
passing thereover, and are lengthwise oriented substan-
tially perpendicular with respect to the travel of the mag-
netic strip to effect longitudinal magnetic recording there-
on.
In order to insure that the ledger card is properly
aligned and fed into the card handling equipment by the
operator, various photoelectric sensing means are incor-
porated into the control circuitry thereof. With refer-
ence to FIG. 22, a substantially rectangular-shaped ledger
card guide assembly, indicated generally as 360, is affixed
to the topmost surface of table 232, by suitable bolts 361
threaded therein, and extends substantially along the left-
most side thereof. As shown more clearly in the cross-
sectional view of FIG. 23, guide assembly 360 comprises
a pair of flat and rectangular-shaped plate sections 362
and 363, one mounted on top of the other, and a pair of
flat and rectangular-shaped half-plate sections 364 and
365 disposed side-by-side with respect to one another and
on the underncath side of plate 363; the thickness of plate
365 is less than the thickness of plate 364 by an amount
equal to at least the thickness of a ledger card for reasons
to become more apparent hereinafter. With reference
to FIG. 29, plates 362 and 363 have suitable bores formed
therein which form enclosures for housing photocells
(PCA1) and (PCA2) whose sensitive areas are oriented
downwardly and are properly positioned so as to respec-
tively receive radiant emergy from light sources 366 and
367, the radiant energy first passing through slots 368 and
369 formed in table 232.

In operation, photocells (PCA1) and (PCA2) normal-
ly respectively receive radiant energy from, and are there-
by energized by light sources 366 and 367. However,
when the operator of the computer desires to effect proper
insertion of a ledger card in the carriage of the account-
ing machine, in a manner previously described, the ledger
card is first placed on the table of the card handling equip-
ment, face down and bottom first as shown in FIG. 22.
The ledger card then is inserted in the slot formed be-
tween the lowermost side of plate 365 and the topmost
side of table 232, as shown by the dotted line in FIG. 23,
until the leftmost vertical edge of the ledger card is ori-
ented flush against the front face of plate 364. At this
time, the radiant energy as seen by each of photocells
(PCAI) and (PCA2), is cut-off, and, consequently, both
of the photocells are thereby de-energized. Photocells
(PCA1) and (PCAZ2) are connected in an electrical con-
trol circuit in such a manner, as will later be described,
that when they are both de-energized, paper guide motor
(PGM FIG. 14) is permitted to thereafter be de-ener-
gized.

Additional photoelectric means is utilized to initiate
energization of the paper-guide motor when the leading
or bottom edge of the ledger card has been placed in a
certain prescribed position with respect to card-drive
platen 241 after certain other prescribed conditions, not
yet described, have been met. As shown in FIG. 22, a
groove 370 is circumferentially formed in platen 241 and
in this groove is mounted an inverted and substantially
V-shaped acrylic and transparent plastic rod having inde-
pendent and disconnected leg portions 371 and 372, as
shown in FIG. 17. A light source 373 is mounted on
bracket 236 and is disposed at the lowermost end of leg
portion 371, whereas, a photoelectric cell (PCS) is also
mounted on bracket 236 with the light-sensitive area
thercof disposed adjacent the lowermost end of leg por-
tion 372.

Photoelectric cell (PCB) is normeally de-energized,
however, when the leading edge portion of the ledger card
is positioned by the operator on top of the card-drive
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platen 241 adjacent the upper junction of leg portions 371
and 372, radiant energy from light source 373 is first
projected upwardly through =g portion 371 and out of the
uppermost end thereof. Thereafier, the radiant encrgy
is reflected downwardly by the lcading edge portion of the
ledger card through leg portion 372, and, consequently,
impinges the active arca of, and thus energizes photocell
(PCB). When photocell (PCB) is energized, assuming
the before-mentioned prescribed conditions are met, paper
guide motor (PGM) is encrgized and thereby rotates
latching cams 301 (FIG. 19) in a counter-clockwise dircc-
tion, as previcusly described, to latch upper compression
rolls 296 against card drive platen 241 with the leading
edge of the ledger card fixedly secured therebetween.

After the lapse of a time delay of approximately one-
quarter of a second following energization of paper guide
motor (PGM), card drive motor CDM (FIG. 14) is
thereafter energized and thereby rotatcs the card drive
platen to automatically feed the ledger card into the ac-
counting machine carriage in such a manner that the
magnetic strip thereof is passecd over read-wrile heads
346-348 (FIG. 19), thereby effectively establishing three
information channels in the magnetic strip which are dis-
posed parallel with respect to one another and extend
substantially the entire length of the left margin of the
ledger card.

Photoelectric means are also utilized to sclectively ener-
gize suitable electronic amplifiers associated with each
of magnetic pick-up heads 346-348 at a predetermined
time substantially coincidental with the first passage of
the leading edge of the ledger card over the rcad-write
assembly. Accordingly, leg portion 371 is provided with
a branch leg portion 374 through which radiant energy
from light source 373 is directed. A slot 375 is formed
in paper guide 303 and a photoelectric cell, designated
(PCC), is mounted at the side of, and in substantially
parallel alignment with respect to branch portion 374,
the light-sensitive area thereof being oriented substan-
tially co-planar with the uppermost end of leg portion 374.

In operation, photocell (PCC) is normally de-energized.
However, when the leading edge of the ledger card is
adjacent slot 375 in paper guide 303, the radiant energy
from light source 373 is first directed upwardly
through leg portion 374 and out of the uppermost end
thereof through slot 375. Thereafter, the radiant energy
is reflected by the leading edge portion of the ledger card
and thereby projected downwardly and onto the sensi-
tive area of photocell (PCC) to effect the desired energi-
zation of the amplifiers associated with pick-up leads
346-348.

Photocell (PCB) is also utilized to detect the time at
which the ledger card has been driven to a predetermined
position in the card handling equipment and to initiate,
at that time, reversal of the card-drive motor to effect
ejection of the ledger card or to effect positioning of the
card in the accounting machine carriage, depending upon
the “instructions” previously given to the computer as
will later be seen. For these purposes, as seen in FIG.
22, ledger card 305 is provided with a dark area or “re-
versal spot” 376 which is located in the top margin thereof
in alignment with photocell (PCB). Consequently, when
reversal spot 376 is adjacent the junction of arms 371
and 372, radiant energy from light source 373 is absorbed
by the dark area thereof and photocell (PCB) is thus de-
energized to initiate the desired reversal of the card-drive
motor.

8. Electromechanical Control Means

As will fully be described hereinafter, various contrel
means are utilized by the computer to allow automatic
insertion of a ledger card into the accounting machine
carriage only when the carriage is resting approximately
two inches from its maximum right-hand position, as
shown in FIGURE 1; this position will be referred to
hereinafter as the “home” position of the carriage. As
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it is necessary that the accounting machine carriage re-
main in home position during operation of the card han-
dling equipment, locking means are utilized to selectively
lock and unlock the carriage while in home position.

With reference to FIG. 29, an L-shaped bracket 386
is welded or otherwise secured to back side-plate 235 and
pivotally supports cam 381 at the lowermost end thereof
by means of pin connection 382, Connecting rod 383 is
slidably mounted in a bore formed in bracket 380 and
plate 235, and is pivotally connected at one end thereof
to the upper leftmost portion of cam 381 by means of
pin connection 384. Spring 385, disposed about rod 383,
is interposed between collar 386 affixed to rod 383 and
bracket 380, thus spring-biasing rod 383 to the left as
viewed. The remaining end of rod 383 is pivotally con-
nected to the lowermost end of latch 387 by means of pin
connection 388, the uppermost end of cam 387 being
pivotally connected to bracket 389 by means of pin con-
nection 390. Bracket 389 is fixedly secured to plate 391
which, in turn, is fixedly secured to plate 236 by means
of screws 392 threaded therein. Fastened to bracket 391
by means of nuts 393, is an electrically-actuated rotary
type solenoid (CHP) which is substantially identical in
construction as the solenoid designated L46 which was
previously described with respect to FIG. 9. A cylin-
drical-shaped plunger housing 395 is fixedly secured to
bracket 391 by means of screws 396 threaded in the side
of housing 395. As shown more clearly in FIG. 30, slid-
ably mounted in the bore formed in housing 395 is a
rod-shaped plunger 397 which is spring-biased upwardly,
as viewed, by means of spring 398 disposed thereabout
and interposed between the shoulder formed on the upper
end thereof and the bottom of the bore formed in housing
3%5. Threaded on the end of plunger 397 is a truncated
conical member 399 which is normally engaged by pro-
jection 460 formed on the lowermost end of latch 387.

Thus, when the accounting machine carriage is in home
position and a carriage opening operation is initiated by
counter-clockwise rotation of bail 284, as previously de-
scribed, cam 381 is engaged by bail 284 and is rocked
clockwise thereby. Clockwise rotation of cam 381 shifts
connecting-rod 383 laterally to the right and thereby dis-
engages latch projection 400 from member 399, and thus
permits spring 398 to deflect plunger 397 upwardly into
engagement with the teeth formed on the lowermost side
of carriage rack rail 267, thereby locking the accounting
machine carriage in bome position. When it is desired
to selectively unlock the machine carriage, solenoid
(CHP) is selectively energized and consequently an off-
set pin 404, carried by the rotary armature thereof,
engages member 399 and deflects plunger 397 downward-
1y to a point where it is again latched by latch projection
400. After solenoid (CHP) is de-energized, plunger 397
remains latched in its downwardly deflected position, if
bail 284 has previously been restored to the position
shown in FIG. 29, until another carriage opening opera-
tion is initiated.

As previously mentioned with respect to FIG. 2, upper,
middle and lower motor-bars 23, 27 and 28, respectively,
are enclosed by cover 35 and are thereby rendered non-
accessible to the operator of the machine. With refer-
ence to FIG. 38 there is shown a side-elevational view
of the motor-bars along with a portion of the cycle-ini-
tiating mechanism associated therewith. FIG, 38 essen-
tially corresponds to FIG. 119 of the before referred-to
Patent 2,626,749, and, as a full and complete description
of each of the various motor-bar mechanisms is available
therein, a further detailed description thereof is not
deemed essential for a full and complete understanding
and appreciation of the present invention.

However, in accordance with the present invention,
key stems 401 thru 403 of motor-bars 23, 27, and 28,
respectively, are respectively operated by the rotary arma-
ture of electrically-actuated solenoids (MB¢), (MB1),
and (MB2) by means of linkages 407 thru 409, respec-
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tively connected therebetween and extending through suit-
able openings in base 65 of the accounting machine.
Solenoids (MBeg), (MBI), and (MB2) are each affixed
to bracket 410 which is bolted to the underneath side of
base 65 and are essentially of identical construction as
the previously described rotary-type solenoid (1L46) shown
in FIG. 9. Thus, it is evident that by selectively ener-
gizing one of the motor-bar solenoids for a predetermined
time, the corresponding motor-bar is automatically de-
pressed for a corresponding predetermined time and there-
by initiates either a “touch” or a “hold” operation which,
in turn, selects a predetermined cycle of operation of the
accounting machine, as previously described.

With reference to FIG. 35, a pair of rotary-type elec-
trically-actuated solenoids (OH1) and (OH2), substan-
tially of identical construction as those previously de-
scribed, are each mounted on one of brackets 417 and
418 by means of nuts 419 and 420, respectively; brackets
417 and 418, in turn, are secured to suitable flanges,
depending from the underneath side of frame 52, by
means of screws 421 and 422, respectively threaded there-
in. As shown more clearly in FIGS. 32 and 34, the
rotatable armatures of solenoids (OH1) and (OH2) are
individually provided with a projecting leg 424 and 423,
respectively, which as shown in FIG. 35, are adapted to
respectively engage the tails of the eighth and the eleventh
ones of order-hooks 76, counting from right to left. As
previously described, the eighth and eleventh order-hcoks,
respectively conirel the operation of the eighth and the
eleventh ones of type sectors 67 which respectively print
the sixth and ninth-order digits of the amount row, with
each digit printed being followed by a comma.

Thus, by selective encrgization of soienoid (OH1), the
armature thereof is rotated counter-clockwise, as viewed
in FIG. 32, to unlatch all order-hooks, from the third to
and including the eighth one, from their respective type-
sectors. Likewise, by selective energization of solenoid
(OH2), the armature thereof is rotated counter-clockwise,
as viewed in FIG. 34, to unlatch all order-hooks, from the
third to and including the eleventh one, from their respec-
tive type-sectors,

As previously described in connection with FIGS. 16
and 17, during a carriage cpening operation, square shaft
283 is normally rocked counter-clockwise by arm 285
and thus effects the disengagement of lowermost com-
pression rolls 288 from the accounting machine platen 71.
However, for reasons to become more apparent herein-
after, means have been provided for selectively prevent-
ing the lower compression rolls from being disengaged
from the platen. As shown in FIG. 16, a rotary-type
electrically-actuated solenoid (X), of substantially iden-
tical construction as those previously described, is mount-
ed on an L-shaped bracket 426 by means of nuts 427,
bracket 426, in turn, being fixediy secured to back side-
plate 235 by means of screws 428 threaded in bracket
426. An S-shaped bracket 429 is fixedly secured to back
side-plate 235 by means of screws 430 threaded in the
foot of bracket 429. As shown in FIG. 15, bracket 429
slidably supports a rectangular-shaped slide 431 by means
of studs 432 extending through elongated slots formed in
slide 431 and affixed to bracket 429. Slide 431 is nor-
mally spring-biased to the right, as viewed, by means of
spring 438 connected between pin 433 carried by slide
431 and block 434 welded or otherwise secured to plate
435 of the machine frame.

When slide 431 is in its normal position, as shown in
FIG. 15, a projection on the uppermost side of the right-
most end thereof is directly underneath a projection
formed on arm 2885, as further shown in FIG. 16. Con-
sequently, counter-clockwise rotation of arm 285 is there-
by prevented and thus the lower compression rolls are
maintained in engagement with platen 71. However,
when solenoid (X)) is selectively energized, pin 436, car-
ried by the rotatable armature therecof, engages flange
437 formed on the lowermost side of the left end of slide
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431 opposite arm 285, as viewed in FIG. 15, and thus
deflects slide 431 to the left and thereby removes the
obstruction from beneath arm 285 to permit the arm to
be rocked counter-clockwise when desired. When solen-
oid (X) is de-energized, spring 438 urges slide 431 back
toward its home position as shown.

In the just-described accounting machine, it is possible
to take a true negative total from any one of the totalizers
numbered “one” through “nine” inclusive, due to the in-
corporation therein of an overdraft control mechanism.
By the use of this mechanism, the machine is caused to
automatically operate through two cycles of operation.
On the first machine cycle, the negative amount, which at
this time is in a complementary form, is taken from the
selected totalizer and is subtracted from the cleared X-to-
talizer, thereby causing the true negative total to be set
up on the wheels of the latter totalizer. During the sec-
ond machine cycle, the total is taken from the X-totalizer
and the selected totalizer is “non-added,” thereby causing
the absolute value of the negative total or credit balance
to be printed-out. Hence, at the end of the overdraft
operation, the selected totalizer is cleared, as is also the
X-totalizer, and the absolute value of the credit balance
is printed on the record material. If desired, a sub-total
of the negative amount may be taken instead of the total,
thereby leaving the selected totalizer in the same condi-
tion at the end of the overdraft operation, as it was at
the beginning.

Therefore, when it is desired to take a total or a sub-
total from one of the totalizers and overdraft indicators
34 (FIG. 2) visually indicate that the number held by
the particular totalizer is a negative amount, in addition
to depressing the proper totalizer-selecting key and the
credit balance key, the total key pertaining to the partic-
ular totalizer involved must also be depressed. If a sub-
total operation is desired, the sub-total key must be
depressed in addition to the previously-mentioned keys,
50 as to cause the negative amount to be placed back into
the totalizer. Thercafter, the proper motor-bar is de-
pressed so as to put the machine through a two-cycle
credit balance operation and thus cause the absolute value
of the negative amount to be printed-out.

With reference to FIG. 37, there is shown a fragmen-
tary view of a portion of the overdraft control mechanism
linkage which is fully shown in FIG. 22 of the aforemen-
tioned Patent 2,626,749. However, due to the fact that
the overdraft control mechanism is fully shown and de-
scribed in the aforementioned patent, it is believed that
but a brief description thereof is necessary to herein be
presented in order to make readily apparent the signifi-
cance of the modifications thereof made in accordance
with the present invention.

As shown, the lower end of overdraft pitman 442 ex-
tends through an opening formed in base 65 of the ac-
counting machine and is pivotally connected to bell-crank
Iever 443, the bell-crank lever being rotatably mounted
on rod 444 which is secured to the under side of base 65
by suitable means not shown. The remaining arm of
bell-crank 443 is providled with a stud 445 which coop-
erates with a slot formed in the upper edge of overdraft
trip-arm 446, trip arm 446 being rotatably supported on
overdraft cam shaft 447 which is journaled in brackets
448 secured to the bottom side of base 65. Trip arm
446 has a notch formed on the end thereof which is
normally urged by spring 449 into engagement with stud
450 carried by the lower end of lever 451. Lever 451
is pivotally mounted on rod 444 and has rotatably pinned
to the lowermost end thereof, roll 452 which is urged
by spring 449 toward the periphery of a plate cam, not
shown, which, in turn, is secured to overdraft cam shaft
447.

Consequently, as the credit balance key (“CR. BAL."—
FIG. 2) is operatively connected to the uppermost end
of pitman 442, manual depression of the credit balance
key causes pitman 442 to be depressed at the beginning
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of the cycle of operation of the machine. When pitman
442 is depressed, bell-crank 443 is rocked clockwise,
thereby causing stud 445 to rock overdraft trip-arm 446
counter-clockwise and thus release lever 451 to the ur-
gency of spring 449. Due to the action of spring 449,
lever 451 is rocked clockwise to engage roll 452 with
the periphery of a plate cam, mentioned above, to effect
the carrying-out of the remainder of the cycle of opera-
tion, as fully described in the aforementioned Patent
2,626,749. Near the end of the second cycle of opera-
tion, a high point on the plate cam effecis re-engagement
of stud 450 with the notch formed on the end of over-
draft trip-arm 446, thus completing the cycle of operation.

In accordance with the present invention, means are
provided for automatically effecting selective depression
of overdraft pitman 442 to automaiically initiate the pre-
viously-described overdraft cycle of operation. Such
means includes a rotary-type electrically-actuated sole-
noid (CBS) which is essentially of identical construction
as those previously described. Solenoid (CBS) is mount-
ed on bracket 454 by means of nuts 455, bracket 454
being fixedly secured to the under side of base 65. The
rotatable armature of solenoid (CBS) is provided with
an extension 456 which engages roller 457 pinned to the
end of bell-crank 443. Consequently, each time sole-
noid (CBS) is energized, bell-crank 443 is rocked clock-
wise and thus initiates a credit balance cycle of operation,
thereby automatically effecting a print-out of negative
numbers under the electronic control of the computer, as
will be more fully described hereinafter.

With reference to FIG. 38, when the carriage throat
shaft 458 is rotated counter-clockwise, as viewed, control
plate 459, fixedly secured to shaft 458, is also rocked
counter-clockwise, thercby tripping a carriage throat
clutch mechanism, not shown, thus causing the throat
mechanism to be operated by a power shaft, all in a man-
ner fully described in the referred-to Patent 2,626,749,

In accordance with the present invention, a rotary-
type electrically-actuated solenoid (Y), essentially of
identical construction as those previously described, is
fixedly secured to bracket 461 by suitable means, not
shown. Bracket 461 is fixedly secured to bracket 462 by
means of screws 463 threaded therein, bracket 462, in
turn, being fastened to the under side of base 65 by
means of screws 464 threaded therein. The rotatable
armature of solenoid (Y) is effectively connected to con-
trol plate 459 by means of linkage 465 connected there-
between. Consequently each time solenoid (Y) is ener-
gized, plate 459 is rocked counter-clockwise, as before,
As a result, the carriage throat clutch is tripped thereby,
as mentioned before, and the opening and closing of
the carriage of the accounting machine is automatically
effected solely under control of the computer.

In order to initiate a total-taking operation as previ-
ously described, it is necessary that the zero stop pawls
46 (FIG. 3A) be rocked counter-clockwise to release
the differential actuators 49 and permit rearward move-
ment thereof. During the rearward movement of the
actuators, selected ones of the totalizers are rotated in
a reverse direction until stoped by suitable “add” tripping
pawls, not shown, to thereby position the differential
actuators 49 and the printing sectors 67 in accordance
with the amount indicated by the rotatable positions of
the totalizer wheels. In order to initiate an addition or
subtraction operation, the zero stop pawls 46 are re-
moved by depression of the amount keys, as previously
described. In total-taking operations, however, no
amount keys are depressed, and thus it is necessary to
utilize other means for releasing the actuators from the
zero stop pawls.

With reference to the fragmentary view of FIG. 40,
which is fully illustrated in FIG. 36 of the previously
mentioned Patent No. 2,626,745 and fully described there-
in, means are provided for moving the key release slide
470 at the outset of the machine cycle, thereby causing
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the stud 471, affixed to the upper end thereof, to deflect
the plate 472 clockwise, as viewed. The plate 472 is
fixedly secured to the shaft 473, as is the plate 474, which
supports a stud 475 on the opposite end thereof. There-
fore, when the plate 472 is deflected clockwise, the plate
474 is likewise deflected clockwise, thereby causing the
stud 475 to act against the uppermost surface of the cam
476, which is provided on each of the control slides 44,
thereby moving the slides toward the rear of the machine
and thus releasing the zero stop pawls 46, as described
in connection with FIG. 3A. At the same time, the studs
473 cooperate with suitable cam projections, not shown,
which are provided on the latching slides in the amount
key banks, so as to relcase any amount keys which may
have accidentally been depressed prior to the initiation
of the total-taking cycle of operation. Consequently, the
square studs 41 on the lowermost end of the key stems
are withdrawn and thus arc prevented from coacting with
the shoulders 50 on the difTerential actuators 49, and,
therefore, are not permitted fo stop the actuators in posi-
tions other than those dictated by the amounts standing
on the totalizer wheels.

The actuation of the key release slide 470 near the
beginning of the machine cycle, rather than near the
end thercof, is accomplished by means of a key release
latch 477, pivotally mounted on a stud 478, which is
carried by the rear end of the slide 470. The rear end
of the latch 477 is formed into a hook 479, which en-
gages a stud 480, mounted in a depending arm of a Iever
481, which, in turn, is pivotally mounted between the
side frames of the machine. The lever 481 is operatively
connected to a roller, not shown, which engages a cam
mounted on the main cam shaft of the machine. Hence,
when the main cam shaft is rotated in one direction, the
latch 477 is deflected to the left, as viewed, by the stud
480, and thus the key release slide 470 is operated for
the beforementioned purpose.

In order to prevent the just-described early key release
from occurring during an addition or subtraction opera-
tion, the selecting slides for the various totalizers are each
provided with suitable abutments, not shown, which over-
lic the bail 484 when the slides are located in their total-
taking positions. As partially illustrated and as shown
more clealry in FIG. 39, the bail 484 is secured at its
ends to a shaft 485 journaled at either end in the side
walls of a bracket 486. Although not shown, the shaft
485 is operatively connected to be rocked clockwise, as
viewed in FIG. 40, by the main cam shaft of the machine.
Consequently, a stud 487, mounted in an arm 488, which
is pinned to the right-hand end of the shaft 485, deflects
the key release latch 477 counter-clockwise, thereby un-
coupling the hook 479 from the stud 480 and thus pre-
venting carly release of the amount keys. However, if
any of the totalizer control slides is located with its abut-
ment positioned above the bail 484, clockwise rotation
of the shaft 485 is prevented, and the key release latch
477 remains coupled to the stud 480, so as to bring about
an early release of the amount keys.

With reference to FIG. 39, in accordance with the
present invention, means are provided for automatically
bringing about an early release of the amount keys by
the provision of an electrically-actuated solenoid (RRS)
secured to a bracket 490 by means of screws 491 threaded
in the frame thereof, the bracket 4990, in turn, being fix-
edly secured to the bracket 486 by means of screws 492
threaded therein. A substantially Z-shaped armature
493 of the solenoid {RRS) is pivotally mounted on a pin
424 in such a manner that, each time the solenoid (RRS)
is energized, the rightmost leg of the armature 493, as
viewed, is moved upwardly to present an obstruction to
the bail 484. Consequently, clockwise rotation of the
bail 484 is prevented, even thorugh there are no totalizer
control slides which are located with their abutments posi-
tioned above the bail 484, as previously described.

As will be described more fully hereinafter, there are
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certain “instructions” which are utilized and carried out
by the computer and which effect a different cycle of op-
eration of the accounting machine portion therecf,
proper control of the accounting machine portion, how-
ever, it is necessary that means be provided to “sense”
the states or conditions of the varicus portions of the
machine either before, during, or after a cycle of opera-
tion thereof. Such means include a plurality of switches
located at various appropriate places within the machine
and will, at this time, bricfly be described only as to their
location and function, together with their manner of actu-
ation. The following to-be-described switches, along with
the just-described electrical components such as the photo-
cells, solenoids, etc., will hereinafter again be described in
connection with their actual incorporation into thc clec-
trical control circuitry of the computer.

For example, neglecting for the moment the tope-
punching mechanism, there are three switches which ars
utilized in a logically “ANDED” combination to indicate
by their closure when depression of a particular motor
bar will cause a cycle of operation of the accotnting ma-
chine. With reference to FIG. 38, a bell crank or “able
arm” 4%7 is pivoted about a stud 428 and, in a manner
fully described in the aforementioncd Puatent No.
2,626,749, is operatively connected to the various mecha-
nisms of the motor bars 23, 27, and 23 in such o way that,
when deflected in a clockwise direction, as viewed, all
motor bars are disabled and thus rendered incffective.
The able arm 497 is deflected clockwize when a key on the
accounting machine keybeard is partially depressed, when
the carriage is off a stop and the “non-select” key is not
depressed, when the carriage is returning, when the clec-
trical power to the accounting machine driving means is
turned off by the ON-OFF switch, when the machine is in
a cycle of operation, or when a motor bar is depressed.
In order to detect the condition of the able arm 4%7, a
switch 4926 is fixedly secured to the side frame of the ma-
chine by suitable means, not shown, and is adapted to
have its movable arm 499 actuated by linkage 538, which
is connected to the upper end of the able arm. Normally,
the contacts of the switch 496 are closed; however, when
the able arm 497 is deflected clockwise for reasons previ-
ously mentioned, the contacts of the switch 496 arc
opened, thereby indicating that the motor bars ore dis-
abled.

In order to enable the accounting machine to perform
its record-keeping functions, the traveling paper carriage
is adaptable to be tabulated from one columnar position
to another columnar position, while traveling in either a
forward or a reverse direction, so as to enablc amounts
to be printed in the proper column of the record-keeping
form. The tabulation control mechanism utilized is ex-
tremely flexible in character and is selectively controlled
either from special keys on the keyboard, from the mctor
bars, or from the stops of the traveling paper carriugs
itself.

Consequently, as the able arm dcoes not disable the
motor bars during a carriage tabulation cycle, it is there-
fore possible to manually hold the carriage over a carriage
stop, even though the carriage is attempting to tabulute,
and thereafter depress a motor bar, thereby initiating a
machine cycle. Therefore, to prevent the elcectrical con-
trols for the computer from initiating a depression of a
particular motor bar while the carriage is tabulating over
a carriage stop, a switch, shown in FIG. 43 as 510, is
utilized to sense a carriage tabulation cycle. As shown,
the forward tabulation lever 501 is rotatably and slidably
supported by means of an elongated slot formed therein
cooperating with a frame stud 562 secured to an angle bar
503. The lever 501 is normally urged to the right, as
viewed, by means of a spring 504 and is further urged
in a clockwise direction about the stud 592 by means of a
spring 505. The action of the springs 584 and 505 is
resisted by a square stud 386, which lies beneath the right-
hand end of the lever 561 and is sccurcd to the recar face
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of the carriage support plate 563. The stud 506 coop-
crates with a shoulder 507 formed on the lever 561 and
thereby prevents the lever 501 from being moved either
to the right or to be rotated under the influencs of the
springs 504 and 585.

in operation, when tabulation is initiated depressed,
among other things not pertinent hereto, the lever 501 is
first lifted off the stud 506 and is thereafter moved to the
right by the spring £04 and rocked clockwise by the
spring 895, o free the carriage for movement and to ef-
fecet completion of the tabulation cycle. Upon comple-
ticn of the carriage tabulation cycle, the lever 381 is
restored to ihe position shown.

To sense a tabulation cycle, an exlension 568 is piv-
otally connezcted at one end to the end of the lever 561
and is rotatably and slightly mounted by means of an
elongated slot formed therein cooperating with a stud 509
mounted in the support plate 303. A switch 518 is
mounted on the support plate 5843 in such a manner that
the contacts thercof are opened by extension 568 due to
the clockwise movement of the lever 561, thus indicating
that the eorriage is eperating in a tabulating cvcle.

As previously mentioned in connection with FIG. 38,
all previcusly-mentioned conditions being met, the contacts
of the switch 496 are clesed by the able arm 497 after
the machine has progressed through approximately
seventy-five percent of its cycle of operatien. Conse-
quently, another switch is utilized to indicate when the
machine cycle has been cufficiently completed to the ex-
tenst that depression of a motor bar will ceuse another cycle
of operation. With reference to FIG. 41, there is shewn
a slide 313, which control: the reverse tabulation mecha-
nism of the accounting machine and may therefore be re-
ferred to as the “reverse tabulation” slide which initiates
the return of the carriage.  The slide 513 Is provided with
clongated slots by mcans of which it is slidably mounted
on suitable studs, net shown, which, in turn, are mounted
on an auxiliary frame plate of the machine. The slide
513 is resiliently urged toward the front of the machine,
or to the left, as vicwed, by means of a spring 514, but
is normally retzined in its rearward position, against the
urgency of the spring 514, by means of a rod 515, secured
to the upper end of a lever 516, The lever 516 is piv-
otally mounted on a stud 517, which is secured to the
auxiliary frame plate, and its lower end is pivotally con-
nected to the forward end of a link £18. The rear end
of the link 518 is pivotally connected to the upper end of
a follower arm §1%, which is rotatably mounted on a
shaft 520 and is provided with rolls 521 and 522, which
respectively cooperate with a pair of companion cam
plates 523 and 524, securcd to the main cam shaft §25
of the sccounting machine.

Hence, during each cycle of operztion of the account-
ing machine, the cam shaft 525 is rotated clockwise, as
indicated by the arrow, and thereby deflects the follower
arm 519 clockwise to the position indicated by the dash-
dot line. Consequentily the link 518 is shifted to the right,
and the lever 516 is deflected counter-clockwise thereby
and thus moves the rod 515 to the front of the machine.
Consequently, the slide 513 is permitted to be moved for-
wardly under the influence of the spring 514 and to be
differentially positioned under the control of the motor
bars. The lever 516 also carries an aligner har 526, which
is adapted to engage aligner notches 527 formed on the
lowermost edge of the slide 513, so as to align the slide
firmly in the position which it has assumed while teing
sensed by a feeling mechanism, which, again, is fully
shown and described in Patent No. 2,626,749, Upon com-
pletion of the cycle of operation, the follower arm 519 is
deflected counter-clockwise to again engage the rod 515
with the slide 513, as shown.

