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23-Fig 7ty

Reaqdou siy

/1ACC- RO

ACCUMULATED ,?ESUL 7

NEGA 7','/ V/;_-'

! ]

R.ROC

37-Fig.71g

‘H---+ !

23-Fig7i

neqative sigr stor

6-Fig. 7/

9FigTIf

B-Fig 71f

or ACC~RO

18-FiG.7F
78-F1g. 7IF
I5-Fig. Uf

L T T T
CaP, sianal
CC~-R] For £C entry

N O O

19-Fig.71¢

24 F1g IF

RCC ca Signal
0F_rom, /&/éﬂﬁ;w?{ﬂ'/

16-F1g.71f

Tomvemsion

cYer

8Fig. Wf

FEG TS

VIFiG Hf

- reset by CILR)

HFigag

23+Fegy. g
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Hal¥ Correction Sequence

4/(5{ AP
BP ] mi
20-FiqTF reset by refurn of 7-F1g 7/ F
PROC Signal
Ir-Hg-Ng
20-Fig Wy Sga_ZEfi'[aﬁam,j_fign)
26-F1g Tre O +
27-Fg71€ | mm for ACC-RO readout anad HCCS signals
H-Fig7te ||
31-Fig 7/e
19-Hg 276 ,
23Fig.276 ACL o reseCASH of shift cols (Figs. 24 £ 25)
27Hg.276 | wm SHEI fg cause accumulated result to epter ASH
30-Fig 27 bl 1570700 By Xt SHCL Fig ) |
29-Fig g RCC ¢ i cets RCEK of accumu lator
12-£7 10 il | | || [ ] ]
19-Fig 7le £CC cancel s¢; ster
15Fig Te e HA/f coOrrection 5 entry into /st £€
21-Fig 7g Ce-sTaccumu g_f[@»Cv te_inliation control |
ACC CYCLE 1. | |
7Fiq. 717 For CYCPT 1
IEHGTIF HCA signal H_I_L_‘.J._F_,_tresefby CTLR
Hfig THF £cc cancel signal | | | |
Y Y4 A((A’Ien{fv St y/: ( for £C)
19-Fig T - dEANEN
24-Rg ¥ , MIL«e_Qddééaﬁéﬁégaa/Ac‘
6RG IS
ACC CYCLE
8-Fig I1f
7F1g 71F _ _
19-Fig 71 _ Hfmce ed Signal
25419717 - : ’ Readout ACCRO
. J: = '-7 4 - INVENTORS
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Byron E, Phelps, Wappinger Falls, and George E.
Mitchell, Endicott, N, Y., assignors to Interna-
tional Business Machines Corporation, New
York, N. Y., a corporation of New York

Apnplication January 19, 1949, Serial No. 71,641
(CL 235—61)

36 Claims,

This invention relates to multiplying and di-
viding means and particularly to the multiplying
and dividing unit of the scientific computer
which is the subject of copending application
Serial No. 71,642, of I, E, Hamilton et al., filed
January 19, 1949, ;

The multiplying and -dividing means of the
bresent case is of the same general nature as the
multiplying and dividing means which is the
subject of U. S. application Serial No. 704,514, of
A.H. Dickinson et al;, filed October 22, 1946, but
bresents improvements over the latter means as
well as over other calculators of the prior art,
including higher speed of calculation and other
features. :

The present calculator includes & number
register having in each order a series of elec-
trical stages; specifically, electron tube triggers,
cperated to represent various digits of a nota-

tion and interrelated for step by step digit prog-

ress from an entered or starting digit in re-
sponse to electric pulses applied to a common
input eircuit for the order. During the stepping
operation of the order it produces a carry out
control impulse as it steps past one limit digit
of the notation to the opposite limit digit of the
notation, and in this manner the starting digit
is read out or rolled out of the order. According
to the present invention, means are provided to
effect a single-timed entry of the starting digits
into the register orders, in combination with
means for rolling out the digits by stepping the
orders in response to successively timed pulses.

More specifically, the invention provides a
combination of  individual ‘input circuits for
stages of an electronic digit registering order
through which circuits a simultaneous entry of a
starting digit is made, together with a common
input circuit through which successive pulses are
applied to roll out the starting digit.

Specifically the invention provides in com-
bination with a binary-decade register order of
electron tube triggers a separate input circuit for
each trigger so that by selectively operating the
input circuits a binary-decimal representation
of a tens notation digit may be applied to the
register order to be read out by applying succes-
sive pulses to a common input circuit for th
order. :

It is also an ‘object of the invention to increase
the speed of multiplication in an electrical mul-
tiplying structure by effecting operations which
are’idle as far as building up the product is con-
cerned at considerably greater speed than opera-
tions of building up the product. More specif-
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ically, this object of the invention is concerned
with a multiplying device in which the product
is built up in a product accumulator by repeated
entries of the multiplicand in successively se-
lected groups of orders of the accumulator, the
selection of the groups of orders being accom-~
plished by column shift means and the numhber
of repeated entries of the multiplicand in each
column shift position being determined by the
multiplier digit in a selected multiplier register
order. The multiplicand entry is effected by ap-
plication of various series of pulses to the orders
of the selected group of the product accumulator,
the number of pulses in each series being pro-
portional to the multiplicand digit in a controll-
ing order of the multiplicand register. In each
column shift step, a counter is stepped by ten
pulses through a value cycle and at the end
of the cycle advances the column shift means to
its next position to select the next group of
product accumulator orders to receive the mul-
tiplicand entries and to select the next multi-
plier register order to determine the number of
repeated additions of the multiplicand. Accord-
ing to the present invention means are provided
to operate the counter by high frequency pulses
(50,000 ke.) to count off a number of steps equal
to the tens complement of the controlling mul-
tiplier digit, leaving a remaining number of steps
equal to the value of the multiplier digit to be
effected by the counter in order to complete its
counting cycle for advancing the column shift
position; in each of the remaining steps a mul-
tiplicand entry into the selected group of product
accumulator orders. is made. The multiplicand
entries into product register orders are made by
pulses produced under control of a primary timer
which performs a primary cycle at a cycle fre-
quency which is considerably less than the fre-
quency of the high speed pulses applied to the
counter prior to the initiation of multiplicand
transfers in the column shift position. - The pri-
mary timer supplies one stepping pulse to the
counter for each primary cycle in which 2 multi-
plicand transfer is made. It is seen that an ob-
ject of the invention is to increase the rapidity
of multiplication in each column shift position by
operating the counter, which is also called the
secondary timer, at high speed through idle steps
as far as multiplicand transfers are concerned
and completing the cycle of the counter at rela-
tive-low speed, one step for each multiplicand
entry.” The number of such idle high frequency
steps of ‘the counter is determined by the con-
trolling multiplier digit registering order. - If this
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controlling order has a 0 multiplier value, then
the entire cycle of the counter occurs at high
speed. The number of high speed steps of the
counter is proportional to the tens complement
of the controlling multiplier digit, while the pri-
mary timer performs a number of cycles of mul-
tiplicand transfers equal to the value of the con-
trolling multiplier digit and for each cycle effects
g comparatively slow speed step of the counter.
The controlling order of the multiplier register
is likewise stepped by high speed pulses co-
ordinately with the counter until this controlling
order has made a number of steps equal to the
tens complement of the multlpher digit in the
order, at which point the order produces a Carry
out pulse for switching the stepping:of the order
and of the counter from the control by the high
pulses to the control by the low ‘speed- pulses
produced by the primary timer, the carry out
pulse also causing the primary timer to be
brought into operation.

‘,",‘Another object of .the invention is to provide
an'electromc totalizer in- which both the tens
carriés and the carries throughi 9 are simultane-~
ously performed in a single pulse time. s

“Another object of the invention is ‘to provide
a_calculator in which the calculated result may
bc transmitted to a receiving device with a se-
lected shift in columnar relation and may be
1ounaed off in.orders determmed by the operation
of _the column-shiftifig means for the result.

‘Another object of the invention is to provide a
u1v1d1ng unit performing successive dividing steps
to build up the quotient and in which termina-
tion ‘of the d1v1d1ng steps is effected by means
operatmg according to ‘the selected number oif
columns of shift to bé.performed on the quotient
in transference to a receiving means.

Another object of the invention is to provide
for ‘termination of the dividing steps under
combmed control of the gquotient résult column
shlftmg means and the rounding off means, 1o
the effect of allowing the dividing means to per-
form 2 humber of dividing stéps eqiial to the
number of columns of ‘the ultimate shifted
qiib‘tient result ‘plus an additional step to pro-
duce a quotient digit in a sub-units column to
which the rounding off entry is to be made.

.Another object of the invention is to provide
a  dividing means to effect division by repeat
subtractlon of the divisor in combination with
a counter to count the number of repeat. sub-
tractions performed in each dividing step. and to
termmate the dividing operation when the num-
be1 ‘of subtraction exceeds a limit.

.Another object of the invention is to provide
a novel, electrical sign mixing network. This net-
work may mix a number sign, also called the
algeblalc sign, with an operational sign to pro-
duce 2 mixed sign which is called the operating
sign for the number. According to the inven-
tlon two such networks produce operating signs
for a pair of terms or factors of a multiplying or
d1v1d1ng calculation and control a result sign
mixing circuit to produce a result sign, It is
also an object of the invention to prevent read-
ing out of a calculated result unless a proper
mixed sign has been produced.

~Other objects and features of the invention
mc:luchncr the relationship of -the multiplying
and dividing means to a program control and
pmgram-controlled sequencing means of the
scientific computer will appear from the d\,talled
description and the claims. In order to clearly
explain the invention and its place in the smentlﬁc
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“tional or column shift unit.
“eight electronic storage units which have in-

4
computer, other units of this machine will be de-
seribed. A brief outline of the machine follows.

1. A brief outline of the machine

Fig. 1 is a schematic diagram of most of the
units of the machine and of their relationship.

A calculator section composed entirely. of elec-
tronic circuits and devoid ‘of moving parts has
three calculator units, an accumulator, a mul-
tiplying and dividing unit (MD), a denomina-
These coact with

dependent inputs and outputs in addition to the
Tn and Out connections to the calculator section
(see Fig, 20). "The units of the calculator sec-

‘tion are in communication through a single data

channel, called the Internal bus-sets and which
may be considered as having an Out side from
which data flows through an amplifier to an In
side. All numbers to be used in calculations are
transferred from selected memory units through
eight selective channels called Out bus-sefs to
the eight electronic storage umits, respectivély
and then called out one at a time from the latter
units to the selected accumulator unit or the MD
unit. All results obtained by the MD unit and
the accumulator unit are sent to thé denomina-
tional shift unit and after being shifted a de-
sired number of places to the right or to theleft
are sent to selected electronic storage units. The
results may then be transmitted from the. €lec-
tronic storage units to selected memory units by
way of eight selective channels .called In bus-
sets. The electronic storage units may be called
rapid transit data memory units since numibers
may be entered therein at the.speed of operation
of electronic elements and read out therefrom
in a similar way. Signals for controlling entries
and transmissions from the eight electronic stor-
age units are provided by eight associated pilot
units which are composed of electronic circuits.
The pilot units and other parts -of the machine
are sequenced by a main commutator. Associated
with the main commutator is a control frame for
producing delayed control signals and perform-
ing other operations in a sequence -determined
by signals from the main commutator. Also as-
sociated with the main commutator are calcula-
tion conirol commutators. These are the ACC.C
commutator controlling the accumulator, the
MYC commutator controlling the MD unit to
carry out a multiplication, the DVC commutator
controlling the MD unit to perform a dividing
operation, and the NO commutator which is used
in skipping operations when no calculation is
called for in a sequence run. Each number enter-
ing into a calculation is accompanied by a sign
and when the number is applied to a calculator
unit an operational sign is also applied to the
unit. The operational sign determines whether
the number sign is to remdin the same for the
calculation or is to be inverted to the opposite
sign or is to be ignored and the number treated
as an absolute positive or negative quantity. The
operational sign is sent to the calculator ‘section
from an operational sign commutator sequenced
by the main commutator.

Memory units include 150 rélay storage units
which have relay input and output gates through
which data may be sent into or out of the relay
storage units. There are dial storage units which
may be manually set and which may send out
date when relay output gates are closed. Plug-
gable storage units also.may read out numbers 1o
the selected Out bus-sets when related relay out-
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put gates are closed, Memory also includes three
banks of record stations each bank having .ten
stations which may individually carry record
tapes on which data are represented to be read
out through selected relay gates. The record or
tape storage banks also may receive punched
tapes from punch units which will not be dis-
cussed further in this application. Memory also
includes record or tape stations in a table look-
up unit which is per se the subject of application
Serial No. 768,600, now Patent No. 2,580,768, of
P. E. Hamilton et al, filed August 14, 1947.
Computed arguments may be entered through
selected relay gates into the table look-up: unit
and selected functional values read out of this
unit, also through relay gates.

Numbers may be recorded by punching or
printing. In the present application only one
of the printer units will be described. Numbers
which are to be printed are first sent to assigned
relay storage units from which they are applied
to the printing unit during a print cycle.

The interplay of the various units of the ma-
chine'is controlled by program means. The pro-
gram means includes two identical units, called
the A and B sides, of sequence storage. Program
data are alternately entered into the A and B
sides of sequence storage and-these sides alter-
nately coact with the sequencing network, which
includes the main commutator, control frame,
calculation - control commutators NO, ACC.C,
MYC, and DVC, the pilot units and the opera-
tional sign commutator. ‘The sides of sequence
storage also control the operation of the desired
gates between memory units and the Out bus-
sets and In bus-sets according to program data,
applied to the sequence storage sides. Program
data may be derived from any of the memory
units as selected by program instructions and
may also be calculated. All program data are
routed through selected electronic storage units
to sequence storage.

When a memory unit is ready to send forth
data it applies a Forward signal to a pilot-unit
selected by a program instruction. When g
memory unit or the printing unit is ready to re-
ceive data it sends a Back signal to a selected
pilot unit. The blank code pilot unit comes into
play when the program data does not select a
pilot unit which is associated with an electronic
storage unit.

The sequencing network performs successive
runs of coaction with the sequence storage sides.
In each run it sends signals to the pilot units to
control its application of signals to the electronic
storage units. Whenever the pilot unit enters
data into an electronic storage unit it sends out
a Move signal which may act on a selected tape
storage station if the station is selected by the
program %o respond. The responsive station is
one ‘which has acted to read out data and it is
conditioned to advance or not advance the record
tape at the station upon receiving the Move sig-
nhal. Whenever a memory unit is selected to
receive data it receives a Reset signal from s
selected pilot unit when the pilot unit is signalled
by the sequencing network to send forth the sig-
nal. The main commutator and the related pilot
units interchange sighals which determine the
progress of a sequence run. There is also an
interchange of sighals among the calculator units
and the calculation control commutators.and the
main commutator.

By sequencing the multiplying and. dividing
unit MD and the accumulator through the four
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basic calculations of addition, subtraction, multi-
plication. and-division, the most complicated of
mathematical problems may be solved: A se-
quence of the machine through one or more of
these calculations performed in any order may
be called a calculation path., :

A main pulse generator is provided for apply-
ing pulses to the main commutator; the pilot units
and other electronie circuits. 'This main pulse
generator is shown in Fig. 18 and discussed in
Section 4 and is per se the subject of applica-
tion Serial No. 71,502 .0f P. E: Fox, filed January
18, 1949, e e

A control desk is.provided with switches and
dials which may be manipulated to simulate the
automatic controls of .the machine.” Before

* starting operations, canecel circuits- for -desired
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units of the machine, including the main com-
mutator, -pilot units and other units, may be
establishéd under control of switches at the con-
trol desk. .
"The speed of the machine may be gauged from
the fact that in the moon problem to compute
the position of the moon at any given time; 11,000
accumulations, 9000 multiplications, and 2000
references to° the tables in the - table look-up
means were done in about 7 minutes. Memory
units, except pluggable storage; but including
electronic storage units, each have a capacity of
19 digits and a sign. - Theé accumulating unit may
add or subtract 19-digit numbers and produce
a 28-digit result, with sign, in less than ¥g, of
& second. 'The MD unit may multiply two 14-
digit numbers and produce a 28-digit product and
sign in about 4, of a second. Division of one
14-digit number by another may produce a 14-
digit quotient and sign in about 180 of a second,
but division may ke carried out to as many as 28
quotient digits. Calculated results to 28 digits
may be read into the column shift unit which
may send a maximum of 19 digits into electronic
storage. ) : : . -
The machine also includes rounding off means
for calculated results. The columns of a calcu-
lated result which are rounded off are determined
by the column-shifting means, and are those re-
maining after a shift to the right for discarding.
& selected number of columns. The instruction
data call for calculations to be effected with or

- without half correction, as desired. Termination

of the multiplying operations is effected after 14
multiplying steps have been completed. Termi-
nation of the dividing steps is controlled in any
of three ways; one, if rounding off is suppressed,
division ends when the number of dividing steps
is equal to 28 less the number of columns of the
result to be discarded; two, when rounding off is
not suppressed, an additional dividing step is per-
formed; three, when 13 repeat subtractions in a
dividing step occur, then a so-called disappearing
divisor has been detected, and division is termi-
nated.

Other objects of the invention will be pointed
out in the following deseription and claims and
illustrated in the accompanying drawings, which
disclose, by way of example, the principle of the
invention and the best mode, which has been con-
templated, of applying that principle.

In the drawings:

Fig. 1 is'a diagrammatic chart of the parts of
the machine disclosed herein and shows in a gen-
eral way the associations among these parts.

Fig. 2 is a fragment of a value tape used in tape
storage and in the table look-up unit.
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~Fig, 3 is a fragment of a program tape bearing
successive left~half lines of sequence data.

- Fig. 4 is 3 fragment of g program tape bearing
successive right-half lines of sequence data.

Fig.  4a shows the code used for designating
numbers on the record tapes.
. Fig. 5 is a partially sectioned side view of a tape
station in a tape storage bank.

Fig. 6 is 3 rear elevational view of the tape sta-
tion.

Fig. Tis a sectmn on line T—T of Fig. 5.

Fig. 8 shows the upper portion of Fig. 7 with
parts in a different position.

Fig. 9 is a semi-diagrammatic chart of tape
stations in a tape storage bank, showing the
drive for these stations.

10

15

Fig. 10 shows a typical trigger circuit used

herein.:

Pig. 10a is a block symbol of the trigger circuit.

PFig. 11 shows a typical triode ecircuit switch
used herein.

Fig. 11—12 is a block symbol of the triode cir-
cuit switch and also of the tetrode circuit switeh.

Fig. 12 shows a typical tetrode circuit switch
used herein.

Fig. 13 shows a typical pentode circuit switch
employed herein.

Fig. 13a is a block symbol of the pentode cir-
cuit switeh.

Fig. 14 shows a typical circuit of the so-called
lock couple, constituting another form of elec-
tronic switch.

Fig. 14a is a-block symbol of the lock couple.

Fig. 15 is g partially diagrammatic view of a
register order.

Fig. 15a is a block diagram used herein to rep-
resent the register order..

Fig. 16 shows a typical cancel circuit used for
resetting trigger circuits.

Fig. 17 shows the block diagram of the cancel
circuit and also shows connections of the cancel
circuit output to triggers.

Fig. 18 is a diagrammatic circuit view of the
main pulse generator system.

Fig. 19 is a timing chart relating to the main
pulse generator. -

Pig. 20 is a diagrammatic showing of the elec-
tronic caleulating section.

Fig. 21 shows.in bleck circuit form a coltumn of
electronic storage the two sets of entry and exit
means associated therewith and-also the pilot
signals for controiling a column.

Fig, 22 shows several -of the electronic storage
units and their associations with the In and QOut
bus-sets with the Internal bus-sets and #lso the
pilot signals for controlling the units;

-Fig. 23 is a diagrammatie ecircuit representa-
tion of a dial storage set.

Fig. 24 is a block eircuit view of a columt of
the denominationa} shift unit.

Fig. 25 is a diagrammatic representation of the
denominational shift unit.

Fig. 26 is a timing chart of operations con-
cerned with -& denominational shift.

Tigs. 27a, 27b, and 27c¢ represent the circuit of
the internal' eommutator or sub-sequencing
means of the denominational shift unit.

Fig. 28 is a diagrammatxc view of relay storage’

sets or groups, each with ﬁfteen relay storage
units.

. Fig. 29 is a -eircuit showing of parts of a relay
storage unit and.their eonnectlens to the In and
Out bus-sets. - - -

Fig. 30 represents a plugboard for a relay
storage group. -
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Fig. 31 is-a- dlagrammatlc representation of a
tape storage bank and its associated station se-
lectors, plugging, and- Group Outs.

Figs. 32a, 32b, and 32c¢ represent the circuits
relating to a tape storage bank,

Fig. 33 is a timing diagram of timers | and 2 of
Fig. 32b.

Fig. 34 represents- the plugboard associated
with a tape storage bank.

Fig. 35 is & diagrammatic circuit showing of
elements of the table look-up unit.

Fig. 35a is a flow chart of the table look-up
unit. :

Fig; 35b shows the circuits for controlling the
production of Forward and Back signals of the
table look-up unit.

Tig. 36-is a circuit showing of elements of se-
quence storage and their heating relays.

Fig. 37 shows the circuits of intermediate re-
lays of sequence storage.

Fig. 38 is a block view of the intermediate re-
lays for storing sequence instructions given by
the left half of a line of sequence.

Fig. 39 is & similar view of the intermediate
relays controlled by the sensing of instructions
given in the right half of a line of sequence.

Fig. 40 diagrammatically shows dial switches
for setting: up an artificial line of sequence (see
Section 16b).

Pig. 40a shows the circuit control relays for
bringing the circuit of Fig. 40 into operation.

Fig. 41 shows the circuit of a few of the opera-
tional relays in sequence storage.

Fig. 42 is a Dblock diagram of the operational
relays for storing the left half of a line of se-
quence. )

Fig. 43 is g similar view relating to the right
half of a line of sequence.

Fig. 44 shows the internal circuit of a ‘“zero-
filter.”

Fig. 45 is a circuit showing of a code translat-
ing circuit called a tree.

Fig. 4ba is a block symbol of a tree.

Fig. 46 is a eircuit showing of a so-called OP2
tree.

Pig. 46a is a block diagram of the OP2 tree.

Fig. 47a is a diagrammatic representation of a
pyramid of trees in sequence storage for pick-
ing up relay storage Group Outs.

Pig. 47b shows sequence storage pyramids for
table look-up Group Outs and for tape storage
Group Outs.

Fig. 47¢ shows: sequence storage pyramids for
station move relays and for dial storage Group
Outs and Table Outs.

Fig. 47d shows sequence storage pyramids for
station selector relays ASS and BSS of tape
storage.

Fig. 48 is a diagrammatic representation, par-
tially in cireuit form, of sequence storage pyra-
mids for picking up relay storage Unit Outs.

Pig. 49a¢ shows elements of the relay storage
Group Ouf pyramids relating to the five possible
Out fields of a line of sequence,

Fig. 499 shows the pyramids for controlling
tape storage Group Outs from all possible Out
fields.

Fig. 50 represents the pyramids operated in
sequence storage in accordance with the code
number in the St or S2 field of a line of sequence.

Fig. 51 represents sequence storage pyramids
for operating relay storage Group Ins and table
look-up Group Ins.

Fig. 52a represents sequence storage pyramids
for operating relay storage unit Ins 010 to 099,
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and also for opetating table looksup relays TI.!
to 6. :
Fig. 52b shows sequence storage pyramids for
operating relay storage unit Ins (00 to 159, and
also shows a circuit controlled by sequence stor-
age and pilot units foi applying a start signsl
to the printer unit (Sections 22 and 22a).

Figs. 534, 53b, and 53¢ represent the plugboards
associated with sequence storage.

Figs. 54 to 58 show the sequence storage
pyramids for the pilot units selection.

Fig. 59 shows the sequence storage pyramids
relating to the OP{ and OP2 flelds.

Tig. 60 shows the sequence storage circuit for
the operational sign.

Fig. 61 shows the sequence storage circuit for
the In Code control,

Fig. 62 shows the sequence storage circuits for
the SHI and SH2 denominational shift selection.

Fig. 63 shows the sequence storage circuits for
the @, R, U, and V shift selection.

Tigs. 64g to 647 represent the circuits of the
multiplying and dividing unit MD. :

Figs. 65¢ to 65k represent control circuits of
the multiplying and dividing unit.

Fig. 66 is a timing chart, showing the primary
cyele of the multiplying and dividing unit. -

Fig. 66A is a chart of the relationship of the
Internal buses te the multiplicand and divisor
register orders and to the dividend receiving
orders of the result register orders; the chart
also indicates the relationship, in different col-
umn shift positions, between the two registers.

Fig. 67 is a timing chart relating to controlling

and controlled cperations of the multiplying and :

dividing unit. - » ;

Fig. 68 illustrates by an example the principle
of dividing used herein.

Figs. 69¢ and 69b represent the circuits of the
first and second orders of the accumulator unit.

Fig. 70 is a block diagram of the registers in
the accumulator unit. )

Figs. Tla to Tlg represent the circuits of the
internal commutator or the sub-sequencing
means of the accumulator unit. o

Fig. 72 is a timing chart, showing the accumu-
lator cycle. .

Fig. 73 is a timing chart, showing the various
signal times relating to the accumulating op-
eration when the result is positive (upper part
of the figure) and also when the result is nega-~
tive (lower part of the figure). , .

Fig. 74 is a timing chart indicating the half
correction sequence in the accumulator opera-
tion.

Figs. T5a to T5h represent the circuits of one
portion of the Control Frame, this portion main-
ly involving various delay circuits and also heat-
ing control circuits for sequence storage.

Figs. 76a 10 76g represent the circuits of an-
other portion of the Control Frame, this portion
mainly involving »heati‘ng control circuits for the
pilot units selection pyramids shown in Figs.
54 to 58. )

Figs: T7a to 77d represent circuits of a third
portion of the Control Frame, this portion main-
ly involving Start, Stop, Drain circuits, also vari-
ous circuits for controlling ealculation control
commutators, and also amplifier.and inverter cir-
cuits for sequence storage control relays:

Fig. TTan shows parts of some eirciits ops
erated at the control desk.

Pigs. T8a to 78k represent the circuits of the
main commutator. o ‘ ‘

Fig. 78L, in the BC portion, represents the ¢ir-
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cuits of the blank code pilot unit, and, in the
OPSN section; represents the cireuits of the op-
erational sign routing elements. “

Fig. T8A represents the circuit of the accumy-

lating calculation control commutator. .

Tig. 78D represents the circuits of the dividing
calculation control commutator. e
Tig. 78M represents the circuits of the multiply-
ing calculation control commutator. o
Figs: 79¢. to.79d and 79vb constitute a fow
diagram of operations described in Section 1685,
Figs. 80a to 80e represent the circuits of a
pilot unit. o » ) ,

Figs. 81¢ and 81b show, in block form, pilot
units | and 8 of the group of eight pilot units..

Fig. 82 is a vertical, sectional view through the
printing unit. L

Fig. 83 shows the diive and clutch means for
the main shaft of the printing - unit. - )

Fig. 84 shows three different postiions of the
carry-zero levers of the hammer latches in the
printer unit.

Fig. 85 is a perspective view of a pair of ham-
mer latches and of associated carry-zero levers.
Fig. 86 is a timing chart for the printer unit.

Fig. 87¢ represents the circuit of the printer
unit. - .

Fig.. 87b represents readout: eircuits for read-
ing out a number from a relay storage unit into
the printing unit. Do o

Fig. 88 shows the sequence storage pyramid for
pluggable storage selection relays. S

Fig. 89 represents typical circuits and the plug-
board which constitute pluggable storage.

2. The record tapes

The machine uses a large number of record
tapes which may be’ used to store values either
for computational purposes (sée Fig..2) or for
brogram or sequence control purposes (see Figs.
3 and 4). Sequenceé data is madé up of num-
bers which can be handled the saine as nimbers
involved in & calculation. Those tapes which
store values for computation may be éalled value
tapes to differentiate them from program tapes
which bear programthing or. sequencing data.
The program tapes are the iain Sourcés of se-
quence or program information according to
which the machine is controlled to perform the
desired operations in the desired sequéness.

AS many as thirty-six tapes may be installed
at tape stations in -the table look-up section
(see Fig. 35) which is the subject matter of. ap-
plication Ser. No. 768,600, of F. E. Hamilton ef al,,
filed August 13, 1947. Thirty tapes may be in-
stalled in the tape storage section which com.-
prises three similar banks 1, 2, and 3 of ten tape
stations each (see Figs. 1, 9, and 31). Whether
a tape is used for storing numbers to enter info
a computation or to represent sequence data,
the numbers are punched according to the same
code, preferably the binary term code (see Fig.
4a) in which a complete binary zZone is made up
of four successive binary positions 8, 4, 2; and 1.
Since . the coded representation of a decimal
notation digit is contained in such -Zone, it is
convenient to refer to the zones as columns: - One
Or more number signs may also- be représented
along ‘a designation line. A half<zone or haif-
column - containing binary pesitions 2 and 1 is
sufficient for a.sign representation.  The desig=
nation 1 i a half-column represénts — and the
designation. 2 represents . ~Also, with respect
to a sign ‘field in.a progiam taps 0 (Ho perforax
tions):in the sign-field:and 3 (the 2 and 1 perfo=
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rations) represent other sign functions which
will be explained in the next section,

The record tape has the width of a standard 80
index position card but owing to the space oc-
cupied by the marginal feed holes, only 78 index
positions are allowed for. In other words, the
tape has a capacity of nineteen-and-a-half digit
columns or sufficient capacity to be punched, if
desired, with representations of nineteen decimal
notation digits and a sign. Obviously, the ar-
rangement of numbers and signs within a desig-
nation line may vatry according to requirements.

Each record tape is preferably joined at the
ends to form a continuous-loop. The tape is in-
terchangeably positionable at any of the tape
stations which will be described in Section 2b.

2a. The program tapes

Programming or sequencing of machine oper-
ations is controlled generally by the program
tapes, illustrative portions of which appear in
Tigs. 3 and 4. Successive designation lines of
the program tapes bear sequence data which may
be referred to as Seq data. A complete line of
Seq data is made up of two designation lines
respectively of a pair of program tapes. One
half of the line of Seq data is a designation line
of one tape and the other half is a designation
line on another of the tapes. The halves of Seq
data may be differentiated as the SiSeq and
S2Seq portions. A program tape will be punched
either with SiSeq data or S2Seq data. Both
portions SiSeq and S2Seq are similar with re-
spect to the arrangement of fields and subfields
but have certain differences with regard to pro-
gramming functions. The S{Seq portion is made
up of fields P, Q, R, SHI, OPl and SI. The S2Seq
portion is made up of flelds T, U, V, SH2, OPr2,
and S2. The flelds Q, R, T and U may be used
either as In or Out flelds. Field P is always an
Out fleld and fleld V always an In fleld. An Out
field is one which calls for the reading out of
data from 3z selected source into a selected elec-
tronic storage unit (see Section 6) by way of
the Out bus-set fixedly associated with the elec-
tronic storage unit. An In field is one which
calls for transmission of data from a selected
electronic storage unit and along the correspond-
ing In bus-set to a selected receiving means.
Each of the fields P, Q, R, T, U and V is divided
into three subfields generally designated s, b, and
r. The Ps subfield comprises column 1 which
is actually a half-column with binary positions
1 and 2, and is used to designate the operational
sign which is to be applied to a number read out
from a selected electronic storage unit. The Pb
subfield is the single column 2 which may be
punched with the binary terms representing 1,
2,3 4...7 or 8, designating the electronic
storage unit and corresponding Out bus-set in-
volved. The Pr subfield is made up of the three
columns 3, 4 and 5, bearing the hundreds, tens
and units digits of the code number for the
source from which a value is to be transmitted to
the electronic storage unit named in subfield Pb.

Further considering fleld Ps, a perforation in
binary position 2 represents the operational -4
slgn. This means that the number taken from
the source named in Pr is to be handled in a cal-
culation without any change in its sign. A
perforation in binary position 1 of Ps represents
the operational — sign and this calls for the
number to be operated upon with an inversion in
its sign. The absence of a perforation in Ps rep-
resents 0 which is the.designation in this field
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for the operational fixed + sign. This means
that regardless of the original sign of the num-
ber, it is to be treated as a positive number.
Digit 3 in Ps, represented by perforations in
binary positions 2 and 1 of Ps, is the operational
fixed — sign which calls for treating the number
as—, regardless of its original sign. :

When a subfield.b in a program field P, @, R,
T, U or V is blank, it represents 0 and calls for
the field to be, in effect, skipped over during a
scanning sequence of the program line. When
the subfield r in an Out field is blank, it calls for
transmission from. the electronic storage unif
named in its b subfield to an electronic storage
unit named in the b subfield of an In field
which, in such event, will also be blank in its r
subfield. '

The Q@ field is subdivided into subfield Qs, QD
and Qr. Field Q may be either an In or an Out
field. Subfield Qs is a complete binary zone, in
column 6, in which the 0, 1, 2 and 3 designations
have the same operational sign significance as
the subfield Ps. Additionally, any of these desig-
nations in Qs characterize field Q as an Out field.
Any diglt in Qs higher than 3 characterizes the
Q field as on In field. Besides characterizing the
Q field as an In field, digits 4 to 9 variously
designate the tens denominations digit repre-
senting of a column shift amount and whether a
shift is to be executed to the left or to the right
by the Denominational Shift Unit (Section 12).
Digit 4 in Qs thus designates the Q field as an In
field and also calls for a shift to the right with a
zero tens order shift. Digit 5 in Qs calls for a
shift to the left with a zero tens order shift.
Digit 6 calls for a shift to the right with a tens
order shift of 1. Digit 7 calls for a shift to the
left with a tens order shift 1. Digit 8 calls for a
shift to the right with a tens order shift of 2.
Digit 9 calls for a shift to the left with a fens
order shift of 2. The units order shift amount is
given by program field SHI.

Subfield Qb is a single binary zone, in column
7, and is used to designate the electronic storage
unit to send out or receive a number, depending
on whether field Q is an In or an Out field, re-
spectively.

Subfield Qr is located in columns 8, 9, and 19
to represent the source from which a number is
to be sent to the electronic storage unit if the
field @ is an Out fleld or to represent the receiv-
ing unit to which a number is to be transmitted
from the electronic storage unit if the field Q
is an In field.

Field R is contained in columns 11 to 15, and
its subfields are similar to fleld @ and its sub-
fields.

Field SHI is in column 16 and, as already
stated, designates the units order amount of col-
umn shift to be executed by the Denominational
Shift Unit (Figs, 24 to 27c¢).

Field OPI is a two-column field, columns 17
and 18 which designates the fundamental cal-
culating operations to be performed. The funda-
mental operations to be considered in this case
are accumulation, division, and multiplication.

The field S{ is a 2-column field, columns 19
and 20, which designates the source for the next
left half line of sequence data. :

The right half line of programming S2Seq is
similar to the left half line SiSeq and the fields
and subfields of the two half lines generally cor-
respond to each other.

As mentioned before, V is always an In field
while P is always an Out field. ‘
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The field T may be either an In or an Out field
depending on the code in the field OP2. When
the latter field has the desighation 8{ it char-
acterizes fleld T as an In field. In all other cases,
the field T is an Out field.

2b. The tape stations

Fig. 9 indicates the arrangement of tape sta-
tions of a tape storage group bank. Either s
value tape or program tape may be installed at
a station. Figs. 5, 6, 7 and 8 provide a detailed
illustration of a tape station all of which are of
like construetion. Drum 11 at each station has
marginal feed pins i1{p to mesh with the feed
apertures of a tape for feeding it upon rotation
of the drum. The drums i1 at the plurality of
stations are individually clutchable to continu-~
cusly rotating drive means which may be driven
by an electric motor MRT. Shaft 16 represents
a continuously turning shaft of the drive mecha-
nism. Fized on shaft 16 are bevel gears {8, one
for each station. Referring now to Fig. 5, each
bevel gear 18 meshes with a bevel gear 19 to turn
o shaft 20 which is journalled in a sub-frame.
Fixed on shaft 20 is a ratchet wheel 23 (also see
Fig. 6) which is the drive element of a station
cluteh. The driven portion of this clutch includes
a sleeve 24 rotatably mounted upon the shaft
20. Sleeve 24 is formed with a gear 25 meshed
with o gear 26 on the shaft 27 of the station
drum {1. PFixed on sleeve 24 is a toothed disk
28. Positioned between disk 28 and ratchet wheel

23 and freely mounted on sleeve 24 is a toothed .

disk 28. Disks 28 and 29 are of the same diam-
eter and respectively provided with the same
number of teeth 28a and 28a. Projecting from
Gisk 28 and passing with appreciable play through
an elongated slot 296 in disk 29 is the pivot stud
30a of a clutch dog 30. The clutch dog 30 lies
in front of the disk 28 and has a tooth 38b to
engage the driving ratchet 28. The tail 30¢ of the
clutch dog is rounded at the free end which is
seated in a round notch cut in a front rib 2%¢ of
the disk 28. A spring 31 connects the clutch dog
with a stud 284 projecting from disk 29. Another
spring 32 is anchored at opposite ends to studs
2%¢ and %8d of disks 29 and 28 respectively.
Springs 81 and 32 urge the disk 29 to turn clock-
wise relative to disk 28, such relative movement,
when permitted, being limited by the play of the
hub of the clutch dog in notch 28D of the disk
29, The clockwise movement of disk 28 relative
to disk 28 is prevented in the declutched posi-
tions of the parts (Fig. 6) by a latch 33 engaged
with alined teeth of the disks. Latch 33 carries
the armature of the station clutch magnet SCM
and is urged to latching position by a spring 34.
A rebound pawl 35 pivoted on a stud 35 is urzed
clockwise by a spring 37 against a stop 28 and
is constantly maintained effective to prevent re-
verse movement of the disks 28 and 29.

To effect clutch engagement, magnet SCM is
energized, withdrawing latch 33 from disks 28
and 2§. Springs 31 and 32 now act to turn disk
28 clockwise relative to disfl 28 and by reason of
the pivotal engagement between the disk 29 and
the tail 30a of the clutch dog and under the
further direct pull of the spring 3!, the dog is
rocked into engagement with ratchet 23. Clock-
wise rotation of the ratchet now is transmitted
to disk 28 and through springs 31 and 32 to the
disk 29. Sleeve 24 rotates clockwise with disk 28
and through gears 2% and 26 rotates the tape-
feeding drum il counterclockwise. It should be
noted that in the final increment of movement of
latch 32 away from disks 28 and 29, it encounters
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a lever 39 pivoted on stud 35 and urged by a
spring 40 against a stop 41. Spring-urged lever
39 assists spring 34 in overcoming the residual
attraction of magnet SCM when its circuit sub-
sequently is broken, thus speeding return of latch
33 to clutch disengaging position.  During rota-
tion of the disks 28 and 29, their teeth 28¢ and
29¢ are out of alinement, disk 29 having moved
clockwise to a limited extent relative to disk 28
upon release of the disks by the latch 33. De-
energization of magnet SCM to effect cluteh dis-
engagement is timed to occur just before a tooth
of disk 29 reaches the latch position. Thus, latch
33 will first encounter a tooth of disk 28 and
arrest it while disk 28 continues to turn until a
tooth thereof meets the latch 33. While the disk
28 is moving clockwise relative to the arrested
disk 29, the clutch dog 30 gradually withdraws
from ratchet 23 and is free of the ratchet by the
time the disk 28 is latched.

The drum I is built up of several parts, in-
cluding end rings [la which carry the feed pins
1ip. Between the end rings is a contact cylin-
der [1b. Insulating disks {ic space the cylin-
der from the end rings. The parts lig; 1ib and
(Ic are clamped tightly together by bolts 5.

A transverse row of 18 sensing brushes RB, one
for each index position of a designation line
(see Fig. 4a) coact with the contact cylinder in
the sensing of one designation line of the tape at
a time (columns 1 to 20). A common brush CB
(Fig. 7) constantly wipes the contact eylinder.
The contact cylinder and common brush to-
gether may be referred to as the brush common.
It may be mentioned that when a station clutch
is disengaged, the. drum 1 is arrested with a
designation line of the tape centered under the
brushes RB. The portion of the record tape
adjacent to and under the sensing brushes is
held taut by pressure fingers 48. The pressure
fingers and the sensing brushes RB are com-
monly adjustable at will from their active posi-
tions (Fig. 7) to their inactive positions (Fig. 8)
remote from the drum when it is desired to re-
move or apply a record tape at the tape station.
The adjusting means comprises an eccentric
shaft 50 with end pintles 50a rotatably bearing
in the sub-frame 22. Two parallel links 52 are
each pivotally supported at one.end by the ec-
centric portion of shaft 50 and have pin and
slot connection 52a at the opposite ends with the
subirame. The arms 52 rigidly carry  hetween
them a block 54 of insulating material which
mounts the row of brushes RB. One of the pin-

5 tles 80a carries a crank handle 56. Fixed to the

other pinftle are a ratchet wheel 57 and a disk
58 with diametrically opposite V notches. ' De-
tents 59 and 60 are pivoted to the subframe and
urged by springs 62 into engagement, respective-
1y, with -the ratchet wheel 57 and the notched
disk 58. Coaction of detent 53 with the ratchet
wheel restricts the shaft 58 to rotative adjust-
ment in one direction. The detent 60 iz seated
in one of the V notches of disk 58 when the parts
are in the positions shown in Figs. 5, 6. and T.
When shaft 50 is given half a turn by handle
6, it lifts the links 52, adjusting the brushes RB
to elevated positions remote from the drum, as
shown in Fig. 8. The detent 60 springs into the
other of the V notches in disk 58 when the half
turn of the crank shaft is completed. Detent
60 thus coacts with disk 58 to releasably latch
the crank shaft and the parts operated thereby
either in the positions shown in Fig. 7 or the
positions shown in PFig. 8. To return the parts
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from inactive positions to active positions, the
shaft 50 is turned through the second half of
its revolution, at the completion of which the
detent 59 springs into a V notch of disk 58 to
position the brushes accurately on the drum.

The pressure fingers 48 are clamped on a pair
of shafts 63 turnable in the subframe. Each of
shafts 63 fixedly carries at its right hand end
(Fig. 5) an arm 64 to which springs 65 (Fie.
§) are connected. The free ends of the arms 54
rest against the peripheries of a pair of cams 65
fixed, in front of notched disk 58, to the right-
hand one of the pintles 50a of the shaft 60. With
the shaft 50 in the position shown in Figs. 6 and
%7, the cams 66 allow the arms 64 to be close to
each other and the pressure fingers 43 to press
against the record tape on the drum (i. When
the crank shaft is given half a turn to the posi-
tion shown in Fig. 8, the cams 66 rock the arms
64 apart, displacing the pressure fingers to posi-
tions away from the drum. Thus, the pressure
fingers and the sensing brushes are commonly
adjustable from the positions shown in Fig. 7
to the positions shown in Fig. 8, and vice versa.
It may be noted that the pressure exerted by
arms 64, under the influence of springs 65,
against the cams 66 helps to prevent uninten-
tional movement of the adjusting means for the
sensing brushes and the pressure fingers. Also,
the pressure fingers not only serve to keep the
record tape taut under the sensing brushes but
they exert a braking effect on rotation of the
drum If and its drive gearing. This braking
effect is desirable to prevent overrunning of the
drum with respect to the drive means, particu-
larly at the time the station clutch is being
engaged.

A station is provided with at least a move key
switch SMK which is closed whenever the tape
at the station is to be moved under manual con-
trol to a desired line position. The clutch cir-
cuits will be explained later in Section 9. At
present it is sufficient to state that a tape bear-
ing sequence or value data will be advanced only
a single step at a time. The means for controlling
the single step advance of a tape station includes
an individual commutator for each tape station.
Such commutator comprises a disk 44 fixed to
the drum shaft 27 (Figs. b and 9) and wiped by
brushes 44b. For each line space movement of
a drum, this station commutator makes and
breaks once. The timing means for a single
step advance also includes in each tape storage
group a pair of commutators common to all sta-
tions in the group and called timers No. 1 and
No. 2. These timers include commutator disks
42 wiped by brushes 43. One of the disks 42 is
fixed to shaft 16 and the other fixed to a shait
{6c geared 1:1 to shaft {6. Commutator timers
Nos. 1 and 2 will time station clutch magnet
energization to insure only a single line spacing
step of the tape and also provide a favorable
time for clutch engagement so as to avoid in-
jury to the ratchet and clutch teeth. The de-
energization of the clutch magnet will be timed
to occur just after a tooth of the disk 28 has
passed and just before a tooth of the disk 29 is
about to pass the latching position.

3. General circuit data.

A source of supply (not shown) is provided for
the voltage lines running through the various
circuits. This source supplies voltages shown in
the various figures. The line —100C is a cancel
bias line, the purpose of which will be explained
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in the subsequent descriptions of the trigger and
the cancel circuit. The triodes used in the cir-
cuits are of the 68SN7 type and may be the halves
of twin tubes 12SN7. The tetrodes which are
used mainly as power amplifiers are of the 25L6
type. The pentodes are generally of the 6SK7
type. In some instances 6SJ7 tubes are also
used. Resistance values shown are in megohms
and capacitance values in micro-microfarads,
unless otherwise indicated.

Referring to Fig. 11, the cathode terminal I
of the triode is connected to ground or 0 v. line.
The anode terminal an is connected through a
resistor to the 150 v. line. The value of the
resistor for an individually operated triode is
generally .02 meg. Operation of the triode is
generally effected by applying a pulse from the
output of another tube to an input terminal gi.
This input terminal leads to a voltage divider
which is tapped by a connection to the grid of
the triode. The voltage divider terminates at
the —100 v. line. The part of the voltage divider
between the grid and the —100 v. line generally
has a resistance value of .47 meg. and the other
part of the voltage divider, in that event, has a
resistance value of .51 meg. In some instances
where it is desired to reduce the time constant
or to provide for a smaller grid leak impedance,
the resistance values of the upper and lower por-
tions (as shown) of the voltage divider are .24
and .22. The input potential to the voltage
divider generally has a swing from about 50 v.
to 150 v. although in extreme instances the input
voltage may descend to about 15 v. It may be
seen from Fig. 11 that the triode is normally
biased to cut-off when the input potential to the
voltage divider is at its lower value. When the
input voltage rises to its upper value, then the
grid potential is driven above cut-off and the
tube conducts. Where it is required to increase
the rapidity of response of the triode to an input
pulse, the upper portion of the voltage divider
is shunted by a capacitor which is generally 50
mmf. The anode resistor may be tapped at a
suitable point anr for connection to an element
to be operated by the output of the triode. It
is understood that constants given are illustrative
and other appropriate constants may be used.

Fig. 12 indicates appropriate values for the
tetrodes. The screen grid of the tetrode is gen-
erally connected by a .005 meg. resistor to the
--70 v. line. Operation of the tetrode is effected
in the same general manner as the triode.

Fig, 11—12 shows the block diagram represent-
ing either the triode or the tetrode. The cathode
terminal k in the block diagram will be omitted
except where it is necessary to an understanding
of the operation of the tube. It is to be under-
stood that the tetrodes will be used wherever
power amplification is a prime requisite.

Fig. 13 shows the connections for a pentode.
The screen grid is generally connected directly
to the 470 v. line. Suitable values for the anode
resistor and the voltage dividers connected to
the control grid and the suppressor are indicated.
The operation of the control grid is effected sim-
ilarly to the operation of the control grid of the
triode and the input terminal for the voltage
divider tapped by the control grid is also marked
¢gi. The input terminal si is connected through
a resistor generally having a value of .33 meg.
to the suppressor grid and the suppressor grid is
connected through a resistor of .68 meg. to the
—250 v. line. The input potential to the ter-
minal si also varies from about 50 v. to 150 v,
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in general, although .as previously  indicated in
connection with the input potential to the ter-
minal gi, the input potential may drop to as low
as 15 v. It is clearly seen from Fig. 13 that when
the input potential on either terminal si or ¢i
is.at its low value, the pentode is cut off. The
input potentials to both terminals si and ¢i must
be at their upper levels in order to render the
pentode conductive.. Fig., 13a shows the block
diagram representing the pentode.

The ocutput potentials at the terminals en of
the triode and the pentode may be. taken as
having a lower value of approximately 40 to 50
v. when the tube is conductive. However, it is
quite possible for the potential at the anode of
2 pentode to drop to as low as 15 v. The anode
resistor will be tapped at a point such as to pro-
vide the necessary working potential for an ele-
ment to be controlled by the tube. It may be
stated that where the output of the tube is to
be applied to both input terminals ¢ and % of a
trigger (see Fig. 10), then the tap point aenr is
generally the midpoint of the anode. resistor.
Where the oufput potential of a tube is to be
applied to only one of the terminals ¢ and h, the
point anr is generally connected through a .0075
meg. resistor to the 150 v. line and connected
through a 012 resistor to the anode of. the tube.
Fig. 14 shows the 12SN7 tube with both triode
sections of the tube having their anodes con-
nected to each other. The common anode re-
sistor in such case generally has the value .051
meg. . The inputs to the sections are separate so
that each of the sections may be individually
operated. This circuit may be referred to as a
lock couple. Both of the tube sections must be
cut off in order to allow the common anode line
to attain its upper voltage level. If both tube
sections are at cut-off and one of the sections
is then made conductive, thé common anode
potential generally will drop to about 50 v. Fig.
14a shows the block symbol for the lock couple. -

The block symbols will be employed in the
eircuit diagrams of the machine. It may be
mentioned that the impulses to the input ter-
minals of the tubes may be applied through
coupling capacitors which are of varying capaci-
ties. depending on the desired pulse shape to-be
transmitted by the capacitor to the input ter-
minal. |

Where it is necessary to clarification, arrows
will be used to indicate whether signals are com-
ing in or going out of a circuit. o ‘

- Where a coupling capacitor is used to transmit
a pulse to a grid of a tube, the coupling capaci-
tor is-not shunted by a resistor. . For instance, if
a.pulse is to be applied to the grid of the triode
shown in Fig. 11 through a coupling capacitor,
the resistor shown in this figure as shunting the
capacitor is omitted. In some instances a tube
may be used as a cathode follower in which case
suitable resistance will be provided between' the
cathode of the tube and a voltage supply line. . A
tube may be biased normally to cut-off or to con-
ductive condition where it is necessary to clarifi-
cation. The normally conductive tube will' be
identified by the small letter x placed below the
symbol for the tube. ’ e

Elements in a block diagram circuit may be
identified by a particular reference character
along with a general reference legend for the
circuit, which legend may be the figure number
or a capital letter or letters. Where an element
is thus identified in an item of the description,
subsequent mention of elements of the same cir=
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cuit . will ‘be. made without reference to the gen-

.eral identifying legend unless mention of another

circuit figure intervenes or unless it is necessary
to- clarification. :

"3a. The trigger

One of the fundamental elements of the circuits
is a double-stability electronic trigger circuit
which will be called simply a trigger. The gen~
eral form of this trigger is shown in Fig, 10. Typi-
cal- constants are indicated for the trigger but
if, is understood that other suitable constants
may be used. This trigger is fully discussed in
application Serial No. 569,992, now Patent No.
2,536,955, of Palmer and Phelps filed December
27, 1944. Briefly, it includes two retroactively
coupled tubes 10 and 4. In one state of a trig-
ger, tube 10 is conductive and its anode terminal
f is at about 50 v., while tube 14 is non-conductive
and its anode terminal ¢ at about 150 v.  In the
opposite state of the trigger, tube 19 is non-con-
ductive and point 7 is about 150 v. while tube (4 is
conductive and point ¢ at about 50 v. Upon re-
versal of the trigger from one state to the other
state, there is a steep drop in potential or nega-~
tive going impulse of about 100 v. at the anode
terminal of the previously non-conductive tibe
and a simultaneous rise in potential or positive
going impulse of about 4100 v. at the anode ter-
minal of the other tube. Also, a negative im-
bulse of about 50 v. appears at the midpoint d of
the anode resistor 14r when the trigger is re-
versed from the status in which tube 14 is non-
conductive to the status in which this tube is
conductive. Also, upon return to its previous
status in which tube i0 again is conductive, a
negative impulse of about 50 v, appears at the
midpoint e of the anode resistor 10r. It is char-
acteristic of this trigger that it reacts sensitively
to a negative impulse of suitable amplitude but is
insensitive to a similarly applied positive impulse
of similar amplitude. In the present case, a nega-
tive impulse of about 40 v. applied to the trigger
input terminal @ or & is effective to reverse the
trigger, but.a similarly applied positive pulse of
such. amplitude is not effective to reverse the
trigger, A negative impulse of about 50 v. applied
concurrently to both & and & will be effective to
reverse the trigger but a positive impulse of the
same amplitude and similarly applied will be in-
effective. Reversal of the trigger also may be
effected by directly impressing adequate positive
potential (about 150 v.) on the grid terminal of
the non-conducting tube of the trigger. Where
an impulse source is connected to only one of
points a or k, the other point terminates at the
+-150 v, line, this adding stability to the trigger.

Reversal of the trigger also may be effected by
an auxiliary circuit operable to draw current
through anode resistor 10r or 147 so as to depress
the potential at the terminal ¢ or f to about 50 v,
Such auxiliary circuit may take the form of an
auxiliary tube. For instance, in Fig. 10, a triode
104 is indicated as having its anode connectible
to terminal 7 of tube 10. If tube 10A is rendered
conductive, then it will force the potential at
terminal f down to about 50 V., reversing the
trigger to the status in which tube 10 is con-
ducting or blocking reversal of the trigger from
this status. .

In some instances the trigger may omit the
coupling capacitors 13¢ and 13b, these capacitors
being essential as a rule only if it is desired to
trip the trigger by applying impulses simul-
taneously to the points ¢ and #. The digit repre-
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senting triggers in the electronic storage units
(see Fig. 22) are instances of triggers which omit
the coupling capacitors.

Tt will be noted that in Fig. 10, the grid resistor
of tube 10 terminates at the cancel line —i00C,
normally at —100 v. potential, but in other in-
stances the cancel line will be connected to the
grid resistor of tube 14. A positive cancel im-
pulse will be applied at a desired time to the line
—100C to increase its potential to approximately
ground potential. This will reset the trigger to
the state in which the tube connected to the can-
cel line, through the grid resistor, is conductive.
The reset status of a trigger is denoted by the
small letter = adjacent the side at which the tube
is conducting in the reset status.

In some instances, the grid resisfor terminal
gr is connected to the —100 v. line through an
auxiliary tube E. When this auxiliary tube is
conductive it simply acts as a low impedance
connection between the grid resistor and the
—100 v. line and allows the trigger to function in
a normal manner. When the auxiliary tube E
is rendered non-conductive, its anode potential
and therefore the potential at the grid of the
connected tube 4 rises above cut-off potential
and causes the trigger to assume the status in
which tube i¢ is conductive. The auxiliary tube
E may thus be used to reverse a trigger. The
block symbol for the trigger is shown in Fig. 10a.
The terminals shown in dotted lines will be
omitted in most instances in order to simplify
the drawings and will ke shown only where they
are utilized in controlling the trigger. The can-
celled status of the trigger will be considered as
its normal reset status and the trigger will be
spoken of as being turned and returned or re-
versed and Teset, it being understood that the
reset or return is to its shown cancelled status.