In order to sense whether the machine is in home posi-
tion ready for another cycle of operation or whether the
machine, at the moment, is in the process of carrying cut
a cycle of operation, the switch 528 is utilized and is fixed-
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ly secured to a bracket 529 by means of nuts 530. The
bracket 529, in turn, is fixedly secured to a bracket 531
by means of screws 532 threaded thercin, bracket 531
being secured to the base 635 of the machine by suitable
means, not shown. As shown more cleaily in FIG. 42,
the link 518 is provided with a stud $33, which is adapted
to engage a roller 8§34, rotatably carried by the actuator
of the switch 528. Consequently, when the machine is in
home position, as shown in FIG. 41, the stud 533 is in en-
gagement with the rotler 534, and the contacis of the
switch 528 are thereby closed, indicating that the machine
is ready to start another cycle of operation. However,
when the machine starts to initiate another cycle of opera-
tion, the pressure exerted by the stud 533 on the rolier 534
is relieved, and the contacts of the switch 523 are opened
thereby.

The three just-described switches 496, 510, and 528 do
not detect when a motor bar is disabled due to one of the
item counters being off home position, or when one of
the manual counter contrel keys is partially depressed.
Consequently, even though the collective closure of the
three swilches 496, 519, and 538 indicales that a motor
bar is permitted to be depressed by the computer, yet the
motor bar may still be disabled mechanically. In fact, if
a motor bar were to be depressed at this pariicular time,
it is possible that the electronic control poriion of the
computer would receive an indication that the accounting
machine portion thereof had started into a cycle of opera-
tion, whereas, in actuality, the machine did not even start
to cycle.

To avoid the necessity of many additional switches to
detect why the accounting machine portion of the com-
puter did not cycle, a single switch is utilized to detect
when the machine did not cycle, regardless of the reasons
why it did not cycle. Consequently, if the accounting
machine portion dogs not cycle, for some reason or an-
other, after the electronic portion of the computer has
effected depression of a moior bar, the electronic portion
“senses” the fact that the machine did not cycle and there-
after continually effects pzriodic depressicn of the motor
bar until the machine finally cycles.

With reference to FIG. 26, a flat plate 537 is secured to
a shaft 538, which is journaled in the side frames, not
shown, of the clectric typewriter portion of the accounting
machine, Also secured to the shaft 538 is an arm 539,
which is operatively connected to the accounting machine
mechanism in such a manner that, each time the account-
ing machine starts into a cycle of operation, the arm 539
is rocked counter-clockwise, as viewed, and thereby posi-
tioned as indicated by the dot-dash line. However, when
the lever 539 is rocked counter-clockwise, the plate 537
is thereby moved into blocking position between the type-
writer keys to prevent a typewriter key from being de-
pressed while the machine is carrying out a ¢ycle of oper-
ation. Upon completion of a cycle of operaticn, the lever
539 resumes its position, as shown.

Thus, in order to sense whether a cycle of operation is
being carried out, a switch 548 is fixedly szcured to the
base 65 by means of screws 541 threaded therein, and is
positioned so that a roller 542, carried by the actuator
thereof, is engaged by the lever 539 when the lever is in
a raised position and the contacts of the switch 540 are
operated thercby. As will be more fully described herein-
after, the contacts of the switch 549 are operated in the
range of 50 to 200 milliseconds after a motor bar sole-
noid has been energized if the machine has started into a
cycle of operation. Upon energization of a motor bar
solenoid, the corresponding motor bar is depressed there-
by, as previously described. After a time lapse of ap-
proximately 250 milliseconds after the motor bar solenoid
is energized, the condition of the switch 549 is sampled.
If the contacts of the switch 540 are not found to be
operated, the motor bar solenoid is de-znergized and there-
by allows the depressed motor bar to resume its normal
position. When the motor bar has resumed its normal
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position, such that re-depression thereof may cause a
machine cycle, the corresponding motor bar solenoid is
allowed to be re-cnergized to again repcat the sequence
of operations.

As previously described with respeet to FIG. 17, squere
shaft 283 is rocked counter-clockwise, as viewed, to cffect
the disengagement of lower compression rollers 288 and
platen 71. With reference to FIG. 19, arm 542 is fixedly
secured to the underncath side of shaft 283 by mieans of
screws 543 threaded therein and engages actuating lever
544 of switch 545 which is fixedly sccured to bracket 546
by means of screws 547 threaded therein, bracket £46 be-
ing fixedly secured to bracket 236 by means of screws 543
threaded therein. When square shaft 283 is rocked
counter-clockwise, its contacts are operated, thus indicat-
ing that lower compression rolls 288 (FIG. 17) are out of
engagement with platen 71.

With reference to FIG. 41, switch 550 js fixedly secured
to bracket 551 by means of screws 552 threaded therein.
Bracket 551 is fixedly secured to bracket §53 by means of
screws 554 threaded therein, whereas bracket 553 is fixed-
ly secured to the base 65 of the machine by means of
screws 555 threaded therein. Switch 530 is positioned so
that the contacts thereof are effectively operated by fol-
lower arm 519 during the time that the follower arm is
rocked clockwise into engagement with the actuator 556
thereof, as shown by the dot-dash line, thus indicating that
the accounting machine is in the process of carrying out
a cycle of operation such that aligner bar 72 is in engage-
ment the notches formed on the lower end of arm 353
(FIG. 3A), as previously described. )

Also shown in FIG. 41 is a portion of the linkage uti-
lized by the accouniing machine carriage opening and
closing mechanizm, which is fully shown and dzscribed
in connection with FIG. 139 of the before-referred-io Pat-
ent No. 2,626,749, Even ihough not fully shown in FIG.
41, lever 557 is pivotally mounted on stud 558 and has its
leftmost end operatively connected to carriage open key
“CARR. OPEN” (FIG. 2) in such a manner that depres-
sion thereof causes lever 537 to be rocked counter-clock-
wise.

In accordance with the present invention, switch 559 is
fixedly secured to bracket 553 by means of screws 560
threaded therein and has its roller-type actuator 561 in
engagement with the rightmost end of lever 357, Conse-
quently, when lever 557 is rocked counter-clockwise, the
contacts of switch 559 are actuated thereby, thus indicat-
ing that the operator desires the carriage to be opened.

With reference to FIG. 44A, there is shown a frag-
mentary view of the particular mechanism controlied by
stops on the traveling paper carriage for selecting the to-
talizers for addition, subtraction, or total-taking opera-
tion, the mechanism being fully shown and describzd with
respect to FIG. 36 of the before-referred-to Patent No.
2,626,749, Priefly, however, stem 564 of totalizer re-
verse key “REV” also shown in FIG. 2, carries a stud
5§45, which coopcrates with the bifurcated end of lever
865. Lever 566, in turn, is pivoially mounied con stud
567 secured to partition plate 268 and has a depending
arm, which cooperates with a stud 562, mounied in an
arm 578, which, in turn, is loosely journaled on a shaft
371, Thus, when thie reverse key “REV” is depressed,
arm 570 is rocked counter-clockwise, as viewed, and
thereby effects reversal of the add and subtract selection
mechanism of the totalizers from the carriage stops, as
fully described in the above-referred-to patent.

In accordance with the present invention, swiich 572 is
fixedly secured to bracket 573 by means of screws 574,
brackst 573 being flxedly securad to partition plate 568
by means of screws 575 (hreaded therein. Switch 572 is
properly positioned in such a way that its roller-type ac-
tuator 576 is deflected by stud 569 and thus operates
the contacts thereof each time the reverse key “REV” is
depressed.

In addition, a rectangularly-shaped slot 562 is formed
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in the partition plate 568 and is properly oriented to have
slidably disposed therein a square stud 563 projecting
from the lowermost end of key stem 564. An elongated
arm 577 has one end thercof pivotally supported by a
screw 578 threaded in the partition plate 568 and has sup-
ported on its opposite end a pair of studs 583, which are
disposed above and below the square stud carried by the
key stem 564. Also supported on the opposite end of the
arm 577 is an clectrically non-conductive stud 586, which
is adapted to engage the movable arm 587 of a swiich
mechanism, indicated generally as SC46, which, in turn,
is supported by the plate 568 by suitable means, not
shown.

Therefore, each time the reverse key “REV” is de-
pressed, the square stud on the lowermost end of the stem
thereof deflects the arm 577 clockwise, as viewed, and,
consequently, the movable contacts of the switch SC46
are actuated by stud 586. When the reverse key is re-
leased and allowed to assume the position shown, the
movable contacts of switch SC48 are likewise allowed to
assume their normal positions, as shown.

With reference to FIGS. 24 and 25, there is shown a
partial plan view of the rear rack 276 and the driving
gear means 277, which were previously described in con-

nection with FIG, 17, for effecting linear translation of :

the accounting machine carriage. However, in order to
sense the home position of the accounting machine car-
riage, a switch 579 is fixedly secured to the plate 240 by
screws 589 and, as more clearly shown in FIG, 25, is so

positionzd that its roller-type actuator 581 is adapied to 3

be engaged by a stud 582, depending from the lower side
of the rack 276, cach time the carriage is in home posi-
tion. Consequently, the normally-opened contacts of the
switch 579 are closed as long as the carriage is in home
posiiion and are opened as soon as the carriage leaves
home position.

With reference to FIG. 27, manually-operable msans
are provided to sclectively lock the typewriter carriage-
return keys, numbered (1) through (3). Such means
comprises essentially a substantially flat plate 583, which
is normally spring-urged to a position under the key stems,
as shown, to prevent depression thercof. However, when
lever 584 is moved forward, or to the right as viewed, its
tail end cams the plate 583 outwardly to permit sclective
depression of the keys.

9. Building Blocks Generally

Before going into a detailed description of the indi-
vidual units making up the electrical circuitry of the com-
puter shown by the block diagram thereof in FIG. 45,
there will now be described the building blocks with
which these individual units and interconnections there-
between are constructed. A building block is herein de-
fined as a structure which is basic to the operation of the
individual units of the computing system, and is used
repeatedly in the system for amplification, logic, or other
conirol purposes. By establishing a set of building blocks
and understanding the rules for their interconnection,
such a complex computing system as that heretofore gen-
erally described is more readily understood. The build-
ing blocks that are of particular importance are inverters,
amplifiers, triggers, and logical circuits such as “ANDS”
and “ORS,” etc.

10. Inverter Building Blocks

The building block to be first described is the inverter,
which, as the name implies, effects an inversion of the
signal applied to the input thercof. In a transistor cir-
cuit, the grounder-emitter amplifier is capable of perform-
ing such an operation. Thus, in order for the inverter
to perform such a task, it must produce an output signal
that is “up” when the input signal is “down,” or, stated
another way, it must produce a signal indicative of binary
“one” upon the application of a signal to its input indica-
tive of binary “zero”; conversely, it must produce a bi-
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nary “zero” signal upon the application of a binary “one”
to its input. However, throughout the following descrip-
tion of the electrical circuitry of the instant computer, for
the purposes of clarity, when the output signal is “up”™—
i.c., substantially at or above ground potential—it will be
referred to as being “TRUE,” indicative of a binary
“one.” However, when the output signal is “down”—i.e.,
below ground potential at a potential of approximately
—-6 volts, it will be referred to as being “FALSE,” indica-
tive of a binary “zero.”

With rcfercnce to FIG. 46A, there Is shown a simple
grounded-emitier type inverier comprising transisior 650
having its base connected to iput terminal €31 and its
collector connected to outpui terminal §52. The symbol
for this type of inverter is the notation “I1” enclosed by
a circle, as shown at the bottom of the block. When a
negative potential is applied to the base of {ransisior 659
via input terminal 651, base current flows outwardly from
the base thereof toward input terminal 651, If the col-
lector electrode of transistcr 658 is connected to a nega-
tive potential via outpui terminal 652, emitter current
flows from the emitter to the coliector of transistor 659,
Assuming a sufficient flow of base current, the resistance
between the collector and the emitier becomes a very low
value, and, as a result, output {erminal 652 is essentially
at ground potential, indicative of a TRUE signal. When
cither ground or a positive potential is applied to the base
of transistor 650, the resistance between the cellector and
the emiiter, and the resistance betwecn the base and the
cmitter, are all of a substantiaily high value. Conse-
quently, the values of botih the base and collector currents
ro essentially o zero, and the vollage at outpu! terminal
632 is therealter negative.

Inverter 12 shown in FIG. 46B is substantiaily the same
as inverter 11 of FIG. 46A, wiih the exception that the
emitter electrode of transistor 630 is now returned to ter-
minal 663 instead of ground potential. Inverter I3 of
FIG. 46C is essentially the same as inverter I1 but is
additionally provided with a clamping diode 653, con-
nected between the collector of transistor 650 and bias
terminal 654, to “clamp” the collector to the negative
operating poteniial at bias terminal 654. Inverter 14 is
cssentially the same as I but, additionally, has a drop-
ping resistor 659 in its output circuit. Inverter IS is essen-
tially the same as Ii but is additionally provided with a
dropping resistor 655 connected between the collector of
transistor 639 and bias terminal 658. I6 is substantially
the same as 11, with dropping resistor 660 in its input
circuit.  I9 is substantially the same as I6 but further in-
cludes resistor 661, connected between the base of tran-
sistor 650 and bias terminal 662, to insure that the transis-
tor remains non-conductive when so rendered. Inverters
17, I8, 119, and I12 through I16 are substantially the same
as 13, except that they are additionally provided with
various combinations of bias dropping resistors 655, 657,
658, and 661, clamping diodes 653, and input dropping
resistor 660. I11 is substantiaily the same as IS, with
dropping resislor 664 connected between the emitter of
transistor 656 and ground potential. Inverter I17 is sub-
stantially the same as I7, except for the addition of input
coupling condenser 667 and base resistor 668. The pur-
pose of condenser 667 is to provide a large surge current
in order to overdrive the transistor momentarily, to de-
crease the rise time of the output signal and thus increase
switching speed. 118 through I23 and I25 utilize various
combinations of the dropping resistors, clamping diodes,
and coupling condensers previously described. In 124,
diode 671 keeps the base of transistor 658 substantially
at ground potential until the potential at terminal 651 be-
comes negative to render the transistor conductive. In
126, bypass conductor 665, connected between collector
and ground of the transistor, provides a short circuit to
eliminate or attenuate undesirable high frequencies. In

27, condenser 672 and resistor 670, each connected be-
tween collector and base of transistor 650, provide an in-
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verse feedback to limit the gain of the stage at high fre-
quencies. In 128, condenser 666 and resistor 664 pro-
vide a suitable negative feedback voltage proportional to
emitter current to limit the gain of the inverter stage, and
also provide a degree of temperature compensation
thercof; resistors 655, 658, 668, and 670 provide the neces-
sary operating bias potentials thereto; condensers 665,
672, and 680 function as filter condensers which remove
unwanted extraneous signals; and condenser 667 func-
tions as a coupling condenser which a-c couples input
terminal 651 to the base of transistor 656. Inverter 129
is essentially a conventional emitter-input grounded-base
amplifier with a series dropping resistor 678 in its base
circuit.
11. Emiitter-Follower Building Blocks

The next building block to be described is the emitter
follower, which gets its name from its vacuum-tube coun-
terpart, the cathode follower. The emitter follower type
of amplifier provides power gain, has no phase inversion
at low frequencies, has a slight attenuation of the input
potential signal, and has a slight change in the d-c level
of the signal from input to output. With reference to
FIG. 47B, there are shown various types of emitter fol-
lower circuit configurations, each having a symbol which
comprises the designation “E” normally followed by a
numeral and both designations encompassed by a circle,
as shown at the bottom of each sub-section (a) through
(k) of FIG. 47B.

As shown in sub-section (a), emiiter-follower E1 com-
prises a transistor 650 having its cmitter returned to
ground or reference potential through resistor 664. The
collector is connected to bias terminal 656 to normally
receive a suitable negative d-c operating potential there-
from. Input terminal 651 is connected to the base, and
output terminal 652 is connected to the emifter, of the
transistor.

In operation, if the input signal and consequently the
base of the transistor are TRUE—i.e., at ground poten-
tial—the transistor 650 is rendered substantially non-
conductive, and the output at terminal 652 is therefore
substantially at ground potential, or TRUE. However,
when the input signal is FALSE—i.c., at a potential of
—6 volts—the transistor is rendered conductive, and the
potential at output terminal 652 is substantially equal to
the negative potential on the base. Thus, when the input
is TRUE, the output is TRUE, and, when the input is
FALSE, the output is FALSE. Emitter follower E2 in
sub-section (b) is essentially the same as E1, with the ex-
ception that the lower end of resistor 664 is returned to
bias terminal 663 instead of ground potential. In E3,
output terminal 652 is connected to the emitter of transis-
tor 650 through series dropping resistor 664. E4 is sub-
stantially the same as E2 but for the addition of resistor
673 between output terminal 652 and the emitter of the
transistor. ES$ is essentially the same as E3, with the addi-
tion of resistor 661 connected between the base of the
transistor and bias terminal 662. ES6 is substantially the
same as E2 but for the addition of bias dropping resistor
655. E7 is substantially the same as E4, except that, in
this instance, resistor 673 is now paralleled with bypass
condenser 666. Emitter followers E8 through E10 and
E1 utilize various combinations of dropping and bias re-
sistors and coupling and bypass condensers, as previously
described. El, however, functions somewhat as both an
inverter and an emitter foilower in that an inverted output
appears at output terminal 674, while simultaneously an
output potential appears at terminal 652 which is of the
same polarity or phase as the input signal.

For the sake of simplicity and brevity, the preceding
building blocks were discussed but briefly. However, for
a more detailed and comprehensive description thereof,
reference is made to the “Handbook of Semiconductor
Electronics,” by L. P. Hunter, published by McGraw-Hill
Book Company, Inc., wherein many similar circuit con-
figurations are found.

10

30

35

60

50

12. Logical OR Building Blocks

Performing logical operations is a well-known funda-
mental to the operation of a computer. The most basic
logical operations are those of “AND” and “OR.” Even
though many of the logical operations performed in digi-
tal computers are concerned with arithmetic operations
such as addition, subtraction, division, and multiplication,
herein many of the logical operations are assembled into
decision-making and information-routing circuits. In
order to perform such logical operations, it is generally
necessary to utilize nonlinear circuit elements, such as
diodes and transistors and the like.

With reference to sub-sections (a) through (g) of
FIG. 47A, there are shown various logical “OR” circuit
configurations. In {(a), there is illustrated a logical “OR”
building block of type D1 comprising a plurality of diodes
679, each having its cathode connected to the other. A
“pull-down” resistor 690 is connected to the junction of
the diodes 679 and to bias terminal 689, which normally
has a negative d-c operating potential applied thereto.
A plurality of input terminals, in this instance shown as
675 through 678, are individually connected to the anode
of a different one of diodes 679, and output terminal 688
is connected to the junction of the diodes.

In operation, if the input signal to any one or more of
terminals 675 through 678 is “TRUE,” or at a positive
potential, the corresponding diode in each instance is con-
duciive, its internal impedance is reduced substantially to
zero, and consequently the potential appearing at output
terminal 688 is substantially equal to the input potential.
However, if the input signals to all of input terminals 675
through 678 are each at a negative potential, the output
signal at terminal 688 goes negative via the negative po-
tential at terminal 689 and resistor 699. However, the
negative potential at terminal 688 is not permitted to go
more negative than the least negative potential at one of
input terminals 675 through 678. Thus, it is evident that
the cutput of a logical “OR” circuit is “TRUE” (or posi-
tive) if any of the input signals to terminals 675, 676, 677,
or 678 is “TRUE” (or posilive); the output is effectively
“FALSE” only when all of the inputs are “FALSE.” The
symbol used herein for a logical “OR” is a semicircle
designation having the representative input lines extend-
ing through the half-circle and terminating at the circum-
ference thereof, as illustrated at the bottom of each of
sub-sections («) through {g).

Logical “OR” of type D2, shown in (b) of FIG, 47A,
is substantially the same as type D1, but for the addition
of dropping resistor 691 connected between the junction
of didoes 679 and resistor 690. In (c), a type C logical
“OR” comprises a plurality of condensers 683, each con-
nected to the other and connected to output terminal 688.
A plurality of input terminals, illustratively shown as 675
through 678, are each connected to the remaining end of
one of the condensers 683. In a type CR logical “OR,”
the condenser 683 and the resistor 687 are each connected
to output terminal 688, input terminals 675 and 676 being
individually connected to the remaining end of the con-
denser and the resistor. Type CRD logical element is
similar to type CR except for the addition of diode 679
connected between resistor 687 and output terminal 688.
Type R “OR” comprises but a single resistor 691 con-
nected between input terminal 675 and output terminal
688, and type RD! “OR” comprises a series-connected
resistor 691 and diode 679, connected between input ter-
minal 675 and output terminal 688.

13. Logical “AND" Building Blocks

With references to FIG. 48A, there is illustrated a logi-
cal “AND” building block of type D1 which comprises a
plurality of diodes 679, each having their anodes con-
nected together and connected to output terminal 688. A
plurality of input terminals, illustratively shown as 675
through 678, are each individually connected to the cath-
ode of a different one of diodes 679. A “pull-up” re-



3,112,394

51

sistor 690 is connected to the junction of dicdes 679 and
to bias terminal 689, which is normally supplied with a
suitable positive d-c operating potential having a magni-
tude, in most instances, of 6 volts.

In operation, when the input signal to each of the
input terminals 675 is “TRUE"—i.e., at zero or ground
potential—the output signal at terminal 688 gocs su_b-
stantially to ground potential via the positive potential
at bias terminal 689 and resistor 690. However, if any
one or more of the input signals goes “FALSE” (—6
volts), the corresponding diode is conductive, and, con-
sequently, the output signal at terminal 688 is substan-
tially at —6 volts (“FALSE”). Therefore, it is seen
that in a logical “AND"” circuit, as just described, the
output signal remains “FALSE” as long as any one
or more of the input signals are “FALSE”; the output
signal goes “TRUE” only when all of the input signals
go “TRUE” and at no other time.

Type D2 “AND” circuit shown in (b) is essentially
the same as the D1 type except for the addition of drop-
ping resistor 691 connected between the anodes of the
diodes 679 and the output terminal 688. The D3 type
shown in (c) is substantially the same as the D2 type
but for the addition of bypass condenser 695 connected
in parallel with the dropping resistor 691. In the D4
type of logical “AND” circuitry shown in (d), pull-up
resistor 690 has been omitted and replaced with a circuit
comprising transistor 700, having its base connected to
the junction of the diodes 679. The collector of the tran-
sistor 700 is connected to bias terminal 689, having a
negative d-c operating potential of approximately 6 volts
applied thereto. The emitter of transistor 700 is con-
nected to output terminal 688 and is also connected to
one end of resistor 701, the opposite end of resistor 701
being connected to bias terminal 702 having a positive
d-c operating potential of approximately 6 volts applied
thereto. By the use of such an emitter follower type
amplifier essentially as a pull-up resistor, a power gain
of the output signal results, the input and output signals
thereto being at all times of the same polarity as previous-
ly described with respect to the emitter follower type
building blocks.

The D5 type “AND” circuit shown in (e) is substan-
tially the same as the D1 type except for the addition
of bias resistor 692, connected between input terminal
675 and bias terminal 693, which has applied thereto
a negative d-c operating potential. The DR type “AND”
shown in (f) is somewhat different, in that resistor 696
now constitutes the pull-up resistor even though it is
connected to one of the input terminals such as 675. In
operation, if the input signal to either or both of input
terminals 675 and 676 is “FALSE” (—6 volts), the signal
at output terminal 688 is likewise “FALSE.” However,
if the input signal to both of the input terminals is
“TRUE” (ground potential), the signal at output terminal
688 is likewise “TRUE,” as in the logical “AND” circuits
just described.

In (g) there is shown a resistor type of logical “AND”
circuitry R1 which comprises a plurality of resistors 696,
each connected to output terminal 688 and having the
remaining end thereof individually connected to one of
a plurality of input terminals, illustratively shown as 675
through 678. A pull-up resistor 6990 is connected at one
end to the junction of resistors 696 and is connected at
its remaining end to bias terminal 689, which has applied
thereto a positive d-c operating potential. This partic-
ular type of “AND” circuitry, however, does not render
a “TRUE” or “FALSE” output signal respectively rep-
resented by a zero or a negative potential. In this in-
stance, the “TRUE” or “FALSE" representation is by
a positive or a negative output signal which is fed as
an input signal to a suitable amplifier which re-establishes
the proper voltage levels therefrom; i.c., zero and minus
potentials indicative of “TRUE” and “FALSE,” respec-
tively.
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The operation of the device is as follows: The various
resistor values are properly chosen so that, when all of
the input signals to terminals 675 through 678 are
“TRUE” (ground potential), the output signal at ter-
minal 688 is positive by an amount proportional to the
resistor divider network. However, should any one or
more of the input signals be “FALSE” (negative), the
output signal is also negative by an amount proportional
to the resistor divider network, consequently “FALSE”
also. “AND” circuit R2 shown in (k) is substantially
the same as type R1 except for the addition of dropping
resistor 691 connected between the junction of resistors
696 and output terminal 688,

In (i) there is shown a transistor type logical “AND”
T1 which utilizes a pair of transistors 700 and 709. Input
terminal 675 is connected to the base of transistor 700
through coupling condenser 703, whereas input terminal
676 is connected to the base of transistor 709 through
series connected resistors 711 and 712. Bias resistor 713
is connected to the junction of resistors 711-—712 and
is connected to bias terminal 714, which has applied
thereto a suitable positive d-c operating potential. The
base of transistor 700 is returned to ground potential
through resistor 710 and is also connected to the collector
thereof through parallel-connected resistor 704 and con-
denser 705. The emitter of transistor 70¢ is connected
to the collector thereof through series-connected resistors
707 and 708. The junction of resistors 767—708 is re-
turned to a-c ground through condenser 706 and is con-
nected to bias terminal 689 through dropping resistor
690 connected therebetween, bias terminal 689 having
applied thereto a suitable negative d-c operating poten-
tial. The emitter of transistor 760 is directly connected
to the collector of transistor 709, whereas the emitter
of transistor 709 is directly returned to ground potential.
Output terminal 688 of the logical “AND” gate is directly
connected to the collector of transistor 700.

In operation, if the input signal at terminal 676 is suffi-
ciently negative, transistor 709 is rendered conductive
and thus presents a very low resistance from the emitter
of transistor 700 to ground. Consequently, transistor
700 functions in the same manner as a conventional
“class—A” inverter type amplifier such that a-c signals
of the proper frequency appearing at terminal 675 appear
amplified and inverted at output terminal 688. However,
if the input signal at terminal 676 is ground, transistor
709 is rendered non-conductive and thus appears as a
very high resistance from the emitter of transistor 700
to ground. Consequently, since no emitter current can
flow through transistor 700, signals appearing at input
terminal 675 are not amplified by transistor 700. Thus
it is seen that, when mput terminal 676 is negative, a-c
signals appearing at terminal 675 appear amplified and
inverted at output terminal 688; when input terminal 676
is ground, a-c signals appearing at terminal 675 do not
so appear as amplified and inverted at output terminal
688.

In (j) there is shown a second type of transistor logi-
cal “AND” T2, which also utilizes a pair of transistors
700 and 709. Input terminal 675 is connected to the base
of transistor 700 through coupling condenser 703, whereas
input terminal 676 is connected to the base of transistor
709 through series-connected resistor 711, The emitter
of transistor 709 is returned through series-dropping re-
sistor 713 to bias terminal 714 having a suitable posi-
tive unidirectional operated potential applied thereto.
The emitter of transistor 700 is returned to ground po-
tential through a parallel-connected resistor and con-
denser network 664 and 666, whereas the base of tran-
sistor 700 is returned through series-dropping resistor
710 to bias terminal 689, which has a suitable negative
unidirectional bias potential applied thereto. The col-
lector of transistor 70¢ is connected to bias terminal 689
through series-dropping resistor 690 and is also connected
to the collector of transistor 709 with both of the col-
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lectors of transistors 700 and 709 being connected to
output terminal 688.

In operation, if the input signal at terminal 676 is
“TRUE,” transistor 709 is rendered non-conductive and
appears as a very high resistance from output terminal
683 to ground. Transistor 784 normally is conductively-
biased near saturation in such a manner that output ter-
minal 688 is near ground potential. Thus, when positive-
going pulses appear at input terminal 675, they appear
amplified and inverted at ouiput terminal 688. How-
ever, if input terminal 676 is “FALSE,” transistor 709
is rendered conductive, and its collector current flows
through resistor 690 to bias terminal 689. This collector
current is of sufficient magnitude that, even though no
collector current were present in transistor 708, the po-
tential at output terminal 688 is substantially ground.
Thus, when positive-going signals appear at terminal 675,
the resulting change in collector current of transistor
760 produces essentially no appreciable change of po-
tential of output terminal 688. Therefore, when input
terminal 676 is “TRUE,” positive-going pulses at input
terminal 675 appear as ampiified and inverted at out-
put terminal 688; however, when input terminal 676 is
“FALSE,” output terminal 688 remains essentially at
ground potential, even though input positive-going sig-
nals appear at terminal 675.

14. Flipflop and Multivibrator Building Blocks

The “fipfop” building block is normally composed of
two inverters, as shown in FIG. 49, which are connected
in cascade with the input of each one being connected
to the output of the other. As shown in section («) of
FIG. 49, flipflop of the F1 type consists of two grounded
emitier transistors 722 and 723 having input terminals
717 and 718 respectively connected to the base electrode,
and output terminals 719 and 720 respectively con-
nected to the collector electrode of transistors 722 and
723, The base of transistor 723 is connected to the
collector of transistor 722 through parallel connected re-
sistor 734 and condenser 735, whereas the base of tran-
sistor 722 is connected to the collector of transistor
723 through parallel connected resistor 736 and con-
denser 737. The base of each of transistors 722 and
723 is returned to ground potential through resistors
729 and 728, respectively, whereas the collector thereof
is respectively connected through dropping resistors 725
and 727 to bias terminals 724 and 726, which have ap-
plied thereto a suitable necgative unidirectional operat-
ing potential.

In order to describe a mode of operation, it will first
be assumed that transistor 722 is non-conductive and
transistor 723 is conductive. Thus, when the input sig-
nal to terminal 717 goes negative, transistor 722 is now
rendered conductive, the internal impedance thereof drops
essentially to zero, and consequently the output signal
at terminal 719 is thereafter “TRUE” (i.e., at ground
potential). In addition, when transistor 722 is rendered
conductive, the base of transistor 723 is momentarily
driven positive via coupling condenser 735, and, conse-
quently, transistor 723 is rendered non-conductive. Tran-
sistor 723 being non-conductive, the output signal at
terminal 720 is “FALSE.” A negative bias potential ap-
plied- from terminal 726 to the base of transistor 722
via resisior divider network 727—736—729 insures that
transistor 722 remains conductive when the input sig-
nal to ternminal 717 is no longer present. Consequently,
as terminal 719 is essentially at ground potential, very
little base current is supplied to transistor 723 via re-
sistor 734, and, as a result, transistor 723 remains non-
conductive. Thus, the flipflop is now operating in one
of its two stable states. It is to be noted at this point
that during normal operation, a crystal diode, forming
a part of a suitable triggering circuit, to be described
later, is usually connected in series with each of input
terminals 717 acd 718 in such a manner that the states
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of both of transistors 722 and 723 remain unchanged
cven though the input signals to terminals 717 and 718,
via their respective triggering circuit diode, effectively
changes from “FALSE” back to a “TRUE” condition,
respectively. In other words, the only time the states
of transistors 722 and 723 change is only when the in-
put signal to one of the terminals 717 and 718 goes from
“TRUE” to “FALSE.” Now, when the input signal to
terminal 718 goes negative, transistor 723 is rendered
conductive, the output at terminal 720 is now “TRUE,”
and the base of transistor 722 is momentarily driven
positive and thereby renders transistor 722 non-con-
ductive. Transistor 722 being non-conductive, the out-
put at terminal 719 is “FALSE,” and a negative bias
is applied from terminal 724 to the base of transistor
723 via network comprising resistors 725, 734, and 728,
and coupling condenser 735, to insure that transistor
723 remains conductive. As before stated, insufficient
base current is supplied to transistor 722, and, conse-
quently, transistor 722 remains non-conductive. Thus,
the flipflop is now operating in the other of its two
stable states.