3b. The basic cancel circuit

g, 18 shows the basic cancel circuif operable
to cancel a group of triggers. A plurality of
such cireuits are provided for various groups of
triggers in the machine. The basic cancel ecir-
cuit includes a normally cut off tube 75, a voltage
regulator tube 78, and one or a group of power
tubes 17, depending on the power requirement.
The oubput of 17 is connected to the cancel line
—188C of a group of triggers. The constants of
the cancel circuit are such that 77 is normally
conductive to sustain line —108C at —100 v.
The voltage of line — {80C may fluctuate slightly
according to changes in the states of the con-
nected triggers. These fluctuations are counter-
acted through the action of the voltage regulator
tube 16 and its circuit. For instance, if line
—{00C goes slightly more negative than —100 v.,
it causes the voltage regulator tube to become
proportionately more conductive so as to increase
the negative bias on TT. As the negative bias on
11 increases, its output voltage rises, increasing
the voltage on line —100C to —100 v. When it
it desired to cancel or reset the group of triggers,
a positive cancel signal is applied to tube 15 to
make it conduct and negatively bias 1T to non-
conductive condition. The line —i00C there-
upon rises to substantially cathode potential, so
that the connected triggers are reset to the states
indicated by the x marks. :

Fig. 17 shows the block diagram representing
the basic cancel circuit and two methods em-
ployed by the cancel circuit to reset a trigger.
According to one method, the cancel circuit out~
put —100C is connected to the terminal cc¢ of a
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trigger (also see Fig. 10). According to the
other method, the line —I108C is connected to
the grid of an inverter tube I which serves, in
the manner of tube 10A in Fig. 10, to force a trig-
ger to its reset status when the tube becomes
conductive. Thus, when a positive cancel signal
is applied to the input of the cancel cireuit, its
output line rises in potential and renders tube I
conductive to reset the trigger.

3¢. The relays

The machine uses relays of the type disclosed
in Patent No. 2,282,066 to Lake et al. These re-
lays may either have 4, 6, or 12 armature con-
tacts and may be referred o as 4, 6, or 12 position
relays. Two coils wound in the same direction
may be placed on the same core and operate the
same armature contacts. Such relay may he
termed a double coil relay or a duo-wound relay.
One coil of such relay may be used as a pickup
coil p to be initially energized. This coil p, when
energized, may then close contacts for establish-
ing the circuit of the companion coil whieh may
be called the hold coil & (see, for instance, Fig.
99). In some cases, the two coils of the duo-
wound relay may be independently energized (see
relays RER and LHR in Fig. 20). The duo-
wound relay also may be used as a delay relay.
In that case, the hold coil 7 will have its ends
connected to each other through a resistor so
as to form in effect a transformer coil. Upon
energization of the pickup coil p, the induced
flux in the hold coil will be of opposite direction
to the flux in the pickup coil and will tend to
delay the operation of the common armature con-
tacts. Also, upon the deenergization of the pickup
coil p, the flux induced in the coil 7 will tend to
maintain the armature contacts operated. The
delay produced by the hold coil in the operation
of the armature contacts will depend upon the
inductance of the coil and the resistance across
its ends; the lower the resistance, the greater
the delay. These delay relays may be used in
connection with arc suppression, as will be de-
seribed for circuits shown in Figs, 36 and 47¢
(Section 11). It is to be understood that a relay
will handle a maximum of twelve single or double
pole contacts. Accordingly, if a group of 84 con-
tacts is provided, then at least seven relays are
used for operating these contacts. For instance,
assceiated with each relay storage unit (Fig. 29),
is a Unit In containing 34 relay contacts. For
simplicity of illustration, only a single dotted re-
lay coil U “in” is shown as operating these 8%
contacts, but it is to be understood that actually
this relay showing represents seven relays in the
same group. Usually, the relays of the group will
be connected in parallel to be energized concur-
rently through a common circuit (see, for in-
stance, Fig. 48). Such group of relays may be
referred to, for convenience, as a plural relay or
a gang relay.

4. The main pulse generator

Fig. 18 diagrammatically illustrates the main
pulse generating system which generateg pulses
called the AP, BP, CP and EP pulses, the timing
of which is shown in Fig. 19. The pulse generat-
ing system is fully disclosed and claimed in ap-
plication Serial No. 71,502 of P. E. Fox, filed Jan-
uary 18, 1949,

A brief description of the essentials of the sys-
tem follows: FRMV represents a free running
multivibrator, preferably one with provisions for
varying the frequency. "The output of one side
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of the multivibrator is applied to the control grid
of tube 2, Fig. 18. The output of the tube is con-
nected to the control grids of tubes T and 8. The
tapped output of 8 is connected to both sides of
a trigger 6. For each negative pulse produced by
the multivibrator, tube 2 produces a positive pulse
which is inverted by 8 to a negative pulse for
reversing the status of trigger 6. - Point ¢ of trig-
ger. 6 is connected to the control grid of the tube
5.. Point 7 of trigger 6 is connected to the con-
trol grid of a tube 9. It is seen therefore that
in one status of the trigger, it conditions tube
5 and in the other status of the trigger it condi-
tions tube 9. Since trigger 6 is reversed in status
for each negative pulse produced by the multi-
vibrator, it may be stated that tube 5 is condi-
tioned for one multivibrator .cycle while tube 9
is conditioned for the next siich cyele.

The output of tube 2 connects to. the control
grid of a tube 1. Hence, for every positive pulse
produced by the multivibrator FRMYV, tube 2 pro-
duces & riegative pulse which. is inverted by 71 to
a positive pulse. Each positive pulse produced
by 1.acts through a differentiator circuit to cause
a tube |1 to produce a sharply peaked negative
pulse.. The negative pulses produced by {1 are
applied to a one-shot multivibrator SSMV to re-
verse its status. Upon such reversal, this one-shot
multivibrator applies a positive pulse to the sup-
pressors of tubes b and 9. ‘Depending on whether
§ or 9 is conditioned, the output pulse from SSMV
is-effective to render one of these tubes conduc-
tive, to produce the pulse AP or BP. Since trig-
ger 6 is alternated with each negative pulse pro-
duced .by FRMV, it is understood that tubes 5
and 9 are conditioned alternatively, each of these
tubes being conditioned for one pulse cycle of the
multivibrator FRMV. It is clear then that tubes
5 and 9 will alternatively produce pulses. . The
width of each pulse is determined by the self-
restoring time of the one-shot multivibrator
SSMV.

It is to be noted that trigger 6 acts at each
of points ¢ and f to halve the frequency of the
control pulses derived from the free running mul-
tivibrator FRMV,. Further, the pulses at ¢ are
180° out of phase with those at f. The single sta-
bility multivibrator SSMV is controlled by the
bulses derived from FRMYV to produce pulses in
phase with the FRMV pulses but of a controlled
width. - The tube 5 serves as a coincidence mixer
for the pulses from SSMYV and c¢ of trigger 6.
The SSMV pulses applied to 5§ determine the
width of the output pulses of 5 and restrict the
output pulses to coincide in phase with the
FRMV pulses. The pulses from ¢ of trigger 6
further restrict § to producing its output pulses
at a frequency half that of the SSMV and FRMV
pulses. Similarly, tube 9 mixes the pulses SSMV
and the pulses from point f of trigger 6 to pro-
duce pulses BP of the same shape as the AP
pulses produced by 5 but 180° out of phase with
the AP pulses. .

The AP AND BP pulses from 5 and 9 are ap-
plied to amplifier circuits, shown diagrammati-
cally, which produce -4 and — AP and BP pulses.
These pulses will be directed to desired destina-
tions where they may be amplified before uti-
lization. The ultimately utilized pulses AP and
BP are the negative pulses and hence the --AP
and --BP pulses from the amplifier circuits will
be inverted as well as amplified at their destina-
tions before utilization.

_ Intermediate points of the amplifier circuits for
the AP and BP pulses coming from 5 and 9 are
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tapped. for --AP and --BP pulses. +-AP pulses
are mixed in tube 22 with pulses from points f
of ‘a trigger 23. The trigeer 23 is alternated in
status by the negative BP pulses derived from
the BP pulse amplifier. Hence, point f of 23 pro-
duces pulses at half the frequency of the BP
pulses. It is:clear that each AP pulse applied to
22 restricts it to produce a pulse of the same
width as the AP pulse and at the same time as
an AP pulse, while the pulses from 23 restrict 22
to producing output pulses at half the frequency
of the AP and BP pulses. The output pulses from
22 are applied to an amplifier circuit which is
arranged to produce -CP pulses. This ampli-
fier circuit is tapped at an intermediate point for
~+CP . pulses which are mixed in tube 30 with
pulses -from trigger 31. Trigger 3{ is reversed
each.time trigger 23 is turned from. its cancelled
status... Thus, points f of 81 produce pulses at
half the frequency of the CP pulses. It is seen
that the CP pulses control 30 to produce pulses
of the same width as the CP bulses, while the
bulses from f of 31 limit 30 to produce an out-
put pulse once for every two CP pulses. The out-~

5 but ‘pulses from 30 are applied to an amplifier

circuit which produces - EP pulses. .

It is clear from the foregoing description and
Fig. 19 that all the pulses are of equal’ width,
that each pulse CP is coincident with every. sec-
ond AP pulse and each pulse EP is coincident
with every fourth AP pulse. The frequency of
the: AP and BP pulses will be generally adjusted
to about 4 ke., which means that the CP pulses
are at 2 ke. and the EP pulses are at 1 ke.

The -proper- starting sequence of pulses from
the main pulse generator is an AP pulse, BP
pulse, CP pulse, and EP pulse in the order named.
To insure the proper starting sequence, triggers
6, 28, and 31 are first cancelled to shown state.
In addition, it is necessary that the free running
multivibrator FRMV start with a positive pulse.
The reason for this is that with § in cancelled
status it is conditioning 5. Trigger -6 therefore
must.remain in this status in order that the first
bulse produced by SSMV under control of FRMV
be effective upon 5 to produce the AP pulse.
Means for attaining the proper starting and stop-
ping condition of FRMV are diagrammatically
shown in Fig. 18. To stop FRMV from pro-
ducing effective pulses, a switch Stop G is closed
50 as to apply potential from the 4150 v. line to
the -control grid terminal b of g trigger MVT,
thereby establishing the trigger in shown state.
In this state the trigger acts through a tube 80
to make a tube 10 conductive, thereby depress-
ing the pulse output terminal of FRMYV to a low
and ineffective potential. To start the pulse gen-
erating system the operator may close a switch
Run G to apply the potential from the 4150 v.
line to the grid terminal ¢ of the trigger MVT,
thus reversing the trigger. In the reversed state
of the trigger it causes tube 80 to cut off tube
10, thus allowing the pulse output terminal of
FRMV to rise in potential to an effective level.
Hence the first pulse produced by FRMV will he
a positive pulse, By starting with production of
a positive pulse and by starting with trigeers
6, 23 and 31 in shown state, the bulse generating
system is restricted to producing a starting se-
quence of pulses AP, BP, CP and EP in the order
named.

5. The register order
Fig. 15 shows the register order used here in

the computing units. This register order is simi-
lar to the one disclosed in Fig. 3 of application
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Serial No. 654,175, now Patent No. 2,584,811, of
B. E. Phelps, filed March 13, 1946. Fig. 15a
shows the block diagram for the register order.
Each order has four trigger stages designated f,
2, 4 and 8 and a triode designated BX. The digit
standing in an order is given by the sum of the
reference numbers of the reversed stages.

. Briefly, the order is in 0 status when all the
triggers are in cancelled status. Operation of
the register order may be effected by applying
negative entry pulses to terminals a and h of
the first stage |. Assuming the order is initially
at 0, a first entry pulse reverses stage |.. The sec-
ond entry pulse returns stage | and upon its re-
turn, stage { applies a negative pulse from termi-
nal e to the terminals ¢ and h of stage 2 to re-
verse the latter stage. A third entry pulse again
reverses stage 1. A fourth entry pulse refurns
stage {, causing it to return stage 2. Thereupon,
stage 2 reverses stage 4. The fifth and sixth en-
try pulses effect a ‘third cycle of stage { and
a second reversal of stage 2. The seventh and
eighth pulses effect a fourth cycle of stage | and
a return of stage 2. - Stage 2 thereupon returns

stage 4 and the latter stage upon returning re-

verses stage 8. 'The order then stands at 8. With
stage 8 reversed, its anode terminal f is at high
potential which is applied through resistance
means to the grid of triode BX causing the triode
to become conductive. With the triode cori-
ductive, it is effective to block stage 2 against re-
versal. A ninth entry pulse turns stage | and
the order stands at 9 (stages f and 8 reversed).
A tenth entry pulse returns stage 1 which there-

upon returns stage 8 so that the order has been ;

returned to its initial 0 status. The return of
stage | by the tenth pulse is ineffective to reverse
stage 2 because the latter is now blocked against
reversal by the conductive tube BX. The return
of stage 8 is effective to restore the tube BX to
its. non-conductive status after a. momentary de-
lay determined by the capacitor 41. -

The value cycle of the register order through
ten steps from 0 back to 0 has been described.
Manifestly, the value cyele may start with the
register order in gny other value position and
at the end of the value cycle the register order
will be back in the same position. The number
of pulses required to effect the 9 to 0 step of the

order is the tens complement of the starting :

digit. For instance,.if digit 6 is the starting digit,
then four entry pulses will step it from 9 to 0.
This step is manifested by the return of the last
stage 8 of the order to its reset status. As the

stage 8 returns, a positive carry out pulse appears ;

at its terminal ¢.
6. Electronic storage

Electronic storage is part of the electronic cal-
culating section (see Fig. 20) and may be con-
sidered as temporary number storage. There are
eight similar electronic storage units designated
ESi, ES?2, ES? . .. EST and ES8 (also see Figs.
1 and 22). Each unit has twenty columns of
digit storage capacity, each column consisting of
the four binary positions, as now understood. Fig.
21 shows a typical electronic storage column.
Trigeers 8, 4, 2 and | are the digit storage ele-
ments per se of the column. Entry into electronic

storage may be made from the internal In bus-set g

or alternatively from the correspondingly num-
bered Out bus-sets. Readout or exit from the
electronic storage units may be into the internal
Qut bus-set or alternatively into the correspond-
ingly numbered In bus-sets. :
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There are eight pilot units (see Fig. 1) des-
ignated PILI, 2,3 . . . Tand 8. In a manner de-
seribed later, each pilot unit provides five control
and timing signals for the correspondingly num-
bered electronic storage unit. These signals are:
Cancel signal ESC, two alternative entry signals
Int to ES and Out to ES and two aternative exit
signals ES to Int and ES to In. The cancel sig-
nal and the ES to In signals are positive while
the other three signals are negative, as they come
from the pilot unit.

For entry into electronic storage from an in-
ternal In bus column, there are four tubés Int
n 8, 4, 2 and 1, conditioned according to the digit
representing potentials on the bus column. For
entry into electronic storage from an Out bus-
set column, there are four tubes designated here
Out En 8, 4, 2 and 1 conditioned selectively ac-
cording to the digit representing potentials on the
Out bus-set column.

When an enry into an electronic storage unit
from the internal In bus-set is called for, the
correspondingly numbered pilot unit emits the
signals ESC and Int to ES concurrently but the
latter signal has twice the duration of the former
signal. ‘The ESC signal operates two standard
cancel circuits such as previously described and
which respectively effect the resetting of the digit
storage triggers in eolumns 1 to 10 and 11 to 20.
The entry signal Int to ES is inverted by tube 9,
wig. 21, to a positive signal which operates the
conditioned ones of the tubes Int En, causing
them to reverse the related triggers as soon as the
cancel signal ends.

When entry into an electronic storage unit from
the ' correspondingly nummbered Out bus-set is
called for, the correspondingly numbered pilot
unit concurrently produces the signals ESC and
Out to ES. The signal ESC resets the digit stor-
age triggers while the signal Out to ES is inverted
by tube 10 to a positive signal which operates the
conditioned ones of the tubes Out En, causing
them to reverse related triggers.

Tor exit from an electronic storage unit to the
Internal Out bus-set, four tubes Int Ex 8, 4, 2,
and {4 are provided for each column. The sup-
pressors of these tubes are respectively coupled to
the anode terminals f of the correspondingly
numbered triggers in the same column. When g
trigger is reversed, manifesting storage of a
binary digit, it applies increased potential to the
suppressor of the correspondingly numbered tube
Int Ex, thersby conditioning the tube. If exit
fromi an . electronic storage unit to the internal
Out bus-set is called for, the correspondingly
numbered pilot unit produces the negative signal
RS to Int which is inverted by tube {2 to a posi-
tive signal for operating the conditioned ones of
the tubes Int EX causing them to apply reduced,
digit representing potentials on the related buses
of the Internal Cut bus-set.

For exit froml. an electronic storage unit to
the correspondingly numbered In bus-set, there
are for each column, four tube couples In Ex C

5 and four related tubes In EX. Each tube couple

hag its right hand tube (as shown) connected to
the grid terminal g of the correspondingly num-
bered: trigger. Accordingly, the tubes la, 2a, 4a
and 8¢ of the In EX C couples assume the same
conditions as the right hand tubes of the cor-
respondingly numbered digit storage triggers.
When a trigger is'in reversed condition, storing a
binary digit, the related tube la, 2a, 4a or 8a is
cut. off. When exit from an electronic storage
umit to the correspondingly numbered In bus-
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set is called for, the pilot unit sends a positive
going signal ES to In to the tube It which ap-
plies the negative going counterpart ES to In
to the tubes 8, 4, 2 and 1 of the In Ex C couples.
Thereby, those couples which have been partially
cut off by the reversed triggers are now complete-
1y cut off, so as to apply increased potential to
the correspondingly numbered tubes In EXx.
These tubes become conductive and apply re-
duced, digit representing potentials to the as-
sociated bus column of the In bus-set.

As may be understood from the foregoing de-
scription and from Fig. 22, all the eight electronic
storage units have entry connections via their
respective tubes Int En (Fig. 21) to the common
Internal In bus-set, but entry into only one se-
lected electronic storage unit at a time may be
made from this bus-set upon receipt of the Int to
ES entry signal from the corresponding pilot unit.
In short, only a selected one at a time of the entry
signals Int to ES{, Int to ES2 . . . Int to EST
and Int to ES8 enfry signals will be applied to
ESI, 2 ... T and 8 respectively.

Likewise, all the eight electronic storage units
have exit connections via their respective Int Ex
tubes to the common Internal Out bus but only a
selected one at a time of the exit signals ESI to
Int, ESZ to Int . . . EST to Int and ES8 to Int
will be produced, so that only. a selected one of
the electronic storage units at a time will rea
out upon the Internal Out bus-set. '

Each of the eight electronic storage units has
entry receiving connection via its Out En tubes to
a correspondingly numbered one of the eight Out
bus-sets. In this case any number of the entry
signals Out to ESI, 2 . . . T and 8 may be pro-
duced concurrently so that numbers from the
Out bus-sets may be applied concurrently to a
plurality of the electronic storage units. Like-
wise the eight electronic storage units have in-
dividual exit connections via the couples In Ex C
and tubes In Ex to the corresponding In.-bus-sets
I to 8. Any number of the exit timing signals
ESI to In, ES2 to In ... ES8 fo In may be
applied concurrently so that a plurality of elec-
tronic storage units may be read out concurrently
upon their respective In bus-sets.

As stated previously in the General Descrip-
tion, all numbers on the Out bus-sets enter elec-

tronic storage units to be routed therethrough to

selected sources. Also, except for S and 82 codes
from dial switches DSI and DS2? (Fig. 40), all
numbers on the In bus-sets are taken from the
electronic storage unit which receive them from
selected sources, and the numbers are directed
from the electronic storage units via the In bus-
sets to selected receiving means.

Referring to Figs. 20 and 22, it is to be noted
that columns 1 to 20 of an electronic storage unit
are associated with columns 1 to 20, respectively,
of the corresponding In and Out bus-sets. Thus,
columns 1 to 20 of ES{ receive digits from col-
umns 1 to 20, respectively, of Out bus-set { and
apply digits to columns 1 to 20, respectively, of
In bus-set 1. With respect to the relation be-
tween the electronic storage columns and the
Internal In and Out bus columns, columns 1 of
the electronic storage units are gll associated
with columns 1 of the Internal In and Out bus-
sets, while columns 2 to 20 of all the electronic
storage units are associated with columns 11 to
29, respectively, of the Internal In and Qut bus-
sets. Thus, the sign digit column 1 of each elec-
tronie storage unit may read out a sign digit upon
column 1 of the Internal Out bus-set and receive
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a’'sign digit from column 1 of the Internal In biis-
set, while columns 2 to 20 of the electronic stor-
age unit read out digits upon columns 11 to 29
of the Internal Out bus-set and receive digits
from columns 11 to 29 of the Internal In bus-set.

7. Relay storage

Relay storage consists of sets of relay storage
registers, also called relay storage units, which
receive numbers from the In bus-sets and store
them until called out for transmission along the
Out bus-sets. Certain of the relay storage units
also serve to control the printing unit, as will be
explained in Section 21.° There are ten sets of
storage relays, designated the 6, 1, 2...9
sets, of which the 0 and 9 sets are diagrammati-
cally and partially shown in Fig. 28. Each set
has fifteen storage units and each unit has twen-
ty columns of storage relays for storing a num-
ber in binary decimal form.

The fifteen units in a set are respectively con-
nectable to a common In cable by points of fifteen
Unit In relays generally designated U “in” (see
Fig, 29). 'The fifteen units of a relay storage set
are also connectable to a common Out cable by
the points of fifteen associated Unit Out relays
generally designated U “out.” The Unit In re-
lays and their contact points associated with a
relay storage unit may simply be referred to as
& Unit In and designated by the number of the
storage unit. For instance, the storage unit 010
is associated with Unit In 010. Similarly the Unit
Out relays and their contact points may simply
be referred to as Unit Outs and designated by
the same reference number as the associated stor-
age units.

The In cable has 84 individual wires which are
numbered 1 to 84. Wires | .to 80 pertain to the
binary positions of digit columns 1 to 20, the wire
81 is a back signal wire, and wires 82, 83 and 84
are storage reset signal wires. The wires | to 80
of the In cable terminate at columns 1 to 20 plug
sockets generally designated RS-GIPP (also see
Fig. 30). The wires 82, 83 and 84 terminate at
plug sockets RS-GIPP 82, 83 and 84. Sockets
RS-GIPP are pluggable to any of eight different
gangs. of plug sockets designated generally
RS-GIP. HEach of these gangs includes columns
1 to 20 plug sockets adapted to be connected
through points of a set of Group In relays, gen-
erally designated RS-GT, to the buses in columns
1 to 20 of one of the In bus-sets. Each gang of
sockets RS-GIP also includes a socket RS-GIP82
which is connected through a group In relay
contact, when closed, to bus 82 of the related In
bus-set. Socket RS-GIP82 may be plugged to one
of the sockets RS-GIPP-82, 83 and 84 for selec-
tive reset purposes as will be explained further.
The back signal wire 81 is connected directly via
group In relay points, when closed, to bus 81 of
the In bus-set. As may be understood, for each
relay storage set, there are eight Group In relay
sets which are designated RS-GII to RS-GI8
and connect to In bus-sets | to 8 respectively.
For convenience, each of the sets of Group In re-
lays RS-GII to RS-GI8 and their contacts may
be referred to simply as “Group Ins” § to 8. The
elements of a relay storage set may further he
identified by a prefixed digit corresponding to the
relay storage set numbier. For instance, the
Group Ins for storage set 9 may be identified as
9IRS-GII to 9RS-GI8. Thus, there are ten Group
Ins RS-GII, one for each of the ten relay stor-
age sets, which connect to the In bus-set 1. TLike-
wise, there are ten Group Ins RS-GI2, one for
each relay storage set which connect to the In
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bus-set 2, and so on, making a total of 80- Group
Ins, eight for each relay storage set.

The Out cable of each relay storage seb has 81
individual wires which, 'except for the wire 81
(see Fig. 28), terminate at columns 1 to 20 plug
sockets RS—-GOPP (also see Fig. 20). These may
be plugged to any of eight gangs of columns 1 to
20 Group Out plug sockets RS-GOP. Each of the
eight gangs of sockets RS-GOP connects, through
relay contacts, when closed, of Group Cut relays
RS-GO, to one of the eight Out bus-sets. Wire 8t
in the Out cable of a relay storage set connects
directly via contacts in an active Group Out relay
to bus 81 in the associated Out bus-set. Each. of
the Group Outb relay sets and its contacts may
simply be referred to as a Group Outb. It is clear
now that there are eight Group Outs for each
relay storage set and which connect to the eight
Out bus-sets, making a total of 80 Group Outs
for the ten storage sets.

As previously stated, each relay storage unit
has twenty columns of storage relays for storing
a number in binary decimal form. It is clear
therefore that there are four relays in a column
which may be called the “8,” “4,” “2” and “1” re-
lays of a column. Fig. 29 shows the eircuits of
the “8” relay in column 1, the “1i” relay in column
10, the “8” relay in column 11 and the “1” relay
in eolumn 20. - These circuits are typical of the
circuits of all the storage relays although it is
understood that some of the relays have addi-
tional contacts such as the relays for controlling
the printing unit. Each of the storage relays
is a duo-wound relay. Upon energization of the
pick-up winding of the relay, in a manner to be
explained soon, it closes the relay points ¢ to
establish the circuit of the hold winding 7 of the
relay. The circuit of the hold winding is from
the 50 v. line through the winding, the relay
points @, and via normally closed relay reset
points LHRa or RHRa to ground.. The reset
points LHRa are provided for the left half of a
storage unit; namely, for columns 1 to 10, and re-
set points RHRa for the right half of the storage
unit; namely for columns 11 to 20. This enables
the right and left hand halves of the storage unit
to be reset independently and therefore to store
numbers independently. In other words, if only
10-column numbers are to be handled, then one

such number may be entered in one-half of a

storage unit and another such number entered
in the other half of & storage unit. The plugging
from the plug sockets RS-GIP82 of a Group In
gang of sockets to the sockets RS-GIPP82, €3 and

84 is made selectively in accordance with whether

the entire storage unit is to be reset or whether
the left or right half is to be reset. If the entire
storage unit is to be reset, then the socket RS-
GIP82 is plugged to the socket RS-GIPP82. If
the left half is to be reset, then the plugging is
from the socket RS-GIP82 to the socket RS-
GIPP83. Finally, if the right half is to be reset,
the plugging is from the socket RS-GIP82 to the
socket RS-GIPP84. As will be explained in Sec-

tion 11, when a number is tc be entered into a

storage unit, the corresponding Unit In will be
operated, closing 84 contacts 1 to 84 between the
wires of the In cable and the pick up coils of the
relays in the storage unit. Also a Group In will be
operated to close contacts hetween a connected
In bus set and the related gang of plug sockets
RS-GIP. Just prior to entry of the number; a
preliminary reset signal is applied to the sockets
RS-GIP82. Depending on the plugging, this re-
set signal will be transmitted to one of the wires
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82; 83 or 84 of the In cable and thence through
either the contacts 82, 83 or 84 of the Unit In re-
lays for the selected storage unit to the reset re-
lays LHR and RHR or one of them. There is a
pair of these relays associated with each storage
unit. Fach of these relays is a duo-wound relay
in which each of the windings operates the same
set of armature contacts (see Section 3¢). If the
reset signal is applied to wire 82 of the In cable,
it is routed by contacts 82 of the operated Unit
In through a coil of LHR and thence through a
coil of RHR to the 4-150 v. line, thus causing ener-
gization of both coils. Accordingly, the contacts
LHRe and RHRa will be opened and reset the
entire storage relay unit. If the reset signal is
applied to wire 83 of the In cable, it is routed by
contact 83 of the Unit In through a coil of LHR
and to the' 4150 v. line, causing energization only
of this one coil. - Accordingly, only the left half of
the relay unit will be reset. Finally, if a reset sig-
nal is applied to wire 84 of the In cable, it is routed
hy contact 84 of the Unit In through a coil of RHR
and te the --159 v. line, so-that only the right half
of the relay unit will be reset.

Each relay storage unit is identified by a three-
place number. The units place digit in the identi-
fication number of a unit is the number of the re-
lay storage set containing the unit. The two
left-hand digits of a unit designation distinguish
a unit from the other units in the same group.
Thus, in 0 relay storage set the units are desig-
nated 818, 028,030 . . . 8835, {80,118 . . . 150. In
the 9 set, the units are designated 018, 029 . . .
{59. In other words, the unit {59 is the 15th unit
in the 9 set.

As hags been stated previously (see Section 6,
for instance), all the numbers on the In bus-
sets, with the minor exception of the artificial
line of sequence described in Section 11, come
from the electronic storage units and all the
numbers on the Out bus-sets are directed to the
electronic storage units. When the program or
sequence means calls for a number to be entered
into a relay storage unit, it brings about the en-
‘ergization of the Unit In relays for the desired
unit only and also selects the Group In relays
of one group only through which the number is
to he transmifted to the desired storage unit.
Since each Group In is fixedly associated with a
particular In bus-set which in furn is in fixed
association with an electronic storage unit, it
is clear that by selecting the Group In, a celec-
tion is made of the electronic storage unit from
which the number is to be taken. Upon the en-
ergization of the selected Unit In a back signal
is sent to the pilot unit which is associated with
the selected elsctronic storage unit. This back
signal originates from the 4-150 v. line (¥Fig. 29)
and is directed. via the shifted contacts bs of
the active Unit In and via the connected now
closed contacts bs of the active Group In to
the hus &1 in the sclected In hus-set. The signal
proceeds to the pilot unit where, in a manner
explained later, it notifies the pilot unit, so to
speak, that the selected siorage unit is ready to
reczive the number.. The pilot unit then sends
out a reset signal which is in the form of re-
duced potential on the bus 82 of the associated
In bus-set. This reset signal is directed via con-
tacts r of the active Group In to the plug socket
R3-GIPS32 and by plug wire to the desired one of
the plug sockets RS-GIPP8?, §3 or 84, depend-
ing on whether the entire storage unit or its left
or right half is to ke reset. Following the emis-
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sion of the reset signal and consequent deener-
gization of the required relays in the selected
storage unit, the pilot unit acts to send the exit
timing signal ES to In (see Fig. 22) to the as-
sociated electronic storage unit, causing this
unit to apply reduced number representing po-
tentials to the connected In bus-set. The re-
duced potentials on the buses of the selected In
bus-set are applied via the columns of contacts
in the active Group In and via the plug connec-
tions between the associated sockets RS-GIP and
the sockets RS-GIPP to the wireg of the In cable
of the relay storage set containing the selected
unit. The reduced potentials on the wires of the
In cable are further applied via the active Unit
In to the pick-up coils p of the selected relay
unit and the circuits of these relays coilg are
completed to the 150 v. line. As already ex-
plained, the energization of the pick-up coils is
followed by the energization of the hold coils h,
so that the number. entered in the  selected
storage unit is stored therein. )

In a manner explained later in Section 11, the
program or sequencing means will call for a num-
ber to be read out of a relay storage unit by
bringing about the energization of the related
Unit Out. Also the sequence means will bring
about the energization of a Group Out in ac-
cordance with which electronic storage unit is
to receive the number from the selected relay
storage unit. Upon the energization of the se-
lected Unit Out and Group Out, a forward signal
is transmitted from the 4150 v. line through the
points bs of the Unit In associated with the se-
lected storage unit and thence via the  contarts
fs of the active Unit Out to the wire 81 of the
Out cable of the relay storage group, and via
the contacts fs of the active- Group Out to the
bus 84 of the associated Out bus-set. The for-
ward signal goes to the pilot unit-associated with
the electronic storage unit corresponding to the
active Group Out and the connected Out bus-
set. In a manner which will ba explained subse-
quently, the forward signal notified the pilot
unit, so to speak; that the selected relay storage
unit is ready to transmit the number. It may
be noted that the forward signal is routed through
the points bs of the Unit In for the selected relay
storage unit. Hence, the forward signal is ‘sent

out only if these contacts bs are in normal status, !

indicating the storage unit is rot conditioned to
receive data. ]

As understood, the relays of a relay storage
unit are selectively energized to store a number

and sign. The energized relays close their points ¢

¢ and b and additional points if the storage unit
is one for controlling a recording unit ‘(Section
21). As described, points a are in the ecircuits
of the hold coils 2.” When a relay storage unit
is to be read out, its Unit Out and a desired
group Out are energized. Readout circuits are
selectively closed from the 4150 v. line via the
closed points b of the storage umit, the con-
nected points of its Unit - Out, to sockets
RS-GOPP, plugwires to ‘sockéts RS-GOP of the
bank related to.-the selected Group Out, and via
contacts of the latter to bus columns 1 to 20
of the related Out bus-set. ' In this way, the data
in a relay storage unit are read out as increased
potentials selectively placed on buses of the se-
lected Out bus-set and entered in the associated
electronic storage unit when the latter receives
its enfry signal Out to ES (Section 6).

The plugboard for a relay storage set is shown
in simplified, diagrammatic form in Pig., 30.
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There is one such plughoard for each of the ten
relay storage sets. : ‘

8. Dial storage

Besides relay storage (Section 7) and tape stor-
age (Section 9), the machine provides other
sources for values.” One such ‘source is dial stor-
age. Representative of dial storage is dial stor-
age set #3 which is diagrammatically and par-
tially illustrated in Fig. 23. A dial storage bank
consists of twenty dial switches, generally des-
ignated DST, and each dial switch is manually
settable to a desired digit. Thus, twenty digits
may be registered by the set of dial switches.
The switches are further identifiable as column |
to column 20 switches to conform with the num-
bering of the bus columns. It is understood that
column 1 is the sign column and that columns 2
to 20 correspond to denominations 19 to 1, respec-
tively.” Each dial switch has three rings of con-

-tact segments having contacts | to 9 selectively

wired to four output lines 8, 4,2, and I. The wir-
ing is such that a decimal notation digit to which
the dial is set will be read out in binary decimal
form. For instance, if the switch in column 2 is
adjusted to position 7, a circuit path is closed
from the 4150 v. line through the common
switch arm to the 7 spot of the inner circle of
contacts and to the 1 output wire; also from the
switch arm via the 7 -spot of the second circle of
contacts to the 2 output line; and lastly from the
switch arm via the 7 spot of the outér ring of
contacts to the 4 output line. In this way the
single adjustment of the switeh arm to position 7
enables- potential to be applied to the 1,2 and 4
output lines so as to read out the decimal no-
tation digit 7 as its binary terms equivalent 1, 2
and 4. The output wires of each column of dial
switches are connectable through contacts a of
dial storage Group Outs { to 8 to the Out bus-sets
I to 8 respectively. Fig. 23 indicates the Group
Outs {, 6 and 8. Each Group Out includes a
group relay designated DS~-GO and contacts a
operated by the relay. In a4 manner which will
be explained in Section 11, the program or se-
quence means may select any of the eight Group
Outs of dial storage set #3 for operation. As-
sume, for instance, that Group Out'{ is selected;
i. e. relay DS-GOI is energized. Digit represent-
ing potentials thereupon will be applied through
each dial switeh column to the corresponding col-~
umn of Out bus-set 1. - For instance, if the eol-
umn 2 dial switeh is adjusted to 7, then poten-
tial will be applied to the 1, 2 and 4 output lines
of this dial switch and thence by way of the as=
sociated contacts ‘@ of Group Out [ to the buses
4, 3 and 2 in column 2 of Out bus-set | which re-
spectively represent binary . #1, binary #2 and
binary #4 (Fig. 4a).

Along with the application of the digits, stored
in the dial storage bank, to an Out bus-set, a for-
ward signal is applied to bus 81 of this Out bus-
set. - The forward signal starts from the +150 v,
line and is routed through the contacts 81 of the
active dial storage Group Out to bus 81 of the
related Out bus-set. The purpose of the for-
ward signal will be explained in Section 16b,
Item 24b. :

9. Tape storage

Tape storage comprises threes banks {,2 and 3,
each with ten tape stations. Selection of g tape
station is controlled by the sequence means in a
manner described in Section 11: Fig. 31 dia-
grammatically shows the essential elements for
transmitting information from g tape storage
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bank to any of the Out bus-sets I to 8. Asso~-
ciated with each station are two cutlets called
station selectors A and B. All the station selec-
tors A are associated with a common set of plug
sockets ASSP. Al the station selectors B are as-
sociated with a common set of sockets BSSP. The
information at a station may be read out alter-
natively through its A or its B station selector, as
determined by the sequence means. For each
bank of tape storage stations, there are eight
Group Outs, each Group Out associated with a
different one of the Out bus-sets. Each of the
Group Outs is connected to a separate set of plug
sockets TS-GOP. The sets of plug sockets ASSP
and BSSP may be plugged in any desired combi-
nation to the sets of plug sockets TS-GOP, de-
pending on which of the Out hus-sets are to re-
ceive information from stations through their A
selectors and which of the Out bus-sets are to re-
ceive information from the stations through their
B selectors. At this point, it may be brought out
that if each station had only one ouflet, then in
order that a station in the bank be capable of
reading out a.number into any of the eight out
bus-sets, it would be necessary to connect the
sensing brushes of the ten stations in the bank
through the one station outlet to all of the eight
sets of sockets TS—-GOP. Under this condition, it
would be impossible to read out more than one
station of a bank at a time in view of the fact
that selection of an -outlet from one station and
the concurrent selection of the outlet from an-
other station along with selection of two Group
Outs concurrently, would result in the reading
out of the numbers from both selected stations
upon both selected Out bus-sets. But it is de-
sired to be able to read out at least two of the
stations of a bank simultaneously upon two dif-
ferent selected Out bus-sets: To attain this ob-
ject, each station is provided with the two out-
lets, station selectors A and B. Only one A out-
let in a bank and only one B outlet in the same
bank may be selected-simultaneously. The sock-
ets ASSP or BSSP may be plugged to all of the
eight Group Out plug sockets TS-GOP, if it is
desired to read out only one station at a time upon
any selected Out bus-set. If it is desired to read
out at least two stations of a bank simultaneous-
1y, then sockets ASSP are plugged, for instance,
to a group of four of the socket sets TS-GOP and
the sockets BSSP are plugged to the remaining
four sets of plug sockets TS-GOP. Then, the
outlet A of one station and the outlet B of an-
other station may be operated simultaneously
and two selected Group Outs, one plugged to
sockets ASSP and the other plugged to sockets
BSSP may be operated to select the Cut bus-sets
upon which the numbers from the two selected
stations may be respectively but simultaneously
applied.

As understood now, the selection of a station in
a bank to read out upon a selected Out bus-set
requires the operation of one of its station selec-
tors A or B and the Group Out associated with the
desired Out bus-set. Each of the station selec-
tors A comprises a gang relay ASS (see Fig. 32a)
and each of the station selectors B includes a
gang relay BSS. The station relays may be dif-
ferentiated by a prefixed number corresponding
to the associated station; e. g., relays 1ASS are
associated with station {. Each of the two relays
ASS and BSS at a station operates contacts 3 to
80 (Fig. 32a) wired to the station brushes RB
which sense index positions 3 to 80 (Fig. 42) in
record columns 1 to 20. Each brush at the sta-
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tion is wired to one side of a contact of the sta-
tion relay ASS and a parallel contact of the sta-
tion relay BSS. The other side of the contact of
ASS is wired to a plug socket of the ASSP bank.
The other side of the BSS contact is wired to a
socket of the BSSP bank. The correspondingly
numbered ASS contacts of all the stations are
wired in common to the same plug socket ASSP
and similarly to the corresponding contacts of the
BSS relays of the stations are wired in common
to a corresponding plug socket BSSP. It is seen
that if the ASS relay of a station is active, then
its contacts connect the read brushes RB to
columns 1 to 20 of sockets ASSP (also see Fig. 34),
while if the BSS relay of this station is active, its
contacts connect the read brushes to the columns
1 to 20 sockets BSSP (also see Fig. 34).

Fach of the tape storage Group Outs includes
a gang relay TS-GO (see Fig. 32¢) and contacts
operated thereby. Contacts 3 to 80 of the Group
Out (see Fig. 32a) are wired each at one side to
columns 1 to 20 of the associated sockets TS-GOP
and at the opposite side to columns 1 to 20 buses
of the associated Out bus-set. The relays TS-GO
and the sets of sockets TS-GOP may be further
identified by a suffixed digit corresponding to the
associated Out bus-set; e. g.,, TS-GO8 and TS-
GOP8 are associated with Out bus-set 8. The
relays TS-GO are selected by the sequence or
program means in the manner described later in
Section 11. Such selection circuit will connect
ground to that one of sockets TS-GOSI to 8
(Fig. 32¢) wired to the desired relay, and the
circuit will be completed to the 4-50 v. line. - The
grounding of socket TS-GOSI, for instance, will
establish the circuits of gang relay TS-GOI, the
circuit being completed to the 450 v. line. Only a
few of the elements of TS-GOIl, TS-GO1T, and
TS-GO8 are shown, as illustrative, the others
TS-GO2 to 6 being in a similar arrangement and
connected to sockets TS~-GOS2 to 6 (Fig. 53b).
Likewise, the sequence means selects either the
ASS or BSS relay of a desired station. Consid-
ering, for instance, relay (ASS, the sequence
means will ground the socket 1 ASPP connected by
plugging to {ASP and a circuit will thereupon be
completed via a normally closed relay point
{ACLa through the relay 1ASS to the --50 v. line.
Energized relay 1ASS will shift the contacts
{ASSa so that when the pick up circuit of the re-
lays drops, the relays will momentarily remain
energized through the shifted points and a series
capacitor. It will be recognized that the points
a of 1ASS along with the associated capacitor and
resistor constitute an arc suppressor arrange-
ment.

The data designated on a line of the tape un-
der the read brushes of the selected station are
read out while the record tape is at rest. A typi-
cal readout circuit is: From the 4150 v. line (Fig.
32a) through the common brush CB, the con-
tact cylinder 11b, the brush RB3 sensing a per-
foration in binary position 2, column 1 (see Fig.
4a), then via contact 1ASS3 or IBSS? (depend-
ing on whether the 1ASS or IBSS relay has been
energized), to the plug socket 2, in column 1 of
ASSP (see Fig. 34) or to the corresponding sock-
et BSSP, a plug connection from, say the ASSP
socket, to the corresponding socket of TS-GOPI,
for instance, and via the contacts 3 of TS-GOi to
bus 2, column 1 of the Out bus-set f.

The above circuit applies increased potential
to a bus of the Out bus-set. This increased po-
tential is applied to the suppressor of a tube Out
En (see Fig. 21) of the electronic storage unit as-
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sociated with the selected Out bus-set. In the
foregoing manner, the information read out of a
designation line of the tape at the selected sta-
tion is represented by increased potentials selec-
tively applied to the tubes Out En associated with
the electronic storage unit fixedly related to the
selected Out bus-set (see Section 6).

At the same time that the information from
the record tape is applied to the selected Out
bus-set, a forward signal is applied to the bus 81
of this same bus-set. Assuming that station |
is being read out to Out bus-set I, the forward
signal circuit extends from the +150 . v. line,
through normally closed contacts {ACLdH and
{CCLa, thence via contacts 81 of the active {ASS
or IBSS relay, an either to a hub of the plug
sockets AFS or BFS. If station selector relay
IASS has been energized, then the forward sig-
nal circuit will be directed to.a plug socket AFS
while if the relay IBSS has been energized, the
forward signal cireuit will be directed to a socket
BFS. If the sockets ASSP have been plugged, for
instance, to the sockets TS-GOPI, the socket AFS
will be plugged to the socket 81 of the same group
TS-GOP| (see also Fig. 34). On the other hand,
if the sockets BSSP have been plugged to the
sockets TS-GOPI, than a plug conneetion will be
made between BFS and the socket 81 of TS-GOPI.
The forward signal circuit will continue via the
contacts 81 of TS-GOI to bus 81 of the selected
Out ‘bus-set |. The forward signal is trans-
mitted by this bus to pilot unit f, associated with
Out bus-set 1, informing this pilot unit that the
information from the selected station has been
applied to the selected Out bus-set and is ready
to be entered into ‘electronic storage unit ESI
(Fig. 22). In other words, the forward signal is
an indication that the proper Group Out has been
operated, that the proper station selector has been
operated, and that the station drum is not in
motion. - As will be brought out later in this sec-
tion, the relays tACL AND 1CCL are deenergized
while the tape at station I is at rest. There are
similar eircuit paths for the forward signal from
each of the ten stations of a tape storage group.
Each station has associated therewith corre-
spondingly numbered relays ACL and CCIL for
controlling points in the path for the forward
signal from the station. Each of these paths also
extends through the contact 81 of either the ASS
or BSS relay associated with the station. Al
the points 81 of the relays ASS are connected in
common to sockets AFS and all the points 81
of the relays BSS are commonly wired to the
sockets BFS.

In response to receipt of a forward signal, &
pilot unit will operate to produce the entry tim-
ing signal Out to ES (see Figs. 21 and 22), caus-
ing the information applied from the record tape
to the Out bus-set to be entered into the corre-
sponding electronic storage unit.

After the pilot unit has sent forth the entry
signal it sends out a Move signal, generally des-
ignated SMS. This signal is a negative going
pulse on the bus 82 of the Out bus-set assoclated
with the pilot unit. Depending on the program or
coding, the Move signal will or will not be ef-
fective to produce a step of advance of the se-
lected station from which the information has
been read.out. For each tape storage group there
are two move relays MA and MB (Fig. 32¢). If
the program calls for the operation of any A sta-
tion selector in the group to operate, then the
relay MA will be energized. If the program calls
for any station selector B in the group to oper-
ate, then the relay MB will be energized. It Is
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clear that since two stations in a group may be
read out concurrently, one through its A station
selector and the other through its B station se-
lector, that both the relays MA and MB may be
simultaneously. energized. - When the program
calls for movement of a-station which has been
read out through its selector A, then the sequence
means operates in a manner described in Section
11 to apply ground to a socket MAPP plugged to
MAP thereby establishing the circuit of relay MA.
Similarly, the sequence means may apply current
to socket MBP to enérgize relay MB.  If either of
these relays MA and MB are energized, then the
Move signal will he effective to cause a step of
advance of a selected station in the group.

There is a Move signal receiving circuit asso-
ciated with each Out bus-sét. Fig. 32 shows the
receiving circuits associated with the Out -bus-
sets 1 .and 8. 'Bus 82.0of Out bus-set | is coupled
to the control grid of an amplifier tube MSTI.
Normally, the bus 82 is at its upper level of po-
tential, maintaining the tube conductive. The
negative going Move signal on bus 82 cuts off the
tube allowing its plate potential to rise. Similar-
ly, the bus 82 of Qut bus-set 8 is coupled to a tube
MST8 and a Move signal on this bus will cut off
this tube. 'Likewise, all the other Out bus-sets
have their buses82 coupled to tibes generally des-
ignated MST, each in a move signal receiving cir-
cujt. For simplicity of explanation, assume that
station | has been read out to Out bus-set [ and
is'now to be advanced a single step. The move
signal on bus 82 of Out bus-set | cuts off tube
MSTI which thereupon applies a positive going
pulse via a “capacitor to the contacts 82 of
TS-GOI. TIt'is clear that TS-GOI is in ener-
gized condition under the assumption that Out
bus-set { has been selected to receive informa-
tion. Accordingly, contacts 82 of TS-GOI are
closed and the positive going pulse is applied
therethrough to the plug socket 82 of TS—-GOPI.
This socket may be plugged either to a hub of
Move signal sockets AMS or to a hub of Move
signal sockets BMS (also see Fig. 34) depending
on whether it is intended to read out selected sta-
tion f through its A station selector or its B sta-
tion selector. Assume that station | selector A
is being used. Accordingly, the plugging will be
from the socket 82 of TS-GOPI to a socket of
the bank AMS. The positive impulse applied
from the plate of tube MSTI will therefore pro-
ceed to the points a of the relay MA. Under the
assumed conditions the relay MA will have been
energized and its contacts a will be closed. The

55 positive pulse will then proceed further through
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the contacts 82 (closed under the assumed con-
ditions) of 1ASS to the station | Move network.
If the program had called for station { to be read
out through its B station selector and for move-
ment of the station to be effected, the relay MB
would have been energized and closed its con-
tacts a and also the relay contacts {BSS82 would
be elosed.. Further, the plugging would have been
from socket 82 of TS-GOPI to the socket BMS
and the positive impulse from the plate of tubes
MSTI would have been directed to the station |
Move network via the contacts ¢ of MB and the
contacts 82 of IBSS. There is a similar Move
network for each of the ten stations. Fach of
the Move networks may selectively receive a
positive pulse resulting from the Move signal
coming from any of the Out bus-sets. Further,
the positive pulse may be applied either through
contacts 82 of the A or B station selector to the
corresponding station Move network. While only
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the station | network is shown, it is to be under-
stood that all the other statlon Move networks
are similar.

To follow up the assumed example a Move
signal has been applied from bus 82 of Out bus-
set 1 to the receiving network for the Move sig-
nal of this bus-set and the amplified inverted
signal directed to the station | Move network.
This amplified positive signal renders the' tube
iMSA in the station | Move network conductive.
The output of this tube is coupled to a Move ¢ir-
cuit-trigger in the station I Move network. This
trigger includes the tubes MSR and MSL retro-
actively coupled, plate to control grid. The con-
stants shown for the trigger are such as to make
it a double stability trigger of not too acute sensi-
tivity. When tube IMSA is made conductive, it
forces down the plate potential of tube MSR of
the trigger, thereby turning the trigger to the
condition in which tube MSR is conductive and
tube MSL is non-conductive. When the tube
MSR becomes conductive, it establishes the cir-
cuit of the pick-up coil p of a delay relay {ACL
of the type previously discussed in Section 3c.
After a momentary delay, the energization of re-
lay IACL opens its contacts b in the forward sig-
nal circuit (see Fig. 32e¢). Further, the relay
{ACL opens the contacts a in the pick-up ¢ircuit
for the station selector relays 1ASS or IBSS (see
TFig. 32¢). It is clear thus far that as a result
of the Move signal the previously selected station
from which information has been read out is iso-
lated from the selected Out bus-set and also the
forward signal is terminated. Accordingly, after
the Move signal has been applied, information
cannot be read out from a station and a forward
signal cannot be transmitted to a pilot unit. =

When the Move circuit trigger (Fig. 32b) ig"in
reversed status in which the tube MSL is non-
conductive and the tube MSR is conductive, the
tube MSIL is applying increased potential to the

control grid of a tube MSK. The screen grid of.

the tube MSK is coupled through contacts b of

a relay ICCIL and the timer | for the entire bank’

of ten stations to the +150 v. line. The timer |
makes in synchronism with the passage of ratchet
teeth 23 (Fig. 6) across theclutch dog 38d. When
timer | makes, it allows the tube MSK to conduct

under the influence of the reversed Move circuit’

trigger. As soon as MSK becomes conductive, it
establishes the circuit of coil » of the duo-wound

relay IBCL. As this relay is energlzed its pomts

a, b and ¢ (Fig. 32¢) close.

Referring to Fig. 33, it is seen that the make
times of timers | and 2 alternate with respect to
each other.

delay relay MRG. After a slight delay, the relay
MRG is effective to close its contacts a (see Fig.
32¢). Since the contacts @, b and c¢ of relay
IBCL have previously been closed, the following

circuits are now completed upon the closure of"

contacts @ of MRG. One of these circuits extends
from ground via ¢ of MRG and ¢ of BCL through
the clutch magnet ISCM for station I, to the

450 v. line. Another of the circuifs is completed’

via @ of MRG and b of BCL through the coil 2
of BCL. ' A third circuit is completed via a of
MRG and ¢ of BCL through the pick-up coil p
of a duo wound relay (CCL. Contacts ¢ of this

relay close and the circuit of its coil h is estab--

15

lished via these contacts and the now closed con-
tacts ¢ of IACL: Relay [CCL opens contacts b

After the timer [~ has operated to.
cause the pick-up coil of relay (BCL to be ener-
gized, the timer 2 makes and renders a tube MSG
conductive so as to establish the circuit of a
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(Fig. 32b) to prevent the picking up of relay 1BCL
for a second time within one move period. Relay
{CCL also. opéns contacts ¢ (Fig. 32a) to form
another open point in the forward signal circuit.
It may be seen from Fig. 33 that timer | causes
the relay IBCL to be energized prior to the oper-
ation of timer 2 in bringing about the energiza-
tion of relay MRG. Accordingly, the circuif
through the clutch magnet {SCM will be made
for a complete make period of the timer 2. In
other words, the timing is such that even though
the Move signal is received at a time which is
random with respect to the timers [ and 2, these
timers serve to insure a full duration (make period
of timer 2) of energizing pulse for the selected
clutch magnet. Further, the timer 2 is so timed
with respect to the travel of the clutch teeth past
the clutch dog as to cause the circuit of the clutch
magnet to be completed for tripping the clutch
dog at a favorable time with respect to the clutch
teeth. s

After the clutch of .the selected station starts
to ‘turn, the station commutator 44—44b (see
Figs. 9 and 32b) makes and grounds the screen
grid of the tube MSR, cutting off this tube so as
to return the Move circuit trigger to its initial
condition. Upon the return of the trigger, the
circuit of relay IACL is disestablished and the
points ¢ of the relay open after an appropriate
delay so as to drop out the relay {CCL. The
relays {ACL and ICCL, being deenergized, permit
their respective contacts b and a (see Fig. 32a) in
the forward signal circuit paths to reclose. Also,
the contacts a of relay IACL reclose (see Fig. 32¢)
to allow the station selector relays 1ASS or IBSS

* to be picked up again, if called for.
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-As described in Section 2b, each of the stations
has a Move key SMK. Closure of this key switch
establishes the circuit of the clutch magnet SCM
for the station (see Fig. 32¢).. By this means,
the tape at a station may be advanced under
manual control so as to position any desired des-
ignation line of the tape under the read brushes
RB.