To summarize: When the input signal at terminal 717
momentarily goes negative, the flipflop is triggered to
one of its two stable states, so that the output at the
terminal 719 is TRUE (if not already TRUE) and the
output at terminal 720 is FALSE; however, when the
input to terminal 718 momentarily goes negative, the
flipflop is reset to its initial state, so that the output
at terminal 719 is now FALSE and the output at ter-
minal 720 is now TRUE. 1If, for some reason, the in-
put signals to both of terminals 717 and 718 simulta-
neously go momentarily negative, the flipflop will change
state regardless of the state in which it was initially.

In order to simplify the following description of the
computer circuitry as much as possible, input terminal
717 will hereinafter be referred to as the “reference in-
put,” input terminal 718 the “prime input,” output ter-
minal 719 the “reference output,” and output terminal
728 the “prime output.”

In (¢), flipflop of type F3 is essentially the same as
F1 with the omission of base resistor 728, whereas, in (e),
flopflop of type F5 is essentially the same as F1 with the
omission of base resistor 729. In (b), (d), and (f),
flopflops of type F2, F4, and Fé are essentially the same
as flipflops F1, F3, and FS5, respectively, except for the
addition of clamping diodes 731 and 733, which are
utilized to fix the “OFF” level of the collector voltages
of transistors 722 and 723, respectively, as heretofore
stated, when the transistor is non-conductive. In (g),
flipflop of type F7 is essentially the same as flip-flop F1
with the omission of coupling condensers 735 and 737.

With reference to (1), there is shown a “single~shot”
type flipflop F8 which is somewhat of the same circuit
configuration as F1, except that in F8 there are omitted
base resistors 728 and 729, resistor 736, prime input ter-
minal 718, and reference output terminal 719. However,
there have been added a bias resistor 739, connecting the
base of transistor 722 with bias terminal 738, which has
a negative unidirectional operating potential applied
thereto, and a coupling condenser 752, coupling the base
of transistor 722 to reference input terminal 717.

The mode of operation of F8 is not, however, as
straightforward as the mode of operation of the just-
described flipflops. In F8, as a negative unidirectional
bias potential from terminal 738 is normally maintained
on the base of transistor 722, it is normally conductive
and thus maintains the base of transistor 723 substan-
tially at ground potential via resistor 734. The base of
transistor 723 being at ground potential, the transistor is
therefore normally non-conductive, and, consequently,
the prime output at terminal 720 is normally FALSE.
However, when the reference input goes from FALSE to
TRUE (ie., at ground potential), the base of transistor
722 is momentarily driven positive by condenser 752, and
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thus transistor 722 is immediately cut off and applies a
negative potential spike via condenser 735 to turn on
transistor 723. When transistor 723 is rendered conduc-
tive, the prime output at terminal 720 immediately goes
TRUE. Since the charge on condenser 737 cannot
change instantaneously, the base of transistor 722 is
driven to some positive potential to maintain transistor
722 non-conductive even though the input signal at ter-
minal 717 is no longer present, After a predetermined
time delay, determined primarily by the discharge rate
of condenser 737, a negative bias potential again appears
on the base of transistor 722 to render it conductive.
When transistor 722 is rendered conductive, the base of
transistor 723 is momentarily driven positive and there-
after maintained essentially at ground potential by resis-
tor 734 to turn off transistor 723, and thus the prime out-
put at terminal 720 is again FALSE.

To summarize: The prime output is normally FALSE;
a positive-going reference input gives an immediate TRUE
prime output; however, after a predetermined time delay,
the prime output changes from TRUE back to FALSE.

In section (a) of FIG. 50, there is shown a 50-kc. multi-
vibrator building block (MV1) which comprises two
grounded-emitter transistors 722 and 723, each having its
collector electrode respectively connected, through drop-
ping resistors 725 and 727, to bias terminals 724 and 726,
which have negative unidirectional operating potentials
applied thereto. The collector output of transistor 722
is connected to the base input of transistor 723 via cou-
pling condenser 735, whereas the collector output of tran-
sistor 723 is connected to the base input of transistor 722
via coupling condenser 737. The base of transistors 722
and 723 are respectively connected through dropping resis-
tors 742 and 750 to bias terminals 741 and 749, each
having a negative unidirectional operating potential ap-
plied thereto. The base of transistor 722 is connected to
the cathode of crystal diode 748, whose anode is connected
to the junction of resistors 744 and 746. Resistor 744 is
connected at its opposite end to bias terminal 743, which
has a positive unidirectional operating potential applied
thereto, whereas resistor 746 is connected at its opposite
end to bias terminal 745, which has a negative unidirec-
tional operating potential applied thereto.

The mode of operation of multivibrator (MV1) is as
follows: When the circuit is first activated, the positive
unidirectional operating potential at terminal 743 is the
first to be turned on to apply a positive bias to the base
of transistor 722. Therefore, when the negative bias
potentials at 724, 741, and 749 are simultaneously turned
on, transistor 722 is rendered non-conductive, the refer-
ence output at terminal 719 is FALSE, and a negative
potential spike is applied to the base of transistor 723
via coupling condenser 735 to cause transistor 723 to
be conductive. When transistor 723 is rendered conduc-
tive, the prime output at terminal 720 is TRUE, and
condenser 737 begins to charge to a potential substantially
equal to the negative bias potential at terminal 741.
When condenser 737 is sufficiently charged, the potential
on the base of transistor 722 is negative to the extent
that transistor 722 is rendered conductive, the reference
output goes from FALSE to TRUE, fransistor 723 is
rendered non-conductive, and consequently the prime out-
put simultaneously goes from TRUE to FALSE. When
condenser 735 is sufficiently charged from the negative
source at terminal 749, the base of transistor 723 is then
negative to the extent that the transistor is rendered con-
ductive, the prime output goes from FALSE back to
TRUE, transistor 722 is rendered non-conductive, and
the reference output goes from TRUE back to FALSE.
This sequence of events is repeated at a rate deter-
mined by the time constants in the charging and dis-
charging paths of coupling condensers 735 and 737. In
the instant computer, multivibrator (MV1) operates at a
frequency of 50 kilocycles,

In (b), multivibrator {MV2) is essentially the same
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as (MV1) except that bias resistors 744 and 746 and
crystal diode 748 are omitted and replaced by coupling
condensers 752 and 753 respectively connected to the
base of transistors 722 and 723. A dropping resistor 754
is connected at one end to the junction of condensers
752 and 753 and is connected at the remaining end
thereof to input terminal 751.

Ignoring for the moment condensers 752 and 753 and
resistor 754, the mode of operation of multivibrator
(MV2) is substantially the same as that of (MV1), the
frequency of (MV2) being determined, as before, by the
time constants in the charging and discharging paths of
coupling condensers 735 and 737. In the instant com-
puter, multivibrator (MV2) operates at a frequency of
400 cycles per second. However, in order to synchronize
the change of state of the output of (MV2) with a “clock-
ing” network, to be described hereinafter, a “clocking”
signal from such network is fed as the input to terminal
751 of (MV2) and synchronization of the 400-cycle out-
put of (MV2) with the “clocking” network takes place.

Assuming that transistor 723 has just been rendered
conductive and transistor 722 has just been rendered non-
conductive, the base of transistor 722 is driven positive
via condenser 737, as previously described, and condenser
737 is now charging toward the negative potential at ter-
minal 741. At the same time, a rectangularly-shaped
clock pulse at input terminal 751 causes positive-going
and negative-going potential spikes to be superimposed
on the potential appearing on the base of transistor 722
in such a manner that, when the potential on the base of
transistor 722 is approaching the value sufficient to render
transistor 722 conductive, a succeeding negative-going
potential spike, caused by the clock pulse at terminal 751,
is sufficient to render transistor 722 conductive. Thus,
even though the time period of (MV2) is much longer
than that of the synchronizing clock pulse, the change of
state of (MV2) takes place at the same time the clock
input goes from TRUE to FALSE.

The single-shot flipflop of type F9, as shown in (c¢),
comprises a pair of grounded emitter transistors 722 and
723, whose collectors are individually returned to nega-
tive bias terminals 724 and 726 through dropping resistors
725 and 727, respectively. The base of transistor 722 is
returned to ground potential through resistor 729 and is
also connected to input terminal 717. The base of tran-
sistor 722 is further connected to the collector of tran-
sistor 723, whereas the base of transistor 723 is con-
nected to the collector of transistor 722 through series-
connected resistor 755 and condenser 733, the base of
transistor 723 being further connected to a negative bias
terminal 749.

The mode of operation of flipflop F9 is essentially the
same as that of the previously-described flipflop F8, and,
consequently, a further detailed description thereof is not
deemed necessary. The essential difference between F9
and F8 is that in F9 the mode of triggering is such that
a momentary negative-going potential at input terminal
717 causes a change of state of the flipflop, whereas in
flipflop F8 a momentary positive-going potential at input
terminal 717 causes a change of state thereof.

Flipflop of the F10 type, as shown in (d), is of sub-
stantial identical circuit configuration with F9, except for
the addition of bypass condenser 756, which bypasses to
ground undesirable extraneous signals. Flipflops Fi1
through F13 are essentially the same as the previously
described flipflops. The main difference is the addition
of a third transistor 758, which is connected in series with
the emitter circuit of transistor 722. In a sense, transis-
tors 722 and 758 operate together in the form of a tran-
sistor type of logical AND circuitry, in that it is neces-
sary for both to be conductive in order for the reference
output to be TRUE. As is evident from the previous
description, this can happen only when the inputs to both
of terminals 717 and 751 are simultancously negative.
Flipflop of type F14, shown in (4), is essentially the
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same as the previously described F1 type, except for the
omission of base resistors 728 and 729. Flipflop of type
F15 is essentially the same us flipflop of type F8, except
that in F15 condenser 735 is removed.

15. Miscellancous Building Blocks

With reference to (a) and (b) of FIG. 51, there are
shown two types of pulse-shaping triggering circuits TC1
and TC2 which are utilized to provide “spike-type” trig-
gering impulses for the various flipflops, in (¢) and (d)
are simple resistor-condenser networks, and in (f) is
shown a resistor-condenser filter and biasing circuit which
is used in conjunction with the various push-button con-
trols, all of which are to be further shown hereinafter.
As the modes of operation of the various types of circuitry
(a) through (d) and (f) are well known to those skilled
in the art, a detailed description thereof is not deemed
necessary for a full and complete understanding of the
present invention.

As previously described with respect to FIG. 7, photo-
cell 160 is utilized in conjunction with the auxiliary timing
rack 151 and light source 164 to provide electrical im-
pulses which are indicative of the change of position of
the accounting machine amount racks. Ia section {(g) of
FIG. 51 there is shown a photocell circuit configuration
(PCA) utilizing photocell 160 as the controlling element
therein. In such circuitry, the anode of photocell 169 is
grounded, and its cathode element is connected to output
terminal 793. The cathode of photocell 160 is also con-
nected through dropping resistor 787 to bias terminal 796
having a positive unidirectional operating potential ap-
plied thereto. The anode of crystal diode 795 is con-
nected to the junction of output terminal 793, resistor
797, and photocell 169. Its cathode is bypassed to ground
potential through condenser 799. The cathode of dicde
795 is also connected to input terminal 792 through drop-
ping resistor 794, and resistor 808 is connected between
input terminal 792 and ground potential. As will be
seen later, input terminal 782 is adapted to be selectively
“open-circuited” or “short-circuited”; when open-circuited,
the resistance between terminal 792 and ground is de-
termined by the value of resistor 880, whereas, when
short-circuited, the resistance between tzrminal 792 and
ground is zero.

The mode of operation of (PCA) is somewhat straight-
forward. Assuming that terminal 792 is open-circuited
and photocell 160 is non-exposed to the radiant energy
from light source 164, the internal resistance of photocell
160 is at a maximum value such that the oulput poten-
tial at terminal 793 is at a maximum positive level. How-
ever, when photocell 160 is exposed to the radiant energy
from light source 164, its internal impedance is decreased
to a low value, and, consequently, the output at terminal
793 is decreased to a smaller value of positive potential,
As will be seen later, the output from terminal 793 is nor-
mally fed as an input to a previously described inverter
type amplifier which establishes the proper TRUE and
FALSE logic signal levels in a well-known manner. The
value of resistor 797 is properly chosen so as to be sub-
stantially greater than the value of resistor 794. Con-
sequently, when input terminal 792 is short-circuited to
ground potential, the output signal level at terminal 793
drops essentially to zero potential whether or not photo-
cell 160 is exposed to light source 164,

With reference to FIG. 51e, a second type of photocell
circuit configuration includes a transistor 650 having its
emitter electrode connected to output terminal 652 and
having its collector electrode connected through dropping
resistor 655 to bias terminal 656, which has a negative
unidirectional operating potential applied thereto. The
base electrode of transistor 650 is connected to the junc-
tion of the anode of photocell 681 and bias dropping re-
sistor 661, the opposite end of resistor 661 being con-
nected to bias terminal 662, which has a positive unidirec-
tional operating potential applied thereto. The cathode
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of photocell 681 is connected directly to bias terminal
684, which has a negative unidirectional operating poten-
tial applied thereto.

The mode of operation of such a circuit configuration
is as follows: When photocell 681 is non-exposed to ra-
diant energy, so that its resistance is at a maximum value,
the potential on the base of transistor 650 is at a maxi-
mum positive value, and transistor 650 is thereby ren-
dered non-conductive. However, when photocell 681 is
exposed to radiant energy, its resistance is reduced to a
substantially low value, so that a negative potential from
terminal 684 is applied to the base of transistor 50 and
thereby renders transistor 650 conductive.

In section () there is shown a photocell pre-amplifier
circuit configuration (PCPA) which comprises a transis-
tor 882 having its collector electrode connected to bias
terminal 803, which has a negative unidirectional operat-
ing potential applied thereto. The emitter thereof is di-
rectly connected to output terminal 8§01 and is also con-
nected through series dropping resistor 895 to bias termi-
nal 894, which has a positive unidirectional operating
potential applied thereto. The base clectrode of transis-
tor 802 is connected io one electrode of photoresistive
element 886, whose remaining electrode is bypassed to
ground potential through condenser 807. The junction
of condenser 807 and photoresistor 806 is connected to
the junction of resistors 808 and 809, remaining end of
resistor 869 being grounded and the remaining end of
resistor 808 being connected to bias terminal 810, which
has applied thereio a negative unidirectional operating
potential.

The mode of operation of pholocell pre-amplifier
(PCPA), again, is somewhat similar to the mode of oper-
ation of (PCA), previously described. When photore-
sistor 806 is exposed to radiant cnergy from a suitable
light source, its internal resistance becomes a very low
value, and, consequently, a negative potential is applied
to the base of transistor 862, so that the output potential
at terminal 801 is substantially that which appcars on
the base thereof, all in the same manner as previously
described with respect to emitter-foilower E2 shown in
section (b) of FIG. 47B. However, when photoresistor
8§06 is not exposed to radiant energy, transistor 802 is
virtually non-conductive, and the polarity of the output
potential at terminal 801 is positive. As before stated
with respect to photocell network (PCA), the output at
terminal 801 appears as an input to a suitable amplifier
which establishes the proper TRUE and FALSE logical
signal levels.

With reference to section (i) of FIG. 51, there is iljus-
trated a “peak-detector” circuit configuration PD which is
utilized to detect the peaks of negative-going impulses,
the reasons for which will become more apparent here-
inafter. Such a detector comprises a grounded-emitter
transistor 813, whose collector electrode is connected to
output terminal 812 and is also connected through drop-
ping resistor 815 to bias terminal 814, which has a nega-
tive unidirectional operating potential applied thercto.
The base input of transistor 813 is returned to ground
potential through series-connected resistors 816 and 817,
and is also connected to one end of a parallel-connected
condenser and resistor network 818-—819. The opposite
end of the condenser-resistor network $18—819 is con-
nected to the anode of crystal diode 820, whose cathode
is coupled to input terminal 811 through condenser 825.
The junction of condenser 825 and crystal diode 820 is
connected through series-connected resistors 822 and 823
to bias terminal 824, which has a positive unidirectional
operating potential applied thereto. Finally, a resistor
821 is connected between the junction of resistors 822—
823 and the junction of resistors 816—817.

The relative values of the various resistor components
are properly chosen so that a relatively small-valued
positive bias appears on the base of transistor 813 to
render the transistor normally non-conductive, so that
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the output at terminal 812 is normaily FALSE (i.e., nega-
tive). However, a positive bias of slightly greater value
appears on the cathode of crystal diode 820 to “back-
bias” and thereby render diode 820 mnon-conductive.
Thus, when the leading slope of a negative-going impulse
appears at input terminal 811, crystal diode 820 remains
non-conductive until the leading slope reaches a predeter-
mined threshold level, thereby preventing any undesir-
able low-level noise impulses from entering the system.
However, after the leading slope of the negative-going im-
pulse exceeds the negative threshold level, diode 820 is
rendered conductive, the incoming impulse is differen-
tiated, and the negative-going potential “spike,” derived
from the differentiation, is applied to the base of tran-
sistor 813 and simultaneously begins to charge condenser
818. When the negative-going spike is applied to the
base of transistor 813, the transistor is rendered conduc-
tive, and the output at terminal 812 is thereafter TRUE.
However, when the peak of the negative-going impulse
begins to appear at terminal 811, the slope of the impulse
is now much less than before, so that condenser §18
begins to discharge and thereby decreases the magnitude
of the negative bias potential on the base of transistor
813. When the peak of the incoming impulse appears at
terminal 811, its slope being zero, condenser 818 is now
fully discharged, and a positive bias is applied to the base
of transistor 813 to render the transistor non-conductive.
As a result, the output at terminal 812 reverts from a
“TRUE” condition back to a “FALSE” condition at a
time coincidental with the arrival of the negative peak
of the incoming impulse.

During operation of the memory of the present com-
puter, it was found that, when the ambient temperature
of a ferromagnetic memory core is increased above nor-
mal room temperature, less drive current is needed to
“switch” the core from one stable state of magnetic rema-
nence to the other. Conversely, when its opcrating tem-
perature is decreased, a drive current of greater magni-
tude is necessary. Consequently, means are provided for
automatically increasing and decreasing the drive current
to the memory, depending upon whether its temperature
has respectively decreased or increased above nominal
room temperature.

With reference to the final building block in section
(j), there is shown a temperature-compensated current
regulator (TCCR) which comprises a current control sec-
tion 840, a regulator section 841, and a “dummy load”
voltage section 842. The current control section 8§40 com-
prises a transistor 827, whose base is connected to the
anode of a “Zener” diode 833, the cathode of diode 833
being returned to ground potential. The emitter of tran-
sistor 827 is connected to terminal 867 and is also returned
to ground potential through resistor 835. The oollector
and base electrodes of transistor 827 are respectively re-
turned to bias terminal 832 through resistors 831 and
834, bias terminal 832 having a suitable negative operat-
ing potential applied thereto. Two series-connected
thermistors 829 and 839 are connected between terminal
868 and ground potential, whereas resistor 836 is con-
nected between terminal 868 and the anode of “Zener”
diode 837, the cathode of diode 837 being returned to
ground potential. A dropping resistor 838 is connected
between the junction of resistor-diode 836—837 and bias
terminal 839, which has a suitable negative unidirectional
operating potential applied thereto.

Regulator section 841 comprises a transistor 828 hav-
ing its collector electrode connected to terminal 867, the
base electrode connected to terminal 868, and the emitter
electrode connected to the base of transistor 844. The
emitter of transistor 844 is returned to ground potential
through resistor 849 and also through series-connected
resistor 850 and potentiometer 851, The collector of
transistor 844 is connected to output terminal 843 through
dropping resistor 845, and is also connected through drop-
ping resistor 846 to the anodes of parallel-connected crys-
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tal diodes 847 and 848. Each cathode of diodes 847
and 848 is connected to terminal 869, which is bypassed
to ground potential by means of filter condenser 860.

The dummy-load voltage section 842 of the current
regulator comprises transistor 852, whose emitter is con-
nected to terminal 869 and is also returned to ground
potential through resistor 859, which is bypassed by con-
denser 866. The collector of transistor 852 is connected
through dropping resistor 857 to bias terminal 856, which
has a suitable negative unidirectional operating potential
applied thereto. The base of transistor 852 is connected
to the emitter of transistor 853 and is also connected
through dropping resistor 855 to bias terminal 854, which
has a negative unidirectional operating potential applied
thereto. The collector of transistor 853 is directly con-
nected to bias terminal 865, which has a negative unidi-
rectional operating potential applied thereto, whereas its
base is connected to the movable arm of potentiometer
861. One end of potentiometer 861 is returned to ground
potential through resistor 862, and its opposite end is con-
nected through resistor 863 to bias terminal 864, which
has a negative unidirectional operating potential applied
thereto.

During operation, thermistors 829 and 830 are physical-
ly positioned in close proximity to the memory matrix,
and, being in such contiguous relationship with respect
to the ferrite cores of the memory, the resistance of each
thermistor either increases or decreases in response to a
corresponding decrease or increase of the operating tem-
perature of the memory cores. “Zener” diode 833 main-
tains a regulated bias potential of approximately —6
volts on the base of transistor 827, and, as transistor 827
is being operated as an emitter follower type amplifier,
a regulated collector bias potential of approximately —6
volts is also applied to the collector of transistor 828,
which is likewise operating as an emitter follower type
amplifier. “Zener” diode 837 maintains a regulated bias
potential of approximately —6 volts at the junction of
resistors 836 and 838. Consequently, the variation of
bias potential on the base of amplifier 828 is dependent
solely upon the combined values of the resistances of
thermistors 829 and 830, which, in turn, are dependent
upon the operating temperature of the computer memory.
Therefore, it is evident that the negative bias voltage on
the base of transistor 844 is likewise dependent primarily
upon the operating temperature of the computer memory.

During operation of the computer, there are times when
there is no information either being “stored” or being
“read out” of memory. Consequently, there are times
when transistor 844 is not supplying any drive current to
the memory. Due to the fact that the “alpha cut-off”
characteristic of transistor 844 is less than one megacycle,
its switching speed is no sufficient for the desirable switch-
ing requirements of the ferrite cores. Therefore, tran-
sistor 844 is maintained conductive at all times, and its
output current is switched to the ferrite cores, when
needed, or is adsorbed by dummy load 842, as the situ-
ation dictates.

The two emitter follower type amplifiers 852 and 853
of dummy load 842 function together essentially as a
600 ma. low impedance bias supply and provides a bias
potential of approximately —8.5 volts at terminal 869,
depending upon the setting of potentiometer 861, which
adjusts the magnitude of the output voltage. Under the
condition in which the various memory “driver” and
“grounder” amplifiers, which are to be described in detail
hereinafter, are non-conductive, diodes 847 and 848 are
biased in the forward direction by the negative potential
at terminal 869, and, consequently, the drive current, de-
livered by transistor 844, passes through diodes 847 and
848 and is adsorbed by the dummy load. However,
when the memory drivers and grounders are rendered
conductive, the collector bias voltage on transistor 844
becomes approximately —10 volts and, consequently, is
then more negative than the bias voltage at terminal 869.
Therefore, diodes 847 and 848 are rendered non-conduc-
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tive and prevent any further drive current from flowing
therethrough. As a result, all of the drive current sup-
plied by transistor 844 flows from terminal 843 and is
delivered to the memory drivers and grounders.

The emitter bias on transistor 844 is adjusted by po-
tentiometer 851 so that a “half-select” drive current of
approximately 170 ma. is delivered thereby at a core op-
erating temperature of 30 degrees centigrade. However,
due to the action of thermistors 829 and 830 as previously
described, the base bias on transistor 844 is automatically
adjusted so that a range of “half-select” drive currents of
from approximately 145 ma. at a temperature of 50 de-
grees centigrade to approximately 210 ma. at a tempera-
ture of 20 degrees centigrade is supplied to the memory
cores via the driver and grounder amplifiers. Due to
the fact that transistor 844 is operating as a Class-A
amplifier, a constant current is supplied thereby at a given
temperature even with changing load conditions thereon.
Thus it is seen that transistor 844 is continually supplying
a constant current for a given temperature, which current
is automatically switched from the memory drivers and
grounders to the dummy load, and the magnitude of
current not varying substantially with a switching of loads,

In the instant computer, it is necessary to utilize three
such constant-current regulators: one is utilized to supply
half-select drive current to the ferrite cores located in ad-
dresses “A” and “B” of the memory; one is utilized to
supply half-select drive current in the “X” direction
through the memory cores located in each of the forty
rows; and the other is utilized to supply half-select drive
current in the “Y” direction through memory cores in
addresses ¢¢ through 99, all of which will be described
in detail hereinafter. However, to avoid the necessity of
constructing three identical temperature-compensated cur-
rent regulators, as just described, it has been found ex-
pedient to construct but a single current regulator which
is substantially identical to the one shown and described,
with the exception that three identical regulator sections
841 are utilized instead of one, and all three are con-
nected in parallel at terminals 867, 868, and 869. Output
termiinal 843 of each of the three regulator sections is
connected to one of lines “CRA,” “CRX,” and “CRY”
shown in FIGS. 60 and 66. However, for the sake of
simplicity of description and illustration, each of the tem-
perature-controlled current regulators 7000, 7001, and
7002 is illustrated as separate units even though, in fact,
all are part of a composite unit as just described.

16. Magnetic Core Memory

As previously mentioned, binary information is mag-
netically stored in the computer in a ferrite core memory.
The core memory consists of a multiplicity of toroidally-
shaped cores which possess a substantially square mag-
netic hysteresis-loop characteristic. Each core has an
outside diameter of .080 inch and an inner diameter of
.050 inch, and is approximately .025 inch thick. It is
well known to those skilled in the art that, due to the fact
that the ferrite core possesses a substantially square hys-
teresis loop characteristic, it therefore has two stable states
of magnetic remanence, each of which is respectively in-
dicative of a binary “one” and a binary “zero.” If a
current-carrying conductor is threaded through the hole
in the core, current in one direction through the conductor
causes the core to be permanently magnetized in one di-
rection, whereas current flow in the opposite direction
through the conductor causes the core to be permanently
magnetized in the opposite direction. Thus, a core is
permanently magnetized in one direction or the other, de-
pending upon the direction of current flow in the con-
ductor threaded through the hole in the core. To sum-
marize, when a core is magnetized in one direction, it
represents a binary “one,” and when the core is mag-
netized in the other direction it represents a binary “zero.”
Four cores are utilized as a group to collectively represent
a single decimal digit, although, with the use of the binary
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form of notation, each group of four cores could possibly
represent a number from “0” to “15.” However, in the
present computer, only the numbers “0” through “9” are
actually stored in the memory.

In order to reverse the magnetic remanence of the core
from a binary one to a binary zero notation, or from a
binary zero to a binary one by reversing the direction of
magnetization thereof, a magnetomotive force of approxi-
mately three hundred and sixty milliampere turns is re-
quired at 25 degrees centigrade. This is obtained by
the equivalent of passing 360 milliamperes of current
through a single conductor threaded through the aperture
of the core. A magnetomotive force of one half this
value—i.e., 180 milliampere-turns—does not appreciably
disturb the magnetic remanence of the core.

After a core has been magnetized in a predetermined
direction to represent a binary “one” or a binary “zero,”
it remains in that state of magnetic remanence indefinitely.
The magnetic remanence state of the core is reversed only
by a “full-amplitude” current impulse passing through the
conductor threaded through the core. However, at cer-
tain predetermined times, it is necessary to ‘“read” or
determine the state of magnetic remanence of each core.
Therefore, an additional conductor or “sense wire” is also
threaded through the core aperture, so that, whenever
the magnetic state of the core is changed from a binary
“zero™ to a binary “one” representation, or from @ binary
“one” to a binary “zero” representation, a voltage impulse
is induced in the “sense wire” indicative of the reversal
of magnetic remanence of the core. Thus it is seen that
an impulse is induced in the “sense wire” only when
the magnetic state of the core is reversed. In order to
determine whether a particular core has been previously
magnetically conditioned to represent a binary “one” or
a binary *zero,” a full-amplitude current of approxi-
mately 360 milliamperes is sent through the first-men-
tioned conductor in a direction to “set” the core to a binary
“zero” representation. However, if the core had been
previously set to a binary “zero” representation, a voltage
impulse is not induced in the “sense wire.” However,
if the core was previously in a binary “one” representation,
its magnetic remanent state is reversed, and, consequently,
a voltage impulse is induced in the “sense wire” indica-
tive of the reversal of the magnetic state of the core.
After the magnetic state of the core is sensed, however,
its magnetic state is immediately thereafter indicative of
a binary “zero” representation regardless of its initial
state. Tt is therefore necessary to resore the core to its
original magnetic state normally by sensing a full-ampli-
tude current impulse through the first-mentioned conduc-
tor to set the core back to a binary “one” representation
if the core was previously in that particular state.

The core memory, utilized by the instant computer,
has a capacity of one hundred ten-decimal-digit numbers
which are hereinafter termed “words.” Due to the fact
that a negative word is stored in the memory as a positive
complement, there is no need for a binary sign bit, as is
conventional in most computers. A word is selectively
stored in the memory in one of a hundred different loca-
tions which are called “addresses” and which are num-
bered from ¢¢ through 99. In addition to the one hun-
dred normal addresses, there are two additional addresses
labeled “A” and “B.” The words stored in addresses ¢¢
through 99 not only represent arithmetic data, but also
represent “instructions” which are utilized by the com-
puter to dictate the sequence of operations therein. The
words previously stored in addresses ¢¢ through 99 of
the memory may be changed by instructions given by the
computer; however, the words located in addresses A and
B are used by the computer to store intermediate results
during arithmetic computations and cannot be changed
directly by instructions,

With reference to FIGS. 524 and 52b, there is sche-
matically shown the ferrite core memory utilized by the
present computer. Such a memory comprises four thou-
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sand and eighty type N—400-080 ferrite cores at present
manufactured by the assignee of the instant application.