10. The table look-up (Fig. 35)

- -The -table look-up apparatus is disclosed in
detail in previously mentioned application Serial
No. 768,600 of F. E. Hamilton et al. filed August
14, 1947. . Briefly, the table look-up apparatus
includes 36 tape stations which may be used to
carry record tapes bearing, in coded form, mathe-
matical tables of arguments and related function
values. ‘A table may be distributed over one or
more tapes and a maximum of six tables may he

" handled :by the . table look-up means without

80

changing the tapes at the stations. The sequence
or program: means. (Section 11) selects a table
from which a tape argument and function values
are. to be taken. The tape argument (and its
function values) is selected by comparison with
a-computed argument which is obtained from

. a-selected value source in the machine. The com-
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puted argument will be routed by way of a selected
electronic storage unit to the associated In bus-
set and-then by way of a corresponding table look-
up Group In and Table In and plugging (see Fig.
35) to a temporary computed argument storage
device.  If a sequence field calls for a table lock-
up operation, it calls for selection of one of the
six Table Ins and also for selection of one of the
table look-up Group Ins. There are six Table Ins,
one:-for each table which may be looked up. Each
Table In includes a gang relay TL and its contacts
I"to 22, There are eight Group Ins, each associ-
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ated with one of the eight In bus-sets. Fig. 35
shows, as illustrative, Table Ins | and §, and
Group Ins f-and 8 associated with In bus-sets 4
and 8. Each Group In includes a gang relay
TLU-GI and contacts { to 83 connected to col-
umns 1 to 20 buses of the related In bus-set. The
corresponding contacts [ to 88 of all eight Group
Ins are commonly connected to sockets | to 88
of a group of plug sockets BP. These sockets are
variously plugged to plug sockets { to 22 of the
different groups of .sockets ITP to §TE. Each
group of sockets TP is connected through con-
tacts { to 22 of a Table In relay TL to elements
of the temporary computed argument storage
device, which ‘include relays TCAI to 22. The
corresponding contacts | to 22 of the difféerent
relays TLi to TL6 are commonly connected to
the relay elements TCAI to 22, respectively.

Assume, for instance, that a computed argu-
ment is to be used to select a tape argument
from Table { and that the computed argument
is to be derived from electronic storage Unit (.
The sequence means (Section 11) will cause the
table look-up Greoup In relay TLU-GI{ to be
energized and also will cause the Table In relay
TLI .to be energized. The computed argument
is limited . in the present case to a five decimal
Place number and a sign. Such decimal place
number and sign occupy 22 binary term positions.
Therefore, any cf the sockets BPI to §0 may be
plugged to the sockets | to 22 of the sets TP to
8TP. After the energization of relays TLU-GII
and TLi, the computed argument present on the
buses of In bus-set | will be transmitted, as will
be explained further in Section 20, by way of the
contacts of the Group In { to the plug sockets BP
and via plugging to sockets | to 22 of I'TP, thence
by way of the contacts | to 22 of TLI to the tem-
porary computed argument storage relays I to 22
and to the 150 v, line. It is understood now
that digits are represented on the In bus columns
by reduced potentials which may be taken as
about 50 v. Accordingly, the circuit just traced
will cause energization of the relays of TCA | to 22
selectively in accordance with the digits present
on the In bus-set I. In the foregoing manner a
computed argument may be applied to a tempo-
rary computed argument storage.

In the manner described in the aforementioned
application, the internal operation of the table
look-up apparatus will be initiated by energiza-
tion of relay Ril. The circuit for energizing this
relay will be explained subsequently.

After comparison with the computed argument
has located the desired tape argument and its
function values in the selected table, the function
values as well as the tape argument may be read
out to a selected Out bus-set. Fig. 35 shows at
the right hand side the essential elements for
reading out selected values. When the program
means calls for table values to be read out, it calls
for energization of one of the six Table Out relays
ITO to 8TO and of the table look-up Group Out
relay TLU-GO which is associated with the Out
bus-set intended to receive the table values. The
table look-up apparatus includes station outlet
relays ASS and BSS which function similarly to
the relays ASS and BSS described in connection
with tape storage (Section ). The selection of
the station relays ASS -and BSS of the table
look-up apparatus will not be described herein as
it is fully explained in the aforementioned co-
pending application. It is sufficient to state that
when a Table Out relay is energized it completes
a circuit through the relay ASS or BSS of the
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station containing the selected tape arguinent
and function values. The selected station relay
closes its contacts 3 to 88 connected to the read
brushes of the tape at the station. It is to be
noted that each Table Out includes a set of A
contacts 3 to 80 and a set of B contacts 8 to 82.
The contacts 3 to 89 of all the station relays ASS
are connected in common to points 3 to 80, re-
spectively, of the different sets 1A to 6A operated
by the six Table Out relays I'TO to 6TO. Like-
wise, the contacts 3 to 89 .of all the station relays
BSS3 are connected in common to all the B sets
of contacts. 3 to 83. The contacts 3 to 88 of each
A and B set terminate at A and B sets, respec-
tively, of plug sockets ROS3 to 80. These are vari-
ously pluggable, according to requirements to the
sockets ROGI to ROG8. Sockets 3 to §0 in each
set of sockets ROG are connectable via contacts
8 to 80 of a Group Out to columns 1 to 20 buses
of the related Out bus~set.

Assume, for instance, that station i is in table §
and that a selected value is to be read out of sta~-
tion 1 through outlet {ASS and upon Out bus-set
. Further, assume that the Table Out relay 6TO
and table look-up relay TLU-GO| have been ener-
gized. Accordingly, readout circuits will be estab-
lished from the 4-150 v. line through the sensing
means for station I, contacts 3 to 88 of (ASS,
contacts 3 to 80 of the BA set operated by relay
§TO, thence to sockets RO of the 6A set and by
plugging to scckets § to 80 of the group ROGH
and the contacts 2 to 80 operated by relay
TLU-GOI, to columns 1 to 26 buses of Cuf bus-
seb 1.

11. Sequence storage and related circuits

Sequence storage compriseg means to receive
and store sequence data and to control the pro-
gram of machine operations in accordance with
such data. 'The sequence data generally originate
in the program tapes (see Section 2a) but may
be derived from other sources such ag relay stor-
age (Section 7) or dial storage (Section 8).

Sequence storage is made up of two identical
units, one called the A side, the other the B side.
Each side is adapted to receive g complete set
of sequence data. As explained in Section 2a,
each set of sequence data consists of the 20
columns of SiSeq data (see Fig. 3) and the 20
columns of S2Seq data (see Fig. 4). The two
identical sides A and B of sequence storage are
provided in order to speed up operations of the
machine since one side will receive g set of se-
quence data while the other side ig still control-
ling per a preceding set of sequence data. Fur-
thermore, there is some overlap in time between
the functioning of the two sequence storage sides
or unmits, to the end of speeding up the program
of operations.

Except for an initial so-called artificial line of
sequence data, the sequence data is routed to se-
quence storage through a pair of chosen elec-
tronic storage units. It may be assumed here
that the electronic storage units EST and ESS8 are
the chosen units. EST will contain an SiSeq line
of data and ES8 will contain sn S2Seq line of
data, The pilot units 7 and § (see Figs. 80a to
80e and 81) will operate, in a manner described
later in Section 16b, Ttem 31, to apply the exit
signals EST to In and ES8 to In (see Fig. 22) to
electronic storage units EST and =S8 respectively,
As a result the sequence data in EST and ESS
will be applied to the Tn bus-sets 7 anhd 8.

The A and B sides of sequence storage are to
receive the sequence data alternately from the In
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bus-gets T and 8. For this purpose two relays AM
and BM (Fig. 36) are alternately energized. En-
ergization of AM will, in a manner of speaking,
open the A side of sequence storage to the recep-
tion of sequence data while energization of BM
will similarly open the B side of sequence storage.

Referring to Fig. 36, when AM is energized, it
closes its several points a to establish the circuits
of a number of relays AS. The circuit for a re-
lay AS extends from the -}-50 v. line through the
relay and points ¢ of AM to ground. Relay AM
when energized also closes its points b to estab-
lish the circuit of a delay relay AMD of the type
described in Section 3¢. Relay AMD closes its
several points @ which are in arc suppressing cir-
cuits for the points AMa and AMDg¢. Each such
arc suppressing circuit comprises a condenser
AMC and a parallel, high ohmic resistor. Upon
deenergization of AM, the deenergization of AMD
is delayed slightly and its points ¢ remain mo-
mentarily closed, allowing the condensers AMC
to charge so that the circuits of relays AS decay
relatively gradually with the result that the are-
ing of points AMa and AMDaq is virtually sup-
pressed.

The points of relays AS close so as to prepare
circuits to be made through the so-called inter-
mediate relays AI in the A side of sequence stor-
age. There is one group of relays AI for each col-
umn of S{Seq data and S2Seq data (see Figs. 37,
38 and 39). Most of the relays AI are duo-wound,
4 or 6-position relays of the type deseribed in
Section 3¢. Others of the relays Al as in columns
20 of SI and S2 sequence storage, are 12-position
relays with only a single effective winding. The
circuits of relays AI for storing the SiSeq data
are similar to those for the S2Seq data and hence,
only illustrative circuits for the SiSeq data are
shown and will be described in sufficient detail.
Considering, now, the SiSeq A side relays, the
pick-up circuits of relays AI are connected by re-
spective points ASa to the proper buses of In bus-
set 1. Through these buses the pick-up circuits
are connected to the plate circuits of the tubes
In-Ex (Fig. 21) of the columns of electronic stor-
age unit EST. As may be understood from the
previous description of electronic storage (Sec-
tion 6), the tubes In-Ex of EST are selectively
rendered conductive upon the receipt of the exit
signal EST to In (see also Fig. 22) so as to mani-
fest the binary digits stored in EST. Bach such
tube when rendered conductive is limited to draw-
ing current for only one relay circuit. Accord-
ingly, with the exception of the units order Si
relays AI for positions 8, 4 and 2 there is only one
single coil relay AI or duo-wound relay AT for
each binary position in the sequence data. Since
the number of circuits to be handled by sequence
storage far exceeds the capacity of one relay per
binary position, so-called sequence storage A side
operational relays AOP are provided to be picked
up in multiple by points of the relays AI. As
many as thirty 12-point relays AOP may be pro-
vided for a single binary position of sequence
data. Each column group of relays AT will thus
pick up a corresponding column group of relays
AOP (see Figs. 38, 41 and 42) but the number of
relays AOP in each group is a multiple of the
number of relays Al in the corresponding group.
The prime purpose of relays AOP is to operate
the necessary points in permutation circuits for
converting the combinational binary coded se-
quence data numbers into related control func-
tions. There is one function called “early and
late” function which may be called for by the Si
data. If called for, it is to be brought into action
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before the other functions which are ordered by
sequence data. The AOP relays are picked up
under control of relays AI and hence subsequently
to energization of relays AI. In order to provide
for operation of the ‘“early and late” permuta-
tion circuits prior to operation of the other per-
mutation circuits, it is desired to use the earlier
energized relays AI of the SI group for operating
the points of the “early and late” permutation
circuits. The number of points in the units order
of the latter circuits exceeds the capacity of four
six-point relays AI, one for each binary position
of column 20 (units order) of Sl data. Hence,
the Si column 20 group of relays AI is made up
of 12-point relays of which there is one for binary
position 1 and several for each of the other binary
positions 8, 4 and 2 (see Fig. 37). To provide the
power necessary to pick up the relays AT for each
of the binary positions 2, 4, and 8 in column 20,
amplification between the corresponding buses of
In bus-set T and the relays is resorted to. When
the ASa points have been closed and the exit tim-
ing signal EST to In has been applied to EST, the
tubes In-Ex of EST are selectively rendered con-
ductive to produce reduced digit representing po-
tentials upon the buses of In bus-set 1. With
respect to buses 8, 4§ and 2 of column 20, they are
brought to terminals SIG8, 4§ and 2 which are
wired to correspondingly named terminals in Fig.
77b. Reduced potential on StG2 is amplified by
120, Fig. 77b, and (10, 100, 90 and 80. The out-
put of the latter four tubes goes to terminal S1P2
which is connected to the correspondingly named
terminal in Fig. 37. When reduced potential is
produced on terminal SIP2, current flows through
a point ASa and a group of relays AI2 in column
20 to the 4150 v. line. Similarly, reduced poten-
tial on SIG4 (Fig. 37) is amplified by 60ca, 50 and
40 in Fig. 77b and the amplified current fed via
SIP4 and a point ASe (Fig. 37) to a group of re-
lays AIf4 in column 20. Finally, reduced potential
on S1G8 is amplified by 16, 30 and 20 (Fig. 770
and the amplified power fed via S{P8 to a group
of relays AI8 in Fig. 37. Thus, groups of 12-posi-
tion, single coil relays AI for binary positions 2, 4,
and 8 in column 20 are selectively energized.
Only one 12-position, single coil relay AT is re-
quired for position 1 in column 20. For this relay,
the bus | in column 20 of In bus T connects via
a point ASa to relay AI for position 1 of column
20 and the circuit may be completed there-
through to the 150 v. line. The circuit of AI in
position 1 of column 20 is typical of the circuit
of other 12-position, single coil relays AI associ-
ated directly with buses of an In bus-set. When
a single coil relay AI is energized, it establishes
its hold circuit from the --150 v. line through
the relay, a series resistor, the relay stick points g,
and via normally closed points of a relay AIR, to
ground.

With respect to the duo-wound, 4 or 6-position
AT relays, their pick-up coils p are connected di-
rectly via points a¢ of AS to the proper buses of
In bus-set 7. An energizing circuit may be com-
pleted from such bus, when at reduced potential,
via a point ASg through the pick up coil p and
to the --150 v. line. The companion hold coil
of the relay is then energized by a circuit from
the 50 v. line through the hold coil, the relay
stick point ¢ and normally closed AIRa points to
ground.

When a relay Al is energized, it closes its points
b, an illustrative pair of which are shown in Fig.
41, to pick up a multiple number of relays AOP.
A typical pick-up circuit extends from the --50 v.
line through a plurality of relays AOP (in par-
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allel) and via a now closed pair of points Alb to
ground. A hold circuit for the plurality of relays
AOP is made from the -}-50 v. line, through the
plurality of relays and via one or more of the re-~
lay stick points a (only one is shown for a group)
and via normally closed points @ of an A side
operational reset relay AOR to ground. Tt may be
mentioned that each of the normally closed con-

(4

tacts @ of AIR (see Fig, 37) and of the relays AOR . .

(see Fig. 41) is protected by an arc reducing par-
allel condenser and resistor arrangement, as in-
dicated for one of the contacts in each of Figs.
37 and 41,

For simplicity, only a few of the. circuits for
the AT and AOP relays in the SiSeq A side of se=
quence storage have been shown, the other cir-
cuits being similar. There are duplicate sets of
relays AT and AOP for the S2Seq A side of se-
quence storage (see Figs. 39 and 43). However,
it is understood that the relays AT in the S28eq
A side are energized selectively under control. of
electronic storage unit ES8 acting via In bus-set
8. Also, the terminals S2G8, 4 and 2 and S2P8, 4
and 2 (Fig. 39) correspond to the similar termi-
nals SIG and SIP (Fig. 37). The terminals S2G
are connected to the amplifiers shown in Fig. 77b
and the outputs of these amplifiers are directed
to the terminals S2P. . ‘ s

The B side of sequence storage is a duplicate
of the A side and each of the input conneetions to
the relays AT of the SiSeq A side and S2Seq A
side is wired to a corresponding relay BI in the
S1Seq B side and S28eq B side. The circuits of
relays BI are established via points ¢ of BS and

are held via points a of BIR (Fig. 37). The eir- ¢

cuits of relays BOP are similar to the circuits:of
AOP but are established via points b of relays BI
and are held through points.a of relays BOR, (see
Fig. 41). . . -

The artificial line of sequence.~—Mention has

been made of an initial artificial line of sequence:

data. This consists only of Si or S2 data or
both and is inserted in sequence storage under
manual control, as the starting. instruction -for
the sequencing -of operations. of a problem,  In
other words, the artificial - line of sequence data
provides directions as to where the first real set
or line of sequence data is to be obtained. By
a real set of sequence data is meant such data as

is called out automatically from tape storage or

relay storage or other source for sequencing op~
erations leading to the solution of a problem.
The SI and 852 data for the artificial line of. se~
quence are sef on dial switches DSI and DS2 (Fig.
40) respectively. Bach dial switch: DS is of ‘the
same type as a switch DST (Fig. 23) deseribed in
Section 8 on Dial Storage.
wiring of a dial switch is such that a decimal ng-
tation digit set up on the dial will be read out in
binary decimal form. The wires 8§, 4, 2'and i
coming from a dial DS{ are associated withirelay

contacts SIRa. There are four contacts for each -

dial and they connect to the buses 8, 4; 2 and !
in column 19 or 20 of In bus-set T or 8. As'shown
in Fig. 40, the dial DS| (tens) is set at 0, the dial
DS (units) is set at 1, and the dials DS?2 ‘are

set at 02. The tens and units dials DSI are re-.

spectively connected through the contacts SIRg
to the buses in columns 19 and 20 of In bus-set 1.
Similarly, the tens and units dials DS2 are con-
nected by points . S2Rae to columns 19 and 20 of
In bus-set 8. .In order to enter the artificial line
of sequence data into sequence storage, the opera-
tor closes switches SS{ and SS2 (Fig..40a) or
either one. The closure of the switch SS{ es-

Briefly; the internal-
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- 42
tablishes the circuit of relay SIR from the +50 v.
line through-the relay and the switch to ground.
Likewise, the closure of switch SS2 establishes the
circuit of S2R. The energization of SIR closes
its points @ 50 as to cause the SI data set up on
the dials DS1 to be applied to columns 19 and 20
of In bus-set. 1. Assume, for instance, that the
tens-dial DSi were set to digit; position 7. A cir-
cuit would. then be established from _ground
through the switch arm of this dial, to the “7”
segment in the inner circle and thenece to the “1”
output-wire and the connected points SiRa to
bus I, column 19, of In bus-set T; another circuit
would be -established from ground through the
switch arm, the “7” segment in the second circle
and via the output wire 2 and the connected
points SIRa to bus 2, column 19, in bus-set 1;
and: a third circuit would be established from
ground via the switch arm, the “7” segment in
the outer circle to the “4” output line and via
connected points SiRa to bus 4, column 19, in
bus-set 1. )

It is clear now that upon the closure of switches

- 881 and S82, reduced (ground) potential will
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be selectively applied to the buses of columns 19
and. 20 of In bus-sets T and § according to the
81 and 82 data set on the dial switches DSi and
DS82.. These reduced potentials may serve in the
same way as the reduced potentials produced on
the buses under control of electronic storage units
EST and ES8 to enter the S1 and S2 data into
the A or B side of sequence storage, depending
on which side is open. Actually the artificial line
of sequence will be applied to the A side and en-
ter the intermediate storage relays Al of columns
19 and 20 in the SiSeq A side and the S28eq A
side of sequence storage. The switches SSi and
552 are closed only momentarily by the operator

- since entry of the 81 and 82 data is effected very

rapldly and after such entry it is desired that
the switches be reopened. ) :

As stated before, the relays AOP provide the
necessary contacts in permutation circuits for
translating the coded sequence data into the des-

5 ignated control functions. Also, the relays AT of

of columns 19 and 20 operate contacts in “early
and late” permutation circuits. The BOP relays
and the BI relays of columns 19 and 20 operate -

-similar permutation cireuits. In general the per-

mutation circuits function to effect a conversion
from the binary decimal code system to the single-
point decimal notation system. The chief de-
vice for making the conversion is a so-called tree.
Although several arrangements of the tree points
are possible, they produce the same result and
the choice depends largely on ease of wiring. A
preferred tree arrangement is shown in Fig. 45.
This'is'a full tree and is made up of points oper-
ated by four AOP (or BOP or AI or BI) relays
storing the binary decimal terms of g digit of
sequence data. The input to the tree is adapted
to be placed in circuit either with the plate of a
tube or with ground. When the tube is made con-

ductive or the connection to ground is completed,

the tree is said to be heated. There are ten pos-
sible outputs of the tree and these outputs are
designated @, 4, 2 . . . 8. The points are so ar-
ranged that if the sequence digit is 0, a circuit

‘path is established from the input via the nor-

mally closed points la, 8a, 4b and 2d to the out-
put terminal® “0.” TIf the sequetice digit is 1,
then 'points ¢ are shifted, and a circuit path is
closed. from the -input via the shifted points la

-7and the normally closed sides of 8d, 8a and 2b to

the output terminal “1.” As another example,
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if the sequence digit is 7, then the points la, 4¢

and 4b and the points 2a, 2b, 2¢ and 2d are shift-
ed. A circuit path is then established from the
input via the shifted points i@, the normally closed
side of 8a, the shifted points da and the shifted
points 2a to the output terminal “7.” Similarly,
for any other binary decimal coded sequence digit,
a circuit path is established from the input ter-
minal of the tree to the output terminal corre-
sponding to the decimal notation digit repre-
sented by the binary decimal terms.

Fig. 45a shows the block diagram representing
a full tree. One or more of the output terminals
of a tree related to a column of sequence data
may be connected to the inputs of a plurality of
other trees. Such an arrangement may be re-
ferred to as a tree pyramid, which may be repre-
sented diagrammatically as indicated in Fig. 50,
for example. Hereafter, the AOP or BOP relays
may simply be identified by the symbol designat-
ing the related sequence data field, subfield, and
order or column of the subfield. For example,
the relay Qr200 represents a relay for storing
the binary digit 2 in the hundreds order of sub-
field Qr (decimal notation digit column 8; see
Figs. 3 and 4a), of the Q field. Further, if ref-
erence is being made to a subfield of any one of
a plurality of fields, the sequence storage relay
may be designated simply by the subfield letter
followed by the order designation; e. g., 7200
designates a relay for storing 2 in the hundreds
order of subfield r of any of different sequence
fields.

As previously described in Section 2a, the T
field is an Out field unless the OP2 code number
is 01. To translate this code number into a con-
trol for the T Out trees, the form of tree shown
in Fig. 46 is used. This tree includes points a
of the relays OP2-80, 40, 20, i0, 8, 4, 2 and |.
It is seen that unless the OP2 code is 01 that the
input of the tree is connected in circuit with the
tree output OP0. If the OP2 code is 01, then the
shifting of the points a of the relay OP2-{ directs
the circuit from the input to the output line
OP-01. Tig. 46a shows the block diagram rep-
resenting this OP2 tree.

Fig. 44 shows a so-called “0” filter circuit.
There is one such circuit for the r subfield of
each of the sequence fields P, Q, R, T, U and V.
The purpose of such filter is to prevent certain
operations when the code in a mentioned one of
the r subfields is 0. It is evident that unless there
is a significant digit in the stated subfield, that
a circuit path will not be established from the
+150 v. line through the filter circuit to the
output side of the circuit.

As is now understood, sequence storage re-
ceives and stores numbers codally representing a
line of sequence data. This sequence data may
instruct the machine to take values out of
sources, enter values into receiving means, per-
form calculations such as accumulation, multi-
plication and division, effect selected denomina-
tional shifts of results, and select the sources for
the next line of sequence data.

The sources from which values may be taken,
as disclosed here, include electronic storage
(Section 6), relay storage (Section 7), dial
storage (Section 8), tape storage (Section 9),
pluggable storage (Section 23), and the table
lock-up units (Section 10). The receiving means
for values include relay storage and the table
look-up unit and, also a recording unit (Sec-
tion -21) which receives the values from an
assigned relay storage unit. Selection of sources
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for values is controlled by the Out fields of

sequence data and also by the Si and S2 fields.
Selection of receiving means for values is con-
trolled by In fields of sequence data. Selection
of mathematical calculations is controlled by the
OPI{ and OP2 fields of sequence data. Selection
of denominational shift amounts is controlled as
to the units order by the SHi and SH2 fields and
as to the tens order by the digits 4, 5,6, 7, 8 or 9
in the s subfields of fields Q, R, U, and V, the
even s numbers also determining right shift and
the odd numbers left shift (see Section 2a). The
S{ and S2 fields control selection of the sources
for the next line of sequence data. The P field
always is an Out field, the V field always an In
field, the T field is an Qut field when the OP2
code is any number other than 01 and an In field
when the OP2 code number is 01. The @, R, and
U fields are Out fields if their respective subfields
s contain 3 or less and In fields if their respective
subfields s contain 4 or greater. The operational
signs apply only to Out fields and are determined
by the numbers 0, 1, 2 and 3 in their subfields s.

With respect to an Out field, the r subfield
selects the value source and the b subfield selects
the electronic storage unit to which the value is
to be sent. Selection of the electronic storage
unit involves selection of a Group Out and the
related Out bus-set and pilot unit (see Figs. 80a
to e and 81). When the coding in the 7 subfield
indicates that a value is to be taken from the
table look-up unit, the coding also selects the
Table Qut relay (see Section 10).

With respect to an In field, the » subfield
selects the value receiving means and the b sub-
field selects the electronic storage unit from
which the value is to be transmitted. Selection of
the electronic storage unit involves selection of a
Group In and the related In bus-set and pilot
unit. When the coding in the r subfield relates
to the table look-up unit, it also.selects a Table
In relay (see Section 10).

Various permutation -circuits controlled by
sequence storage for translating the numbers
codally representing sequence data into directed
selections and operations will be described below.
The first circuits to be described are for the
selection of relay storage Group Outs generally
designated RS-GO.

Relay storage Group Outs selection.—The code
numbers for selecting relay storage units (Figs.
28 and 29) are the same as the identification
numbers for these units, except for certain spe-
cial numbers relating to selection of relay storage
units for controlling recording operations. The
identification numbers for the relay storage units
are 010 to 150, 011 to 151, 012 to 152, 0(3 to (53,
014 to 154, 015 to 155, 016 to (56, 01T to 157,
018 to 158, and 019 to 159, When any of these
code numbers 010 to 159 occurs in the r subfield
of an Out field, it brings about the selection of
a relay storage Group Out and the selection of
the relay storage unit.

Fig. 47a represents the pyramids controlled
by the Q field in the A and B sides of sequence
storage for selecting the relay storage Group Out
multiple relays RS-GO. There are eighty of
these multiple relays, eight for each of the ten
sets of relay storage (see Section 7), but only
a representative number of the relays are shown.
Fig. 49q¢ diagrammatically represents the as-
sembly of all the pyramids controlled by the sev-
eral Out fields for selecting the relays RS-GO.

Referring to Figs. 47a and 49¢ and consider-
ing the A side, at a time determined by the
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-closure of ‘the-several contacts XMa (see Section
16D, Item 9), the .circuits are tested for .com-
pletion through relays RS-GO. For each of
the Q, R and U fields, the circuit -extends to
contacts XMa by way of normally closed s8 and
-s4 -contacts. If both these contacts are closed,
the number in the s subfield .is 3 or sinaller, in-
dicating that the field-is an Out field.. Since the
P fleld always is an Out field, the s4 and s8-con-
tacts -are not needed to test whether the field is
an Out field -and the circuit goes from ground
-directly to XMa contacts. The T field is Out
if the OP2 coding is other-than 01. Hence, for
the "'T" field circuit, connection is made .from
ground -to the input of .an OP2 tree (also -see
Tigs. 46 and 46a) and from the OP0 output of
the tree to XMa contacts. .