The ferrite cores of the memory are selectively arranged
in a pattern of rectangularly-shaped configuration hav-
ing one hundred two vertical columns and forty horizontal
rows thercof. The first one hundred columns, as viewed
from left to right, respectively represent memory address
locations ¢p¢ through 99, whereas the two remaining right-
most columns respectively represent address locations A
and B. In each of the columas, from the topmost to the
bottommost core, the forty cores are arranged in a suc-
cession of ten groups, with each group containing four
cores. Each group of four cores is representative of a
decimal digit of a predetermined order, whereas all of
the groups of a particular column collectively represent
all of the orders of a word ten decimal digits in length,
Each of the ten successive decimal digits of the word lo-
cated in any address is respectively identified as the “first-
order” digit through the “tenth-order” digit, where the
first order is the lowest or “penny” digit and the tenth
order is the highest order digit of the number or word.
The four cores used to store the first-order digit of a
word which is residing in an address in the memory
are located in the first row through the fourth row, count-
ing from bottom to top. The four cores used to store
the second-order digit of the word are located immedi-
ately above in the fifth through the eighth rows; in the
drawing, only the fifth and eighth rows are shown, rows
six and seven being omitted for the sake of simplicity.
The four cores used to store the third-order digit are
located immediately above in rows nine through twelve,
where rows nine and twelve are the only ones illustrated,
rows ten and eleven being omitted for the reasons just
mentioned. The location of each higher-order digit
progresses upward, as just described, so that the tenth
or highest-order digit is located at the top of the col-
umn in the last four rows shown; i.e., thirty-seven through
forty. Therefore, it is seen, the maximum storage in
each memory address is a ten-digit number which will
hereinafter be called a “word,” the lowest-order digit
thereof being located at the bottom of each address and
the highest-order digit thereof being located at the top
of each address,

As the instant computer utilizes the well-known “8421
binary-coded-decimal-digit” system of numerical represen-
tation, each of the four cores in a group making up a
particular order decimal digit of the word is known as a
“binary-bit.” The binary-bits are consecutively labeled
(a), (b), (c¢), and (d), where bit (a) is the lowest-order
of representing a particular order numerical digit hav-
in rows #1, #5, #9, and #37, and bit (d) is the highest-
order bit represented by the magnetic state of the cores
located in rows #4, #8, #12 . . . and #40. As pre-
viously mentioned, each group of four cores is capable
of representating a particular order numerical digit hav-
ing a value from “0” through “9.” For example, to
represent a decimal digit having a value of “0,” all of
the four cores in a group are selectively set to binary
bit representations (0000); for a decimal digit having a
value of “1,” the cores are set to {0001) binary bit repre-
sentations; a decimal digit having a value of “2,” the cores
are set to bit representations (0010); a “3” is represented
by (0011); “4” by (0100); “5” by (0101); “6” by
(0110); “7” by (0111); “8” by (1000); and finally, to
represent a decimal digit having a value of “9,” the cores
are sequentially set to binary bit representations (1001).

To illustrate, supposing that the word (000000695 is
stored in memory at address ¢¢. In the leftmost vertical
column, the four lowermost cores, indicated by reference
numerals 885 through 888, are respectively conditioned to
collectively represent binary bits (0101) indicative of the
first-order digit “5.” In other words, core 883, repre-
sentative of binary bit “a,” is set to binary “1”; core 886,
representative of binary bit “b,” is also set to binary “0"%
core 887, representative of binary bit “c,” is set to binary
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“1”; and, finally, core 888, representative of bit “d,” is
set to binary “0” representation. Collectively, the mag-
netic state of cores 885 through 888 represents the penny
digit “5.” The next group of four cores, located directly
abeve group 885 through 888, are set to binary bit rep-
resentations (1001) and collectively represent the second-
order decimal digit *“9.” The next group of four cores are
set to binary bit representations (0110), collectively rep-
resenting the third-order decimal digit “6.” All of the
remaining cores in address ¢¢ are individually set to
binary “0” rcpresentations.  Thus, with the non-significant
decimal digits removed, the word becomes “695.”

In one mode of operation, when a column of cores is
to be “read out” to determine the word stored in that par-
ticular memory address, the cores are sequentially read,
one at a time, starting with the core at the bottom of the
address and concluding with a core at the top of the ad-
dress. For example, in address ¢¢, core 885 is read first
to produce the binary value of bit “g” of the first-order
digit; corc 886 is read next to produce bit “b” of the first-
order digit; core 887 is read next to produce bit “c™; and
core 888 is next read to produce bit “4” of this digit.
The next four bits, representing the second-order digit,
are successively read out, and the remainder of the bits
for successive higher-order digits are thereafter sequen-
tially read out in the same sequence, concluding with bit
“d” of the tenth-order decimal digit.

After a core has been read out, it is generally desired to
restore the core to its original magnetic state as before
being read. That is, after each bit-representing core is
read out, if the core was originally set to represent a
binary “1,” the core is returned to the “1” state following
reading thereof. Therefore, following the reading of
cach bit, a predetermined unit of time is permitted to
lapse before the next bit is read out; it is during this time
lapse that the core, just read, is returned to the “1” state
if it had previously been set to that state,

For the sake of simplicity of the following descrip-
tion, the vertical or column orientation of the memory
will hereinafter be termed the “Y” direction, and the
horizontal or row orientation will hereinafter be termed
the “X’ direction.

Even though, in reality, each of the memory cores
has five conductors threaded therethrough for purposes
to be more fully described hereinafter, only three of
these conductors are to be considered at this time in de-
scribing a mode of operation of the memory in terms
of the electrical schematic diagram thereof shown in
FIG. 52. The first of the three just-mentioned conduc-
tors is a “sense winding” 871, which starts at terminal
872 at the lower left corner of the memory and is alter-
nately threaded through each row of cores bounded by
address ¢¢ through 99. As shown, sense winding 871
is successively threaded from left to right through all
of the cores of the first row, is threaded from right to
Ieft through the cores of the second row, from left to
right through the third row, and alternately continues
on from row to row. Finally, sense winding 871 is
threaded from right to left through the topmost or for-
tieth row of cores, and terminates at terminal 873. All
of the cores in address ¢¢ are threaded in the “Y” di-
rection by common current-carrying conductor 878,
which is shown positioned to the left within the aper-
tures thereof. Also, all of the cores located in the first
row bounded by address ¢¢ and address “B” are threaded
in the “X” direction by a common current-carrying con-
ductor 879, which is shown centrally positioned within
the apertures thereof, address “B” being the rightmost
one of the memory addresses.

It will now be assumed that it is desired to read out
the contents of address ¢¢. Thus, in order to read bit
“a” of the first-order decimal digit of the word stored
in address ¢¢, a half-amplitude or *“half-select’”” current
impulse is delivered to conductor 878, and, simultane-
ously therewith, a half-select current impuise is present
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in conductor 879. The two half-select impulses are in
such directions that the magnetomotive forces associ-
ated therewith are additive in the region of core 885,
with the resultant force being of sufficient magnitude to
miagnetically saturate the core in a direction indicative of
a binary “zero.” Due to the fact that core 885 is the
only core in the entire memory that has received the
neoessary magnetomotive force to cause a reversal of its
magnetic state, all of the remaining cores essentially re-
main magnetically undisturbed. 1t is known that when-
ever the state of magnetic remanence of any one of the
memory cores is reversed, a voltage impulse is induced
thereby in sense winding 871. However, due to the fact
that in the present memory only one core at a time is
sensed, there is no ambiguity as to which core was re-
sponsible for the impulse induced in the sense winding.

Therefore, if core 885, whose magnetic state is in-
dicative of bit “a” of the first-order digit of the num-
ber, is storing a binary “1,” its magnetic state is re-
versed by the coincidental “X” and “Y” read impuises,
and, consequently, a voltage impulse appears between
terminals 872—873 of the sense winding 871, indicating
that core 885 was previously storing a binary “1.” If
core 885 had previously been storing a binary “0,” how-
ever, a voltage impulse does not appear across the output
terminals of the memory sense winding, thus indicating a
binary “0” storage.

After core 885 has been read, iis magnetic state is
thereafter indicative of a binary “0,” as previously men-
tioned. Thus, if the magnetic state of the core was in-
dicative of a binary “0” before being read, there is no
need for “resetting” the core after it is read. However,
if the state of the core was indicative of a binary “1™1
before being read, it is often necessary to “reset” the
core to a binary “1” representation after it has been read.
To do this, the directions of both of the current impulses
applied through the “X” and “Y” conductors are effec-
tively reversed simultaneously. This causes a corre-
sponding reversal of the additive magnetomotive force
in the vicinity of the core, which reverses the magnetic
state thereof. Again, as only a half-select current im-
pulse is applied to each of the “X” and “Y” conductors,
core 885 is the only core in the entire memory that is
magnetically affected thereby.

Now that core 885 has been read and afterwards re-
set to its initial state, core 886 is read next to determine
the binary value of the bit “5” of the first-order digit of
the word. Again, a half-select current impulse is ap-
plied in the “Y™ direction to conductor 878, and, essen-

tially, a half-select current impulse is simultaneously ap- ;

plied in the “X” direction to the conductor of the second
row corresponding to 879. As before, both half-select
currents are in such directions to effect storage of a bi-
nary “0” in core 886. If the state of core 886 was in-
dicative of a “1” before being read, the current in each
of the “X” and “Y” conductors threaded therethrough
is reversed to reset core 886 to “1” after it is read. This
reading and writing sequence of operation is sequential-
ly continued from core to core until all forty cores of
address ¢¢ have been read and thereafter restored to
their respective magnetic states.

The just-described combined reading and writing cycle
of operation of each core is hereinafter called a “read-
write” cycle. The time required to complete a read-
write bit cycle in the instant computer is approximately
40 microseconds. During the first 30 microseconds of
the read-write cycle, the core is set to a binary “0” rep-
resentation; during the remaining 10 microseconds of
the cycle, the core is often reset to a binary “1” represen-
tation if it was originally in that state. However, if the
core was originally in a binary “0” state before being
read, there is no resetting operation necessary during the
last 1¢-microsecond interval. Therefore, to read out an
entire ten-digit word from an address in memory re-
quires a total time of 40<40, or 1,600, microseconds.
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Due to the fact that, in the present memory, it is not
desired to reverse the current flow in a conductor, an
additional conductor is individually threaded in the “X”
direction through each of the rows of cores. This is
illusirated by conductor 880, shown threaded through
the cores of the first row and disposed parallel with re-
spect to conductor 879, previously described. By the
same token, an additional conductor is also individually
threaded in the “Y” direction through the cores of each
of memory addresses ¢¢ through 99, and also addresses
“A” and “B.” This conductor is illustrated by conduc-
tor 881, shown threaded through the cores of address
»¢ and disposed parallel with respect to conductor 878,
previously described. Thus, two conductors are threaded
in the “X" direction and two conductors are threaded
in the “Y” direction through each of the cores of the
memory; each of the four wires transmits current in only
one direction, as will be shown hereinafter. The fifth
wire throwgh memory cores in addresses ¢g through 99
is sense wire 871, heretofore described. A separate
sense winding 891, which originates at terminal 892 and
terminates at terminal 893, is alternately threaded, in
one direction and then the other, through the forty rows
of cores making up memory addresses “A” and “B” in
the same manner as memory sense winding 871,

Before attempting to give a more detailed description
of the memory, it is to be appreciated that each of the
rows of cores, from the first to the fortieth row, is con-
nected in a same circuit configuration with respect to the
others. Likewise, each of the columns of cores, from
addresses ¢¢ through 99 and including addresses “A”
and “B,” is also of the same circuit configuration with
respect to the others. Thus, a description and full com-
prehension of the mode of operation of address ¢¢ with
respect to the first row of cores for producing bit “a” of
the first-order digit of the word stored in address ¢¢
should suffice for the remaining bits of that digit, and also
the remaining digits of that word, As the mode of oper-
ation of address ¢¢ is exactly the same as that of the
remaining memory addresses, a further description of the
remaining addresses, again, would result only in unneces-
sary repetition. It is also to be appreciated that, in an
attempt to simplify the schematic representation of the
memory as shown in FIG. 52, addresses ¢¢ through ¢9
are consecutively shown, reading from the extreme left
to the right; addresses 1¢ and 19 are shown next, with
addresses 11 through 18 being omitted, as indicated by
the vertical “break” in the drawing between addresses 1¢
and 19; following in sequence are addresses 2¢, 29, 3¢,
39, 4¢, 49, 59, 59, 6¢, 69, 7¢, 79, 8¢ 89, and 9¢ through
99, and finally addresses “A” and “B”; addresses 2128,
31-38, 41-48, 51-58, 61-68, 71-78, and 81-88 are
omitted. Starting from the bottom of the drawing, the
first four rows are shown which make up the low-order
digit of the word stored in memory; rows #5 and #8 are
shown next, with rows #6 and #7 omitted as indicated
by the horizontal “break™ in the drawing between rows
#5 and #6; following in sequence are rows #9, #12,
#13, #16, #17, #20, #21, #24, #25, #28, #29, #32,
#33, #36, and #37 through #40; rows #10-#11, #14-
#15, #18-#19, #22-#23, #26-#27, #30-#31, and
#34-#35 are omitted.

With particular attention directed to the first row of
cores, on emergence from the rightmost end of the first
row of cores, conductor 880 is connected to conductor
882, which passes below the first row and is connected at
its opposite end to line XDa, located at the bottom left
corner of the memory. The leftmost end of conductor
879 also is connected to line XDe, and its opposite end is
connected to the cathode of one of crystal diodes 876, its
anode being connected to line XG¢; and, finally, the re-
maining left end of conductor 880, on emergence from
the leftmost end of the first row of cores, is connected to
the cathode of one of crystal diodes 877, whose anode is
connected to line (XGg)'.
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Whenever line XDaq is activated, that line is effectively
connected to a source of potential of approximately —12
volts. Thus, if line XG¢ is simultaneously activated
therewith, that line is effectively connected to terminal
843 of a temperature-compensated current regulator, of
the type previously described with respect to FIG, 51g,
so that a half-select drive current impulse flows from line
XGo¢ through diode 876 from right to left through con-
ductor 879 and out at line XDa. However, if line
(XGeg)’ is simultaneously activated instead of line XGg,
line (XGg)’ is effectively connected to terminal 843 of
the current regulator, so that a half-select current impulse
from line (XGg)’ flows through diode 877, thereafter
flows from left to right through the upper loop of con-
ductor 880, and is returned to line XDa by way of con-
ductor 882. Consequently, it is seen that, when line XDa
is activated, the half-select drive impulse flows in one of
two directions through the cores of the first row, depend-
ing upon whether XGo¢ or (XG¢)’ was simultaneously
activated with line XDa.

The electrical connections for rows #2 through #4,
respectively representing bits “b,” “c,” and “d” of the
first-order digits of the words stored in memory, are
exactly the same as for row #1, the anodes of the four
crystal diodes 877 each being connected to line (XGg¢)’
and the anodes of the four crystal diodes 876 being con-
nected to line XG¢. When line XDb is activated, the line
is effectively connected to a potential source of —12
volts, as was line XDa. Thus, when line XGg is acti-
vated simultaneously with XDb, the half-select current
impulse flows from right to left through the cores of the
second row; if (XGe¢)’ is activated instead of XGg¢, a
half-select current impulse flows from left to right through
the cores of the second row. By the same token, if XDc¢
and XG¢ are simultaneously activated, a half-select cur-
rent impulse flows from right to left through the third
row of cores; a simultaneous activation of XDc¢ and
(XGo)’ effectively causes a reversal of current flow
through the third row of cores. Finally, XDd and XGg,
or XDd and (XGg)’ operate together to effectively send
a half-select impulse from right to left or from left to
right, respectively, through the fourth row of cores in
the same manner as just described.

As just described, the first four of diodes 877 (i.e., the
ones respectively associated with rows #1 through #4)
have their anodes connected together and returned to
line (XGg¢)'. The second group of four diodes 877, asso-
ciated with rows #35 through #8, of which only rows #35
and #8 are illustrated, all have their respective anodes
connected to line (XG1)’. The anodes of the third group
of diodes are each connected to line (XG2)’, the anodes
of the fourth group being connected to (XG3)’, and so
on up the column, with the anodes of the tenth group of
diodes 877 being connected to line (XG9)'. Also, as
shown, the left end of each of the conductors correspond-
ing to 879 and 882 associated with rows #1, #5, #9,
#13 . . . #33, and #37, which rows successively corre-
spond to bit “a” of each successive-order decimal digit of
the word stored in memory, are connected together and
returned to line XDa. Likewise, although not fully illus-
trated, the left end of each of the conductors correspond-
ing to 879 and 882 but associated with rows #2, #6, #10,
#14 . . . #34, and #38, which rows successively corre-
spond to bit “b” of each successive-order decimal digit of
the word in memory, are connected together and returned
to line XDb. By the same token, although not fully illus-
trated, the left end of each of the conductors correspond-
ing to 879 and 882 but associated with rows #3, #7, #11,
#15 . . . #35, and #39, which rows successively corre-
spond to bit “c” of each successive-order decimal digit of
the word in memory, are connected together and returned
to line XDe¢. And finally, the left end of the conductors
corresponding to 879 and 882 but associated with rows
#4, #8, #12, #16 . . . #36, and #40, which rows suc-
cessively correspond to bit “d” of each successive-order
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decimal digit of the word in memory, are connected to-
gether and returned to line XDd.

With respect to the vertically-disposed column of diodes
located to the right of address “B” and indicated as 876,
the first bottom group of four diodes thereof associated
with rows #1 through #4 each has its anode connected
to line XG¢; the second group of four diodes 876 located
directly above the first group have their anodes returned
to common line XG1; the anodes of the third group of
diodes 876 are connected to line XG2, and so on, with
the anodes of the last four diodes 876 at the top of the
column and associated with rows #37 through #40 being
connected to common line XG9.

Referring to the lowermost row of diodes 874 located
below row #1, counting from left to right, the anodes of
the first ten of diodes 874 respectively associated with ad-
dresses ¢¢ through ¢9 are connected to line YG¢. With
respect to the next group of diodes 874 located immedi-
ately to the right of the first group of diodes and respec-
tively associated with addresses 11 through 19, of which
only addresses 11 and 19 are illustrated and addresses 12
through 18 are omitted, their anodes are connected to line
YG1; the anodes of the third group of diodes 874 respec-
tively associated with addresses 20 through 29 are con-
nected to line YG2; and so on, with the anodes of the
last group of ten diodes 874, respectively associated with
addresses 9¢ through 99, being connected to line YG9.
With respect to the upper row of diodes 875, which are
located directly above row #4090, the first group of ten
diodes which are respectively associated with addresses
¢¢ through 99 have their anodes connected to line
(YG¢)' in the same manner as the lower row of diodes
874. The anodes of each successive group of ten diodes
875, counting from left to right, are respectively con-
nected to lines (YG1)’ through (YG9)’.

To complete the electrical connections to memory ad-
dresses ¢¢ through 99, the upper ends of vertical con-
ductors corresponding to 878 and 883, which are respec-
tively associated with addresses ¢¢, 1¢, 2¢, 3¢, . . . 8¢,
and 9¢, are connected to line YD¢. The upper ends of
vertical conductors corresponding to 878 and 883, which
are respectively associated with addresses 01, 11, 21,
31, . .. 81, and 91, are connected to line YD1, Only
addresses ¢1 and 91 of this group are illustrated, the re-
maining addresses of this group being omitted for sim-
plicity purposes. Likewise, the upper ends of vertical con-
ductors 878 and 883, which are respectively associated
with addresses ¢2, 12, 22, 32, . . . 82, and 92, are con-
nected to line YD2. This sequence of connections con-
tinues from lines YD3 through YD9, where YD9 is con-
nected to vertical conductors corresponding to 878 and
883, which are respectively associated with addresses ¢9,
19,29, 39, . . . &9, and 99,

To summarize: Selective energization of line YDg¢
essentially selects all addresess whose low-order digit is
a “0”; YD1 essentially selects all addresses whose low-
order digit is a “1”; YD2 essentially selects all addresses
whose low-order digit is a *3”; and so on from YD3
through YD9, where YD9 essentially selects all addresses
whose low-order digit is a “9.” Forgetting about “prime-
notations” for the present, selective energization of line
YGg essentially selects all addresses whose high-order
digit is a “0”; YG1 essentially selects all addresses whose
high-order digit is a “1”; YG2 essentially selects all ad-
dresses whose high-order digit is a “2”; and so on from
YG3 to YG9, where selective energization of line YG9
essentially selects all addresses whose high-order digit is a
“9.” Thus, suppose that it is desired to select a particular
address; say address 9¢. To accomplish this, YD¢ is ener-
gized corresponding to the low-order digit “0” of the ad-
dress, and, simultaneously therewith, YG9 is energized
corresponding to the high-order digit “9” of the address.
Thus, when YD¢ and YG9 are simultaneously energized,
a binary “1” representative half-select current flows up-
wardly from line YG9 through all of the cores in address
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9¢ and out at line YD¢. To sclect address 99, YD9 and
YGY are energized simultancously.

As far as “prime notations” are concerned, it is to be
pointed out at this time that throughout the electrical
circuitry of the computer signal lines bearing a “prime”
notation—i.e., (XGo¢)’ and (YG¢)’ et al.—essentially
have diametrically opposite states or energization condi-
tions to their respective “primeless” counterparts; ie.,
XGg, YGo, et al. For example, lines (YG¢)’ through
(YG9)’ are effective to selectively send a half-select drive-
current impulse downwardly through any one of addresses
¢¢ through 99 to “half-select” a particular address to a
binary “0” representation, whereas lines YG¢ through
YG9 are effective to send a half-select impulse upwardly
through any one of the same respective addresses to
“half-select” that particular address to a binary “1” repre-
sentation. It is also to be appreciated at this point that,
when the state of a signal line bearing a “prime” notation
is de-energized or is FALSE, the “primeless” signal line
counterpart is respectively “energized” or is TRUE, and
vice versa. In other words, when one is energized, the
other is de-energized; when one is TRUE, the other is
FALSE, etc.

In the “X” direction of the memory, line XDa selects
those ten rows corresponding to bit “a” of each order
decimal digit of the word; line XD# selects those ten rows
corresponding to bit “4”; line XDc selects the ten rows
corresponding to bit “c™; and, finally, line XDd selects
the final ten rows corresponding to bit “d” of each order
decimal digit of the word. Lines (XGeg)’ through
(XG9)' are effective to send a half-select drive-current
impulse from left to right through any one of rows #1
through #40 to “half-select” a particular row to a binary
“0” representation, whereas lines XGg through XG9 are
effective to send a half-select impulse from right to left
through any one of the same respective rows to “half-
select” that particular row to a binary “1” representation.

Thus, combining “X” and “Y"” selection of the memory,
in order to store a binary “1” representation in a core, say
core 885 as an example, which is located at the junction of
row #1 and address ¢¢, lines YD¢, YGg¢, XDa, and
XGy¢ are all simuitaneously energized. To store a binary
“0” representation therein, lines YDg¢, (YGg¢)’, XDa, and
(XGog)' are all effectively energized simultaneously. To
store binary information in core 886, line XDb is ener-
gized instead of line XDa. The manner of “X” and “Y”
selection of addresses “A’” and “B” is exactly the same as
the manner of selection of memory addresses ¢¢ through
99. Consequently, further detailed description thereof is
not deemed necessary.

Before proceeding further with the description of the
logical control circuitry of the computer, it is to be
pointed out that an attempt has been made to simplify
and thus alleviate the inherent complexity of the sche-
matic representation in order to facilitate a full and com-
plete understanding of the circuitry, both as to its organi-
zation and as to its mode of operation. For example,
throughout the drawings, all input lines are appropriate-
ly labeled and are positioned to the leftmost side of the
various building blocks previously described, and the var-
ious output lines thereof also are appropriately labeled
and are positioned to the rightmost side of the building
blocks. However, for illustrative purposes only, but a
selected few of the input and output lines are actually
shown connected. It is, of course, to be understod that,
in order to obtain a full and complete electrical circuit
diagram of the computer, it first is necessary to substitute
the appropriate type of building block circuitry (taken
from FIGS. 46 through 51) for each of the correspond-
ingly-labeled building blocks which are logically illus-
trated throughout the drawings. Afterwards, all like-
Jabteled lines (whether input lines, output lines, or other-
wise) are to be connected together, thus forming a com-
plete circuit diagram from the schematic representation
thereof.
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17. X-Drivers

With reference to the lower right-hand section of FIG.
60, there are schematically illustrated four ‘“X-drivers,”
which are utilized to selectively energize input lines XDa
through XDd, previously described in cennection with
the core memory shown in FIG. 52. Each of the X-
drivers comprises a two-input logical AND of type “R1,”
an inverter amplifier of type “I12,” and an emitter fol-
lower amplifier of type “E3,” each connected in cascade
with respect to the others. More specifically, the X-
driver for bit “a” includes logical AND 1108, inverter
4237, and emitter follower 4250; the X-driver for bit
“b” comprises logical AND 1109, inverter 4238, and
emitter follower 4251; the X-driver for bit “c” comprises
logical AND 1110, inverter 4239, and emitter follower
4252; and, finally, the X-driver for bit “d” comprises
logical AND 1111, inverter 4250, and emitter follower
4253,

During a read-write cycle of operation for reading a
word from an address in memory, line SMC goes TRUE
for 1600 microseconds to allow line XDW to effectively
“condition” the selected X-driver to effectively be turned
“ON” at, and for, the proper amount of time. At 40
microseconds intervals, lines BaM through BdM sequen-
tially go TRUE for a period of 40 microseconds each, and
then respectively go FALSE. Consequenily, at the be-
ginning of the read-write cycle, output line XDa is ener-
gized, and a potential of approximately —12 volts ap-
pears thereon. Line XDa stays energized for a maxi-
mum period of 40 microseconds and then is de-energized.
Forty microseconds after line XDa was first energized,
output line XD is energized for a maximum period of
40 microseconds, and then is de-cnergized. Forty micro-
seconds after line XDb was first energized, line XDc is
energized for a maximum period of 40 microseconds.
Finally, 40 microseconds after line XDc was first ener-
gized, line XDd is energized for a maximum period of
40 microseconds, lines XDa through XDd of FIG. 60,
of course, being identical to lines XDa through XDd of
FIG. 52, as previously stated. Thus it is evident, as a
maximum total time of 16¢ microseconds is required to
read cach digit out of memory, that a maximum of 1600
microseconds is required to read a ten-digit number out
of a particular address in memory.

18, Bit-Counter

The bit-counter, logically shown in the upper portion
of FIG. 62, includes two iype “F2” flipflops 6041 and
6942, connected as a scale-of-four binary counter, and
is utilized to select the binary bit of the word to be read
out of an address in memory during a read-write cycle,
as iilustrated in the block diagram of FIG. 45. When
the computer is first turped “ON,” or when pushbutton
RS1 (FIG. 76) is actuated, flipflops 6041 and 6042 are
unconditionally set TRUE by reset line (RS)’ going
FALSE. That is, the states of flipflops 6041 and 6042
are such that reference output lines BCa and BC), re-
spectively therefrom, are TRUE, and prime output lines
{BCz)’ and (BCh)’ are both FALSE.

The bit-counter usually counts in a forward direction,
as will be shown later. However, there are times when
the bit-counter is required to effectively count in a re-
verse direction. When counting in a reverse direction,
the read-write word cycle begins by reading out the
high-order bit of the high-order digit; i.e., bit “d” of
digit #9. The signal which provides for this reverse
operation of the bit-counter comes from line DBD.
When line DBD is TRUE (line (DBD)’ thus being
FALSE), the bit-counter counts in a reverse direction.
Conversely, when line DBD is FALSE (line (DBD)’
thus being TRUE), the bit-counter counts in a forward
direction.

If it be desired that the bit-counter is to count in a
forward direction, lines (DBD)‘, BCa, and BC) must
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first be TRUE. Therefore, as all three inputs to logical
AND 1158 are simultaneously TRUE, lines Bd and BdM
are also TRUE, the remainder of output lines Ba through
Bc and BaM through BdM being FALSE. When input
line CYEC goes from TRUE to FALSE, the prime inputs
to both of flipflops 6041 and 6942 go from TRUE to
FALSE. Consequently, both flipflops 6041 and 6042
change state, so that lines BCa and BCh go FALSE and
lines (BCa)’ and (BCbh)’ go TRUE. As lines (DBD)’,
(BCa)’, and (BCb))’ are now TRUE, all of the inputs
to logical AND 1152 are simultaneously TRUE, and thus
output line Ba is TRUE, with the remaining outputs Bb
through Bd being FALSE. When line CYYC goes from
FALSE back to TRUE, the state of both flipflops remains
unchanged. However, when line CYC again goes from
TRUE to FALSE, the reference input to flipflop 6041
goes from TRUE to FALSE. At this time, lines BCa
and (BC))’ are TRUE, and lines (BCa)’ and BCb are
both FALSE. Thus, as inputs (DBD)’, BCa, and
(BCh)’ of logical AND 1154 are simultaneously TRUE,
output line Bb is TRUE, and remaining outputs Ba, Bc,
and Bd are FALSE. When line CYC goes from TRUE
to FALSE a third time, all input lines to logical AND
1156 are simultaneously TRUE, and output line Be is
likewise TRUE, with lines Ba, Bb, and Bd being FALSE.
Finally, when CYC goes from TRUE to FALSE a fourth
time, line Bd is TRUE, with lines Ba through Bc being
false.

To summarize, only readout line Bd is initially set
TRUE when the computer is first turned “ON” or when
pushbutton RS1 (FIG. 76) is actuated; the remaining
readouts, Ba through Be, are FALSE. At this time, for
each successive occurrence of a TRUE-to-FALSE re-
versal of line CYC, the bit-counter is incremented by a
count of one binary bit. Thus, with four such reversals
of line CYC, the bit-counter counts Ba, Bb, Be, and back
to Bd. When the bit-counter is to count backwards, line
DBD is rendered TRUE instead of line (DBD)’. Con-
sequently, at this time, line Bga instead of line Bd is
TRUE; remaining lines B through Bd are FALSE.
Thereafter, for each successive occurrence of a TRUE-to-
FALSE reversal of line CYC, the counter is decremented
by a count of one bit. Thus, with four such reversals of
line CYC, the bit-counter counts Bd, Bc, Bb, and back to
Ba. It is to be appreciated, of course, that lines BaM
through BdM are at all times of the same state as lines
Ba through Bd, respectively. 1t is also to be appreciated,
as before stated, that lines BaM through BdM of FIG. 62
are respectively identical to lines BaM through BdM of
FIG. 60 and anywhere else they may appear in the com-
puter circuitry.

19. X and Y Grounders

In the left portion of FIG. 66, there are diagrammati-
cally shown two sets of ten X-grounders, one set of ten
represented by output lines XGg¢ through XG9, and the
other represented by output lines (XGg¢)’ through
(XG9)’. Each of the twenty X-grounders comprises a
serially-connected network of a two-input logical AND
of type “R1,” an inverter amplifier of type “I12,” and an
inverter amplifier of type “I2.” The emitter electrodes
of inverters 3268 through 3287 are connected together
and returned via line CRX to output terminal 843 of
temperature-compensated current regulator 7001, which
has previously been shown and described in detail in con-
nection with section (g) of FIG. 51.

The mode of operation of each of the X-grounders
is somewhat straightforward. When both inputs to any
one of logical AND’s 1281 through 1300 are simulta-
neously TRUE, that particular AND circuit effectively
causes a constant-current operating potential of approxi-
mately —10 volts to be applied to its respective output
lead; ie., one of leads XG¢ through XG9 or (XGe¢)’
through (XG9)'.

The Y-grounders shown in the right section of FIG.
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66 are of essentially identical circuit configuration to
the just-described X-grounders, and, as their mode of
operation is also essentially the same as that of the
X-grounders, a detailed description thereof would result
in unmnecessary repetition. The prime difference be-
tween the X and Y-grounders is that lines WR and
(WR)’ are individually ANDED with lines D¢M, D1
through D8, and DM for the X-grounders and individu-
ally ANDED with lincs Wi¢ through Wi9 for the Y-
grounders, lines D¢M, D1 through D8, and D9M being
the output leads of a digit counter to be described next.

20. Digit Counter

With reference to FIG. 63, there is shown a scale-of-
ten binary counter, herein called a “digit counter,” which
is utilized, among other purposes, to select a particular
order digit of the word stored in an address in memory.
The digit counter includes four type “F2” flipflops 6043
through 6046 effectively connected in cascade in a man-
ner such that, each time line AD goes from TRUE to
FALSE, the following takes place: flipflop 6043 changes
state; except during a so-called “recycling” mode of oper-
ation, which will be described hereinafter, flipflop 6044
changes state if the state of line Da goes from TRUE
to FALSE; flipflop 6045 changes state if the state of line
Db goes from TRUE to False; and flipflop 6046 changes
state if the state of line Dc goes from TRUE to FALSE.

For example, for a count of “0,” flipflops 6043 through
6046 are in a FALSE state; that is, their states are such
that lines Da through Dd are FALSE and lines (Da)’
through (Dd)’ are all TRUE. If it is desired for the
digit counter to count in a forward direction (ie., 0, 1,
2,3 ...7 8,9), line (DBD)’ is selectively set TRUE.
After flipflops 6043 through 6046 are set FALSE, all
of the inputs to logical AND 1178 are simultaneously
TRUE. Thus, readout line D¢ is also TRUE and there-
by represents a count of “0.” Thereafter, the first time
line AD goes from TRUE to FALSE, flipflop 6043
changes state, and line D1, at that time, is the only read-
out line that is TRUE, thus indicative of a count of
“1.” The second time line AD goes from TRUE to
FALSE, flipflops 6043 and 6044 both change states, so
that line D2 is TRUE, with the remaining readout lines
being FALSE. The counting continues until a count
of “9” has been reached, as indicated by lines Dz and
Dd being TRUE. Thereafter, the next time line AD
goes from TRUE to FALSE, flipflops 6043 and 6046
both change state, so that lines Da through Dd are there-
after FALSE and lines (Da)’ through (Dd)’ are there-
after TRUE, thus representing the original count of “0.”

‘When the computer is first turned “ON,” or when push-
button RS1 (FIG. 76) is actuated, the digit counter is
preset to a count of “9” by reset line (RS)’ going from
TRUE to FALSE. There is no need to preset the digit
counter to “9” at any other time, as it is always returned
to a count of “9"” at the conclusion of every “word
cycle” or “sub-command,” which are to be described
hereinafter.

To summarize: the ten readout lines D¢ through D9
individually and sequentially go from FALSE to TRUE,
representing counts from “0” through “9” respectively.
That is, line D¢ is TRUE when the digit counter is at a
count of “0,” line D1 is TRUE when the digit counter is at
a count of “1,” etc. 'When the digit counter counts in a
forward direction, it starts at a count of “9,” and for each
successive TRUE-t0-FALSE change of state of line AD,
output line D¢ goes TRUE, and, thereafter, a succes-
sively higher-order readout line goes TRUE, the remain-
ing readout lines, of course, being FALSE in each in-
stance.

At certain times, it is desirable to read a word out of
memory in reverse order by starting with the tenth-order
digit thereof. In this instance, flipflops 6043 through
6046 still essentially count in a forward direction, how-
ever; only the manner of decoding the outputs thereof
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is changed. Such a change is made simply by causing
line DBD to be TRUE instead of line (DBD)’. When
line (DBD)’ is TRUE, thc digit counter counts in a
forward direction; however, when line DBD is TRUE,
the digit counter starts at a count of “0.” Thereafter a
succession of TRUE-to-FALSE transitions of line AD
produces a retrogressive count of 9, 8, 7, 6, . . . 1 and
back to 0.

As illustrated in the block diagram of FIG. 45, readout
lines D¢ through D9 are also utilized by the computer
for various control purposes, in addition to memory digit
selection. In addition to the read-out lines following the
forward-reverse logic, there is an additional readout line
D91, which is TRUE each time lines Da and Dd are
simultaneously TRUE, regardless of whether the digit
counter is operating in a forward or a reverse direction.

21. Y-Drivers

In the rightmost section of FIG. 65 there are shown
ten Y-drivers, whose output lines are respectively labeled
YD¢ through YD9. Each driver includes a serially-con-
nected network comprising a two-input type “R1” logical
AND, a type “I12” inverter, and a type “E3” emitter fol-
lower amplifier, As previously described, by szlective en-
ergization of line YDg, all addresses whose low-order digit
identification is a “zero” are effectively “selected”; ie.,
addresses ¢¢, 19, 2¢, . . . 8¢, and 99, by selective ener-
gization of line YD1 all addresses ending in a “one” are
effectively selected; ie., 11, 21, 31, . . . 81, and 91; by
selective energization of line YD2, all addresses ending
in a “two” are effectively selected; and so on, with line
YD9 eftectively selecting all addresses ending in a “nine”;
ie., addresses ¢9, 19, 29, . .. 89, and 99. Selective
energization of lines YDg¢ through YD9 is effected by
logically ANDING line YDW with each of lines Weo
through W¢9 which originate at the decoder portion of
the low-order digit section of a “word-sclecting”™ register
next to be described.

22. Word-Selecting Register

The word-selecting register is a two-digit register which
is utilized to temporarily store a two-decimal-digit num-
ber representing the address location of the word in mem-
ory from which reading is to take place. That is, the
word located in memory at the address corresponding to
the number stored in the word-selecting register will be
the next word read out upon occurrence of a read-write
work cycle. The word-selecting register includes eight
type “F2” flipflops, four of which effectively store, in
binary-coded form, the low-order digit, and the remaining
four effectively store, in binary-coded decimal form, the
high-order digit of the address-representing number stored
therein,

With reference to FIG. 63, the four flipflops which are
utilized to store the low-order decimal digit of the number
in the word-selecting register are 6051 through 6054.
Flipflop 6051 effectively stores low-order bit “g,” flipflop
6052 effectively stores second-order bit “4,” flipfiop 6053
effectively stores the third-order bit “c,” and flipflop 6054
effectively stores the fourth or high-order bit “d” of the
low-order decimal digit of the number.

Qutput lines Woa through We¢d and (Wea)’ through
(Wod)' from flipflops 6051 and 6054 are connected as
inputs to a decoder network comprising ten type “R1”
logical ANDS 1261 through 1270, which are individually
cascaded with a type “D1” logical OR, a type “I5” inverter,
and a type “I15” inverter. Thus, when the low-order sec-
tion of the word-selecting register is storing a count of
“zero,” output lines Woa through Wed are FALSE, and
lines (Wga)’ through (Wod)’ are TRUE. As all of the
input lines to logical AND 1261 are simultaneously TRUE,
output line We¢4¢ is TRUE, indicative of the “zero” storage
in flipflops 6051 through 6054, In a like manner, it is
seen that only one of output lines Weg through We9 of
the decoder is TRUE at any given insiant, and a TRUE
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state of each is indicative of a corresponding one of deci-
mal digits “0" through “9” being stored in the low-order
section of the word-sclecting register.

There are two “presets” for the word-selecting register.
The first preset is by means of selective energization of line
(PWe¢)', which unconditionally presets the word-selecting
register to “00.” The second preset is by means of selec-
tive energization of line ST1, which presets the word-
selecting register to “01” representation as indicated by a
TRUE state of line Wel, lines W¢¢ and We2 through
We2, of course, being FALSE. However, both the
low-order section and the high-order section of the word-
selecting register must first be set to zero via line (PWe)’
in order for line ST1 to be effective to preset the word-
selecting register to “01.” The reason for this is that,
as shown, line ST1 is effective only in presetting the state
of flipflop 6051 and does not affect the states of the re-
maining flipflops of both sections of the word-selecting
register.

With reference to FIG. 64, the four flipflops which are
utilized to store the high-order decimal digit of the number
stored in the word-selecting register are 6047 through
6050. The state of flipfiop 6047 represents the low-order
bit “q,” the state of flipflop 6048 represents the second-
order bit “b,” the state of flipflop 6049 represents the third-
order bit “c,” and the state of flipflop 6050 represents the
fourth or high-order bit “d” of the decimal digit. Output
lines Wlea through W1d and (Wla)’ through (W1d)’ from
flipflops 6047 through 6050 are connected as inputs to a
decoder network comprising ten type “R1” logical ANDS
1226 through 1235, which are individually cascaded with
a type “D1” logical OR, a type “I5” inverter, and a type
“I15” inverter. As in the low-order section of the word-
selecting register, as previously mentioned, its high-order
section is also unconditionally preset to “zero” by line
(PWg)’, which presets the reference outputs of flipflops
6047 through 605¢ FALSE.

Included in the high-order section of the word-selecting
register are ten readouts which decode the decimal digit
representation as represented by the states of flipflops
6047 through 6050, the readouts being by way of cutput
lines W1g through W19. For example, when the high-
order digit in the word-selecting register is a “0,” only
line Wig is TRUE. Line W11 is TRUE only when the
high-order digit is a “1,” and so on, so that line W19 is
TRUE only when the high-order digit is a “9.” Then ten
output lines W1g through W19 are each logically ANDED
with each of lines WR and (WR)’, as shown in FIG. 66, to
selectively energize the Y-grounders which effectively se-
lect the high-order digit of the address in memory of the
word to be read out upon occurrence of the next read-
write cycle.

23, Summary of Word-Selection

There has now been shown and described the mode
of selection of a particular string or addresses of cores
and how a particular binary bii of a particular digit of
the word is selected during a read-write cycle of operation.
However, in summary, the word-selecting register effec-
tively stores a two-digit decimal number which corre-
sponds to the address in memory that is to be effected
during the next read-write cycle. Even though there are,
in fact, only twenty readout lines Wee through W19 for
the word-selecting register, in combination they effectively
function as one hundred readouts, In other words, one
of lines Wlg through W19 is TRUE, indicative of the
high-order digit of addresses ¢ through 99. At the same
time, one of lines W¢¢ through We¢9 is TRUE, indicative
of the low-order digit of the address. As an illustrative
example, address 96 is represented by lines W19 and We6
simultaneously being TRUE; address 48 is represented by
lines W14 and Wg8 simultaneously being TRUE, and
so on, Thus, a half-select current is allowed to flow in
the “Y™ direction only in the vertical string of cores lo-
cated in the address corresponding to the number stored
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in the word-selecting register. The number in the word-
selecting register remains therein during the entire time the
ten-digit word is being read out of memory. Other suit-
able means have been provided for selecting addresses
“A” and “B,” as will later be seen.

The bit and digit counter combination determines which
row of cores is to receive a half-select current impulse
during a read-write cycle. That is, the output of the bit
counter determines which bit is to be read out—i.e., bit
“a,” “b,” “c,” or “d,” and the digit counter determines
which order digit is to be read out. For example, if the
bit counter is at “a” and the digit counter at “1,” a half-
select current impulse is permitted to flow only through
the row of cores corresponding to the low-order bit of
the second-order digit. If the bit counter is at “d” and
the digit counter at “'9,” a half-select current impulse is
permitted to flow only through the row of cores corre-
sponding to the high-order bit of the tenth-order digit,
and so on.

24, Syachronizing Clocks

Before going into a detailed description of a complete
read-write cycle of a word stored in a particular address
in memory, it is deemed desirable, at this point, to briefly
describe the various “clocks” which are utilized by the
computer for synchronization purposes, to insure the
proper sequence of data handling and transfer.

With reference to FIG. 84, a 50-kilocycle multi-vibra-
tor 6125, substantially identical to the one heretofore
shown and described in connection with section (a) of
FIG. 50, has the reference output thereof connected
through AND gates 1778 and 1779 to both the reference
and the prime inputs of flip-flop 6127. As multivibrator
6125 is essentially a 50 kc. square-wave generator, the
signal voltage appearing on the reference output lead MV
thereof is as shown by the topmost waveform in FIG.
87B. If at “TIME-1" the state of line MV is reversed
from TRUE to FALSE, the state of line MV reverses
from FALSE back to TRUE ten microseconds later at
“TIME-2." Ten microseconds later, at “TIME-3,” the
state of line MV again reverses from TRUE to FALSE,
and so on. As heretofore mentioned, the state of line
(MV)’ is effectively 180 degrees out of phase with the
state of line MV.

If it is assumed that directly preceding TIME-1 the
states of lines MV and C31 are both TRUE, as shown, at
TIME-1 the reference input to flip flop 6127 is reversed
from TRUE to FALSE. Consequently, flip flop 6127 is
triggered so that the state of line C31 is rendered FALSE
and the state of line C13 is rendered TRUE. At TIME-3,
when the state of line MV again is reversed from TRUE
to FALSE, the state of line C31 is rendered TRUE and
the state of line C13 is rendered FALSE. This sequence
of events is continually repeated during operation of the
computer.

At TIME-2, the state of line (MV)’ is reversed from
TRUE to FALSE, and, consequently, flip flop 6128 is
triggered so that the state of line C42 is thereby rendered
FALSE and the state of line C24 is thereby rendered
TRUE. At TIME-4, when the state of line (MV)’ again
reverses from TRUE to FALSE, the states of lines C42
and C24 are reversed. At TIME~1, when the state of line
C31 reverses from TRUE to FALSE, flip flop 6129 is trig-
gered so that the state of line C41 is thereby rendered
FALSE, and, simultaneously therewith, the state of line
C41 is rendered TRUE. Thirty microseconds later, the
state of line C24 reverses from TRUE to FALSE. There-
fore, at TIME-4, flip flop 6129 is reset to its initial state,
so that immediately thereafter the state of line C4l is
rendered TRUE and the state of line C14 is simultaneous-
ly rendered FALSE.

As shown, output lines C31, C13, C42, and C24 are
variously connected as inputs to flip flops 6129 through
6132 to provide suitably phased clock pulses on output
lines C41, C14, C43, C34, C23, and CI2. It is to be

[+

10

20

30

40

60

70

76

noted that the highest-order numeral designation thereof
denotes the time at ‘which the state of that particular line
is rendered TRUE and the lowest-order numeral designa-
tion denotes the time at which the state of that particular
line is rendered FALSE. For example, the state of line
C41 is rendered TRUE at each TIME—4 and FALSE at
each TIME-1, the state of line C23 is rendered TRUE at
each TIME-2 and FALSE at each TIME-3, and so on.

The 400-cycle multivibrator 6126 has a period of ap-
proximately 1.24 milliseconds. Consequently, due to the
synchronizing action with respect to the state of line C41,
as heretofore described in connection with section (b)
of FIG. 50, the state of line ICC is rendered TRUE and
the state of line (ICC)’ is rendered FALSE at TIME-1;
approximately 1.24 milliseconds thereafter, at TIME-1,
the state of line ICC is rendered FALSE and the state of
line (ICC)’" is rendered TRUE. Again, approximately
1.24 milliseconds thereafter, at TIME-1, the state of line
ICC again is rendered TRUE and the state of line (ICC)’
is again rendered FALSE. As this sequence of events is
continually repeated during operation of the computer, it
is evident that the output from the 400-cycle multivibrator
6126 is effectively synchronized with the output from the
50 kc. multivibrator 6125.

25. Detailed Read-Write Cycle

With reference to FIG. 60, during a complete read-
write cycle of a word stored in a particular address in
memory, line SMC is TRUE for a period of 1600 micro-
seconds, and line MYW is TRUE for a period of 1650
microseconds, Therefore, as all the inputs to logical
AND 1096 are simultancously TRUE at TIME-3, line
YDW also goes TRUE at TIME-3 and stays TRUE for
a period of 20 microseconds until TIME-1; at TIME-1,
line YDW goes FALSE and stays FALSE for 20 micro-
seconds until TIME-3; at TIME-3 line YDW again goes
TRUE, and so on. Thus, it is seen, at TIMES 1 and 3,
line YDW goes FALSE and TRUE, respectively, for pe-
riods of 20 microseconds each. This is done to permit
one of Y-driver output lines YD¢ through YD9 (FIG.
65) to be selectively energized for a period of 20 micro-
seconds by selected ones of cutput lines Weg through
Wo¢? of the decoding portion of the low-order section of
the word-selecting register, as will more fully be de-
scribed hereinafter.

As previously described in connection with FIG. 66,
selected pairs of Y-grounder output lines YGo—(YGg)’,
YG1—(YG1)' ... YG9—(YG9)’ are conditioned at
predetermined times by a corresponding one of output
lines W1g through W19 of the decoding portion of the
high-order section of the word-selecting register (FIG.
64), a selected one of each pair being selectively ener-
gized by one of lines WR and (WR)’. As shown in
FIG. 66, lines WR and (WR)’ alternately effect ener-
gization of only one of the Y-grounder output lines.
That is, only one of the Y-grounder output lines is ener-
gized at any given time; when that particular Y-ground-
er output line is de-energized, another Y-grounder output
line is energized, and so on. This is clearly illustrated
in the timing chart of FIG. 87A, which is to be referred
to, from time to time, during the following detailed de-
scription of a complete read-write cycle.

It will be assumed that it is desirous to read a word
out of memory address ¢¢, that the reading operation
is to begin with the lowermost core in address ¢¢, and
that all data read out is to be re-stored in address ¢o.
Thus, to begin the reading operation, lines (WR)’ and
Wie (FIG. 66) simultaneously go TRUE, thereby en-
ergizing Y-grounder output line (YGg¢)’ at TIME-1, as
shown in the just-mentioned timing chart of FIG. 87B.
Simultaneously therewith, lines XDW and BaM (FIG.
60) go TRUE, thereby energizing X-driver output line
XDa at TIME-1. Also simultaneously therewith, lines
D¢M and (WR)’ (FIG. 66) are TRUE to energize X-
grounder output line (XGg)’ also at TIME-1, Conse-
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quently, as both the X-driver, XDa, and the X-grounder
(XGg¢)' (FIG. 52A) are simultaneously energized at
TIME-1, a current impulsc of half-select magnitude (ap-
proximately 180 ma.) flows from left to right through
the bottom row of cores to “half-select” each of the cores
in the row toward a binary “zero” representation, as pre-
viously described, the binary value of the low-order bit
of the first-order digit of the word stored in memory ad-
dress ¢¢ being represented by the initial state or direc-
tion of magnetization of core 885, as before stated.

Twenty microseconds later, at TIME-3, line YDW
(FIG. 60) goes TRUE to effect energization of Y-driver
output line YDg¢ (FIG. 65), Thus, as the Y-driver out-
put line YD¢ and Y-grounder output line (YGg)’, shown
in FIG. 52A, are both, for the first time, simultaneously
energized at TIME-3, a current impulse of half-select
magnitude (approximately 180 ma.) flows downwardly
through the leftmost column of cores to “half-select” each
of the cores in address ¢¢ toward a binary “zero” repre-
sentation. As the magnetommotive forces produced by
the two half-select currents are additive in the region of
core 885 only, immediately following TIME-3 ccre 885
is the only core in the entire memory that is magnetically
set to a binary “zero” representation at this time. If it
is assumed that core 885 previously was in a magnetic
remanent state representative of a birary “one,” the
state of magnetization of the core is reversed immediately
following TIME-3. Consequently, with respect to ter-
minal 872, a negative-going output pulse is induced in
memory sense winding 871 (FIG. 52) having a peak am-
plitude occurring approximately 3 microseconds after
TIME-3.

The negative-going output pulse induced in memory
sense winding 871 renders memory sense amplifier 4399
(FIG, 67A) conductive during presence thereof, so that
the uppermost input to logical AND 1163 goes TRUE
during presence of the pulse from memory, as shown in
FIG. 87. Assuming that the signal on the lowermost in-
put to AND 1163 from flipflop 6149 is also TRUE, both
of the common-load transistors making up AND 1163
(FIG. 48j) are rendered non-conductive, so that the sig-
nal applied to the reference input of flipfop 6035 goes
FALSE approximately 3 microseconds after TIME-3
and flipflop 6055 is triggered thereby, so that output line
MSA goes TRUE, indicating that a binary “one” had
previously been stored in core 885 (FIG. 52); output
line (MSA)’, when TRUE, indicates that the core was
previously storing a binary “zero.”

At TIME-4, line (WR)’ goes FALSE (FIG, 66) and
line WR goes TRUE. Therefore, X and Y-grounder
lines (XGg¢)' and (YS¢)’ are both de-energized, and si-
multaneously therewith, X and Y-grounder lines XGe¢
and YG¢ are energized. As core 885 (FIG. 52A) was
previously storing a binary “one,” X and Y-driver output
lines XDa and YD¢ remain energized, and, consequently,
a full-select current impulse flows through the core in
the opposite direction to “re-set” the core back to its ini-
tial binary “one” state immediately following TIME-4.

However, if the core had been initially storing a binary
“zero,” instead of a binary “one,” a voltage impulse
would not have been induced in the memory sense wind-
ing, and, consequently, output line MSA (FIG. 67A) re-
mains FALSE instead of going TRUE, thus indicative of
the binary “zero” storage in core 885. In that instance
when line MSA remains FALSE, line MXW (FIG. 60)
likewise remains FALSE, and, consequently, not all of the
inputs to logical AND 1098 are TRUE, as before. As a
result, line XDW goes FALSE and causes X-driver out-
put line XDa to be de-energized. This is illustrated in
FIG. 87 by the dotted portion of the output signal rep-
resentation of X-driver line XDa between TIME-4 and
TIME~1 for bit “a.” X-driver line XD« now being de-
energized at TIME—4, a binary “one” representing half-
select current flows through core 88§ in the “Y™ direc-
tion only, and, consequently, the core is not “resct” to a
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binary “one” state, but, instead, remains in its initial bi-
nary “zero” state.

It is to be noted that, during a read-write cycle, half-
select current is first applied in the “X” direction for
a period of 20 microseconds—i.e., from TIME-1 to
TIME-3—before a coincidental half-select current is
applied in the “Y” direction through the core being “read.”
One reason for operating the computer memory in this
manner is due to the physical placement of memory
sense winding 871 (FIG. 52). Due to the fact that the
sense winding is oriented parallel with respect to the
conductors threaded through the core in the “X” direction,
when a half-select current is first applied in the “X”
direction, a voltage impulse is induced in the sense wind-
ing even though the magnetic state of each core remains
unchanged. In fact, the ampiitude of this voltage may
be from ten to fifteen times greater than the amplitude
of the voltage induced in the sense winding due to a
“change-of-state” of one of the cores. Consequently,
it is desirable to allow sufficient time to lapse after
application of a half-select current in the “X” direction
so that this unwanted voltage impulse is dissipated and
thus alleviate any undesirable effects therefrom.

Another reason for this 20-microsecond delay is that
a half-select current through a core causes a noise impulse
to be induced in the sense winding especially if the pre-
vious half-select current through the core was in the
opposite direction. The amplitude of this noise impulse
is, in most instances, approximately 7 millivolts per core
and requires from ten to fifteen microseconds to be
dissipated. As there are 100 cores in the “X” direction
per row, and, as the noise from all of the cores in each
row is additive, the total maximum amplitude of the
noise impulse is approximately 700 millivolts.

In an attempt to simplify the description and to insure
a complete understanding of the inherent complexity
of the mode of operation of the computer memory, it
has been assumed to this point that all of the cores mak-
ing up memory addresses ¢¢ through 99 and addresses
“A” and “B” are magnetized in the same direction to re-
present either a binary “one” or a binary “zero.” How-
ever, in the actual operation of the computer memory,
this is not the case, the reasons for which are as follows:

As previously described with respect to FIG. 52,
memory sense winding 871 is sequentially threaded in
the same direction through every other one of the forty
rows of cores making up the entire memory. Thus, if
every core in the memory were magnetically set in the
same direction to represent, say, a binary “one,” opposite
polarity output pulses are induced in the memory sense
winding during a read-write cycle, all of which pulses
individually represent a binary “one” storage in the respec-
tive core. For example, the cores making up the odd-
numbered rows are responsible for output pulses of one
polarity indicative of a binary “one” storage, whereas
the cores making up the even-numbered rows are respon-
sible for output pulses of an opposite polarity also
indicative of a binary “one” storage,

Also, as previously mentioned, it has been found that
a subsequently-applied half-select current impulse through
a core causes a noise impulse to be induced in the sense
winding if the previously-applied half-select current im-
pulse through the core was in the opposite direction to the
subsequently-applied half-select current impulse; how-
ever, the subsequently-applied half-sclect current impulse
through the core causes a much smaller amplitude noise
impulse to be induced in the sense winding if the sub-
sequently-applied half-select current impulse is in the
same direction as the previously-applied half-select cur-
rent impulse.

Therefore, to alleviate the need for sensing amplifiers
which must be responsive to input impulses of opposite
polarity, and also, during reading of a particular core,
in order to subsequently apply a half-select current im-
puise therethrough in the “Y™ direction, which is in the
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same direction as the half-select current impulse previous-
ly applied in the “Y™ direction therethrough during writ-
ing of a previously-read core, it has been found desirable
during the operation of the memory of the present com-
puter for all of the cores making up the odd-numbered
rows to be magnetically set in one direction to represent
storage of a binary “one” and for all of the cores making
up the even-numbered rows to be magnetically set in
the opposite direction to represent storage of a binary
“one.” Consequently, during a read-write cycle of oper-
ation, binary “one” signifying impulses of the same
polarity are induced in the memory sense winding, and
thus the sense amplifiers need only be responsive to
single polarity impulses; and, also, much smaller ampli-
tude noise impulses are induced in the sense winding
during the reading operation.

With the foregoing in mind, the next portion of the
read-write cycle will be described and directed to bit
“b” of the low-order digit of the word stored in address

oo,

Now that core 885 (FIG. 52A) has been read and
then “reset” to represent its initial binary “one” storage,
line CYC (FIG. 61) goes from TRUE to FALSE at
the following TIME-1, measured with respect to bit “b.”
As previously described in detail with respect to the bit
counter shown in FIG. 62, when line CYC goes FALSE
for the second time, line BaM goes FALSE, line BAM
goes TRUE, and lines BcM and BdM remain FALSE.
As line XDW (FIG. 60) also goes TRUE at TIME-1,
X-driver output line XDa is de-energized and output line
XDb is energized at TIME~1, as shown in FIG. 86. As
line YDW (FIG. 60) goes FALSE at each TIME-1, Y-
driver output line YDg (FIGS. 65 and 52A) is de-
energized, and consequently, the half-select current in
the “Y” direction through the cores of address ¢¢ is
thereby not permitted to flow. However, as X-grounder
line XG¢ (FIG. 52B) remains energized during TIME-1,
and as X-driver line XDb is energized for the first time at
TIME-1, a half-select current flows from right to left
through core 886 to “half-select” the magnetic state of
core 886 indicative of a binary “zero.” It is to be noted
that the half-select current in the “X” direction through
core 885 flowed from left to right, instead of right to
left, to magnetically “half-set” core 885 toward a binary
“zero” representation. Thus, it is seen, the half-select
read current flows in one direction through the cores in
the even-numbered rows and in the opposite direction
through the cores in the odd-numbered rows.

At TIME-2, flipflop 6055 (FIG. 67A) is reset by line

C42 so that output line MSA is thereafter FALSE, At ;

TIME-3, line YDW (FIG. 60) goes TRUE to again effect
energization of line YD¢ (FIG, 65). Thus, as Y-driver
output line YD¢ and Y-grounder line YG¢ (FIG. 52)
are both simultaneously energized at TIME-3, a current
impulse of half-select magnitude flows upwardly through
core 886 to cause “full-selection” of the magnetic state
of core 886 to a binary “zero” representation. If it is
assumed that the magnetic state of core 886 is indicative
of a binary “one,” the state of magnetization of the core
is reversed immediately following TIME-3, and, conse-
quently, a negative-going Impulse is again induced in
memory sense winding 871 (FIG. 52) with respect to
terminal 873, approximately three microseconds after
TIME-3, as before.

As before, the negative-going impulse induced in mem-
ory sense winding 871 causes the reference input to flip-
flop 6055 to go FALSE shortly after TIME-3, and, con-
sequently, flipflop 6055 is triggered so that line MSA is
TRUE, indicating that a binary “one™ had previously
been stored in core 886. At TIME-4, line (WR)’ goes
FALSE (FIG. 66) and line WR goes TRUE. Conse-
quently, X and Y-grounder lines XG¢ and TGe¢ are both
de-energized, and, simultaneously therewith, lines (XGg¢)’
and (YGg)’ are energized. As core 886 was previously
storing a binary “one,” X and Y-driver output lines XDJ
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and YD¢ remain energized for ten microseconds longer
to effect “resetting” of core 886 back to its initial binary
“one” state immediately following TIME-4,

The previously-described sequence of events is now
repeated with respect to cores 887 and 888 and also with
respect to the remaining ones of the forty cores making
up address ¢¢. In the illustrative example given, as evi-
denced by the presence and absence of memory sense am-
plifier pulses (FIG. 87A), the binary number stored in
cores 885 through 888, corresponding to low-order bit
“q” through the high-order bit “d,” is “0111,” thus indi-
cating that the low-order digit of the word stored in ad-
dress ¢ is a “seven.”

To summarize: Alternate cores of each memory ad-
dress are magnetically set in one direction to represent a
binary “one,” whereas the remaining cores in the address
are magnetically set in the opposite direction to represent
a binary “one.” When the core representing bit a of the
fow-order digit is read (i.e., core 885), a half-select
“read” current in the “X” direction flows to the right
through core 885 at the first TIME-1. At TIME-3, a
half-select read current in the “Y” direction flows down-
wardly through core 885 at the first TIME-3 to mag-
netically set core 885 toward binary “zero.” If the core
was originally storing a binary “one,” its magnetic state
is therefore reversed, and a negative-going voltage pulse
is induced in memory sense winding 871, which causes
the half-select currents in the “X” and “Y" directions
through core 885 to be reversed to magnetically reset
core 885 to binary “one” at TIME4. At the second
TIME-1, a half-select current flows to the left in the “X”
direction through core 886. At the second TIME-3, a
half-select current flows upwardly through core 886 to
magnetically set core 886 to binary “zero.” If core 886
was originally storing a binary “one,” a second negative-
going potential impulse is induced in the memory sense
winding to cause the half-select currents in the “X” and
“Y" directions through core 886 to be reversed to reset
core 886 to binary “one” at the second TIME-4. As
before stated, this sequence of events is sequentially re-
peated from the lowermost to the uppermost of the cores
making up address ¢¢.