-Considering now the Q field .and referring to
Fig. 47a, from the XMa contaects the circuit
proceeds serially through normally closed .con-
tacts ¢ of Qr800, Qr200 and Qrd00. If all of
these contacts remain closed, the hundreds-order
digit in the Qr subfield is not higher than 1,
which is a condition for selection of relay storage.
From contacts o of Qr400, the circuit extends
‘to.the common side of parallel contacts @ of
Qrieg, Qrgd, Qra0, Qr26, and Qrid. At least
one of these contacts will be .closed if the Qr
subfield contains.any .of the code numbers 010
to 159. At this point, the circuit has.ascertained
that relay storage has bheen called. It remains
for the circult to select one.of the eighty relay
storage Group Oufs. This selection is -deter-
mined by the digit in the b subfield and by the
units place digit in the r.subfield. The.b sub-
field determines which ‘Out bus-set is to be used
and must therefore make a selection among the
eight relay storage Group Outs 1 to 8. (see .Sec-
tion'7). Thus, if the b code number is 1, it makes
a selection of Group Cuts ., each of which con-
nectsto Out bus-set I. 'There are ten Group Outs
#1, one for each of the 10 relay storage sets 0
to'9. Selection must be made not only of one of
the eight sets of Group Outs but also of a par-
ticular one of ten Group Outs from the selected
set in order that a particular relay storage -set
be ‘connected to the selected Out bus-set. -As
explained in Section 7, the units place digit in
the identification number of a. relay storage unit
represents the relay storage set containing the
storage unit. “Hence, the selection of a particu-
lar one of the ten relay storage Group Outs.from
a selected set of these Group Outs is.determined
by the code digit in the units order of the » sub-
field. - Therefore, by combining the control by
the b subfleld with the control by the r units
order code number, a particular relay -storage
Group Out will be. selected. Considering for in-
stance the Q field, the control by its b subfield is
effected through a Qb tree (alse see Figs. 45 and
45a). The eight output lines 1 to 8 of this Qb
tree connect respectively to eight similar Qr units
trees (8) fo (1). 'These units trees (1) 1o -(8)
relate to the eight steps of Group Outs | to 8,
respectively. Thus, according to the number in
the Qb tree, one of these eight units trees (1)
to. (8) is selected, thereby effecting a selection
of one.of the eight sets.of Group Outs. Each .of
the Qr units trees has its ten cutputs connecting
through plugging between sockets RSG and
RSGP (also see Fig. 53b) to ten Group Out gang
relays. Thus, according .to the Qr units digit,
one of the ten Group Cuts from the selected set
will be operated.. Considering, for instance, the
(1) units tree, its fen outputs are..connected to
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It
this (1) tree is selected by the Qb tree and the
Qr units digit is -9, then the relay 9RS-GO{ will
be -selected.

The above explanation clarifies the remainder

-of the circuit. The circuit was traced before to

the.output side of the parallel contacts Qriog,

‘Qr8d, Qrd0, Qr28 and Qrid. From there, the cir-
‘cult-continues, via X2¢ contacts, to the input of

the Qb tree and through this tree to the input of
one of the eight Qr units trees (1) to (8). The
circuit is completed via the selected units tree
and -plugging -through oue of the relays RS-GO
associated with the selected tree.

As a-specific example, assume the code number
in the Qr subfield is 159 and the code number in
the @b field is 1. The circuit will be made, in
the manner described, to the input of the Qb
tree. As this tree is set to 1, the circuit will.con-
tinue to the input of the Qr unitstree (1). ‘The

‘Qr-units digit is 9, so the Qr-units tree (1) directs

the circuit to its 9 output line which is wired to
plug socket RSGI-8 (also see Fig. 53b). 'This
will be plugged, normally, to the socket RSGP{-9
and the circuit will be completed through multi-
ple relay SRS-GOI (Fig. 47a) to the 450 v. line.
The energization of relay SRS-GO1 operates the

relay storage Group Out { for the relay storage

set 8:(see Fig. 28), connecting its Out-eable to
Out.bus-set f.

Fach of the contacts XMe is shunted by con-
tacts XMDa (see Figs. 47a¢ and 49a). ‘Relay

ZMD is of the delay type discussed in Section 3c

and is in series with relay XM (see Fig. -36), so
a5 to be-conftrolled by the same circuit.  Accord-
ingly, after .deenergization of XM, relay XMD is
still -energized and its contacts XMDg (Fig. 47a)
remain closed to hold the circuit, if ‘previously
made, through -a relay RS-GO. The contacts
XMDa-are in.series with a capacitor XMDC and
as this capacitor charges, the current decays to
zero, Hence, when relay XM deenergizes, there
is.no arc-across its points:a. In this manner, the
arcing-of any of the contacts in the circuits for
selecting relays RS~-GO s suppressed. The ca-
pacitor. XMDC is- discharged through the nor-
mally closed points b of relay XMD and a series
resistor. ) . C

The A sequence side circuit shown in Fig. 47q
has been_described. The B sequence side is simi-
lar; its trees and 7.contacts are operated by BOP
relays.in the B side instead of by ‘AOP relays in
the A-side. -For the B side, the timing contacts
YMa, YMDag, and Y2¢ take the place of the con-
tacts XMe, XMDa and X3¢, respectively. - Ener-
gization of relays YM, YMD and ¥2 will be de-
seribed-in Section 16b, Ttem 36.

It is to.be noted that the Qb tree is g feeder
tree for.the Qr units trees. In other cases, a tens
order. tree :may be used as the feeder for units
order trees relating to the same sequence field.
Also, .a.hundreds order tree-or-its equivalent may
be used as a feeder for the-tens order tree. Such
an arrangement of trees constitutes a tree pyra-~
mid for translating a plural - digit code number
into:.a single “directional control operation.: A

. tree pyramid consisting -of -5, feeder tree super-
imposed on-other trees may be shown diagram-

matically in the -manner illustrated in Tig. 49q
for .instance. A tree bryramid may be identified
by its- funetion; i, €., the pyramids shown in
Figs. 47 and 49q are RS~G0 pyramids. :

All the corresponding units order trees of the
RS-GO pyramids in the A and B sides of the
P, @ R, T and U fields of sequence storage con.

1
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nect to common lines leading to the plug socket
RSG, as may be seen in Fig. 49a.

Relay storage Unit Outs selection.—Fig. 48 il-
lustrates the permutation circuit for selecting re-
lay storage Unit Outs (see Section 7). For econ-
omy of illustration, the showing in Fig. 48 is not
repeated for each Out field but represents the
circuit which may be set up under control of any
of the Out fields, P, @, R, T and U. For the P
field, the contacts b of s8 and s§ are omitted for
reasons previously stated. Also, for the T field,
the contacts b of s8 and s4 are shunted by an
OP2 tree, for reasons now understood. The cir-
cuit, on the A side, is timed by contacts XMb,
XMDc and X2b and on the B side by the corre-
sponding contacts YMb, YMDc and Y2b.

Considering the A side, upon closure of con-
tacts b of XM and X2, the circuit extends from
ground through contacts b of s8 and s4 (for the
Q, R, or U fields) to contacts XMb or directly to
XMb (for the P field) or through an OP2 ftree
(for the T field). The circuit continues via the
normally closed contacts b of 7800, 7460 and r200
and thence via X2b to the common blade of con-
tacts b and ¢ of r100.

As previously stated, the relay storage code
numbers are 010 to 159. If the code number is
0 in the hundreds order of subfield r, the circuit
continues through the normally closed contacts b
of ri00 to the input of the r tens tree in the 019
to 099 pyramid. But if the code number is 1 in
the hundreds order, contacts ¢ of 7100 are closed
and the circuib is routed to the r tens tree of the
109 to 159 pyramid.

Assume that the r tens tree in the 010 to 099
pyramid has been heated; i. e., the circuit to its
input has been established. This tens tree feeds
nine r units trees (1) to (9) and according to the
tens order digit in the r subfield, one of these 7
units trees is heated. Each of these units trees
has ten outputs wired to plug sockets RSU (also
see Fig. 53a). These are plugged to correspond-
ing sockets RSUP which connect to the relay
storage Unit Out relays U “out” (also see Fig. 29).
Depending on the r units order digit, the heated
7 units tree will direct the circuit through the
connected plug sockets and a multiple relay U
“out” to the 4-50 v. line.

Assume, now, that the r tens tree in the “100
to 159 pyramld has been heated. The outputs
0, 1,2, 3, 4 and 5 of the tree feed five r units
trees (0) to (5), respectively. Each of these units
trees has ten outputs connected through the
mentioned plugging to relays U “out”.

It will be observed that the circuit shown in
Fig. 48 inecludes, in effect, a pyramid made up of
a hundreds order r tree (contacts of 7800, r400,
7200 and r100), a pair of r tens trees fed by the
hundreds order tree, and fifteen r units trees
fed by the r tens trees. Such pyramid is effec-
tive to reduce a three-place number to a selec-
tion of the element identified by the three-place
number. Thus, the fifteen r units trees provide
150 outlets, each connected to a different one of
the 150 Units Out gang relays U “out”, each such
gang relay being associated with one of the 150
relay storage units (see Section 7).

In the foregoing manner, if the code number
in the r subfield of an Out field is 010 to 159,
one of the relay storage units is selected to trans-
mit a number to the Out bus-set selected by the
RS-GO pyramid for this field (see Figs. 47¢ and
49q) .

The table look-up Group Outs selection.~—Fig.
47b shows the A and B side circuits, of an Oub
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field of sequence storage, for selecting a table
look-up Group Out (see Section 10). There is
a network such as shown in Fig. 476 for each of
the Out fields but for economy of illustration
only a single one of the networks is shown. Each
such network relating to a sequence storage field
is connected to the normally open r200¢ points of
the field (see Figs. 47a and 49a).

The code for table look-up is one of the num-
bers 281 to 286 in the r subfield. If the field is
an Out field, a circuit through the A side will
be established when contacts of relays XM and
X3 -(see section 16, Item 10) close through one
of the table look-up Group Oufs. A similar cir-
cuit may be established through the B side when
circuits of YM and Y3 close. There are eight of
these table look-up Group Outs and their selec-
tion is determined by the digit in the b subfield.

For simplicity of explanation, assume that the
network shown in the upper portion of Fig. 47b
is the Q@ field network. Assume, further, that
the Qr number is 285 and the Qb number is 1.
A circuit may then be established from ground
(Fig. 47a) via contacts Qs8a, @sda, XMa, Qr8dla,
Qr200c, the (Q)r200c line (also see Fig. 47b),
and thence via contacts 74000 (of the @ field),
and X3a to the input of the b tree (Q field).
The circuit will be routed by this tree and by a
plug wire between sockets TLGO and TLGOP
(Fig. 53a) through one of the eight gang relays
TLU-GOI to TLU-GO8 (also see Fig. 35).

The table outs selection.—As explained in Sec-
tion: 10, concerning the table look-up unif, a tape
argument will be selected from one of six tables.
‘When this argument is to be read out, the table
out relay TO (Fig. 35) must be energized, along
with a table look-up Group Out. Code numbers
281 to 286 respectively identify tables { to 6.

Fig, 47¢ shows the form of circuit for selecting
one of the relays ITO to 6TO. For the A side,
the input of the circuit comes from the XMa
contacts of the related field and for the B side,
the input comes from the YMa contacts (see
Figs. 47a¢ .and 49a). The circuit continues
through contacts 7800c, r400d, r200d, contacts b
of X3 or Y3 (depending upon whether the cir-
cuit is in the A or in the B side of sequence stor-
age) ; thence via r100d, r80c, and the 7 units tree
to one of the output lines 281 to 286. The circuit
is completed via plugging between sockets TOP
and TOPP (also see Fig. 53a) and normally
closed interlock contacts TOCqg through 2 table
relay TO to the 4-50 v. line.

Tape storage Group Outs selections.—As de-
scribed in Section 9, there are three banks I, 2
and 3 of tape storage. Each bank has eight
Group Outs associated with Out bus-sets | to 8
(see Figs. 31 and 32a). Selection of a tape stor-
age Group Out therefore requires selection of a
tape storage bank and selection of cne of its
Group Outs. The selection of a bank is deter-
mined by the tape storage code number in an r
subfield and selection of one of the Group Outs
from this bank is determined by the digit in the
adjacent b subfield.

The code numbers for tape storage stations
run from 403 to 422 and 503 to 522 for bank {;
from 433 to 452 and 533 to 552 for bank 2; and
from 463 to 482 and 563 to 582 for bank 3. It
is seen that the hundreds order digit 4 or 5 iden-
tifies tape storage; that any of tens order digits
0, 1, and 2 identifies bank (; any of tens order
digits 3, 4, and 5 identifies bank 2; and any of tens
order digits 6, 7 and 8 identifies bank 3.

Fig. 47b shows the A and B side pyramids of
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the Q field of storage for selecting the tape stor-
age Group Outs. The input of the pyramid, in
the A side, is connected to the Qr4ffe line on the
A side (see also Fig. 47¢) .and the pyramid in
the B side is connected to the Qr488e line on the
B.side:. The timing of & circuit through the A
side pyramid is controlled by relays XM, X4, X5
and X6 (see Section 16b, Items 9 and 11). The
timing of a circuit through the B side.is cori-
trolled by relays YM, Y4, Y5 and ¥§ (Section
16b, Item 36).

Considering the A side, the circuit path to and
through XMa contacts (Fig. 47a) is as previously
traced for the RS-GO pyramids. From XMag, the
circult extends via Qr3tfa and Qr28% to the
common blade of Qrd8da and Qr400e. If g tape
storage code is present in the Qr subfield, Qr428
is-energized and closing Qrd400e. The circuit then
proceeds to the input of the Qr tens tree (Fig.
47b). - The outputs 8, { and 2 of the tree are
commoned ‘and lead via X4a to-the input of the
Qb tree #1 pertaining to bank 1. Outputs 3, 4
and § all lead via X5a to the input of the Qb
tree #2, pertaining to bank 2, and outputs'§, 7
and 8 of the Qr tens tree all lead to the input of
the Qb tree #3 relating to bank 3. Thus, de-
pending on the tens order digit of the code num-
ber in the Qr subfield, the circuit will be directed
to the input of cne of the three Qb trees. The

eight outputs of the Qb tree #1 are connected to «

the eight sockets GOSP for bank { (see also Fig.
53b). The outputs of the Qb tree #2 connect
to eight sockets GOSP for bank 2, and the out-
puts of Qb tree #3 connect to elght sockets GOSP
for bank 3. Thus, depending on the Qb code
diglt the selected Qb tree will direct the circuit
to one of the sockets in the rélated group of eight
sockets GOSP. The eight sockets GOSPI to 8
for-a.storage bank.are plugged to the eight sockets
GOSI to 8 (Fig. 32¢ and Fig. 53b). 'The circuit
therefore will be completed through & gang relay
TS-GO (see Fig, 32¢) to the 50 v. line.

In the foregoing manner, one of the Group
Outs in a tape storage bank is selected.

1t is.understood by now that there are similar
A and B side -pyramids for each of the Out fields
P, @, R, T and U and that corresponding output
lines of their respective Qb trees are connected
to the same plug sockets TS-GOSP. Fig, 49b is
included to-make this clear, The inputs of the
P. Q R. T and U pyramids in PFig. 49b connect
respectively to the Pr400e; Qré00e, Rri00e, Triafle
and Urd00e contacts in Fig. 49¢.

Tape storage Sstation relays selection.—In
Section 9, it was brought out that there are two
alternatively operated relays ASS and BSS for
each of the tape stations. As there are thirty
stations in. all, there are sixty station relays ASS
and BSS. The tape. storage code number calls
for a particular one of these station relays. All
tape storage code numbers have hundreds order
digit 4 or 5. The tens and units order digits
identify a particular station relay regardiess of
whether the hundreds order digit. be 4 or 5, the

distinetion being that hundreds order digit 5 calls.

for:the station tape to move after being read out;
while-hundreds. order digit 4 calls for the station
tape to remain at rest after being read out. Tens
order digits:0,.1, and 2 characterize code numbers
for station relays in tape storage bank i tens
order digits 3, 4 and. 5 are in the code numbers
for.relays of bank 2; and tens order digits €, 7,
and 8 are in code numbers for relays of bank 3.
Units order digits which-are odd relate:to relays
ASS-and units order digits which are even relate
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to relays BSS.  The ten station relays ASS in
bank | are identified as follows, ignoring the
hundreds- order digit 4 or 5: 1ASS (station 1)
by 03; ZASS by 05, 3ASS by 07, 4ASS by 09,
BASS by 11, 8ASS by 13, TASS by 15,:8ASS by
17 $ASS by ‘19, and {0ASS by 21. The ten

BSS. relays in bank | are identified as follows:

BSS- by 04, ZBSS by .06, 3BSS by 08, 4BSS by 10,
oBSS by 12, 6BSS. by 14, TBSS by 16, 8BSS by 18,
9BSS by 20, and (0BSS by 22, Similarly, the re-
lays {ASS to {0ASS inbank 2 are identified by
code numbers having 4-or 5 in the hundreds order
followed by the numbers 33 to 51 and the relays

IBSS to {0858 by numbers 34 to 52, The relays
1ASS to 13ASS in bank 3 are identified by num-
bers 63 to 81 and the relays {BSS to 18BSS by
numbers 64 to-82.

F'ig. 47d shows the form of tens and units order
byramid- for selecting relays ASS and.BSS. It
is understood that there is one such byramid in
the A and B sides of each Out field of sequence
storage; 1. e, for fields P, Q, R, T, and U. Itis
further understood that the corresponding out~
lets of all these pyramids are commoned in- the
manner shown for the RS~-GO and TS-~GO pyra~
mids (Figs. 49a andb).

Assume for simplicity of deseription that the
pyramid shown. in Fig, 47d is the Q pyramid in
the A side. A circuit may then make as follows:
From ground (Fig. 47a) via Qs8a, Qsda, XMa(Q),
the connected XMa line (also see Fig, 47¢),
(Q)raddd, (Q 14087, (Q)r28de, the (Q)r208e line
(also'see Fig. 47d) to the ‘input of the (Q)r tens
tree. Since relay r£8% is operated when the hun-
dreds order digit is4 or 5, it'is seen that the 7 tens
tree in Fig. 47d will he heated in either case. The
tens order digit in the tape storage code number
may be 0, 1,2 ... 8. Accordingly, the nine out-
put line 0 to 8 of this tens itree are connected
through heating contacts b of relays X4, X5, and
X§ (the A side is being discussed) to the inputs
of nine r units trees (0) to (8). Depending on
the units order digit in the code numbeyr,; the
heated one of the r units tree will direct, the cir~
cuit to one of the sixty sockets ASPP and BSPP
(also see Fig. 53d) .

As a specific example, if the code number is
403 or 503, the r units tree (0) .in Fig. 47d will
be heated and will direct the cireuit. to plug
socket FASSP (bank 1). This socket will be nor-
mally plugged to socket 1ASP (bank () so that
the circuit will be completed via an interlock
point ¢ of IACL (Fig. 32¢) through gang relay
IASS (bank () to the -+50 v. line.

The station move relays selection —As de-
scribed in Section 9, there are two move relays
MA and MB (Fig. 32¢) for each bank of ten
stations. Relay MA when energized closes its
contacts ¢ (Fig. 32b) to allow any of the selected
ABS relays of the bank to transmit the effect
of a move signal to the related station move net-
work. Relay: MB when energized serves a simi-
lar purpose in relation to the BSS relays of the
storage bank.  If the code number for a tape
storage station has the hundreds order digit.4
then neither the MA nor MB relays, in the bank
containing the selected station, will be ener-
gized: But if the code number for the statlon.
has the hundreds order digit 5, then the relay
MA. will be energized if any station relay ASS
is-selected and relay MB will be energized if any
station- relay BSS has been energized. It has
been explained that the ASS relays are selected
by code numbers with units order digits which
are- odd while the BSS relays are selected by
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code numbers with units order digits which are
even. Also, any of the tens order digits 0, 1 and
2 selects tape storage bank [; any of tens order
digits 3, 4 and 5 selects stordge bank 2; and any
of tens order digits 6, 7 and 8 selects bank 3.
Thus, there are three factors to be considered in
the selection or non-selection of the move re-
lays; one, whether the hundreds order digit is
4 or 5; another whether the units order digit is
odd or even; and, finally, with respect to the
selection of a move relay from a particular
storage bank, whether the tens order digit is in
one of the three mentioned groups of digits.

Fig. 47c shows the form of selecting circuit
for the move relays. The input for this circuit
connects to the XMa or YMa line, depending on
whether the A or B side of sequence storage is
being considered. The XMa or YMa line is the
same as previously discussed in connection with
the Table Outs Selection. From the XMa or
YMa line the circuit continues through r800c¢ to
the common of contacts 74004 and r400g. If
the code number has 4 or 5 in the hundreds
order, then it relates to tape storage and relay
r400 is energized, closing r400¢. The circuit pro-
ceeds via r200f to contacts r100. If the hun-
dreds order digit in the code number is 5, then
the code number calls for tape movement; re-
lay r100 is energized along with relay 7480, and
contacts r108e are closed, directing the circuit
to the common of contacts rla and rib. If the
units order digit in the tape storage code num-
ber is even, then sequence storage relay ri1 will
not be energized since the binary terms of all
even digits are lacking the binary term 1. But
it the units order digit is odd, then the binary
terms representing this digit include binary
term 1 and relay ri is energized. If rl remains
deenergized, its points b are closed, leading the
circuit to the input of the r tens tree in the BSS
move tree. If rl is energized, its points a are
closed and the circuit is directed to the input of
the ASS move tree. Depending on the tens
order digit in the code number, the selected
tens tree will lead the circuit through a control
relay point of X4 (or Y4), or X5 (or ¥5) or X6
(or ¥6) to one of the plug sockets MAPP{, 2
or 3 or MBPPI 2, or 3. The sockets MAPPI,
2 and 3 are normally plugged to sockets MAPI,
2 and 3 (see Fig. 53b) and sockets MBP{, 2 and
3 are normally plugged to sockets MBPI, 2 and
3. Pig. 32¢ shows the sockets MAP and MBP of
a relay storage bank. Assume, for instance,
that sockets MAP and MBP in Fig. 32¢ relate to
bank { and that the ASS move, r tens tree (Fig.
47¢) has been heated. Assume, further, that
the tens order digit is 2, so that the output of
the tree is directed to bank { socket MAPP,
plugged to socket MAP in Fig. 32¢. Accordingly,
the circuit will be complefed through relay MA
of bank | to the 450 v. line.

Both relays MA and MB of the same bank
may be concurrently energized, but under con-
trol of code numbers in different sequence fields.
For instance, field P may call for selection of
the station relay 2ASS in bank | and field Q
may call for selection of the station relay 6BSS
in bank I, with the code numbers in each field
also calling for station movement. The move
selection circuit of sequence storage field P will
then cause energization of the relay MA of bank
| and the move selection circuit of sequence
storage field @ will cause energization of the re-
lay MB in bank f.

Energization of the relays MA and MB or
either of them, allows the move signals or signal
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to be effective, in the manner described in Sec=
tion 9.

Selection of dial storage unit #3.—If the code
number in an r subfield is 603, it calls for a
value to be read out of dial storage unit #3
(see Fig. 23). The b subfield selects the Dial
Storage Group Out, depending on which Out
but-set is to receive the value from dial storage
(see Section 8).

Fig. 47c shows the form of selection circuit for
the Group Outs of dial storage unit #3. The cir-
cuit connects to the XMa (or YMa) line, pre-
viously discussed, and continues through the
points r800d, r400f, r200g, 1007, and control con-
tacts X2c¢ (or Y2¢) to the input of the r tens
tree. ‘Thus, the latter tree will be heated if the
hundreds order digit in the r subfield is 6. If the
tens order digit is 0, then the r tens tree continues
the circuit to the r units tree. If the units order
digit is 3, then the r units tree heats a Qb free.
This particular Qb tree will thus be heated only
if the code number in the r subfield is 603. De-
pending on the digit in the adjacent b subfield,
the Qb tree directs the circuit to one of the plug
sockets DSPI to 8 (also see Fig. 53a). The
sockets DSP1 to 8 are normally plugged to sockets
DSPPI to 8 to complete the circuit through the
selected dial storage Group Out gang relay
DS-GO to the 450 v. line. As shown in Fig. 23
and explained in Section 8, each dial storage
Group Out connects the value register dials of
dial storage unit #3 to a different one of the
Out bus-sets.

S1 and S2 pyramids for sequence data selec-
tion.—The Si and S2 fields of a line of sequence
data select the sources for the next line of se-
quence data to be entered in the A or B side of
sequence storage. The sequence data may be
selected from relay storage in which case the
S1 and S2 fields of sequence storage must select
relay storage Group and Unit Outs. Sequence
data may be selected also from tape storage. In
that case, the SI and S2 fields of sequence storage
must select tape storage Group Outs and station
relays ASS and BSS. The station relays may be
considered as tape storage Unit Outs. In addi-
tion, if movement of the selected stations is to be
effected after data have been read out therefrom,
the S1 and S2 sequence storage fields must bring
about operation of the required move relays MA
and MB (Fig. 32¢). Sequence data also may be
selected from dial storage and this requires the
selection of a dial storage Group Out.

Fig. 50 shows the form of SI and S2 pyramids
for selecting Group Outs, Unit Outs, and Move
relays. Fig. 50 also shows a similar pyramid
relating to the “early and late” control subse-
quently described.

Each of the pyramids in Fig. 50 is diagram-
matically shown and consists of an SI (or S2)
tens tree feeding ten Si (or S2) units trees, re-
spectively. In other words, the ten outlets 6 to 9
(also see Figs. 45 and 45a) of each tens tree are
connected respectively to the inputs of ten sim-
jlar units trees. 'The ten units trees in a pyramid
have 100 outlets which are individually wired to
100 plug sockets. The plug sockets connected to
the Unit Outs pyramid are designated SUP00 to
99 (also see Fig. 53a). The plug sockets associ-
ated with the Group Outs pyramid are designated
SGPO0 to 99 (also see Fig. 53b), and the plug
sockets connected to the Station Move pyramid
are designated SMP00 to 99 (also shown in Fig.
53b). Finally, the sockets associated with the
“early and late” pyramid are designated SELFP
(also see Fig. 53b). It is clear that each of the
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hundred sockets 00 to 99 of a pyramid relate to
the corresponding code numbers 00 to. 99 any of
which may be in Si or 52 fields.
The plug sockets SGP may be variously plugged
to the relay storage Group Outs sockets RSGP

(see Figs. 47a and 53b), or tape storage Group.

Outs sockets GOS. (Figs. 32¢ and 53b) or to dial
storage Group Outs sockets DSPP (Figs. 47¢ and
53a). The plugging will be made in accordance
with which Group Out is to be operated for a
particular S1 or 82 code number. The Group
Outs, as now understood, are associated with the
Out bus-sets and, therethrough, to the electronic
storage units. As previously stated, it may be as-
sumed that the electronic storage units EST and
ES8 are to be used for receiving S1Seq and S2Seq
portions of a line of sequence data. Accordingly,
the plugging from sockets SGP will be to sockets
for Group Outs 7 and 8. - For instance, if S{ code
number 01 is to select SiSeq data from a station
in tap storage bank I, then socket 01 of SGP is
plugged to socket T of the bank | set of sockets
GOS. If, further, the S2 code number 02 is to
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need not be changed but the plugging may .be
arranged to select a station from another bank,

When the Si or S2 coding selects a tape sta-
tionand it is desired to step the station after
reading out its data, the sockets SMP of the
Station Move Pyramid (Fig. 50) are selectively
plugged to sockets MAP and MBP (Figs. 32¢
and 53b). Thus, if Si code number 01 is to
select SiSeq data to be read out through an
ASS relay of a station in bank { and the station

. tape is to be advanced following the reading out

20

select S2Seq data from a station in tape storage

bank 1, then socket 02 of SGP is plugged to socket
8 in the bank [ set of sockets GOS. As another
example, if SI code number 39 is to select SiSeq
data from dial storage, then socket SGP39 is
plugged to socket DSPPT. As a third example,
if 52 code number 75 is to select S2Seq data from
relay storage set 9, then socket SGPT5 is plugged
to socket SRSGPS; i. e., to socket 9 in the bus §
group of sockets RSGP.