26. Sense-Amplifier Strobe

With reference to FIG. 67A, inverter 4393 is effec-
tively connected in series with memory sense winding
871, and inverter 4395 is effectively connected in parallel
with respect to the memory sense winding. As shown,
inverter 4395 is rendered non-conductive from TIME-3
to TIME—4 by line C34, and inverter 4393 is rendered
conductive from TIME-3 to TIME-4 by line C43. Thus,
as inverter 4395 is non-conductive during the time each
of the memory cores is being read, the inverter exerts
essentially no effect on sense winding 871; however, as
inverter 4393 is conductive during the time each core is
being read, the lower end of sense winding 871—i.e.,
terminal 872—is effectively grounded thereby during that
time to complete the circuit therethrough. From TIME—4
to TIME-3, sense winding 871 is effectively open-cir-
cuited by inverter 4393 and effectively short-circuited by
inverter 4395, thus rendering sense winding 871 non-
effective at all times except for the time interval during
which reading of a memory core is to take place.

As previously described with respect to FIG. 87A, if
a binary “one” was previously stored in the core being
read, the output of a memory sense amplifier is TRUE
after a time lapse of approximately three microseconds
after TIME-3. Thus, to prevent undesirable noise im-
pulses from entering the system, the output of sense
amplifier 4399 is sampled, or “strobed,” for a period of
approximately three microseconds, starting approximately
three microseconds after each TIME-3. Strobing is ef-
fected by a three-microsecond one-shot flipflop 6147,
which is triggered at TIME-3 by line C31, so that the
prime output thereof goes FALSE at TIME-3 and re-
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mains FALSE for a period of three microseconds, after
which time the prime output thereof returns to a TRUE
condition. The prime output of flipflop 6147 is con-
nected to the reference input of a three-microsecond one-
shot flipflop 6149, so that, after a time lapse of three
microseconds after TIME~3—i.e., when the prime output
of flipflop 6147 goes TRUE—the reference output of flip-
flop 6149 goes TRUE and stays TRUE for a period of
three microseconds, after which time the reference output
thereof goes FALSE. Therefore, the lowermost input
line to logical AND 1163 goes TRUE only after a time
lapse of three microseconds after TIME-3, and stays
TRUE for a period of only three microseconds,

As previously described, memory addresses “A” and
“B” (FIG. 52B) have a common scnse winding 891 sep-
arate from the main memory sense winding 871. Mem-
ory addresses “A” and “B” have a common pair of
Y-grounder lines (ABG)’ and ABG and separate Y-
driver lines AAD and BBD (FIG. 60), which func-
tion in the same manner as the just-described Y-
grounder and Y-driver lines for memory addresses
¢¢ through 99. Thus, it is possible to read and write
in only one of memory addresses “A” or “B” at
any given time, the same as for memory addresses ¢
through 99. However, as addresses “A” and “B” have
a separate sense winding from addresses ¢¢ through 99,
a word from either of addresses ¢¢ through 99 may be
read out simultaneously with the word being read out
of address “A” or “B.” Because of the common X-driver
and X-grounder lines, it is not possible to write separate
words in both a memory address and either of addresses
“A” or “B.” However, the same word may be written
in both addresses. As shown in FIG. 67A, the output
of “A” and “B” sense amplifier 4400 is strobed by single-
shot flipflops 6148 and 6150 in exactly the same manner
as memory sense amplifier 4399, as was just described
in detail. The strobed signals from sense amplifier 4490
operates a transistor logical AND 1164, which triggers
flipflop 6056 in response to a negative-going impulse from
“A” and “B” sense winding 8%1. As the complete read-
write cycle of operation of addresses “A” and “B” is, for
all practical purposes, exactly the same as the just-de-
scribed read-write cycle for memory addresses ¢
through 99, a description thereof would only result in an
undue repetition, which is not deemed necessary for a
full understanding of the mode of operation thereof in
view of the just-described read-write cycle for memory
addresses ¢¢ through 99.

27. Format of Instruction Words Generally

In order to perform the functions of a “general pur-
pose” type computer, the present computer is provided
with eighteen different types of general purpose “instruc-
tions” which it, in a sense, “obeys” in order to allow the
programmer to solve aimost any type of mathematical
problem. For reasons to become more apparent here-
inafter, the just-described mapgnetic core memory stores
both “instruction” words and data words, which appear
as one and the same as far as the computer memory is
concerned-—i.e., a ten-digit binary-coded decimal num-
ber-—and, to alleviate the necessity of providing “plus” or
“minus” indications to identify positive and negative
numbers, a negative number is stored in the computer
memory as its complement. For example, the minimum
negative number that is effectively stored is 0000000001,
whose complement is 9999999599; the maximum nega-
tive number that is effectively store is 1000000000, whose
complement is 9000000000. Thus, the maximum positive
number stored is 8999999999, Both data and instruc-
tion words may essentially be stored in the computer
memory either by indexing the words in the accounting
machine keyboard portion of the computer, by totaling
or subtotaling selected totalizers of the accounting ma-
chine, by reading the words from the magnetic strip por-
tion of the ledger cards, or by reading the words from
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punched cards or paper tapes via conventional, com-
mercially-available paper tape and card readers.

Programming the computer consists essentially of
writing two related programs, the first program of which
is written for the accounting machine portion of the com-
puter, which programming consists of designing mechani-
cal stops which are placed on the form-bar portion of the
accounting machine, in a manner fully described in the
before-referred-to Patent No. 2,626,749, In program-
ming the accounting machine, the programmer decides
at what carriage columnar position the program is to
start and the colummnar position to which the carriage is
to be moved by subsequent machine cycles. The stops
on the form bar may be thought of as “instructions” to
the accounting machine which are physically located in
unique piaces on the form bar, a group of stops (i.e., in-
structions) being termed a “program.”

The program is eflectively carried out by the account-
ing machine, by “sampling” each stop, starting with the
first stop, and performing the sequence of actions called
for by each stop as the carriage sequentially moves from
siop to stop. Finally, the carriage is returned to the first
sicp to permit the program to be repeated if desired. It
1s to be noted, however, that only one instruction is
carried out at any given time. The mere placing of the
form bar on the accounting machine, or the placing of
particular stops on the form bar, does not, in and of it-
self, cause the accounting machine to carry out the opera-
tion specified by either of the stops.

The second program essentially to be written is in the
form of a sequential group of instruction words, that
are to be stored in the computer memory, comprising a
group of words ten decimal digits in length. The com-
puter “samples” only one of these words at any one time,
and, after carrying out that particular instruction, the
computer then samples the next instruction word. The
mere placement of the instruction words in the computer
memory does not cause any instruction to be carried out,
in the same manner that the mere placement of a form
bar on the accounting machine does not necessarily
cause any of the stops to be sampled.

To start the accounting machine program, a machine
cycle is first initiated, which allows the accounting ma-
chine to “sample” the first stop in the program and carry
out that particular instroction. After the computer car-
ries out its instruction, it effectively “moves on” to the
next instruction in the program, just as the accounting
machine “moves on” to the next stop on the form bar.
If desired, the computer program may be so written that
the computer returns to the first instruction after it has
finished the last instruction, to permit the program to be
repeated.

As previously mentioned, there are eighteen basic in-
structions which the computer executes. Five of thesc
basic instructions concern the ledger card and the ac-
counting machine; one concerns reading paper tape; and
twelve are concerned with arithmetic and control func-
tions within the computer, Of these eighteen dilferent
types of instruction words, there are three types of in-
struction word formats. The first tvpe of instruction
word format is that of a “modified three” or “four ad-
dress” instruction word. Nine of the basic instruction
words have a second type of format, which takes advan-
tage of the ability of the computer to increment addresses
in an instruction word, as will be more fully described
hereinafter. The remainder of the basic instruction
words have a third type of format, which is peculiar to
the function effccted by that particular instruction words.

The structure of every instruction word is effectively
“divided” into five groups of two decimal digits each,
with each group hereinafter being called a “section.” The
first section is the two highest-order decimal digits of the
instruction word and represents the code number identi-
fying that particular instruction, the code numbers rang-
ing from 00 through 17; the second section normaily
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identifies either the memory address location of the first
data word or the address of an instruction modifier; the
third section normally identifies the address location of
either the first or the second data words; the fourth sec-
tion generally identifies the address of the result; and the
fifth section usually identifies the address of the mnext
instruction word in the program.

As an example of a format of a particular instruction
word, an “ADD” instruction is illustratively utiiized.
Suppose that two amounts are to be added, one amount
being located in memory address 42, the other amount
being located in memory address 5¢, the sum of these
two amounts 18 to be stored in memory address 52, and
the next instruction word is stored in memory address 32.
As the code number for an ADD instruction is 08, the
instruction word appears as illustrated below:

Instruction Word Format

Sect. 1 ‘ Sect. 2 Sect. § Seet. 4 fect. 5

08 l 42 50 &2 \ 32

After the addition operation is completed, the com-
puter, in a sense, “looks” in memory address 32 for the
next instruction.  Also, following the addition, the words
in memory addresses 42 and 5¢ remain the same as be-
fore, even though each was involved in the addition
operation. However, regardless of the word originally
stored in memory address 52 before the addition, memory
address 52 now contains the sum word derived from the
addition. The reason for this is that a memory address
is automatically cleared prior to storage of another word
in that particular address. Consequently, only the sum
word is stored in the sum address.

A characteristic of nine of the eighteen instructions is
the ability to effectively increment section 3 or decre-
ment seciion 4 of any instruction word. That is, if one
operation is called for which is to be sequentially per-
formed on several words that are stored in memory loca-
tions having sequential addresses, it is not necessary to
utilize a separate instruction for each operation per-
formed, or to build an address-incrementing loop.

An example of an instruction in which address incre-
menting is utilized is the “enter-keyboard-words™ instruc-
tion, abbreviated as EKW, having a code number desig-
nation “00,” and interpreted by the computer as: “The
words subsequently indexed in the accounting machine
keyboard are to be sequentially stored in memory address
locations X through Y, where X and Y are specified in
section 2 and section 4, respectively, of the instruction
word.” Thus, if several sequential entries are to be
indexed in the accounting machine keyboard, it is, of
course, c¢bvious that these successive entries must be
stored in adjacent memory address locations. If it were
necessary to utilize a separate instruction word for stor-
age of each of the keyboard entries in a designated
memory address, ten instruction words would then be
necessary to store ten entries in memory. However, with
an address incrementing instruction, all ten entrics are
sequentially stored by the use of only one instruction
word. This incrementing feature not only simplifies pro-
gramming, but also reduces the required number of in-
struction words necessary for completion of a given pro-
gram. When utilizing an instruction with an address-
incrementing format, the programmer specifies, in section
3 of the instruction word, the memory address of the first
word on which an operation is required, and specifies, in
section 4 of the instruction word, the memory address of
the last word on which an operation is required. The
only restriction is that the address specified in section 4
of the instruction word must be equal to, or greater than,
the address specified in section 3. Therenficr, the com-
puler sequentially generates each of the address locations
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between those two specified, even if the original instruc-
tion word is no longer stored in memory. However, after
the instruction has been executed, the original instruction
word may remain in memory unchanged, if desired.

28. Format of Enter-Keyboard-Words Instruction
Word (EKW—00)

The EKW instruction is utilized when amounts are to
be entered, and thus stored, in the computer memory,
either by the words being indexed in the keyboard or by
a preselected totalizer within the accounting machine
being totalized. With only a single EKW instruction,
from one to one hundred different amounts may selec-
tively be stored in sequentially-ascending memory ad-
dresses. However, in order to enter the amount indexed
in the accounting machine keyboard, a machine cycle
of operation must first be initiated. The particular motor
bar of the machine to be depressed to initiate a cycle of
cperation thereof is specified in the instruction word by
the programmer. In this way, the programmer is as-
sured that the correct motor bar is automatically de-
pressed for each amount entered. Hence, there is pre-
vented the possibility of the accounting machine carriage
becoming cut of synchronism with the program in the
computer due to the operator's depressing the wrong
motor bar. When the computer is “ready” to carry out
on EKW instruction, the “enter-keyboard-words” lamp,
illustrated in FIG. 1 as EK, is illuminated. The operator
thereafter indexes the amount into the accounting ma-
chine keyboard and then depresses the “resume-programi-
bar.” Immediately thereafter, the computer automati-
cally effects depression of the particular motor bar speci-
fied In the instruction word. Consequently, a cycle of
cperation of the accounting machine is thereby initiated,
and the amount just indexed in the keyboard thereof is
entered into the sefected memory address.

In order for the programmer to prepare an instruction
word which insiructs the computer to enter words into
memory, from either the accounting machine keyboard or
the totalizers therein, the two-digit decimal number for
each of the five sections of the instruction word must be
specified, the composite ten-digit decimal number there-
after representing the desired instruction word, as before
stated. As the code number designation for an EKW
command is “00,” the two decimal digits in section 1 of
the instruction word are, likewise, “00.” In section 2 of
the instruction word, the high-order decimal digit therein
designates the motor bar code, and the low-order deci-
mal digit therein designates the decimal point lamp code;
section 3 designates the memory address in which the first
word entered from the accounting machine is to be stored;
section 4 designates the memory address in which the last
word entered is to be stored; and section 5 designates the
rmiemory address location of the next insiruction word in
the program. Listed below, in chart form, are the vari-
cus codes specified by section 2 of the instruction word
and to which the computer is responsive:

Section 2 of the Instruction Word

Iigh-Order Digit of Rection 2 Low-Order Digit of 8ection 2
Alotor-Bar Code Declmal-Peint Lamp Code

0z Teuch Upper Moetor Bar
Ir 1nld Upper Motor Bar

sr Touch Mirddle Motor Bar
3xr ITold Middle Motor Bar

4r Tourh Lower Motor Bar
5z Hold Lower Mator Bar

Gz No hotor Bar (ECW only)

£0 Between Columns 2 and 3

z1 Between Columns 5 and 6

z2 Between columns §and 9

3 Automatic-Ilesiume-Program
with decimal point between
columns 2 and 3

If desired, the programmer may instruct the computer
to illuminate a preselected one of the three decimal point
famps to give a visual indication on the accounting ma-
chine keyboard as to the decimal point location for the
amount to be indexed, decimal point lamp Py being lo-
cated on the keyboard between amount rows 2 and 3,
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decimal point lamp P1 being located between amount
rows 5 and 6, and decimal point lamp P2 being located
between amiount rows 8 and 9.

When the decimal point is desired betwcen rows 5 and
6, the computer illuminates Iamp P1 between these rows
cven though the amount €.465,85 is printed as 0,465.85,
and, when a decimal point is desired between rows 8 and
9, the computer illuminates lamp P2 between thesc rows
even though the amount 0.465,855,55 is printed as
{,465,855.55.

As an example, suppose that three amounts are to be
stored in memory. The first amount is desired to be
stored in memory address 45, the second amount is de-
sired to be stored in memory address 46, and the third
amount is desired to be stored in memory address 47.
Consequently, the desired address of the first word to be
entered jis placed in section 3 of the instruction word,
and the desired address of the last word to be entered is
placed in section 4 thereof. It is also assumed that, when
the resume-program bar is depressed, it is desired that
the compuier automatically initiate depression of the
middle motor bar 27 for a “touch” operation (code 2x),
thereby cffecling a cycle of operation of the accounting
machine and thus enter the first amount into memory.
Further assumed is that the decimal point lamp located
between rows 5 and 6 is to be illuminated (code x1) and
the next instruction is located in memory address ¢2.
‘Therefore, the instruction word appears as shown below:

Sect. 4 Sect. 5

Seet. 3

45 47 G2

If the first amount to be indexed is 0.025,00 and enter-
keyboard-words lamp P1 is ifluminated, amount key #2
of row 4 and amount key #5 of row 3 are manually de-
pressed first. Thereafter, the resume-program-bar is man-
ually depressed, and, consequently, the computer auto-
matically effects depression of the middle motor bar 27
for o “touch” operation. The amount thercafter printed
appears as 0,025.00. If the printing of cents “.00” is not
desired, a particularly designed stop is placed on the form
bar to suppress printing thereof,

When a negative amount is to be entered into the com-
puter memory, reverse key “REV” is initially depressed.
This not only causes thc amount to be printed with a
“dinmond” symbol printed to the right thereof, but, in
addition, causes the complement of the number to be
stored in memory as a “credit balance.” Negative
amounts previously stored in the totalizers of the account-
ing machine are automatically stored in the computer
memory as complements thereof.

There are three ways o total or sub-total the amount
in the computer memory by means of the EKW instruc-
tion. If the carriage of the machine is stationary and the
non-select key “NON SELECT” is depressed, both the
desired totalizer and the particular type of arithmetic op-
eration arc selected by the totalizer control keys, so that,
when the resume-program-bar is depressed, the motor bar
specified in the instruction word is automatically de-
pressed by the computer, and the amount in the selected
totalizer is transferred into the computer memory; if the
carriage is stationary on a stop and the resume-program-
bar is depressed, the compuier automatically effects de-
pression of the desired motor bar, and the amount in the
totalizer is entered into the computer memory, the total-
izer in which the amount is initially stored being deter-
mined by the siop on the form bar; and, if the carriage is
moving in either direction and is stopped over a non-auto-
matic siop, desression of the resume-program-bar effects
depression of the desired motor bar to transfer the amount
into the computer memory, the amount being transferred
coming from the slop-selected totalizer. However, if an
automatic-resume-program instruction (code-x3) is placed
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in the decimal point lamp code position in the instruc-
tion word, the preselected motor bar is automatically op-
crated by the computer as scon as the carriage is stopped,
even though the resume-program-bar was not depressed.
The automatic-resume-program instruction, in effect, de-
presses the resume-program-bar automaticaily, and the
word printed out has its decimal point in the normal po-
sition. For cxample, suppose that a totalizer is to be sub-
totaled and the contents thereof stored in memory address
62. Assuming that a middle rotor bar “touch” operation
is desired, along with an automatic-resume-program oper-
ation, the instruction word appears as “00 23 62 62 48,
the space between each pair of decimal digits indicating
the five sections of the instruction word. As soon as the
carriage comes to rest on a stop, the middle motor bar
27 is depressed, regardless of which direction the carriage
was moving when the stop was engaged. Thus, the auto-
malic-resume-pregram instruction eliminates the need for
automatic stops for the carriage. The numeral “6” in
the motor bar code specifies that a motor bar is not to
be opcerated and is used only for an “enter-card-word”
instruciion (ECW), which is to be more fully described
hereinafter.  Since a machine cycle is required to enter
the indexed amount from the kevboard into the computer
memory during an EKW instruction, the numeral “6”
placed in the moetor bar code has no significance in this
instance.

29. Format of Print-Out-Words Instruction Word
(POW-—01)

By utilizing but a single “print-out-words” instruction,
it is possible to selectively initiate the printing out of mem-
ory from one to one hundred words, If the memory
address locations of the words are in sequential order, the
words are printed out seguentially, and, thus, only the
addresses of the first and last words to be printed out
need be specified. The first word printed is the word lo-
cated in the lowest-numbered memory address, whereas
the last word printed is the word located in the highest-
numbered address. As with the “enter-keyboard-words™
instruction, just described, a choice of any one of three
decimal point positions is possible, with a comma being
printed in the decimal point location, the actual “dot”
designation being located in exactly the same position for
every word printed out, regardless of the actual decimal
point location.

In order to compose an instroction word which effec-
tively instructs the compuier to print out selected words
stored in memory, a two-digit number is, in a sense,
“written” for each of the five sections of the instruction
word, as before. First, the code for POW (ie., 01) is
placcd in ssction 1 thereof; the motor bar code and deci-
mal peint code are placed in section 2, the same as for the
ERW insiruction; in section 3 is placed the address of the
first word to be printed out; in section 4 is placed the ad-
dress of the last word to be printed out; and in section 5§
is placed the address of the next instruction in the pro-
gram.

When the computer is in the process of carrying out a
POW instruciion, depression of the preselected motor bar
is cifected only while the carriage is positioned on a stop,
or the “non-select” key is depressed. However, as soon
as a POW instruction is presented to the computer during
any part of the program thereof, depression of the pre-
selected motor bar is automatically effected by the com-
puter when the carriage arrives at the next stop, or if the
carriage is already positioned on a stop. Hence, a nu-
meral “3” in the low-order digit position of section 2 of
the instruction word has no significance in a POW instruc-
tion for initiating an “automatic-resume-program” oper-
ation.

If it is desired that the computer automatically print
out the three words that are stored in memory addresses
44 through 46, for example, with the decimal point lo-
cated betwvsen amount columns #2 and #3, with an upper
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motor bar “touch” operation, and with the next instruc-
tion coming from address 88, an instruction word capable
of initiating this sequence of operations 01 00 44 46 §8.
In responsc to the POW instruction, the computer auto-
matically prints out the words from memory addresses 44
through 46, one below the other in a single colunin, and
at a speed of approximately one hundred words per min-
ute. It is to be noted, however, that, when a word is
read out of memory during a printing operation, the word
nevertheless remains in that address after the printing op-
eration, somewhat similar to sub-tetaling a iotalizer in the
accounting machine portion.

When negative words are effectively printed out of
memeory, the computer utilizes the “X” totalizer to obtain
the absolute value of the word prior to printing, just as
the accounting machine utilizes the “X” totalizer {o com-
plement “negative” words stored in the accounting ma-
chine totalizers, as previously described. The negative
words are printed out in red, with a “CR” symbol to the
right thereof. Therefore, it is obvious that the “X” total-
izer must contain a “zero” count at that point in the pro-
gram when negative amounts are to be printed out. When
printing out a negative word, the accounting machine
automatically cycles twice, and the required motor bar
need only be depressed once. Also to be noted is that,
when a negative word is printed out of memory, all
“hold” motor bar operations produce the same effect as a
corresponding “touch” motor bar operation. It is to be
further appreciated that, while a word is being printed
out, the word also may be simuliaencusly added to or
subtracted from any preselected one, or ones, of the total-
izers in the accounting machine. There is, in a sense, no
limit to the number of totalizers to which the word is
added; however, in one cycle of operation, the word is
subtracted from a maxirum of only two totalizers.

30. Format of Enter-Card-Words Instruction Word
(ECW—02)

As previously mentioned, the magnetic ledger cards
utilized by the present computer are provided with a sirip
of saturable ferromagnetic material positioned along the
leftmost side of the front face of the card and having a
width of approximately one inch. A plurality of words
are selectively and sequentially recorded from memory
on the magnetic strip, under conirol of the computer,
with the use of but a single instruction word, and, when
the ledger card is thereafter mechanically fed into the
card-handling portion of the computer, these words are
effectively reproduced by the sensing mechanism thereof
and again stored in memory,

The ECW instruction is similar to the EKW instruc-
ticn in that it has what is known as a “string-of-addresscs”
format. Consequently, all the words recorded on the
magnetic strip of a card are effectively stored in memory
in sequential addresses with only one BECW instruction.
It is to be noted that the computer is not responsive to an
ECW instruction unless the carriage is in “home” position.
However, if the previous instruction was a “record-on-
card” instruction, which is to be described hereinafter,
the carriage is thereafier in home position; if the car-
riage is not in home position, it is placed there either by
program control or by manual manipulation thereof.
When the computer starts to execute an ECW instruction,
the carriage first opens, and the “end-card” lamp (EC,
FIG. 1) is illuminated and thus indicates that the card-
handling portion of the computer is ready to prcperly re-
ceive a ledger card.

After the ledger card has been aligned on the card load-
ing table 232 (FIG. 1), the card is captivated, and the
data magnetically recorded thereon is thereafter repro-
duced or “read” by the reading mechanism cof the com-
puter. During the process of reading the magnetically-
recorded data, the card is physically translated by the card-
handling mechanism past the read-write head asucmbly
343 (F1G. 19) and into the carriage of the accounting
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machine, as previously described. During the time the
ledger is thereafter being driven outwardly from the car-
vicge, the compuier has the sclective ability to cither stop
tie card on the pext posting line, or permit the card to
be cjectad.

If it is assumed that a “manuai” mode of operation is
specificd, when the card is positioned on the next posting
line, the carriage thereafler remains open to permit inser-
tion thereinto of other rccord-keeping forms, if desired.
After the form or forms have been inserted into the car-
riage, the resume-program-bar must be depressed to initiale
the next cycle of operation. Conscquently, the corriage
closes, and the computer automatically operates the de-
sired motor bar, if specified by the high-order digit located
in section 2 of the instruction ‘word.

ff the desired sequence of operations does not necessitate
the inzertion of additional forms into the carriage, the
computer is instructed to close the carriage and to ¢perate
the preselected motor bar immediately afier the card has
been automatically placed on the correct posting line.
o accomplish this, an “automatic-resume-program line-
find” code is placed in the low-order digit position of szc-
tion 2 of the instruction word. Consequently, it is not
necessary to thereafter depress the resume-program-bar
to initiate a ¢cycle of operation of the accounting machine.
Alter the ledger card has been either placed on a posting
line, or ejected, it is necessary for the carriage to be
closed. I the card is positioned on a posting line, the
carriage is closed either by depression of the resume-pro-
grany-bar or by specifying an “automatic-resume-program”
in the instruction word; if an “eject card” code (18, Chart
1il) is specified and the string-of-addresses s filled, the
card is ciccted, and the carriage is closed automatically.
After the carriage is closad, the motor bar code instruc-
tion, specified by the high-order digit of section 2 of the
instruction word, is carried cut, thereby completing the
ECW operation,

The code for ECW—i.e., 02—is in section 1 of the in-
steuction word; the motor bar and linefind codes are in
scction 2 thereof; in section 3 is the memory address into
which the first word read from the card is to be stored;
in section 4 is the memory address into which the last
word read from a card is to be stored; and in section 5
is the memory address of the next instruction word.

The “line-find” code for an ECW instruction is as ilus-
truted below and also as subsequently shown in Chart IT1.

x0—Enter new card with manual resume-program.
xI—>3tep on first linefind with manual resume-program.
x2—-Stop on second linefind with manual resume-program.
x3—Stop on third linefind with manual resume-progrem.
x5—Stop on first linefind with automatic resume-program.
x6—Stop cn second linefind with automatic resume-pro-
gran.
x7—=8top on third linefind with automatic resume -program.
x8—Eject card.

During normal operation of the computer, there may
be as many as three areas on the face of the ledger card
conto which posting is to selectively be made. By use
of the proper line-find code in the low-order digit position
of section 2 of the instruction word, the card is selectively
positioned on the next posting line in any cone of the three
arcas thereof. An “x1” or “x5” in the low-order digit
position of section 2 causes the card to be positioned on
the next posting line in the topmost area eof the card;
an “x2” or “x56" causes the card to be positioned for post-
ing in the middle arca; and an “x3” or “x7” causes the
card to be positioned for posting in the Jowermost arca.
This permits the words on the card to be grouped for
simplicity of programming and mathematical opecrations.
Tor example, a ledger card designed for payroll applica-
tion usually has two posting areas whereby relatively fixed
data, such as employee’s clock number, number of de-
pendents, earning rate, deductions, ete., are posted in an
urca at the top of the card, whereas employee’s carnings,
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taxes, and deductions for euch pay pericd are pested in
the area of the main body of the curd. Ia addition to
being printed on the face of the d, this informatic

is also magnetically recorded on the magnetic strip of the
fedger card.

For payroll posting, for example, an “x2” or “x47 is
placed in the low-order digit position of section 2 of the
instruction word.,  However, if it is desired to change the
fixed data at the top of the card, an “x1” or “a5” is placed
in the low-order digit position of scciion 2 of the instruc-
tion word.

In a payroll application in which the words magnetical-
1y recorded on the ledger cords are indicative of an em-
ployee’s earning record, the cards are sequentially fed into
the card-handling portion of the computer and are posted
cie at a time. After the informaiion recorded on each
card is magnetically reproduced and stored in memory,
the carringe of the accounting muchine remains open to
permit a pay check to be inserted, as before stafed; when
the resume-program-bar is depressed, the carriage closes.
1f it is desired that the middle motor bar is to be auto-
matically actuated for a “touch” operation, if there arc
fiftcen words to be magnetically read from the ledger
card and stored in memery addiesses 3¢ through 44, and
{he next instruction word is stored in address 88, an in-
struction word capable of initiating this particular sequence
of events is 02 22 30 44 S8.

If it is assumed in the foregoing example that, when
the carriage opened, there were no other forms to be in-
serted therein and it was desired for the carriage to close
immediately after the card was automatically positioned
with the next line thereof ready to be posted, an “x6”

3

X0
code is placed in the low-order digit position of section 2
of the instruction word, instend of an “x2,” to effect
automatic closing of the carriage and automatic actuation
of the desired motor bar. An instruction word capable of
initiating this particular sequence of cvents is 02 26 30
44 88,

An “x8” code in the low-order digit position of sec-
ticn 2 of an ECW instruction word causes the computer
to magnetically reproduce the roquired number of words
magnetically recorded on the ledger card sirip and then
immediately eject the card. This type of instruction word
is used when it is desired to enter the information mag-
netically recorded on the ledger card into memory, but,
where it is not desired to post the card. Thus the ledger
card is ejected immediately after the reading operation is
completed. If there were ten words previously magneti-
cally recorded on the card which are to be stoved iit
memory addresses 55 through 64, an instruction word
capabie of initinting reading and ejection of the card
without a motor bar being actusted is 02 68 55 64 88, In
this instance, the card is first magnetically read and ejected,
and then the carriage immediately closes and the com-
puter proceeds to the next instruction without a motor
bar being depressed.

After a complete program is composed, a maximum
number of ten of the instruction words, as composed, may
be magnetically recorded on each of the ledger cards, if
desired, and subsequenily the program may then be stored
in preselected memory addresses by sequentially reading
and ejecting each of the ledger cards, in the manaer pre-
viously described. A desirable feature of the present
computer is that, by utilization of but a single ECW in-
struction word, an entire program may be stored in the
computer memory, which program consists of any num-
ber of instruction words recorded cn any number of
ledger cards, assuming, of course, that the capacity of
the memory is not exceeded. This is accomplished due
to the fact that, if a card does not have a sufficient num-
ber of words magnetically recorded thereon to fill the
remaining string of memory addresses as specified in the
instruction word, the card is automatically ejected after
it is read and the contents thercof stored in memory.
Thus, by specifying in the instruction word an exact num-
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ber of addresses to accommuodate each and every instruc-
tlonl word in the prozrom, the glorage in memory of all
of the instruction words is thereafter effected by only
cone ECW instruction word.

For an exampile, it is assumed that a particular accournt-
ing program consists of forty-five instruction words which
are magnetically recorded on five ledger cards, four cards
having ten instruction words magnetically recorded there-
on, and one card having magentically recorded thereon
the remaining five instruction words. If it is further
assumed that the instruction words are to be stored in
memory addresses ¢¢ throuzh 44, an instruction word
capable of initiating this particular sequence of events is
02 68 00 44 88.

In carrying out this instruction, the ten instruction
words magnetically read from the first ledger card are
stored in memory addresses ¢¢ through ¢9. Thereafter,
the ledger card is automatically ejected, as the ten instruc-
tion words magnetically recorded thereon were of insuf-
ficient number to fill the entire string of forty-five ad-
aresses.  After the first ledger card is ejected, the infor-
mation magnetically reproduced from the sccond ledger
card is stered in addresses 1¢ through 19, and so on for
the third and feurth cards, until the five words magneti-
caliv recorded on the fifth card are stored in the addresses
4¢ through 44, thus filling the entire string of addresses.
Even though the contents of the fifth card fills the remain-
ing string of addresses as specificd in the instroction word,
the last card is ejected also because of the “eject-card”
instruction code (x8) which appcars in the low-order
digit position of section 2 of the instruction word. After
the fifth card is ejected, if the computer is operating in
an “automatic” mode, the carriage of the accounting ma-
chine closes, and the computer auntomatically procecds
to carry out the next instruction as specified by the in-
siruction word stored in meniory address 83 without a
motor bar having been depresced. Due to the fact that
the computer reads and stores the information magneti-
cully recorded on the ledger card and then automatically
ejects the card if the number of words recorded thercon
is insufficient to fill the remaining string of addresses, the
exact number of words recorded on the card must be
known beforehand in order for an ECW instruction to
properly initiate the desired scquence of operations. If
there are a greater number of words magnetically re-
corded on the card than there are addresses remaining in
the string of addresses, all the words are ignored that are
magnetically read afier the string of addresses is filled.