The sockets SUP of the Unit Outs pyramid
(Fig. 50) are selectively plugged to sockets RSUP
(Figs. 48 and 53a) and sockets ASP and BSP
(Figs. 32¢ and 53a), according to which Unit
Outs are to be selected by the St and S2 code
numbers. For example, if SI code number 01 is
to select SiSeq data to be read out of station 8
of tape storage bank { through the A outlet of
this station, the socket SUP3I (Fig. 53a) is
plugged to sccket 8 of the bank | set of sockets
ASP. If S2 code number 02 is to select S2Seq
data to be read out of station 9 of bank I through
its B outlet, socket SUPO2 is plugged to socket
9 of the bank | set of sockets BSP. If, as an-
other example, the code number 35 in Si is to
select SiSeq data from relay storage unit 0189,
which is the first unit in storage set 8 (Fig. 28)
then socket SUP35 is plugged to socket RSUPOIY.

At this point, it may be mentioned that a twin
plug jack is used wherever it is required to plug
a single. socket, such as one of the sockets ASP,
to a pair of other sockets, such as a socket SUP
and a socket ASPP. It may also be mentioned
here that plugging connections are provided be-
tween the relay storage pyramids, tape storage
pyramids, dial storage pyramid, etc. and the re-
lays respectively controlled thereby to insure a
high degree of flexibility in the selection of the
relays. For instance, the plugging between sock-
ets TS-GOSP and TS-GOS (Fig. 53b) and he-
tween ASP and ASPP (Fig. 53¢) enables the code
numbers in the b and r subfields of an Out field
of sequence data to select any of the tape sta-
tions in any of the banks i, 2 and §; Thus, while
code number 6 in subfield b and code number 403
in subfields 7 are normally assigned to selection
of station 1 relay ASS from bank | to be read
out to Out bus-set 6, the plugging enables. these
code numbers to select, for instance, .station 2
relay BSS in bank 3, to be read- out to Out bus-
set t.  Hence, if-bank | is not in running condi-
tion for some reason; then the sequence coding
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. fields of seguence storage in .each side.

of data, then socket 01 of the group of sockets
SMP is plugged to the gang socket MAP of bank
I (Fig. 53b). Consequently, the relay MA of
this bank will be energized at the proper time
and the move signal receiving means of bank
{ will be effective to cause advance of the selected
station in the bank, as deseribed in Section 9.

The Unit Outs, Group Outs, and Station Move
Pyramids are heated upon closure of timing con-
tacts Xla on the A side and of timing contacts
Yia on the B side.  XID and YID serve as arc
suppression relays.

‘The “early and late” plugging will be de-
scribed later. It is to be understood that while
Fig. 50 shows only four pyramids in the A side
and four in the B side, there are actually eight
such pyramids in each side, four for the S{
fields of sequence storage and four for the S2
It is-to
be-understood further that the corresponding Si
and S2 pyramids on the A and B sides have com-~.
mon- cutlet connections to. the set of 100 plug
sockets associated with these pyramids. For in-
stance, the four SI and S2 Unit Outs pyramids
on the A and B sides have their corresponding

. outlets connected to the same sockets SUP. As
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an example, the outlets 98 of these four S1 and
52 Unit Outs pyramids are all wired to socket
SUP98 (Figs. 50 and 53a).

Relay. storege Group-Ins selection. — Fig. 51
shows the A and B sides of the form of selec-
tion network for the relay storage Group Ins
(also see Figs. 28 and 29). There is one such
network for each of the fields Q, R, T, U and V.
Each of the circuits except the circuit for the
T field eonnects from ground through paraliel
contacts s8e or sfc to contacts X1e. If in the
Q, R or U subfield s, the code number is higher
than. 3, then the field is an In field. The V
field always is an In field and unless the field
is skipped, its subfield s will contain a number
higher than 3. All numbers higher than 3 in-
clude. the binary term 4 or 8. Hence g .corre-
sponding sequence storage relay s4 or s8 will be
energized if the number in this s subfield is
higher than 3. The field containing this sub-
field therefore will be an In field and a ecircuit
connection will be closed from ground through
either contacts s8c or sdc to the contacts XTa.
As far as the T field is concerned, its subiield s
‘has only the two binary positions 2 and 1 and
therefore this subfield s cannot designate a digit
higher than 3. Previously it was explained that
the T field is an In field if the code in the OP2
field is 01. Accordingly, for the T pyramid of
the form shown in Fig. 51, the circuit extends
from ground fo the input of an OP2 tree and
from the outlet OP-81 of this tree to the Xla
contacts.

As stated before, the code numbers for select-
ing relay storage units are 010 to 159. If any of
these code numbers oceurs in subfield r of an
In field, then one of the relay storage Group Ins
will ‘be selected depending on the r code num-

-ber and-the digit in the adjacent b fleld. The
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circuit, on the A side, is timed by the closure of-

contacts XTa (see Section 16D, Item 3). Upon
the closure of these contactsa circuit may be
established as follows (Fig. 51): From ground,
through one of the paths previously mentioned,
to the contacts XTa, thence via contacts R8d0e,
R400A and R200K to the input of the b tree. This
tree serves as a feeder for eight r units trees.
The arrangement is the same as described for
relay storage Group Out selection (see Fig. 47a)
and the units trees shown in Fig. 51 direct the
circuit selectively to one of the plug sockets
RSIG (also see Fig. 53¢). There are eighty of
these sockets and each is associated with a cor-
respondingly numbered socket RSIGP. Normally
the correspondingly numbered sockets RSIG and
RSIGP will be plugged to each other and if the
circuit is made to one of these sockets RSIG
then it is completed through the plugging to
the correspondingly numbered socket RSIGP and
3 gang relay RS-GI (also see Fig. 29) to the
450 v, line. Assume for example that the cir-
cuit shown in Fig. 51 relates to the Q field and
that the coding in this field is B in the subfield
s, 1 in the subfield b, and 010 in the subfield 7.
Upon the closure of contacts XTa, a circuit will
be established from ground through contacts
(Q) she, X1a, (Q)r860e, (Q) rab0h, (Q)r200h to
the input of the (Q)b tree, thence from the out-
put 1 of this tree to the r units tree (1) and to
the output 0 of this tree, and by way of the
plugeing between the sockets 010 of groups RSIG
and RSIGP through the gang relay ORS-GI|{ to
the 450 v. line.

In this manner, when Q is an In field, the code
number 1 in the subfield Qb and any code num-
ber in Qr which is under 200 and terminates in
the units order digit 0 causes the selection of
the Group In | associating relay storage set 0
(see Fig. 28) to In bus-set i.

The A side of the circuit shown in F1°‘ 51 has
been explained. The B side is similar except
that the s and r contacts and b and r trees are
operated by BOP relays instead of by AOP re-
lays and contacts Y1a are used in place of the
contacts XTa. It is to be noted also that con-
tacts XTa and Yle are shunted respectively by
arc suppressor contacts XTDa and YTDa. It is
to be understood also that there are flve such
circuits as shown in Fig. 51, one for each of the
fields Q, R, T, U and V and their corresponding
outputs are commonly connected to the same
sockets RSIG.

Relay storage Units In selection.—Figs. 52a
and 52b show the A and B sides of a Unit In net-
work for selecting the relay storage Unit Ins
(also see Figs. 28 and 29). There is one such
Unit In network for each of the possible In fields
Q, R, T, U and V, and their corresponding out-
puts are commoned in the manner now under-
stood. Each network provides a path such as de-
scribed for the relay storage Group In network
(Fig. 51) to and through contacts X1b, on the A
side, and contacts Y714 on the B side. As in the
Units Out relay selection network (Fig. 48) the
Units In network (Figs. 52¢ and b) includes two
r tens trees (0) and (1). The paths from XTb
to the inputs of these tens trees are such as de-
scribed for the relay storage Group In network.
The same as in the Unit Out network, the Unit
In tens tree (0) feeds nine r units trees (1) to (9)
and the tens trees (1) in Fig. 52b feeds 7 r units
trees (0) to (6). The outputs of the r units trees
in the Unit In network are connected to sockets
UP0I0 to 159 (also see Fig. 53¢). These are
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pluggable to sockets UPPOID to 159. Sockets
UPP are wired to the corresponding Unit In re-
lays. As now understood, code numbers 010 to
159 identify the relay storage units and if any of
thése code numbers is in the subfield r of an In
field, the corresponding relays in sequence stor-
age will establish a selection circuit for the
identified relay U “in,” the circuit being timed
by contacts XTb, considering the A side or by
contacts YTb considering the B side.

For simplicity of explanation, assume the
Units In network shown in Figs. 52a and 52b is
the one pertaining to the Q field and that Qr
contains code number 010 while Qs contains code
number 9. Considering the A side, a circuit will
be made from ground via (Q)s8d, X1b, (Q)r800f,
(Q) 74004, (Q 7200, (@ rl00g, the (Q)r tens tree
(0), the (Q)7 units tree (1), and plugging be-
tween sockets UP0{0, UPPOIDO and through the
Uait In relay U “in” 810 to the 450 v. line. As
another example, assume the code number in
Qr is 123; relay (Q) 7108 will be energized and
open contacts ¢ while clesing contacts h. Ac-
cordingly, the circuit will be detoured to the
(Q)ri08h line (also see Fig. 52b) so as to heat
the (@) r tens tree (1). The circuit will be com-~
pleted through this tens tree, the (Q)r units
tree (2), plugging between UPI23 and UPPI23
and through relay U “in” to the 450 v. line.

Code numbers 160, 161, 162 and 163 all call for
selection of one of the recording units; specifical-
ly Printer | (see Section 21). This printer unit
may record values selectively taken from relay
storage unit 20, {21, 122 or 123 depending on
whether the code number is 160, 161, 162 or 163
respectively. In order to provide for selection
of the relay storage units 128, 121, {22 and 123
under control of the code numbers 160, 161, 162
and 183, the r tens tree (Fig. 52b) also feeds an
7 units tree (6). The outputs 0, I, 2 and 3 of
this (8) tree are commoned with outputs 0, f, 2
and 38 respectively of the r units tree (2).
Therefore, the code numbers 160, 161, 162 and
163 will serve the same as code numbers 120, 121,
122 and 123 to bring about the selection of re-
lay storage Unit Ins 120, 124, 122 and 123, re~
spectively. The code numbers 160, 161, 162 and
163 also bring about the selection of the start
circuit for Printer 1. 'This start circuit will be
explained later in Section 21.

The table look-up In selection networks—
When any of the code numbers 281 to 286 is in
the subfield r of an In field, it calls for a com~
puted argument to be read into the table look-up
apparatus (see Fig. 35 and Section 10). This
involves the selection of a table look-up Group
In and of a Table In. Fig. 51 shows the form of
selection circuit for a table look-up Group In
while Fig. 52a¢ shows the form of selection circuit
for a Table In. The circuit for selecting a table
look-up Group In (Fig. 51) starts the same as
the circuit for selecting a relay storage Group In
but is diverted by contacts 72005 to the input of
a b tree. The circuit is completed through this
tree, plugging between sockets TG and TGP
(also see Fig. 53¢) and through a Group In relay
TLU-GI to the 50 v. line.

The selection circuit for a Table In starts the
same as the circuit for a relay storage unit In
but detours through contacts 72007, ri0b, and
7804, to the input of the r units tree in the Table
In selection network. The contacts r200h, ri0b
and 780d are all closed if the code number in the
r subfield lies between 280 and 289 inclusive.
The 7 units tree in the Table In selection circuit
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has its outputs t to 6 connected to plug sockets
TLPI to § (also see Fig. 53¢). These are plugged
to sockets TLPPI to 6. If the code number is one
of the numbers 281 to 288, the circuit will be di-
rected to one of the sockets TLPP and completed
via interlock contacts TLDe through a Table In
relay TL to the --50 v. line.

The remaining selection circuits controlled by
sequence storage will be described in the subse-
quent sections which deal with operations involv-
ing these selection circuits.

12, The denominational shift unit

One of the units of the electronic calculating
section (Fig. 20) is a denominational shift unit.
Its purpose is to shift an amount a chosen num-

‘ber of columns to the right or to the left. The

amount to be shifted is sent into the denomina-
tional shift unit from the Internal In bus-set and
delivered to the Internal Out bus-set. 'The shift
unit has 28 shif columns (Figs. 20 and 25). Each
column is alike and one is fully illustrated in Fig.
24. shift columns 1 to 28 are associated respee-
tively with Internal bus columns 29 to 2. Each
column of the denominational shift unit has. a set
of elements allotted to each binary position. The
tubes ITI, IT2, IT4, and ITS are the input tubes
of a shift column and their suppressors are cou-
pled to buses 1, 2, 4, and 8 of a column of the In-
ternal In bus-set.  The binary decimal terms of
a digit are represented by increased potential se-
lectively present in the buses of an Internal In
bus column. Accordingly, tubes IT are selectively
conditioned according to these binary decimal
terms. Subsequent to conditioning of the tiubes
IT, a positive entry timing signal SHRI is ap-
blied to the control grids of the tubes, rendering
the selectively conditioned tubes conductive.
The anodes of ITI, 2, 4, and 8 are coupled to ter-
minals ¢ of triggers ASHI, ASH2, ASH4, and
ASHS, respectively. When a tube IT becomes
conductive, it reverses the corresponding trigger
ASH. A cancel signal ACL is applied to points ¢
of all the trizgers ASH to reset those which are
not being held in turned state by conductive
tubes IT. The signal ACL is produced concur-
rently with signal SHRI but is shorter and has a
briefer effect, so that the triggers ASH turned
under control of signal SHRI remain turned to
store an entry. The turned triggers ASH apply
increased potential to correspondingly numbered.
output. lines SHO. As an example, assume the
binary decimal terms 4 and 1, representing digit
5, have been applied to a shift column, condition-
ing tubes ITI and 4. The entry signal SHRI will
render the conditioned tubes ITI and I'T4 conduc-
tive, causing them to reverse the triggers ASHI
and ASHA which thereupon apply increased po-
tential to the output lines SHO! and SHO4. As
indicated diagrammatically, in Fig. 25, the output
lines SHOI, SHO2, SHO4, and SHOS of each
shift column, except the end columns 1 and 28,
connect to the shift columns at the right and at
the left. The connection to the column at the
right is to a set of input lines SHR and the con-
nection to the column at the left is to a set of
inputb lines SHI. The lines SHI.I, SHL?2, SHLA,
and SHLS8 are coupled to the suppressors of tubes
FLSI, FLS2, FLS4, and FLS8, respectively (see
Fig. 24). 'The lines SHR are coupled to the sup-
pressors of a set of tubes FRS. It is seen there-
fore that increased potentials on output lines
SHO of a column are applied to the input lines
SHL of the eolumn at the left to condition its
tubes FLS selectively. At the same time the in-
creased potentials on the lines SHO are applied
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to the input lines SHR of the colump at the right
to condition its tubes FRS. The outputs of tubes
FLS{ and FRS{ of a shift column connect to
point ¢ of a trigger BSHI. Similarly, FLS2 and
FRS2 are connected to BSH2; FI.S4 and FRS4 are
connected to BSH4; and FLS§ and FRSS are con-
nected to BSHS.

After the application of the entry signal SHRI
to the denominational shift unit, a negative can-~
cel signal BCL is applied to the unit. This sig-
nal resets all the triggers BSH, of which there
are four for each column, Following the resetting
of triggers BSH, either selected one of two posi-
tive signals RSH and LSH is ‘applied to the de-
nominational shift unit, depending on whether
the shift is to be effected towards the right or
towards the left. Assuming that the shift is to be
effected towards the right, the signal RSH is ap-
plied and renders the conditioned ones of the
tubes FRS conductive. The conductive ones of
the tubes reverse the associated triggers BSH.
If, instead, the shift is to be effected towards the
left, then the signal LSH is applied and causes
the conditioned ones of the tubes FLS to conduct
50 as to reverse the associated friggers BSH.
As may be understood now, a digit applied to a
shift column is ready to shift to the right and to
the left but is permitted to shift only in one di-
rection depending on whether the left or right
shift signal is applied to the denominational shift
unit. ' Also, each intermediate shift column has
applied to it, in the form of conditioning poten-
tial, a digit from the column at its right and
another digit from the columpn at its left. But
only one of these digits will be allowed to enter
the column. If the shift is to be to the right,
then the digit entered into a column comes from
the column at'theleft. If the shift isto be to the
left, then the digit entered in a column comes
from the column at the right. The shifted digit,
from the left or from the right, is manifested by
the selective reversals of triggers BSHI, BSH2,
BSHA4, and BSHS8. These triggers temporarily

store the shifted digit. After the digit has been

shifted into trizgers BSH, the triggers ASH of
each column are again reset by the signal ACL
in preparation for receiving the shifted digit
from the triggers BSH of the same column. Re-
versed triggers BSH condition related tubes SHT.
The next signal, after reset of trigeers ASH, is a
positive signal SHE which renders the condi-
tioned ones of the tubes SHT conductive to re-
verse the related triggers ASH. In this manner,
8 digit which has been shifted into a column is
entered in its triggers ASH.

Briefly, after the application of the digits of a
number from the Internal In bus-set to tubes IT
of the shift columns, the triggers ASH are reset,
by a cancel signal ACT, the first of which is
produced under control of the main seguence
commutator (Section 16a), as will be described
fully later. A signal SHRI is then produced un-
der control of the main sequence commutator to
cause the conditioned tubes IT to conduct and
reverse the related triggers ASH. Triggers ASH
in each shift column thereupon apply the digit
to the flanking shift columns. The denomina-
tional shift unit is now ready to perform one or
more successive column shift steps.

The sequence of signals in each shift step is:

1. The cancel signal BCL to cause triggers
BSH to be reset, preparing then to receive a
shifted digit.

2. The shift signal RSH or alternative shift
signal LSH to cause either the right or left shifted
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digits to be entered in triggers BSH. For a shift
to the right, the signal RSH is applied and the
digits shift into the columns at the right. -For a
shift to the left, the signal LSH is applied and
the digits shift into the columns at the left.

‘3. The cancel signal ACL to clear the triggers
ASH, of each column, of the digits previously
entered therein and now shifted to an adjacent
column.

4. The signal SHE to transfer the digit shifted
into a column from its triggers BSH to its trig-
gers ASH. ’

Each above sequence effects a single step of
column shift. This same sequence is repeated as
many times as the number of steps of column
shift to be effected. For instance, if eleven steps
of column shift are to take place, then the se-
quence is repeated eleven times. It will be un-
derstood that if the original amount has, say, 28
digits, eleven steps of column shift to the right
will drop out the eleven right-hand digits, leaving
seventeen of the original digits in positions dis-
placed eleven places to the right of their
original places.

After completion of the desired number of
steps of column shift, the amount remaining in
the denominational shift unit and manifested by
the selectively reversed triggers ASH is read out
to the Internal Out bus-set. For this, triggers
ASH which are in reversed status, condition re-
lated output tubes OTS, 4, 2 and |. A positive
read out signal SHRO is applied, after comple-
tion of the desired number of shift steps, to the
tubes OT to render the conditioned ones of the
tubes OT conductive. In this manner, the
amount left in the éolumn shift unit is read out
in its binary decimal form as decreased poten-
tials selectively applied to the buses 8, 4, 2 and |
in columns of the Internal Out bus-set.

The number of steps of column shift is deter-
mined by the sequence means in a manner which
will be explained hereinafter. It is sufficient for
the present to state that the column shift

- amount is represented by increased potentials se-
lectively applied to lines MNI, 2, 4, 8, 10 and 20
(see Fig, 27a) of the internal commutator or
‘subsequencing means (Figs. 27a, b and ¢) of the
denominational shift unit. 'The column shift
amount may be referred to as the minuend, for a
reason which will become clear. The tens order
of the minuend will not exceed 2. The minuend
is entered into a descending counter which is,
per se, the subject matter of application Serial
Number 768,393 of B. E. Phelps, filed August 13,
1947 now Patent 2,500,294 issued March 14, 1950.
Briefly, this counter has a comvlete units order
of triggers T, 2. 4 and 8 (Fig. 27a¢) and a partial
tens order comprised of triggers T19 and T20.
For each trigger in the counter, there are three
tubes which control the application of a binary

- decimal term of a minuend to the trigger. For
instance, trizger T1 has its terminal ¢ coupled
to the plate of a pentode 5-SHCI (Fig. 272) and
its terminal f coupled to the plate of a pentode 1.

- The control grid of T is connected to the plate
-of a triode 13. The control grids of 5 and {3 are

~ connected to the line MNi. Subsequent to the se-
lective application of increased potentials on the
input lines MN, a positive going timing signal Ink
is applied to the suppressors of the tubes 5, T and
the similar tubes relating to the other triggers of
the descending counter, Assume, for instance,
that line MN1 is at increased potential. Accord-
ingly, the application of a timing signal renders 5
- and 13 conductive. Since {3 is conductive, it
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keeps T in a non-conductive condition. Since 5
becomes conductive and T remains non-conduc-
tive, the trigger T1 is reversed. In this manner a
binary digit 1 is applied to the descending counter.
Similarly, tubes 9, {1 and {3a serve to apply a
binary digit 2 to the trigger T2. Tubes {5, 1T and
19 serve to apply a binary digit 4 to the trigger T4.
Tubes 15a, 21 and 23 serve to apply the binary
digit 8 to the trigger T8. Tubes 25, 29 and 3!
function to apply binary digit 1 in the tens order
to the trigger T106. Finally, the tubes 25¢, 33 and
35 serve to apply a tens order binary digit 2 to the
trigger T20. The tubes 1, 11, 19, 23, 31 and 35
function as blocking tubes to prevent reversal of
the associated triggers if a binary digit is not to
be applied to these triggers. For instance, if the
amount to be entered does not contain the binary
digit 4 in the units order, the tubes 15 and 17 re-
main non-conductive. With 5 non-conductive,
it conditions 18. Accordingly, the timing signal
Ink will render {9 conductive to block reversal
of trigger T4. Such blocking action is necessi-
tated by the interconnections between the trig-
gers. At this point it may also be stated that
when the units order of the counter is at 0, the
Jine ZU is at increased potential and renders a
tube 2a conductive to block the reversal of trig-
ger T2. Such blocking action must be inhibited
during the application of a minuend to the
counter, inasmuch as such minuend may include
the binary digit 2 in the units order. For this
reason, a triode I8 has its plate coupled to the
line ZU and its control grid connected to the line
upon which the signal Ink is applied. This signal
will render (6 conductive so as to insure the
presence, at the time, of a decreased potential
upon the line ZU. The tube 2¢ will thus become
non-conductive and will be ineffective to block
reversal of trigger 2 during the application of the
minuend to the descending counter. '

For each step of column shift, the descending
counter will be driven one step in a descending
count sense. The stepping of the counter is ef-
fected by negative entry pulses coming from a
tube 2 which is operated in a manner described
hereinafter. Bach entry pulse is applied to both
sides of the trigger T! in the units order. Hence,
the trigger will be shifted in response to each
entry pulse. In further explanation, assume that
the minuend 17 has been applied to the descend~
ing counter. Hence, triggers T, 2, 4 and {0 are
in reversed status prior to the application of
entry pulses to the counter. The first entry pulse
returns trigger T1, leaving 6 standing in the
units order. The second entry pulse reverses
trigger TI which thereupon applies a negative
pulse to both sides of trigger T2 causing it to
return to the shown status. Since triggers Tt
and T4 are now in reversed status, the units
order stands at 5. The third pulse returns frig-
ger T, leaving 4 in the units.order. The fourth
pulse again reverses trigger Tl causing it to ef-
fective reversal of trigger T2. As T2 reverses, it
applies a negative pulse to opposite sides of trig-
ger T4, returning it to shown status. Since trig-
gers TI and T2 are now in reversed status the
units order stands at 3. The fifth pulse returns
trigger T leaving the units order at 2. The
sixth pulse again reverses trigger T1 which causes
trigger T2 to return. Since trigger T! now is the
only reversed trigger in the units order, the units
order stands at 1. The seventh pulse restores
trigger T1 and the units order then stands.at 0.
It is seen that the application of seven entry
pulses has stepped the units order descendingly
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from its initial “7” status to its “0” status. With
the units order in 0 status, the tubes 8a, 12qa,
28a and 24¢ are all held non-conductive by the
related triggers I, 2, 4 and 8. Accordingly, the
common output line ZU of these tubes is at:in-
creased potential. The increased potential on
line ZU is applied to the suppressor of a tube
14, to the control grid of g tube 28, and to the
grid of the tube 2¢. In response to the increased
potential, tube 2¢ bhecomes conductive to block
trigger T2. The eighth entry pulse applied to
the descending counter reverses trigger T1.. In-
asmuch as trigger T2 is now blocked, the re-
versal of trigger Tl is ineffective to reverse trig-
ger T2. As the ftrigger T{ reverses, it acts
through a suitable coupling capacitor to apply
a positive going impulse to the control grid of
the now conditioned tube 4. This tube accord~
ingly- becomes conductive and reverses trigger
T8. The triggers T1 and T8 are now in reversed
status, so that the units order stands at 9. In
other words, the units order, when at 0, is stepped
by the next entry pulse to 9, as is required of a
descending counter. It is further required that
upon the units order being stepped from 0 to 9,
a subtractive carry of 1 be effected into the tens
order. Trigger T8 reverses only when the units

order steps from 0 to 9. Upon its reversal, trig--

ger T8 applies a negative pulse to both sides of
trigger T19, causing it to shift in status. Since
the trigger Ti9, in the assumed example, was
previously in reversed status, this carry pulse
from trigger. T8 causes the trigger TI8 to return
to the shown status. Since both triggers T10-and
T20 of the tens order are now in reset status, the
tens order stands at 0. The related tubes 22¢
and &ba are then nonconductive and their com-
mon ancde line ZT is at increased potential
which is impressed on the suppressor of 28. The
descending counter now stands at 9, having been
stepped descendingly from ifs initial “17” status
to its “9” status in response to 8 successive entry
pbulses. The ninth entry pulse refurns trigger Tt
and the counter then stands at 8. The tenth
entry pulse turns trigger Ti eausing it to turn
trigger T2. As trigger T2 turns, it reverses trig-
ger T4. TUpon reversal of trigger T4, it resets
trigger T& Thus, the triggers Ti, 2 and 4 are
now in reversed status, so that the counter stands
at 7. It is seen that ten entry pulses have ef-
fected a descending value cycle of the units order
from its initial “7” status back to a ““1” status.
Also, during this valiue cycle, as the units order
stepped from 0 to 9, it effected a subtractive
carry of 1 from the tens order. In a manner
now clear, seven more entry pulses will bring the
units order to “0” status. Thereupon, line ZU
goes to high potential, which is impressed on the
control grid of the tube 28, previously condi-
ticned by the line ZT under control of the tens
order in “0” status. The tube 28 thus becomes
conductive when the descending counter is at zero
and applies decreased potential to tube 16a, caus-
ing output line F to rise in potential. This brings
about termination of column shifting, in a man-
ner deseribed hereinafter.

The operation of the descending counter has

been explained above.  The minuend, which is
the column shift amount, is applied to tubes in
the -descending counter prior to the applica~
tion of the positive entry signal ink. This entry
signal comes from the plate of a tube 5-SHC?2
(PFig. 27b). The main sequence means operates
at the proper time to apply a negative signal Ink
to the grid of tube 5 which thereupon produces
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the positive Ink signal, as a result of which the
column shift amount is entered into the triggers
of the descending counter.