For some applications, it may be desired to utilize
a ledger card which does not have magoeticaily recorded
thereon any information whatever, possibly not even a
“linefind” information, which is to be deseribed in detail
hereinafter. In this insiance, a “new-card” instruction,
having a code of "x0,” is placed in the low-order digit
position of section 2 of the instruction word {o cause the
instruction word to cause the ledger card to be magneti-
cally “scanned,” and to immediately be stopped after
being scanned. Thereafter, the carriage is closed by de-
pression of the resume-program-bar, and the accounting
machine platen is then rotated manually to position the
card on the correct posting line. Conseguently, the ad-
dresses specified in section 3 and scction 4 of the instruc-
tion word have no significance in this instance.

31.

Format of Record-on-Card Tnstruction Word
(ROC—03)

In the just-described pavroll application, after each
ECW operation is completed, during which all the amounts
magneticaliy recorded on an empioyee’s earning ledger
card are automaticaily storcd in the computer memory,
the information is then used io compute the employee’s
taxes, deductions, and net pay. Thus, before the card is
ejected, all year-to-date amounts are up-dated, and new
year-to-date amounts and fixed data are recorded on the
inagnetic strip, thercby erssing the data previously re-
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corded thereon. In addition, the new up-dated amounts
are normally printed on the face of the ledger card.

The “record-on-card”™ instruction is quiie similar to
the “print-out-words” {POW) instructions, in that the
amounts recorded on the magnetic strip of the ledger card
are previously stored in scquential memory addresscs.
In an ROC instruction word, section 1 thercof contains
the code for the ROC instruction, i.e., 03; scction 2 con-
tains the modifier code for the basic “record-on-card”
operation; section 3 contains the address in mentory of
the first word in the string of addresses to be recorded
on the ledger card; section 4 contains the address in mem-
ory of the last word of the string of addresses to be
recorded on the ledger card; and szction 5 contains the
address in memory of the next instruction word.

For example, if ten amounts, or words, located in
memory addresses 4 through 13, are to be magnetically
recorded on the ledger card and the next instruction is
located in memory address 88, an insiruction word ca-
pable of initiating this particular sequence of operaiions
is 03 00 04 13 88.

When ithe amounts are recorded on the magnetic strip
of the ledger card, ali non-significant zeros of the word
are suppressed. Conseguently, all zeros to the Ieft of the
most significant digit are replaced by one “end-of-word”
symbol “#,  Thus, the amount 1.95 is stored in memory
as 0040000195 and vet is magnetically recorded on the
ledger card as *195.

To be more fully described hereinafter, in accordance
with the present invention, the magnetic strip on a
ledger card thirteen inches in length is capable of having
magnetically recorded thereon a maximum of approxi-
mately onc hundred decimal digits, with an end-of-word
symbol “*” occupying the same space as one deciimal digit.
Thus, if all non-significant zeros were not suppressed, it
would not be possible to record more than ten words
thereon if each word length was ten decimal digits.
However, by suppressing ail non-significant zeros, space
is saved thereby and thus permits the possibility of more
than ten amounis being recorded thereon. As a negatiive
number is stored as its complement, there are no non-
significant zeros in this instance. Consequenily, it is
necessary at all times to record all ten decimal digits
thereof. It is to be noted, however, that, if an amount,
whether positive or negative, is tcn decimal digils in
length, an end-of-word symbol is not recorded.

Before the computer is capable of initiating a record-
ing operation on the ledger card, the carriage of the
accounting machine portion thercof must be in “home”
position, which, as previously mentioned, is approximately
two inches from the cxtreme right-hand cariiage posi-
tion. Either a previous insiruction in the program ef-
fects the moving of the carriage to home position upon
completion thereof, or the carringe is manually translated
thereto.

After a posting operation is completed, the ledger card
is usually spaced upwardly by a distance of one posting
line and thereafter magnctically recorded upon while
being ejected. In addition, before the ledger card is
ejected, the line on which the card was subsequently
positioned is also recorded on the magnetic strip thereof.
Conscquently, when the ledeer card is again utilized, it is
automatically placed on this line for the next posting
operation. This automatic placement of the card on the
next posting line is herein calied “linefinding,” which is
to be described in detail heveinafter.

There are occasions. hewever, when it is not desired
to alter the linefinding information on the card. To pre-
vent the linefinding information from being altered sub-
sequently, the number “017 is placed in section 2 of the
instruction word; when normal recording of the linefind
information is desired on a single linefind card, the num-
ber “0” is placed in socifon 2 of the instruction word;
and, with a multiple linefind card, “02” is nlocoed i soe-
tion 2 of the instruction word.
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After the entire recording operation on the ledger card
is completed and the card is ejecied, the carriage remains
in home position, with the paper guide open. Howevcer,
if the next step in the program necessitales the carriage
to be moved away {rom homeposition, the paper guide is
first closed, either by an insiruction involving a motor
bar, or by manual depression of the carriage open-close
key.

32. Format of SHIFT Instruction Word (SHF—04)

The “shifi” instruction is utilized to effect the shifting
of a word storcd in memory by a predetermined number
of decimal digits in either direction. Thereafter, the
shifted word is selectively stored either in the same
address or in another seiecled address in memory. The
code for the SHF instruction—i.e., 04—is in section 1
of the instrucition word; in section 2 of the instruction
word is placed the “shift” and “direction” code; in section
3 is the address of the word to be shified; in section 4 is
the address in wiich the result is to be stored; and in sec-
tion 5 is the address of the next instruction word. The
“shift” and “direction™ code for an SHF instruction is
shown below, where “n” specifies the number of shifts
from zero to nine.

00—XNo shift.

2n—S5hift left.

3n—Shift right and round.

4n—Shift right.

5Sn—S8hift right without preserving sign.

As an example, an instruction word capable of initiat-
ing the copying of a word from memory address 5 into
memory address 79, with the next insiruction word lo-
cated in memory address 81, is 04 00 50 79 1. Since a
“00” code is placed in section 2 of the instruction word,
the word stored in address 5o is simply stored in address
79. After the instruction has been carried out, the same
word appears in both of addresses 5¢ and 79. The above
instruction word printed out appears as 4,005,079.81.
Thus, it is seen, an instruction word actually appears as
a data word when printed out, with both types of words
being stored in memory in exactly the same manner as
previously mentioned. In fact, it will become more ob-
vious hereimafter that an instruction word is capable of
being arithmetically modified in the same manner as a
data word.

In the previous portion of the description, each of the
instruction words has been illustrated as consisting of five
distinct groups of numbers of two decimal digits each.
This was done in order to emphasize the separate func-
tions of each of the five sections thereof. However,
hereinafter, all instruction words will be designated in
exactly the same manner as they appear while stored in
memory.

In the above example, suppose that the word in ad-
dress 5¢ is 0000000155 and is to be shifted three places
to the left, which, in cflect, muliiplies the word by one
thousand, and the result is to be stored in address 79.
Tn this instance, an instruction word capable of initiating
this particular sequence of evenis is 0423507981, After
being shifted three places to the left, the word subsequent-
ly stored in address 79 is 000155000, However, sup-
pose instead that ithe word in addrzss 5¢ is to be shifted
one place to the right, which, in effect, multiplies the
word by one tenth. In this instance, the instruction
word is (441507981, Afier being shifizd one place to
the right, the word subsequently stored in address 79 is,
in this instance, GO00000015.

By vlacing the code dssignation “3n” in section 2 of
the instruction word, the word being operated upoen is
first shifted to the richt “n—1" times, and thereafter
the word GOOG0G0005 is added thereto to round off the
lew-order digit thercof.  Following the addition, the
word is shified one more digit fo the right. In the pre-
vious exacmple, if the word initially stored in address
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5¢ (i.e., 0000000155) is to be shifted right two places
and then rounded, an instruction word capable of initiat-
ing this scquence of events is 0432507281, The word in
address 79, after being shifted and rounded, is now
Q000000002.

When a negative word is shifted to the right in response
to a “3n” or a “4n” code in section 2 of the instruction
vord, 9000600000 is added to the word each time it is
shifted, in erder to preserve its sign. However, with
a “3u” code in section 2 of the instruction word, the
word is shifted to the right without its sign bcing pre-
served, and, whether the word is positive or negative,
a zero is effectively filled in as the tenth-order digit fol-
lowing each shift.

33, Format of CLEAR-MEMORY-ADDRESSES
Instruction Word (CMA—03)

In a CMA instruction, use is again made of the ability
of the computer to increment addresses. As a result,
any number of addresses are cleared with the use of
only one instruction word; when an address is cleared,
a word of all zeros is stored therein. ¥or a CMA in-
struction, the code therefor—i.e., §5—is in section 1 of
the instruction word; two zeros are in section 2 thercof;
in section 3 is the memory address of the first word in the
string of addresses to be cleared; in section 4 i3 the ad-
dress of the last word in the string of addresses to be
cleared; and in section 5 is placed the address of the next
instruction word to be acted upon.

As an example, an instruction word capable of initiat-
ing the clearing of memory addresses lo through 2¢,
w:th the next jnstruction werd being stored in memory
address 9¢, is 0500102050,

34, Format of MOTOR BAR Ins
Word (MB—06)

The motor bar instruction effects the desired depres-
sion of a preselected motor bar to initiate a preselected
cycle of opzration of the accounting machine portion of
the computer. In section 1 of a motor bar instruction
word is the code number “06”; in section 2 are the motor
bar and decimal point codes, the same as previously
described with respect to the EXW instruction; zeros are
in both scction 3 and section 4; and in section 5 is the
address of the next instruction word. In a MB instruc-
tion, an “x3” code in section 2 of the instruction word
has no significance, as, in this instance, an “6x” code is
placed therein to effect an “automatic-resume-program”
operation.

If a normal “dollar” decimal point and a middle motor
bar “touch” operation is desired, with the next instruc-
tion word being stored in memory address 66, an insiruc-
tion word capable of initiating this particular sequence
of events is 0620000066, Consequently, as scon as the

truction

carriage reaches a stop, either by tabulation, carriage
return, or depression of the “non-select” key, the des-

ignated motor bar is operated, and the computer pro-
ceeds onward to carry out the dictates of the next in-
struction word.

5. Format of STOP Insiruction Weord (STP—07)

When a “stop” instruction is given to the computer,
ail operations therein effectively come to a standstill,
and lamp HA (FIG. 1} is iiluminated. However, when
the resume-program-bar is depressed, lamp HA is turned
off, and the computer proceeds to carry out the next
instruction. The code for a “stop” operation—i.e., 07—
is in section 1 of the instruction word; in sections 2, 3,
and 4 therecf are zeros; and in section 5 is the address
of the next instruction word.

If the next instruction word is located in memory
address 5S¢, an instruction word of this type is
0700000050.

36. Formmat of ADD Insiruction Word (,'1DB—08)

In carrying out an “ADD” instruetion, two words fal
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from memory are addcd and the sum stored in eny
specified address thercof. The two words are added it
accordance with the laws of aigebra whereby the add: t!.w
of two positive words results in a positive sum; the addi-
tion of two negalive numbers results in a negative suny;
and the addition of a positive and a negative word resulta
in a difference between the two words, the difference
werd having an algebraic sign of the operand having the
larger absolute value.

In section 1 of an ADD instruction word is the code
designation therefor, i.c., 08: in section 2 thercof is the
mEmory address of 1he “addend”; in section 3 thercef
is the memory address of the “augend”; in section 4 is the
address in memory of the sum; and in section 5 is the
memory address of the next instruction word to be car-
ried out.

‘Thus, if the addend data word stored in memory ad-
dress 17 is to be added to the augend daia word stored
in address 19, the sum data word is to be stored in
memory address 21, and the next instruction word is
located in memory address 22, an insiruction werd ca-
pable of initiating this particular sequence of events is
0817192122, Since negative words are stored in memory
as complemecnis thereof, the addition of a positive word
and a negative word, or the addition of two negative
words, results in the correct sum thereof. For example,
if 4-222 is to be added to —111, the addition opcration
corried out within the computer is 9999999889 plus
0000000222 equals 0000000111, 1f —222 js to be added
to —111, the addition operation carried out within the
computer is 9999099889 plus 9999999778 cquals
9999999667, which is the complement of —333.

37. Format ¢f SUBTRACT Instruction Woird (§UB—08)

Like the “add” instruction, the “subiract” Insiruciion
has a four-address format and obtains the difference be-
tween any two words in accordance wiih the laws of al-
gebra.

In section 1 0[" a “subiract” fostruction word is the
code therefor, i.¢., 0.9; in section 2 thereof is the memory
address of the ¢ n.umcnd *; in section 3 is the memory ad-
dress of the “subtrahend™; in section 4 is the moemory
address of the “remainder”; and i section § is the mem-
ory address of the next instructiion word.

Suppose that the word in address 19 is to be subtracted
from the word in address 17, the remainder siored in ad-
dress 21, and the next instruction word stored in address

22. Im this instance, an instruction word capable of
initiating this particular sequence of events 15 0917192{22

According to the laws of algebra, when a negative word
is subtracted from a positive word, the absolute values
of the two waords are added, and the sign of their sum
is posiitve. Thus, if the word 00()0%222 is stored in
address 17 and the complement of —444 is stored in
addiess 19, the compuiation curried out within the
computer iy 98999995358 subtracted from GO90000222 re-

sults in a remainder of GORDOGGGH6 to be stored in ad-
dress 21. If a positive word is subtracted from a nega-

tive word, the remainder is a negative word whose ab-

solute value is the sum of the absolute values of the
two operands. Thus, if the complement GL —»222 is
stored in address 17 and the word

in address 19, the computation carried out is %‘D‘\’)J I-ul
subtracted from 9599999778 gives a remainder of
5959999334 to be siored in address 21, 9999699324 being
the complement of —666; if the complenient of --222
is stored in address 17 and the complement of —444

stored in address 19, the computation carried iﬁ
9999989556 subtracted from 9999969778 gives n remain-

der of 0000000222 to be stored in address 21; dr‘u, if
the last-mentioned minuend and subtrahend are inter-
changed, the computation carried cut is 9992999778 sub-
tracted from 9999999556 gives ;1 ycan. T of 9983499778
to be stored in address 21, 9099390778 bcmn the comple-
ment of —222.
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38. Format of SUM insiruction Word (SUM—I0)

The “sum™ Instru
which teke advantags
of the computer and is utilized
of a plurality oj words lecated in :1 ccrrcspoud_i
,ahiy of sequen addresses; thereafter, the tota
in any preselected ﬂ(ldzc% in momaory.

The code number for the SUM instruction—i.c.,10—-is
in section | of the instruction word; the memory address
into which the totel is to be stored is in section 2 thereof;
the memory address of the first word in the series to be
added is in scction 3; the memory address of the last
word in the series to be added is in vc“ow 4; and the
memory address of the next insiruction word is in section
5 thereof.

Supposa that all of the words located in addresses 8¢
through 84 are to be added, the sum is to be stored in
address 7o and the next instruction word is stored in
address 85, In this instance, an instruction word capable
of initiating this partictlar sequence of cvents is
10708038485,

of the instructions
incrementing ability
*t algebraic addition
ng plu-
! is stored

39, Format of ADD-PAIRS-OF-NUMBERS [nstruction
Word (APN—II)

]

By using the “add-pairs-of-numbers” instruction, from
one to nine pairs of numbers are added together, and the
sum resuliing from each addition is returned to the ad-
dress of the operand of the highest address in each pair.

In this instance, the code number “117 for the APN
jnstruction is in scciion 1 of the instruction word; the
low-crder digit of the number in section 2 thereof speci-
fies the number of additions to be performed and the
high-order digit thereof is a zero; the memory address of
section 3 thereof, and,
after each addiiion, ihis particular address is incremented
by “one” to obluin the memory address of the first word
of the foilowing pair to be used in the subsequent addi-
tion; the moemiory address of the second word of the pair,
which also corresponds to the memory address of the
sum, is in section 4 of the instruction word, and, follow-
ing the addition, the awddress in section 4 is decremented
by “cne” to cbtain the address of the second word of
the following pair of words, which address also corre-
sponds to the memory address into which the sum derived
from the following addition is to be stored; and in sec-
tion 5 of the instruction word is the address of the next
instruction word.

Suppose that “five” pairs of words are to be added
the first word of tie ﬁul pair being stored in address
15, the second word of the first pair being stored in ad-
dress 72, and the next instruction word Iwemg stored in
address 88.  An isstruction word capable of imitinting
this particular sequencs of events is 1105157288,

In carrying out the APN instruction, the sequence of
events is s follows: The word stored in memory address
15 is added to the word stored in memory address 72,
and the sum resuiting from the addition is stored in
memery address 72; thereafter, the address specificd in
section 3 of the instruction word is incremented by “one”
and thus becomes “address 16, instead of address 15,
and, simultaneously therewith, the address spwaf;d m
section 4 of the instruction word is decremented by “ong”
and thus becemes “address 717 instead of address 72;
thereafter, the werd in address 18 is added to the word
in address 71, and the sum resuliing from this second ad-
diticn is stored in :;dd 5 71; thereafter, the addresses
specified in section 3 and seetion 4 of the instruction word
are respectively incremented and decremented by “one,”
and, thercafter, the word stored in address 17 is added
to the word stored in address 7¢, and =0 on, uniil the
word stored in address 19 is added to the word stored in
address 68 and the sum resulting from the last addition
is stored in address 68.

It is to be noted that, upen complation of the carrving
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out of the above-deserived APN Iastruction, the tive sums,
resulting from the addition of the five pairs of numbers,
are respectively siored in memery addresses 68 through
72, while the first word of each of the five pairs of words
1especiively remain in a corresponding one of memory

uddresses 15 through 19,
The AFN instruction may be utilized, for example, in
a payroll application where it is desired to add an em-
ployee’s deductions, such as “Community Chest,” “Union
Juzs,” “FICA” ely, to each of the respective weckly
accumulations iheJ cof. All of such additions are autoimna-
tically performed with only onz instruction word, due
to the fact that the addresses in section 3 and section 4
of the instruction word are automatically modified by the
compuler during the exccution of the instruction. Also,
as will be seen later, due to the foct that an insiruction
werd is stored in a “register” while the computer is ex-
ccuting the mstru:tion, the original insiruction word nor-
mally remains in memory even though the instruction
pecified by the instruction word has been previously car-

ried out to completion,

40. Format of MULTIPLY-DOLLAR-DECIMAL In-
stricction Word (MDD—12)

There are two muliiply instructicns which are utilized
by the present computer. The first multiply instruction,
“muitiply-and-store-dollar-decimal” (MDD), is a “fixed
decimal point” multiplication. That is, two words having
a maximum of ten decimal digits each are multiplied to-
gether to obtain a product thercof having a maximum of
twenty decimal digits. Aficr the multiplication, the prod-
uct is shifted one decimal position to the right, and, ef-
fectively, “five cents” is then added therets in order 1o
round off the low-order digit thereof. Thercafter, the
product is shifted one more decimal position to the right,
and the ten low-order 1'"t5 of the product are stosed
in the “product” addres

The numerical code for MDD-—ie., Y—1is in gection
1 of the instruction word; the address of the multiplicand
is in section 2 of the [nstruction word; in sectien 3 there-
of is the address of the multiplier; in section 4 is the ad-
dress of the product; and in section 5 is the address of ihe
next instruction word.

If it is desired for the word in address 49 to be multi-
plicd by the word in address 5¢, the product is to be
stored in address 95, and the next instruction word is
stored in address 64. An instruction word capable of
initiating this particular sequence cf events is 1249509560,

According to the laws of algebra, the algebreoic sign
of the product depends on the sign of the two words mul-
tiplied. That is, the algebraiz sign of the product of
two positive or two negative words is positive, while the
algebraic sign of the product of a positive word and a
negative word is negative. The MDD instruction is a
special form of the “multiply-and-shift-product™ instruc-
tion (MUS), to be described next, duz to the fact that
it is possible to obtain essentially the same result with
either instruction. However, upon completion of a MDD
instructicn, both factors are retained in their original
addresses in memory. [t is to be noted that in a MDD
instruction, the addrcss in section 3 of the instruction
word should not also be the address into which the product
is to be stored; otherwise the product is incorrect in this
instance.

41. Format of MULTIPLY-AND-SHIFT Instruction
Word (ME5-—~13)

The second multiply instruction, “muitiply-and-shift-
product,” in contrast to the MDD instruction, initiates
a variable-decimal-point type of multiplication. That is,
the two words are first multipiied together to obtain the
product thereof, which is stored in a twenty-digit register.
Thereafter. while in the repister, the product is shifted
either to the left or l‘() 1h" right o predeiermined number
of decimal digit posi After being shified, the ien

“q

QM5



3,112,394

97
low-order digits of the shifted product are placed in the
product address in memory.

it is to be noted that the absolute values of the two
words, without regard to any decimal point locations,

re multiplied together to obtain the product. Thereafter,

the product is shifled cither 1o the left or to the right
by a maximum of nine decimal digit positions and then
“rounded” if desired. As only the ten low-order digits
of the shifted preduct are stored in memory, all digits
above the ten low-order digits are essentially ignored.

In section 1 of an insicuction word for initiating a
MUS command is the cede therefor, Le., 13; in the high-
low-order digital position of section 2 is the product
“number-of-shifts” code; in the high-order digital posi-
tion of section 2 is the product “direction-of-shift” code;
in section 3 is the memory address of the multiplicand;
in section 4 are the memory addresses of the multiplier
and the product; and in section 5 is the memory address
of the next instruction word.

Suppose that the word in address 78 (0222200000) is
to be multiplied by the word in address 89 (0020000004),
the product is to be shifted five places to the right, and
the next instruction word is stored in address 99. Thus,
an instruction word capable of effecting the carrving out
of this particular command is 1345897899, The product,
before being shifted in the direction of and by the num-
ber of places specified, is 000000000008388800000. After
being shified five places to the right, the product stored
in address 89 is G000008888.

Again, according to the laws of algebra, the algebraic
sign of the product depends upon the sign of the two
words being multiplied; the product of two positive or
two negative words is positive, while the product of a
positive word and a negative word is negative. It is to
be noted that the positive or negative product stored in
memory after the shifting operation is completed should
not exceed the capacity of the computer memory., Ewven
though the multiplicand may have essentially any value,
the absolute value of the multiplier, however, should not
be greater than 996999999, i is also to be noted that
the multiplier is cffectively “lost” following a MUS com-
mand. Therefore, to retain the multiplier, it is necessary
that a “shift” instruction precede the MUS instruction
in the prograin,

42. Format of DIVIDE Instruction Word (DIV—I14)

The “divide” instruction is utilized to effect the divid-
ing of one word by another in order to obtain a quotient
thereof, with both the dividend and the divisor being
treated as whole numbers during the division.

In scction 1 of an instruction word for effecting a DIV
mathematical eperation is the code therefor, ie., 14; in
section 2 thereof is the memory address of the dividend;
in section 3 is the memory address of the divisior; the
memoery address of the quotient is in section 4; and in
section 5 is the memory address of the next instruction
word.

As an example, if the word in address 43 is to be di-
vided by the word in address 57, the quotient is to be
stored in address ¢2, and the next instruction word is
stored in address 88. An instruction word capable of
efiecting the carrying out of this particular command is
1443570288, As before, the sign of the quotient is alge-
braically determined by the algebraic signs of the two
operands; if the two operands are of the same algebraic
sign, the quotient is positive, and, if the two operands
are of dissimilar algebraic signs, the quotient is negative.
it is to be noted that, esseatially, there is no limit to the
maximum value of the dividend (x). However, the high-
order digit of the absolute value of the divisor (y) should
be a “zero,” and the absolute value thereof is 959999999,
Also, in this instruction, the address of the dividend (x)
should not be the same as that in which the guotient is
to be stored; otherwise, the quotient is thereafter equal
to $010600000.
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43. Format of TAKE-ALTERNATE-INSTRUCTION-
IF X2Y Instruction Word (CFM—I15)

There are certain instances when it is desired for the
compuier to carry out an alternate instruction if a certain
word in memory is equal to or greater than other particu-
lar words in memory. With the use of a CFM instruc-
tion, it is possible for the computer to algebraically com-
pare the absolutz magnitude of words located in two pre-
determined memory addresses, and to use either the mem-
ory address specified in section 4 or the memory address
specified in section 5 of the instruction word for deter-
mining the next instruction word in the program, depend-
ing upon the result of the comparison.

In section 1 of the instruction word for effecting a CMF
operation is the numerical code therefor, i.e., “157; in sec-
tion 2 thereof is the memory address of the first word
(x) to be compared; in section 3 is the memory address
of the second word (y) to be compared; in section 4 is
the memory address of the next instruction word if the
word in the memory address specified by section 2 is
equal to or greater than the memory address specified by
section 3; and in scction 5 1s the memory address of the
next instruction word if the word in the memory address
specificd by section 2 is less than the word in the memory
address specified by section 3 of the instruction word.

Thus, if the first comparison word (x) is in address
46, the second comparison word (v) is in address Sg,
the next regular instruction is in address 1¢, and the
alternate instruction is in address 75. An instruction
word capable of initiating such a CFM operation is
1546507510,

44, Format of TAKE-ALTERNATE-INSTRUCTION-
IF X=£Y Instruction Word (CFE—I6)

The CFE instruction is somewhat similar to the just-
described CFM insiruction, with the exception that the
CFE instruction compares the two words only for
equality.

In section 1 of an instruction word capable of initiat-
ing a CTE operation is tie code “16”; in section 2 and
section 3 thereof are the memory addresses of the two
words to be compared; in section 4 is the memory address
of the next instruction word if the two words are of
unequal magnitude; and in section 5 of the instruction
word is the memory address of the next instruction word
if the two words are of equal magnitude. Thus, if the
two words to be compared are located in memory ad-
dresses ¢S and ¢6, the regular instruction word is lo-
cated in memory address 1¢, and the alternate instruction
word is located in memory address 78. An instruction
word capable of initiating this type of operation is
1605067810.

45. Format of ENTER-PUNCHED-TAPE Instruction
Word (EPT—17)

The “enter-punched-tapse” instruction utilizes the ability
of the computer to increment memory address designa-
tions in an instruction word. Consequently, by the use
of but a single insiruction word, any portion or even the
entire capacity of the memory is selectively stored with in-
formation read from a punched tape. The particular
type of tape reader utilized by the present computer is a
weli-known commercially-available photoelectric type
such as that designated as Model 963 and at present man-
ufactured by Potter Insirument Company, Inc. As the
construction and mode of operation of such a tape reader
are well known to those skilled in the art, a detailed de-
scrintion thereof is not deemed necessary for a full and
complete understanding of the present invention. How-
ever, a brief description of the format of the decimal-
coded digital information on the punched tape is given
herein.

With refercnce to FIG. 88C, the paper tape used in
conjunction with such a tape reader is effectively divided
into eight equally-spaced “‘channels,” exclusive of “clock”
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channel (CLX), which are disposed paraliel with respect
to each other and with respect to the length of the tape.
A combination of perforations punched in predetermined
ones of the channel positions, and in a line perpendicular
to the length of the tape, collectively represent a particu-
lar decimal digit or symbol. For example, an absence
of a perforation in each of channels 1 through 4 repre-
sents the decimal digit “zero,” assuming, of course, that
a perforation appears in the clock channel “CLK”; a
single perforation in channel 1 represents the decimal
digit “one”; a single perforation in channel 2 represents
the decimal digit “two”; a single perforation in channel 3
represents the decimal digit “four”; a petforation in chan-
nel 1 and channel 2 collectively represent the decimal
digit “three”; and so on, so that a perforation in chan-
nel 1 and a perforation in channel 4 collectively represent
the decimal digit “nine.” It is also to be noted that a
perforation in channel 6 and a perforation in channel 8
collectively represent an “end-of-frame” symbol (EOF),
and a perforation in channel 6 and a perforation in chan-
nel 7 collectively represent an “alternate-instruction”
symbol (Al).

In the operation of some of the various types of con-
ventional paper tape punches, an odd number of holes,
exclusive of clock channel (CLK), is required to be
perforated in the tape to collectively represent a data
digit or a symbol digit. Thus, if a data digit or a symbol
digit is represented by an even number of holes, as shown,
a hole is additionally perforated in channel 5 in order
that an odd number of holes collectively represent that
particular digit; if the number of holes is already an odd
number, an additional hole is not perforated in channel
8. Thus, in the above tape, a hole is additionally per-
forated in channel 5 whenever the holes perforated in
data channels 1 through 4 collectively represent either a
“zero,” a “‘three,” a “five,” a “six,” or a “nine.” Also,
a hole is additionally perforated in channel 5 whenever
the holes perforated in symbol channels 6 through 8 col-
lectively represent either of the end-of-frame or alternate-
instruction symbols.

Therefore, whenever a hole is perforated in channel 6,
as for symbols (EOF) and (AI), the digit is not con-
sidered as “data.” Consequently, data punching errors
are cancelled simply by punching a perforation in chan-

nel 6 along with each incorrectly punched data digit, and .

the computer is thereby instructed not to consider these
data digits. A perforation in both channel 6 and chan-
nel 7 effectively causes the computer to immediately stop
the tape when the tape reader “senses” the “aliernate-
instruction” symbol {(Al) and to carry out the “alternate”
instruction specified in the instruction word. A perfora-
tion in both channel 6 and channel 8 causes the computer
to immediately stop the tape when the tape reader senses
the end-of-frame symbol (ECF) and to carry out the next
“regular” instruction specified in the instruction word. A
“frame” may comprise from one to one hundred words
ten decimal digits in length, with each word normally
punched one digit at a time, starting with the high-order
digit and ending with the low-order digit. However, each
word is thereafter sequentially read one digit at a time,
normally starting with the low-order digit and ending
with the high-order digit.

In an instruction word capable of initiating an “enter-
punched-tape” operation, the code designation therefor
(ie., “17”) is in section 1 thereof; in section 2 is the
“direction code”; in section 3 is the memory address into
which is stored the first word read; in section 4 is the
remory address of thes alternate instruction; and in sec-
tion 5 is the memory address of the next regular instruc-
tion.

The “direction code” in section 2 of an EPT instruc-
tion word determines the direction in which the tape
is to be transiated past the reading station. That is, a
“00” causes the tape to be translated in a forward direc-
tinn to permit the reading of both data and symbol digits,
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whereas a “01” causcs the tape to be translated in a re-
verse direction to permit the reading of symbol digits
only. Thus, the operation of an EPT command not only
is dependent upen the “direction code” in sestion 2 of
the instruction word but, in addition, depends upon the
particular type of digits to be read from the tape; ie., data
or symbol. Fowever, when an EPT instruction is first
initiated, the particular digit which is located directly over
the tape-reader head, as represented by a particular com-
bination of perforations, as heretofore described, may
be either a decimal digit from “0” through “9”, an end-
of-frame symbol (EQF), or an alternate-instruction sym-
bol (AI).

Thus, suppose that the number “00” is in section 2
of the instruction word and a combination of perfora-
tions representing a decimal digit is located directly over
the reading head at the beginning of the cycle of opera-
tion. 1In this instance, the tape is translated in a forward
direction past the reading station, and the first ten decimal
digits read are stored in mernory at the address specified
in section 3 of the instruction word; the address in sec-
tion 3 being incremented each time a ten-digit word is
stored in memory. Data words are sequentially read
from the tape and stored in memory until an end-of-frame
symbol (EOF) is read, after which the tape is stopped
and thercafter remains in position for the next recorded
digit to be read therefrom. In the event the number of
digits in a given frame does not equal an integral number
of ten-digit words, “zeros” are effectively “filled in” in
the remaining high-order digital positions of the data
word stored in the last one of the memory addresses used,
thus completing the word. Thereafter, the computer car-
ries out the dictates of the next instruction word stored
in the memory address specified in section 5 of the in-
struction word. It is to be noted that the particular num-
ber of words, thus stored, is not determined by the in-
struction word. The number of words stored in memory
in response to an “enter-punched-tape” instruction is de-
termined solely by the number of words recorded on the
tape between end-of-frame symbols.

If, in the preceding example, an alternate-instruction
synibol digit (Al) was positioned over the reading head
instead of a data digit, the tape is then indexed forward
by a distance of one digit, and the computer thereafter
carries out the dictates of the alternate instruction word
which is stored in memory at the address specified in
section 4 of the instruction word. In the preceding ex-
ample, an end-of-frame symbol (EOF) represents an
“iliegal” instruction for the computer. Consequently, in
this instance, the computer ignores that particular instruc-
tion and does not stop the tape.

If an “cnter-punched-tape” command (EPT) is initi-
ated with the number “01” in section 2 of the instruction
word and with a data digit initially positioned over the
reading head, the tape first starts to rewind—i. e., is trans-
lated in a reverse direction—and, conseguently, the data
information recorded on the tape is not read; thus no
data is stored in memory from the tape. The tape con-
tinues to rewind until an end-of-frame symbol (EOF)
has been read. When the end-of-frame symbol is read,
the computer immediately begins to carry out the dic-
tates of the next instruction word stored in memory at
the address specified by section 5 of the instruction word.
Thereafter, the tape continues to rewind until an alter-
nate-instruction symbol is read, at which time the tape
is automatically stopped.

Should an end-of-framec symbol digit be positioned over
the reading head in the just-preceding example instead of
a data digit, the tape starts to rewind, and the computer
immediately begins to carry out the dictates of the next in-
struction word which is stored in memory at the address
specified in section 5 of the EPT instruction word. When
an alternate-instruction symbol (AI) is thereafter first
read, the movement of the tape is automatically stopped.
However, if an alternate-instruction symbol has been po-
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sitioned over the reading head, the tape starts to rewind
and is slopped only whon the next alternate-instruction
symbol is read subsequent to an end-of-frame symbol.
When the “end-of-frame” symbol is read, the computer
starts to carry out the dictates of the next instruction
word which is stored in memory at the address specified
in scction 5 of the EPT instruction word, even though
the tape continues to rewind under the control of the
tape unit only, and is automatically stopped when the next
alternate-instruction symbol (Al) is sensed, all end-of-
frame symbols (EOF) essentially being ignored. It is
to be noted that successive “enter-punched-tape” instruc-
tions should be separated by a minimum time lapse of
approximately 3.5 milliscconds,

In the preceding example, in which the code number
“01” is in section 2 of the instruction register instead of
“00” and the tape is in the process of being rewound, if
a subsequent “enter-punched-tape” (EPT) command is
initiated before the rewinding operation is completed and
the code number “00” is subsequently in section 2 of the
instruction register, the computer essentially waits until
the winding operation is completed before attempting to
carry out the next succeeding “enter-punched-tape™ com-
mand.

46, Format Code Designations of Instruction Words

As just described, the code designations for the eighteen
instruction words are numbered from “00™ through “17.”
As will be seen later, the computer is properly responsive
to any one of the code designations “00” through “09”
even though the high-order digit thereof is any one of the
even-numbered digits 0, 2, 4, 6, or 8. Thus, for ex-
ample, the code designation for an “add” instruction (i.e.,
“08”) is effective in Initiating the proper sequence of oper-
ations even though stored as “08,” “28,” “48,” “68,” or
“88.”  Also, the computer is properly responsive to either
of the remaining code designations “10” through “17”
even though the high-order digit thereof is any one of the
odd-numbered digits 1, 3, 5, 7, or 9. For example, the
code designation for an “add-pairs-of-numbers” instruc-
tion—i.e.,, “117—is effective in initiating the proper se-
quence of operations even though stored as “11,” “31,”
“51,” %71, or “91.”

Following are three charts, respectively labeled I, II,
and III, which give an abbreviated listing and description
of the various instruction words and formats thereof as
previously described.

CILART I

Instruction Word Format

|
Instruction Sect 1 Beet, 2 j Sect, 3] Seet. 4 | Seet. §
TI\“ () *
01 *
02 ( *
X *
(54 *
05 *
i *
U7 *
) 2 bl *
1] e Y 4 .
10 Z X Y *
110 | & X Y *
124 X Y % *
14 (HITTYe Y X *
14 X Y Z *
15 X b 4 *
i X Y Z *
i7 (EPT)e X A *

Where the asierisk represents the address of the next reg-
ular instruction and {  )c represenis the operational code
designation for that particular command as given by
Chart II.
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OITART IT

Instruction Deseription of the Iustruction
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i3 any nwwher froin § to 9 spoe

(Copy).

rn (ST Onlyd,

Whuu gt mg the nwaber of shifts,

47. Instruction Execution Time

The following formutas give the first-order n'ﬁp oxima-
tions of the time required for the execution of each of
the previously-described eighteen instructions:
{(60—EKW) The computer starts to execute the next in-
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struction 0.250 second before the end of the last ma-
chine cycle initiated by the EXW instruction, the ma-
ching cycle time being approximately 0.6 sccond. The
total time (#) in milliseconds is given by the formula
1=350-4-600(Y —X)--(Y—~X-}-1)t,, where X is the
address in section 3 of the instruction word, Y is the
address in section 4 of the instruction word, and 1y, is
the average time interval between depressions of the
resume-program-bar.

(01—POW) The time required for POW is the same as
that for EKW, except that #, in this instance is the
amount of time that the accounting machine printer is
delayed while the carriage is moving from one stop to
another.

(02—ECW) The total time required to read and “line-
find” a ledger card thirteen inches in length varies from
1.5 seconds for a card on which posting is to take place
on the topmost posting line thereof to 2.5 seconds for
a fully posted card; the total time required to read and
eject a ledger card thirteen inches in length is 2.8 sec-
onds. For each inch decrease in length, the time re-
quirement is decreased by approximately 0.2 second.

(03—ROC) The total time required to record on and then
eject a ledger card thirteen inches in length varies from
1.5 seconds for a new card to 2.5 seconds for a fully
posted card. The total time required for reading and
recording on the ledger card varies from 3.0 seconds
for a new card to 5.0 seconds for either a partially or
a fully posted card.

(04—SHF) The time required for a shift instruction de-
pends on the particular digits placed in section 2 of
the instruction register; i.e., the direction of shift and
the number of shifts required. If the digits in section 2
are (2r), (4n), or (5n), the total time () in millisec-
onds is given by the formula ¢t=5.12--8.08r; if the
digits are (3n), then r=9.164-8.08n; and, if the digits
are (00), then ¢ is equal to 5.12 milliseconds.

(05—CMA) The time in milliseconds (z) required for a
CMA instruction depends upon the number of memory
addresses to be cleared and is given by the formula
t=3.444-1.68(Y —X), where X is the address in sec-
tion 3 of the instruction word and Y is the address in
section 4 thereof.

(06—MB) The total time (¢} in milliseconds required
for an MB instruction is given by the formula
f=3504-1,, where #, is the time elapsed before the
start of the machine cycle.

(07—STP) The time () in milliseconds required for a
STP instruction is given by the formula t=1.76-}-#,,
where 7y, is the time elapsed before the resume-program-
bar is depressed.

(08—ADD) and (09—SUB) The time required for either
an ADD or a SUB instruction is 9.16 milliseconds.
(i0—SUM) The time (#) in milliseconds required for a
SUM instruction depends upon the number of words o

be totaled and is given by the formula

t=9.084+(Y—X)4.04

where X is the address in section 3 of the instruction
word and Y is the address in section 4 thereof.

(11—APN) The time (#) in milliseconds required for an
APN instruction depends upon the number of word-
pairs to be added and iz given by the formula

1=9.164-{(n—1)7.40

where 5 is the number of pairs of words to be added.

(12—MDD) The time required for an MDD operation
is calculated from the following equations for an MUS
operation, except that, in an MDD operation, m is
equal to “3” and n is equal to “2.”

(13—MUS) The time required for an MUS instruction
depends on the “shift” and “direction” operational code
in section 2 of the instruction word, the algebraic signs
of the multiplier X and the multiplicand Y, and the
sum of the values of the digits of the multiplier. If
the high- and low-order digits in section 2 of the in-
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struction word are (m) and (r), respectively, the par-
ticular formula to be applied to obtain the time in
niilliseconds (¢) required to carry out a MUS instruc-
tion depends upon the algebraic signs of the two opet-
ands in the following manner:

(a) If the signs of X and Y are both positive, and m is
either a “2,” a “4,” ora “5,” then

9
§==104.72+8.08n+4.04>  X;

i=0
<<
(,::'..:Xi>
i=0

represents the sum of the digit values of the multiplier,
Xy being the lower-order digit of the multiplier, and
Xy being the high-order digit thereof. For example, if
the multiplier is equal to (12.45), then

9
(50)
i=0

is equal to (S4+4+24+14-0404+04-04+0--0), or (12).
However, in the above example, if r was a “3,” then

9
t=112.90+8.08n+4.042> 1 X;
i=0

(b) If the sign of X is negative and the sign of Y is posi-
tive, 12.12 milliseconds is to be added to the above time.

{c) If the sign of Y is negative and the sign of X is posi-
tive, 8.08 milliseconds is to be added to the above time.

(d) If the signs of X and Y are both negative, and m is
either a “2,” a “4,” or a “5,” then

9
t=112.904+8.08n+4.04>

i=0
where |X;| represents a general digit of the number, re-
gardless of whether the number appears in normal or
complemental form. However, when (m) is a “3,” then

X

9
£=120.98+8.08n +4.04>_ X;
i=0
The maximum time occurs when X is equal to
89,999,959.99, the sign of Y is negative, and a shift of
nine places to the right with “round-off” is desired. In
this instance (/max) is equal to .55 second. The mini-
mum time occurs when (i) is a “2” or a “4,” and (X)
and (n) are both equal to zero, the minimum time
being cqual to 0.1 second.

(14—DIV) The time in milliseconds (¢) required for a
DIV operation depends upon the algebraic sign of the
dividend and the divisor, and on the magnitude of the
quotient. When the signs of X and Y are both posi-
tive, t=48.28414; however, when the signs of X and
Y are both negative, or of opposite sign, ¢=56.28 414,
where ¢4 in each instance is equal to

7
(100Q9+ 10Q«‘+}:‘4Qi)8-08
ico

where (Qy) is the individual digits of the quotient. For
example, if the quotient Q is 000.4351000, then Q,
through Q, are equal to “0,” Qg is equal to “1,” Q, is
equal to “5,” Q; is equal to “3,” Qg is equal to “4,”
and Q7 is equal to “0.” Consequently,

in this instance is equal to (1-~5-+34-4), or (13). The
maximum time required for a DIV operation is ap-
proximately six seconds.

(15—CFM) The time required for a CEM operation de-
pends only on the algebraic signs of the two words to
be compared. If X and Y have the same sign, f is
equal to 9.16 milliseconds; however, if X and Y have
opposite signs, 7 is equal to 5.12 milliscconds.
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(16—CFT) The time required for a CFE operation is value of bit “b” is likewise “zero,” output lines (I18h)’
7.48 milliseconds. and 185 remain TRUE and FALSU, respcctively,  When
(17—EPT) The time in mifliseconds (¢) requir :,\ for an bit “¢” 15 to be rcad out of memory, oaly line Be from

EPT instruction depends upon the frame of da
and (s exprcssed by the formula r==5-}- L.LOGN, w
is the number of digits per frame.

ata road tha bit counier is TRUE. As the binary value of bit
cie M 7 is aiso “zero,” output lines (i%2) and 18¢ remain un-

: 1. When the hich-crder bit “d” is to be read
memoiy, only iine Bd from the bit counter is
Whil . T TRUL, As the binary value of bit “d” is now a “‘one,”
\‘.hl‘e the computer is in the process of carrying out when line C41 goes TRUT at TIME—4, all the inputs
the instruction specified by one of the j“'»‘”— described 1m0 1o logical AND 263 are TRUE, and, consequenily, line
s}rucuan wor_d‘;, }a‘ part } r instr uc::@ P41 Thewise goes TRUE at TIME—L  As the high-order
tively 5‘0"35‘_1“ an ‘“” iw-" diwit o% the code designation is next to be read in this
t% FIGS. 43A and 458, ) ple, only lins DE from the digit counter
efiectively divided into five 3 particnlar instance. Therefore, the ref-
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I thr o*wh

o o e . i T 5 -

sucimn i. 15 cap pable w” “.3 ¢ two highest-order ¢ 15 nput 1o F*p "p 6024 coss TRUE at TIME-4,
and section 5 is copable oi stering the two N b

el : rerice input thereto goes FALSE,

L orita N T o N
dl:“fb of the twn-digit in uctien “G’d Each of LTES 0{ output lines (I84)’ and IRd are
sections i3 effectively divided into a high-ords {: is, tine (184}’ goes FALSE, and line 18d
luw order digit-regisier, cach of which is uit! izccl G sTore

- Yo daed P . e roy
a particwar-order decimal digit of (he in .Aubtl_ez_l ¥ 24 seen, therefore, tha

t the states of energization
i 6361 through 6884, collcctively represent the
nary num iu “1000," which, in turn, represents the
decimal digii “eight.”  As the valh He of bit “a” of the

in binary-ccded-decima! form. For ¢
ter (i%) cf‘cctu,e:v storm the highest or tml*‘a o'd"z de
mal digit of the instruction word; digit-register

ively stores the nimih-order decimal digit of the {nutruc- N T .

‘:;L)n} ;‘!“ t{{ ‘O“E] “so 0 tC;fE;‘it d iter (:‘ ) sio ‘v tepth-order digit is “0,” the state of energization of flip-
ns word; and 50 0; that digit-register e - e

th ;0‘ i ’Ollq )t O?:x’ de :1 i 51(,1 h -J) 1{1LLJ; bigH 28 represents the “zero™ value of the tenth-order
e lowest or first-order decima rit he instractios ,

‘:O_d mes er = nal digic of the inst t of the instruction ‘vord

WOId.

With refever ice to 3 1. 86, all of the cutnut lines from
A3tety! cg ister are connected as in-
:»cic readout” having a multiplicity

49, Secrion I of Instrction Register

seetion 1 of the instruction

.ui as inchuding five iipfiops, 30 of are saleciively er CY?EZL.(_! by logi-
states of energl cal E"vm;zsza;ts C‘f ({13 o fliplops of section 1 of
: ';-med uwimai toe ruction regisicr and individusily correspond to

selecied one o owords L.J""‘i}) through
1 moment, those output lines
tion, only one of the remaining
at any given instance; the par-
epeadent upon, and cor-
number stored in sec-
or. There are, however,
be neted herzinafter.

T

A
/y through “177 {
of the 1

-}A i
»‘iru::;os LO fe I;‘nﬂ

to stors the }‘u
Ehc iuv-ovdm' i
“zero” mxusx:.;

cribed with respect to Fi

A from the miemor
eith-’r TRUBL or FALSE

p Gibz»ii : erefore appre-

sther a b “I" or a binary “U” had just ot vio 2 , at mc]rt-»{j\ blcinl:fs;[d:o Egnrgi;bd

r read out of memory during a rewd-write ’ only line FKW is TRU:‘“ for a “print-out-

operation.  If a binary Y17 had just LC’“‘ 1 wosds” command (code ©13, line POW is TRUE; and

fi‘ emory, the siate Uff”“.‘ MEA goos o cn, o thot output line EPT is TRUE, imliéntivc

FRUE ap roximaicly ! i i‘i",".tf:ng}ilﬂ“ll d-tape” command (code 17). The

M? Tl y 56 Jozical equations for the cighteen readout lines
dtals of i o coder are as follows:

instruction - l T N

chans o3 55 Ty Toovieal Biualion

instruectie

die in

(TaaY [OT
Ira’ 101
(IR 10T

3 LT, the code
dm; ction is ‘“’()1-‘.," the digit
o be ::u)j”d in the hig dw-f register (19) of sec- ( L_‘,,W{g‘;r;‘
tionn 1 of the instructios is a and the e
digit to be stored in iow order digit register (iB

(14Y (817 (T

thereof Is an “cizhi” (”.1' oquently, as bmmj—l;u {'! e
(Lmed)” (18cy"

of the low-ocider the code deszignation is first 85
t0 e read out of vy, line Ba is TRUHE, and, as a
word Is 1o 1 rom memory to the instruc-

tion regisier, line 14X Js Llewise TRUE, as will be seen T‘;/
Ister, Howgver, in this exampls, as the binary value L P’“ cr

of bit “¢” of the low-cider digit of the code desig- 70

nation is “zero,” laoe MSA remains FPALSE, and there- - . L

fore outpat | ines {I8a) and 18z are TRUE aud FALSE, For reasons to be set forth bereinafter, it is to be
respaciively.  When bit “b” is to be rcad out of mem- noted that line ADD is TRUE whenever either an “08”
ory, only the line B from the bit countsr is TRUE, or an “0%” is stored in section 1 of the instruction regis-

ter, i.e., for cither an “add” or a “subtract” command;

[

while lings Ba, Be, and Bd are FALSE. As the binary T
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however, line SUB is TRUE only for o “subtract” com-
maad, ie., “09.” In addition, line MUS is TRUE when
cither a “12” or a “13” is stored in section 1 of the
instruction register, ie., for either a “multiply-dollar-
decimal” or a “mlﬂtlp}y and- shxft" instruction; hoswever,
line MDD js TRUE only for a “muliipiy-dollar-decihmal”
command, i.e., code “12.” An additional readeut is pro-
vided by lﬂc, MOD, which is essentially a logical OR
of lines MUS and DIV and which sugmﬁcs that either
a multiplication or a division operation is being carried
out.
50. Section 2 of Instruction Register

With reference to FIG. 57, section 2 of the in°truction
register includes eight {lipflops, 68C6 through &613, which
store the seventh and eighth-order digits of the instructic
word. As previously mentioned with respzct to that part
of the foregoing description relating (o the “Insiruction
Word Format,” section 2 of the instructicn register is
utilized to store the address of either the first or the see-
ond operands, the destination address, or a spocial code
depending upon the particular instruction. A decoder for
the high-order digit-register of section 2 is provided with
seven readout lines He through H6 to respectively indi-
cate a digit having a vaiue “zero” through “six” bcing
stored in the high-order digit-regisier; the decoder for the
low-order digit-register is provided with readout Iines Lo
through L3, which respectively indicate a digit having a
value of “zero” through “three” being stored in the low-
order digit-register.

For example, in an instruction caliing for a particular
motor bar operation of the accounting machine poriion
of the computer, readout lines H¢ through H6 indicate
which motor bar should be depresscd and what type of
depression is desired—i.e., “touch” or “hold”—in carrying
out a “shift” imstruction (SHF—04), and readout lines
H2 through HS5 indicate the direction and type of shift
desired. The simplified logical equations for each of
readouts He through Hé are as listed below. It is (o be
noted, however, as shown in the logical circuit diagram
of FIG. 57, that readout lines H2 and H4 cannot go
TRUE during a “multiply-dollar-decimal” iastruction
(MDD—12), while rcadout line H3 is permitted to go
TRUE unconditionally.

LTy

Tl =17d) (17c)" {17k (17ay

1 =(27d)" (X7ei’ {37k 17
(I7ey" 17h  (Aiay’ (MDD
(17¢)" 176 17a  -F MDD
17 (1T (AT (ML)
17 (170) 17
17c 17 (iay’

Readout lines Lo through L3 not only are uiilized in an
“enter-card-words” instruction (ECW—=©82) but also
utilized in any of the instructions which call {or a po
lar motor bar operation, such as “enter-keybourd-v
(EKW-——08) and “print-out-words” (POW—51). For
an EKW and a POW command, readout lines Lo through
L3 selectively indicate the parllcuhr decuwl pD :
cn the keyboard that is to be flluminated and
ticular “order-hook™ solencid that is to be enorz
The simplified logical equations for readout lincs Lg
through L3 are as given below:

o
dx\.

L= (18437 (166}’ (108 (16a)
I (Lidp’ (1oey® (1 i)’ 1t
1) ﬂlt'»c)' 1i6h (36}
1.3 = (Lticy’ 163 1o

It is to be noted that output lines 17« through 174 of
the high-order digit-register of section 2 of the instruction
register are respectively connccted as zn input to one of
flipflops 6847 through 63453 of the high-order secticn of
the word-selecting register previously deseribed with re-
spect to FIG. 64. It is also to be noted that cutput lines
164 through 164 of the low-order digit-register of section
2 of the instruction register are respectively connccted a

an input to flipflops 8431 through 6554 of the mr-md“
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section of the word-selecting register previousty described
with respect to FIG. 65, all of which may nore clearly
be scen by reference to the block diagrom shown in FI(J
45, ‘Fhus, as fines i7a lhrough 17d of FIG. 64 and lin
i /a throvgh 164 of FIG. 65 are cach Jogically ANDLD
witih line Ti2, which origi na?m in FiG. 61, afier the word-
selecting register is presct to “G0” by effucting a TRUE-
t0-FALYSE reversal of the siate of line (*’Wr,s) the high-
and low-order digits stored in section 2 of the instruction
register are perm itted to respectively be simultanecusly
transferred diractly into the high- and low-order digit posi-
tions of the word-selecting register by effecting selective
energization of line TI2, selective energization of line
Ti2, therefore, effecting the transfer of the contents of
section 2 of the instruction register into the word-selec-
tion register.

51. Section 3 of Instruction Register

As previously mentioned, section 3 of the instruction
register normally stores either o destination address or
the address of one of the operands. With reference to
the left-band portion of FIG. 58, section 3 of the instruc-
tion register comprises eight flipflops, 6614 through 6621,
tipfops 6814 through 6617 being a part of the high-order
digit-register (I5) and {lipflops 6318 throush 6521 being
a part of the low-order digit-register (I4) thereof, as illus-
trated in the block diagram of FIG. 45. The two digit-
registers (I4) and (I5) are interconnzcted in such a man-
ner that, when so combined, they function esseniially as a
binary-coded-decimal counter which is capable of effec-
tively counting from 00 to 29 in units of “one.”

To accompiish this, flipflops 6418 through 6821 of digit-
register (I4) are connected together to collectively func-
tion as a “powers-of-two” binary counter that incremenis
one unit each time the state of line IN4 changes from
TRUE to FALSE., After a count of “nine” (binary 1001)
is reached, digit-register (I14) recycles back to “zerc”
(binary 0000) on the next change of state of line IN4
frecm TRUE to FALSE. Flipfleps 68%4 through 6817 of
digit-register (I5) are connect ted together to also collec-
tively function as a “powers-of-two” binary counter that
effectively increments by one unii each time digit-register
(14) recycles from “nine” back to “zere.” Thus, it can
be said, a four flip-flop powers-of-two forward-counting
binary counter is one in which a change of state of ths
reference output of any or all of the four flipflops {from a
TRUE state to a FALSE state causes a corresponding
reversal of the state of the next succeeding high-order
flipflops. Therefore, each flipflop effectively “divides”
the reference output of the succeeding low-order flipflop
by a factor of “two.”

With all four flipfllops of each of digit-registers (I4)
and (I8) conmmected in a conventional manner, each of
the registers would normally count ftom “zero” (binary
0000} to “fifteen” (binary 1111} and then return to “zero”
to agnin start the count cycle. However, in the instant
case, digit-register (I4) includes a logical AND gate 1667
(FIG. 59), which detects a count of “nine” Leing held by
digit-register (§4), a count of “ninc” (binary 1001) being
indicated by a TRUE state of each of the amplified refer-
ence outputs of ﬁipﬁops G018 and 6021, Thus, it is
evident that, when reference output lines 144 and 14¢/ are
both simultanecusly TRUE, output line ¥4% frem guate
1067 (FIG. 59) is likewise TRUE cach time the counter
reaches o count of “nine,” line (I49)°, of course, being
FALSE at that particular moment. As line (149)" is
FALSE only during & count of “nine,” the state of the
m‘im» input to fiinflop 6019 (FIG. 58) is prevented irom

being changed from TRUE to FA* SE duoring the nrext
succeeding TRUE- to-r FALSE change of state of line 14a.
Censcquently, lines 14) and I4¢ remain FALSE. At the
same time, a logicul AND (1429) of linecs I£9 and IN4
effectively returns the state of line I4d back to FALSE,
thus returning digit-register (¥4) to “zero,” whereby out-
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put lines I4a through I4d are FALSE, indicative of binary
0000, Each time the state of line 144 goes from TRUE
to FALSE—ije.,, when digit-register (I4) recycles—the
state of flipflop 6014, thence the state of output line 15a,
is reversed thereby. It is to be noted, hewever, that digit-
register (I%) is not recycled when a count of “nine” is
reached therein, as in the case of digit-register (1£).

With reference to FIGS. 64 and 65, lines I54 through
154 and Ida through I4d cf scction 3 of the instruction
register are each logically ANDED with line TI3 in such
a manner that, after the wo:d-selecting register has previ-
ously been preset to “00,” the contents of section 3 of the
instruction register is transferred to the word-selecting
register by effecting a TRUE-to-FALSE change of state
of line Ti3.

52. Section 4 of Instruction Register

Section 4 of ihe instruction register, as previously men-
tioned, is utilized to store either the address of one of the
operands, the address of the result, or the address of an
alternate instruction. As shown in FIG. 58, and also in
the block diagram of FIG. 45, the {fourth section of the
instruction register includes a high-order digit-register
(I3) comprising four elcctrically-interconnected flipflops
6022 through 60825, and a low-order digit-register (12)
likewise comprising four electrically-interconnected flip-
flops 6926 through 6629 Fach of digit-registers (I12) and
(I3) independently opcrates essentially as a power-of-two
binary counter However, instead of being capable of
counting in a forward direction as digit-registers (I4) and
(I5) of section 3, digit-registers (I2) and (I3) are con-
nected in such a manner as to collectively count in a
reverse direction, in units of “one,” from 99 to 00 [or each
succeeding TRUE-1o-FALSE change of staie of line DE2.
Consequently, it can be said that each flipflop in such a
forward-counting register is essentially a scale-of-two
binary counter which effectively “divides” by two the ref-
erence output binary notation of a successive low-order
flipflop, whereas each flipflop in such a reverse counting
register effectively “divides” by two the prime output
binary notation of a successive low-order fiipfiop.

With flipflops 6026 through 6029 of digit-register (I2)
intsrconnected in a conventicnal manner to functicn as a
reverse counter, digit-register (I2) would then normally
count backwards in units of “one” until a “zero” count
(binary 0000) is reached, and then would return to a
count of “fifteen” (binary 1111) to start the count eycle
again. However, in the instant case, digit-register (12)
includes a logical AND gate 1866 (FIC. 59), which de-
teets a count of “zero” condifion of digit-register (12), a
count of “zero” (binary G000) being indicated by a
FALSE state of each of output lines I2q through 124 frem
fiipilops €826 through 6529, respectively, or by a TRUE
state of each of prime outputs (124} through (124)°.
Thus, when ali of lines (12¢)’ through (124)’ are simui-
tansously TRUE, output line 20 from gate 1066 (FIG.
59) is likewise true each time the digit-regisier reaches a
count of “zern,” line §2¢) of cour being FALSE ot
that particular moment. As bne (324) is FALSE only
during the count of “zero,” the state of the prime input to
flipliop 6527 is prevented from being changed from TRUE
to FALSE during the next succeeding TRUE-to-FALSE
change of state of line (124)’. Conssguently, the states
of lines (IZ)" and (I2¢)’ remain TRUE. Simultaneously
therewith, a logical AND of lines DE2 and 12p (2341)
effeciively returns the statc of line 24 back to TRUE,
thus returning digit-register (12} to a count of “nine,”
whereby cutput lines 12¢ and [2d are TRUE and lines
126 and 12¢ are FALSE, indicative of binary 1001, Each
time the state of line (1Zd)’ changes frem TRUE to
FALSE—ie., when digit-regisier (iZ) recycles back to a
count of “nine”—the state of flipfiop 6022, thence the state
of line 13a, is reversed thereby. Itisto b= noted that digit-
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register (I3) is not recycled when a count of “zero” is
reached, as in the case of digit-register (12).

With reference to FIGS. 64 and 65, the reference cut-
put lines from section 4 of the instruction register are
each logically ANDED with line TI4 in such a manner
that the contents of section 4 of the insiruction register
is transferred to the word-selecting register by effecting
selective energization of lipe TI4, assuming, of course,
that the word-selecting register is initially preset to “00.”

53. Section 5 of Iustruction Register

As previously mentioned, section 5 of the instruction
register stores the address of the next regular instruction
and, as shown in FIG. 59, comprises eight flipflops 6630
through 6937, flipflops 603% through 6633 being included
in high-order digit-register (I1) and flipfiops 6834 through
6637 being included in lower-order digit-register (Ig).
Digit-registers (11) and (Ig) are of conventional circuit
configuration and indicate, in binary-coded decimal form,
the value of the decimal digit stored therein, and, con-
sequently, a more detailed description thereof iz not
deemed necessary.

With reference to FIGS. 64 and 65, output lines Iia
through I1d and Iga through Igd {rom section 5 of the in-
struction register are cach logically ANDED wiih line T3
in such a manner that the contents of section 5 of the in-
struction register is transferrcd to the word-selzcting reg-
ister simply by effecting @ TRUE-to-FALSE change of
state of line T15, assuming, of course, that the word-select-
ing register is initially preset to “08,” as before stated with
respect to sections 2 through 4 of the instruction register.

54. Instruction Register Prescis

There are two “preset” lines for the instruction regis-
ter, which are utilized to preset each section therecof to
thereafter be representative of a specific two-digit numer-
ical designation. For example, section 1 of the instruc-
tion register (FIG. 55) is preset to “00” by effecting a
TRUE-to-FALSE change of state of line (PI¢)’, which
presets the state of output lines 194 and I8« through 184
FALSE, indicative of “007; section 2 of the instruction
register (FIG. 57) is simultanecusly preset to “00” by
line (PIg)’, which presets a FALSE state of output lines
I7¢ through 174, and 164 through 164, also indicative of
“007; section 3 (FIG. 38) is also simultaneously preset
to “00” by line (PIs)’, which presets the states of outpu
lines I5a through IS4, and I4e through I4d, FALSE,
indicative of “C0”; cach of