The direction of shift is determined by the
program means, in a manner explained later
(Section 17, Item 11). If the shift is to be to the
left, increased potential is present on line LT
(Fig. 27¢), but if the shift is to be to the right,
then increased potential is present on line RT.
Increased potential on line LT conditions 9-SEC3
(Fig. 27¢), while increased potential on line BT
conditions {7. Subsequently, the positive signal
1ok renders the conditioned one of the tubes §
and 17 conductive. If 9 is conductive, it turns
&1 to the left (its terminal ¢ goes to low potential)-
and if {7 is conductive, it turns 21 to the right
(its terminal f goes to low potential). If 21 is
in its left status, it cuts off 25e, which is a condi-
tion to production of the left shift signal LSH
ab the preper times. If 21 is in right status, it
cuts off 25 which is a condition to produection
of the right shift signal RSH.

The column shift means has its own oscillator
and amplifier source (Fig. 27b) of 50 kec. pulses
A and B which are 180 degrees out of phase with
each other.

After entry of the cclumn shift amount into
the descending counter, main sequence produces
a negative signal SHCL (see Section 17, Item 22)
which cuts off 2{~SHEC2. Tube 2{ thereupon ap-
plies a positive signal SHCL to the standard,
SHC cancel circuit (Pig. 27¢ and Section 36).
The outbut of the cancel circuit resets those trig-
gers (except the triggers in the descending coun-
ter) in the internal commutator of the denom-~
inational shift means which are marked with the
reset status symbol z. The triggers in the. de-
scending counter (Fig. 27¢) are in shown stafes
when the counter is at zero. This counter is
reset to zero by the column shifting operation,
to be described. Ths counter alsc may be reset
to zero from the Control Desk.

The positive signal SHCL is also applied to the
grids of 88 and 36 in Fig. 27c. In response, 38
cuts off 38a, to turn 39, which then applies,
through a capscitor, a positive impulse to 36a
which, in turn, through a capacitor, cuts off 40.
Tube 46 then causes P&l to produce the negative
cancel sighal ACL which, as explained before, is
impressed on ail the triggers ASH of the shift
columns (Pigs. 24 and 25).. The positive signal
BHCL is of short (one AP pulse cycle) duration.
When this signal terminates, 35 and 38 become
nen-conductive. As 36 becomes non-conductive,
it resets trigger 39. It is clear that the first cancel
signal ACL for the shiff eolumns is produced
under control of signal SHCL.

Concurrently with signal SHCL, main sequence
produces the negative signal SHRI, which cuts
off 23a, Fig. 27b. Tube 25a¢ then renders a tube
25 conductive to cause a power amplifier P25
to produce the positive going entry SHRI signal
which, as previously described, is applied to the
shift columns to effect the entry of the number
from-the Internal In bus-set into the shift col-
umns (see Figs. 24 and 25).

The apparatus is now ready for column shift-
ing the number which has been read into the
shift' columns. The column shift is initiated by
a negative start signal SHS produced by the
sequence means at the termination of the SHRI
read-in or entry signal. This SHS signal has a
chance time relation to the 50 ke. A and B pulses
continually produced by the SHC oscillator and
amplifier (Fig. 27b). Fig. 26 is a timing chaxrt
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of pertinent operations which follow upon the
occurrence of the SHS signal and based on the
example of a column shift amount of 3 entered
into the descending counter (Fig. 27a).

The negative start signal SHS goes to the con-
trol grid of the normally conductive tube 5—SHC3
(Fig. 27¢) and also to the terminal g of a trig-
ger 6. This signal cuts off 5, forcing 6 to reverse.
The signal is of short duration and at its termi-
nation, the line carrying the signal returns to
high potential and thereby restores 6. Mean-
while, upon reversal of 6, it reversed 11 (also see
Fig. 26). The time of reversal of {{ is an indica-
tion of the time of occurrence of the start sig-
nal SHS. Upon reversal of {1, it conditions {2,
Fig. 27¢ to become conductive in response to the
next B pulse, thereby to reverse i8. Reversed
{5 cuts off 14a. At present, 31 also is cut off,
so 3ia—14q is effective to condition 35 to respond
to the next A4 pulse. This next pulse causes
35 to apply, through a capacitor, a negative pulse
to 34 cutting it off, which makes P34 conductive
to produce the negative BCL signal. As previ-
ously described, this is the first signal in the
sequence of four signals occurring in each shift
step. BCL resets triggers BSH of each shift
column (see Fig. 24), as previously described,
preparing them to receive a right or left shifted
digit. When I5 was reversed at the B+ time to
cause the BCL: signal to appear at the next A+
time, it also conditioned (6, Fig. 27c, to respond
to A+ pulses. The negative pulses produced by
16 are applied to both sides of 20 to alternate its
status. The first A+ pulse turns 20 which there-
upon cuts off 23¢ to condition 22 to become con-
ductive with the next B4 pulse. When 22 be-
comes conductive, it cuts off 26 and 26a. As ex-
plained before, if a right shift has been called
for by the main sequence means, trigger 21 is in
right-shift position and cuts off 25. But, if a
left shift has been called for, then 21 is in left-
shifted condition and cuts off 25a¢. Accordingly,
when 26 and 26¢ are now cut off under control
of 22, either 26—25 or 28a—25¢ becomes fully
cut off, depending on whether a right or left shift
is to be performed. If 26—25 is cut off, it works
through 33 and P33 to produce the positive RSH
signal while if 26a—25a is effective, it operates
through 29 and P29 to produce the positive LSH
signal. As previously described, the signal RSH
or LSH respectively cause the right or left shifted
digits to be entered in triggers BSH of the shift
columns. :

When 22, Fig. 27¢, became conductive at the
first B+ time in the st shift step, it caused the
shift signal LSH or RSH to be produced, as just
explained. It also reversed 19 which, in turn,
reversed 18. With 19 reversed it cuts off 23 to
make 3{a conductive so that 3la—14a will be in-
effective and the next A} pulse will not cause a
BCL cancel signal to appear. Instead, the ACL
cancel signal will be produced. This results from
28 conditioning 32 fo respond to the next A
pulse. Thereupon, 32 applies, through a capaci-
tor, a negative pulse to 49 as a result of which P40
produces the negative ACL signal. This signal,
the third in the sequence of four signals appear-
ing in each shift step, resets triggers ASH of
each shift column (see Fig. 24), preparing these
triggers to receive the shifted digits now stored
in triggers BSH. It may be noted that the first
ACL signal was produced in consequence of the
application of the signal SHCL from the main
sequence means, as previously described. The
next and successive ACL signals are produced
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by the internal timer of the column shift means
in the manner just described.

At the A+ time at which the ACL signal is
produced, 16, Fig. 27¢, responds to an A+ pulse
and restores 20. Thereupon 20 cuts off 31 and 23.
As 31 is cut off, it produces a positive pulse which
is transmitted via line C to tube 2-SHCI. In
response to this pulse, tube 2-SHCI produces a
negative entry pulse which steps the descending
counter to diminish the count by 1. As the
descending counter in the assumed example
started at 3, it is now stepped to a count of 2
(see Fig. 26). In this manner the descending
counter is operated in each shift step to reduce
the count by 1.

The first three signals in the 1st shift step
have been produced in the manner just ex-
plained. These first three signals are BCL at the
A+ time in the shift step, LSH or RSH at the
succeeding B+ time, and ACL at the following
A+ time. The fourth and final signal in the
sequence for each shift step is the SHE signal
which is produced at the B4 time following the
ACL signal. The SHE signal will cause the
shifted digits to be transferred from triggers
BSH to ASH. It was explained above /that
20-SHC3 was restored by the second A pulse in
the shift step and thereupon cut off the tubes
31 and 23. The tube 31 thereupon caused the
descending counter to diminish the count by 1.
The tube 23 when cut off conditions 24 to become
conductive with the next B+ pulse. When 24
becomes conductive it cuts off 27. Tube 2Ta has
already been cut off by the previously mentioned
reversal of trigger (8 (also see Fig. 26) which will
not be restored until the end of the last shift
step. Accordingly, when 24 cuts off 27, the cou-
ple 21—27a is effective to make 30 conductive and
thereupon cause P30 to produce the SHE signal.
This signal as previously stated causes the shifted
digit to be transferred from triggers BSH of each
shift column to triggers ASH of the same shift
column. This completes one shift step.

The same sequence of signals BCL, LSH or RSH,
ACIL and SHE, along with a step of descent of the
descending counter to 1, is repeated in the 2nd
shift step. The 3rd shift step takes place in which
this same sequence of signals is again produced
and half way in this 3rd shift step the descend-
ing counter is stepped to 0. As previously de-
seribed, when the desecending counter is at 0, the
tube 16a-SHCI applies increased potential to the
line F. The increased potential on this line
renders 8a-SHC3 conductive to restore {1. With
i1 restored, it conditions {0 to operate in response
to the next B+ pulse to restore 15. With 15 re-
stored, it conditions 13 to become conductive with
the next A+ pulse and thereupon to restore I8.
It will be noted that {8 is restored at the termina-
tion of the SHE signal in the last shift step. All
the triggers 11, 15, 20, 19 and {8 are now in reset
status and shift steps are terminated.

In the foregoing manner, when the column shift
amount is 3, three shift steps are produced. Sim-
ilarly, any other number of required column shift
steps are performed, the number of such steps
being given by the column shift number applied
to the descending counter.

At the termination of the steps of column shift,
the shifted number in the denominational shift
unit (Fig. 25) is to be read out upon the Internal
Out bus-set. As already explained, {8-SHC3
(Fig. 27c) was restored at the end of the last shift
step. As 18 restores, it applies a negative going
pulse to 14, causing {4 to apply a positive going
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pulse by way.of a lirie- 14w (also.see Fig. 27b)-and
a capacitor to the control.grid .of the .normally
conditioned tube 39-SHC2. .Accordingly, 39 be-

comes conductive.and turns the.trigger 40. -As 40

turns, it makes 36 conduct.to,produce a negative
going shift complete. signal SHCP. This.signal is
utilized-by the. main seqience, in'a manner ex-

Dlained later, to.apply 2 negative read out.signal

SHRO.10.32-SHC2, cutting it-off. Théreupon, 35¢
becomes conductive and restores.40, Also.35 he-
comes - conductive and acts through P35 to,pro-

duce a positive going SHRO signial. -As.described

before, this SHRO positive signal causes the num-
ber stored in the triggers .ASH of the shift ecl-
umns 'to be applied to the.buses_of .the. interhal
Out bus-set (see Figs. 24 and 25).

‘When the column shift amount;is 0,.and a niim-
ber'is.entered from the Internal Tir hus-set to the
denominational shift unit, it will:be read out of
this unit-to.the Internal Out.bus-set with no col-
umn shift. “In the event that the denominational
shift amount-is 0, the descending counter (Pig:
27e) maintains line F at incressed. potential to
condition a“tube 1=SHC3. “Then, when the start
signal SHS turns trigger 6, the trigger .applies.a

66

13. The electronic - accumulotor .unit

“This:is’ an -arithmetical unit -of - the electronic
-computing:section (see Fig. 20). 'When accumu-

. lation -is:ealled -for, ‘the -accumulator unit will
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positive pulse through.a capacitor to the condi-’

tioned tube 7 to render' it conductive. “The output
of this tube is applied via-a wire Tw and the anode

resistor of 38<SHC2'to the trigger 40, turning the _
30

trigger. The effect of ‘this is to cause the shift:
complete signal SHCPto be produced’in the. man-
ner-explained before. Consequently, the read out
signal SHRO will be produced, causing the num-
ber:read into-the denominational shift unit to be
read-out-without a column shift.

“Shift-columns are humbered here to correspond
to-orders-of -an-amount whereas’ starage:and bus
columns are numbered inversely to orders. )

“Amounts will be entered-in the’shift unit only
from-calculstor units,-as will' be ¢lear from-Sec-
tions 17,"18,-and ‘19. “The shift  columns’28-to 1
will' apply an-amount-to Internal bus ‘columns2
t0*29'but as enly-bus columns-t1+to'29-are con-
nected ‘to -electronic -storage (columns “2+to 20

thereof) , ‘it-is-evident-that-only ‘the amount-in -

shift columns 19-to 1-will ‘be sent- to -electronic
storage ‘from -where- it ‘goes-to relay-storage. ‘A
shift to the-right or to-the:left therefore discards
from the-amount in:shift columns 19 to'1 the given
humber- of right-or-left=hand-places, so ‘that the
shifted number- in these-columns-is-the-one-which
ultimately -is -received -by ~electronic “and’ relay
storage:- It ‘is -understeod, ‘therefore, that “in
spedkirig-of ‘the reading out of-a-shifted ~amount
from electronic storage,-reference is'made-to-the
shifted amount in-shift-colimns'19-to1.
As-an-example;-assume “a 28-place number in
shift columns’28 to 1. ‘A shift to.the right of ‘10
blaces brings the 28th place of .the original num-
ber,into shift column 18 and the 11th place.of
the original :niumber into shift column.l: Fhe
shifted amount to be read out.is therefore the.re-
sult of-discarding.the 10 right-hand:places:of: the

original-number. If the -28th-place’ number in-
shift eolumns 28 to 1 is shifted 10 iplaces:toithe
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left, the:1st.place of -the original number moves -

to shift. ‘column :11and - the .18th-place of the

original number- moves:to- shift-colitmn ‘28, - The

shift columns-11 to-19 then-contain nine-orders of -

the-original amount ang it is-these nine orders

70

which ‘constitute the shifted number to be resd

into storage. This shifted number is the.result
of “discarding’ the "10 "léft-hand _places .of _the
amount originally in shift columns 19 to 1.

~18

‘Feeéive numbers -sticcessively in binary decimal
form-from' the buses-of -the Internal In bus-col-
umns-11-t0 29, :Along with-each number, the
Internal In-bus-set will apply to:the accumu-
lator-unit'the sign of the number. -As now under-
stood,«a - -sign-is-represented-by ‘increased ‘po-
tentidl-on bus 2-and-a — sign is represented by
increased: potential-on-bus:I of -column 1.
“The-accumulator unit: may perform simple ac-

-cumulation- of -positive -and mnegative -numbers.

Means -are-also -provided for rounding off g de-
sired -order -of ‘the result in the -accumulator.
Main sequence will contain a-column.shift num-
ber,- obtained - from the program -means, which

“will-détermine the extent of denominational shift

of ‘the accumiulated -result -when -this -result is
read:-out -of -the accumulator unit to-a receiving
unit. “The-selected -number -of -steps of -column
shift-of:the:result; i.-e::the extent of ‘denomina-

* tional:shift of-the result will be effected-through

‘the:column shift-medns-described-in-Section 12.
As there -explained,-column -shifting ‘may be-to
the-right or to-the left. “When column shifting
is<to the Jeft,  then -rounding off will 1ot -be -de-

-sired. When'-eolumn -shifting ‘is -to the -right,

then:rounding:off is useful and- will-oceur unless
suppressed: by main:sequence. The column shift
number -set .in -main sequence will -select - the
ultimate units order-of the column-shifted-result

»3.‘5w-aridéthe'reby will-select the-order to be rounded

off.

“The accumulator-may also perform a special
aceumulation -operation called -the -tolerance
chieck which will be.explained later.

:Associated with the accumulator unit is-a so-
called.internal’ eommutator (Figs. 71b to Tlg)
which'ssub-sequences -all ‘the operations-of -the
agcumulator -upon reeeption of -eertain - signals
from main-sequence.  -All: of these-signals come

»fromthesaccumulator eontrol commutator ACC:C

(Pig,778A) <exeept -for a ‘tolerance check signal,
a’:rounding - off ~or “half - correction suppression
signal .and ‘two reset signals, -HCR and - CTLR
(Fig.771g) -which come from other-parts of main
.sequence, "With:the exception of a few triggers in
the ‘internal -commutator, the triggers in this
commutator are resetias.an initial -operation: by
the'manually controlled cancel signals mentioned
in‘Section=3b after which each sequence’ of -nor-

~maligceumulation returns- these triggers to can-

celed:status. - Certain‘triggers in the commutator
can not’be: reset readily in the normal aecumu-
lation sequence, due - to ‘timing-conditions and
speeial-requirements, so-that for these triggers
‘the two rreset signals HOS and CTLR are pro-
vided. -

‘The internal:commutator has. its own-oscillator
and:amplifier-source’ (Fig. Tle) of 50°ke. A and
B ;pulses, :180 -degrees -out : of phase :with -each
.other. . : :

‘Phe.accumulator: unit has:29. orders, of-which
the 29th- is;a result sign: evaluating.order. 'The
Internal:In-bus-columns '2-to0 29 are connected
respeetively -to :entry. means for -accumulator
orders 28:1o:1-(see Figs. 20.and 70) . “However, in
the:prasent.ease; only the bus: columns 11 to-29
may: carry:significant- digits: and:since it is only
these. columns whieh ' receive ~digits “from :elec-
tronic storage : (Section-6). “These bus:columns -
29.t0:11, respectively, are associated with accum-
ulator orders 1 to 19, respectively. With regard
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to orders 20 to 28, they will in effect receive 0
entries from the bus columns 2 to 10. The In-
trnal In bus column 1 which carries the alge-
braic sign of the number to be entered in the
accumulator is connected into & sign mixing cir-
cuit included in Fig. Tla. The outputs of orders
1 to 28 are connected respectively to the Internal
Out bus columns 29 to 2, and the output of the
29th order is connected to the Internal Out bus
column 1 to apply the result sign to this column.
Orders 1 to 28 each include a digit indexing or
entry receiving device or register EC (Figs. 20,

69¢, 69b and 70) and an accumulating device -or,

register RC. The sign registering order, the 29th,
does not include an entry register EC but in-
cludes g register RC. The devices EC and RC are
each constructed as a register order such . as
shown in Figs. 15 and 15a.

In general, the operation will consist in enter-

ing the number from the Internal In bus-set
into the entry registers EC and thereafier trans-
mitting the numbers from EC to the correspond-.

ing orders of the accumulating registers RC.
The registers RC comprise the accumulating
means per se and are denominationally associ-
ated by carry means.
tive numbers may be accumulated and an alge-
braic sum obtained.
sented on the buses in true, binary decimal form

and their negative or positive sense designated-

by the accompanying sign, 1 for the — sign and.2
for the 4 sign.. For each number entry, the
program means provides an operational sign.
‘Whether the accumulating unit is to act upon a

number as a negative or a positive number. is - 3

dependent not only upon the sign of the num-
ber but also upon the operational sign. The

sign of a number and the operational sign are-

applied to the sign mixing circuit network (Fig.
7ia) cf the accumulator unit. The operational
sign may be 0 or 1 or 2 or 3, as previously ex-

plained in Section 2¢.. If the operational sign is.
0, this means that the number is to be treated by

the accumulator unit as having a -+ sign, re-
gardless of its original sign. If the operational
sign is 1, then the original sign of the number

will be inverted and the accumulator unit will-
treat the number according to the inverted sign. -

If the operational sign is 2, then the accumula-
tor unit will act on the number according. to
its original sign. Finally, if the operational sign
is 3, then the accumulator unit will treat the
number

mixing network also may be referred to as the

operating sign. If the operating sign is 4-, then :
the number in registers EC will be transferred in.:

true form to the registers RC.

But if the operating sign is — then the tens
complement of the number in EC W111 be read out
therefrom to the registers RC.

The accumulator unit will be called in for oper-
ation by main sequence acting. through an ac-
cumulation calculation commutator ACC.C (Fig.
78A). This commutator will produce cancel sig-
nals ECC and RCC (Figs. 7le and f) - for cancel-
ling the registers EC and RC, respectively, prior

to entry of the first number into the accumulator.:
unit. An entry signal ACC-RI will be:produced

by -the commutator ACC.C concurrently- with

the cancel signals but will be prolonged past the’
This entry signal will cause: the

cancel signals.
number on the Internal In bus-set to be entered

Both positive and nega--

Al]l numbers are repre-.

as having a — sign regardless of its:
original sign. The mixed sign produced. by the .
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nal In bus-set and the operational sign to be efi«
tered into the sign mixing circuit (Fig. 71a). Af-
ter the entry of the number and signs, the com-
mutator ACC.C produces a start signal ACC-ST
(see Fig. Tle) which calls into operation the in-
ternal commutator (Figs. Tla to 71g) of the accu-
mulator unit. The internal commutator will then
function to initiate an accumulator cycle (Fig.
72) during which, under control of the operating
sign, the number of its complement will be trans-
ferred from EC to RC. At the end of the accu-
mulator cycle, the internal commutator will send
a complete signal CYCPT (Fig. 71g) back to the
commutator ACC.C. The latter will then signal
main ‘sequence to apply a new number and its
sign to the Internal In bus-set. Also main se-
quence will apply a new operational sign to the
sign mixing circuit. - The commutator ACC.C
again will send out an ECC cancel signal but
this time the RCC cancel signal will be suppressed
in the manner explained later .in Section 17.
The entry signal will be applied again, causing
entry of the new number into EC. A second start
signal is applied to the internal commutator of
the accumulator unit to bring about the accumu-
jation of the second and first numbers. When the
accumulation of the desired number of successive
amotnts has been completed, the commutator
ACC.C sends out a result read-out signal R.ROC
(Fig. 719) to the internal commutator. In re-
sponse to this signal the internal commutator
tests the 20th order RC of the accumulator for
0 or 9. If the highest order is at 0, it is an indi-
cation that the algebraic sum in the accumulator
is a true, positive number. If the highest order
RC is at 9, it is an indication that the algebraic
sum is a complement; i e., a negative number. If
the test finds that the hlghest order RC contains
9, a complement conversion cycle is effected un-
Dur-

" ing this conversion- cycle the complement in reg-
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isters RC is read out upon the internal Out bus-
set and through the power amplifier P. A. (Fig.
20), explained before in Section 1, to the Internal
In bus-set. The internal commutator also pro-
ceeds. durmg the conversion cycle to cause the
registers EC to be cancelled and then to cause the
complement on the Internal In bus-set to be en~
tered into EC. Upon the completion of this en-
try, the registers RC are cancelled. The fact
thaf a complement conversmn cycle has been ini-
tiated forces the sign control portion of the cir-
cuit to. be set up for.a complement transfer oper-
ation from EC to RC, The internal commutator
will then produce a start signal which will cause
the complement of the complement in EC to be
transferred to RC. The registers RC will there-
fore contain the true figures of the negative
number accumulated by the accumulator unit.

Upon completion of the transfer from EC to RC,

a Proceed signal is sent to the commutator ACC.C
by the internal commutator. ‘The internal com-
mutator also produces a read-out signal as a
result of which the number standing in RC and

5 the sign. .of: the number will be read out upon

" the: Internal Out:ibus-seb.

70.

into registers EC. The entry signal also will

cause the number sign in column 1-of the Inter-

T8 accumylator, Fig. 69 shows the 2nd order; and

-If a0 is;sensed in the h1ghést order RC 1eglster
after accumulation, a  complement conversion
cycle will nog e effected and the read out signal

will e pr ‘oduced by. the internal commutator to

cause & positive number and its sign to be read
out. from RC, and a Proceed signal will be sent
out’at the.same time to ACC.C. |

Fig. 69y shows the.lst or units order of the



2,604,262

69

Fig. 71b shows the 29th, sign evaluating, order.
The 2nd to the 28th orders are alike and’ differ
from -the 1st order in that the 1st order omits
the tubes required for carry-through-9 purposes
which are not necessary in the 1st order. Also
the 1st order includes elusive one entry means.
The 29th order, as stated before, does not con-
tain an entry receiving register BC but only a
register RC. :

The carry means—The carry means includes
a trigger K for each order of RC except the 29th
or sign registering order. The carry means will
be described in detail with regard to the 1st and
2nd orders shown in Figs. 69¢ and b. When an
order of RC steps from 9 to 0 during the entry
beriod, which may be taken as 0.5 to 9.5 of an ac-
cumulator cycle (Fig. 72), it produces a positive
carry out pulse at the terminal ¢ of stage 8.
This pulse is effective to render s triode KV con-
ductive. The triode thereupon reverses the trig-
ger K associated with the order of RC which hag
advanced from 9 to or through 0. For instance,
assuming that the 1st order of RC has stepped
from 9 to 0, the trigger K1 will be in reversed
state. Carry-through-9 means are provided for
the intermediate orders. By this means, when
such order is at 9 and the preceding order effects
a carry, the carry will be instantaneously applied
not only to the. first higher order but also to the
second higher order, and so on. Considering, for
instance, the 2nd order (Fig. 699), when it stands
at.9, its stages 1 and 8 are in reversed status.
With stage 1 in reversed status, its terminal ¢
is at reduced potential. Likewise the terminal c
of stage 8 is at reduced potential. The reduced
potential at ¢ of stage I is applied to a tube 85,
cutting it off. Likewise, the decreased poten-
tial at ¢ of stage 8§ is applied to a tube 65a hav-
ing its anode commoned with the anode of the
previously mentioned tube 65. Assume for in-
stance that order 1 (Fig. 69¢) has stepped from
9 to 0 so that trigger KIi is reversed and that
order 2 stands at 9 at the end of the entry
period, so- that the tubes 65 and 65¢ related
to order 2 are cut off. - Further, with K| reversed,
it is effective via wire 18B-A to cut off tube 65b
(Fig. 69b) which has its anode commoned with
the anodes of 65 and 65z associated with the
19th order. A fourth tube 65¢ has its anode com-~
moned with the anodes of the tubes 65, 65z and
85b associated with the 2nd order RC.. The
tubes 65¢ associated with all the orders of RC are
cut off except for a-short period 11.5 to 13 of an
accumulator cycle (Fig. 72) for a reason stated
later in the present section. Accordingly, in the
example where the 1st order RC has stepped
from 9 to 0 during an entry period, KI is reversed
and has cut off ‘650 associated with the 2nd
order. Further, as the 2nd order has been ag-
sumed to stand at 9, the tubes 65 and 65q
associated with the 2nd order are also cut off.
As the tube 65c also is cut off until 11.5 of the
accumulator cycle, the lock group of four tubes,
63, 65z, 65b and 65¢c for the 2nd order are all
cut off. It is clear that 65¢ is initially cut off dur-
ing the entry period and remains so until after
the entry period. ‘Purther, the tube 65b may be
brought to non-conductive condition at any
point of the entry period at which the breced-
ing-order, the 1st order; goes from 9 through 0.
When the 2nd order stands at 8, the tube 65¢
goes to-cut off and when this order steps to 9 the
tube 65 -also. goes to cut off. It is evident then
that either 66 or 65b will be the last one of the
group ‘of Tour tubes in the 2nd order, to be ren-
dered non-conductive. Upon this tube being ren-
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dered .non-¢onductive, .the comiion anode .po-
tential of the group of four tubes rises.and ren-
ders a tube 63d conductive, thereby reversing the
connected trigger K2. "This reversal will occur at
any :mid index point time of the entry period
0.5 to 9.5 of a cycle (Fig. 72). If, in this same
entry period, the 3rd order is at 9 or advances
0.9, then the reversal of K2 (2nd order) will cut
0if-65D in the 3rd order. group of lock.tubes 65,
65a, 650 and 65¢, and thereupon the trigger K
in the 3rd order will reverse. This chain of
events may continue through any number of
higher. orders at 9.

It is ‘seen then,.that by the end of the entry
period, reversal will have been effected of -all
those triggers X associated either with RC or-
ders which have stepped: from 9 through. 0,. or
associated with a succession of orders of which
the lowest has stepped from 9 through -0 and
the higher ones are at9.

When a trigeger K is reversed, it conditions a
related tube KT. In the example the tubes KT
and -KT2 are conditioned. At the 12 point of
the eycle, a positive carry operating pulse C-OP
is applied commonly, along wire ITA-B (see
also Fig. 70) to -all the tubes KT. Any condi-
tioned one of these tubes will become conductive
and -apply a negative going impulse along a
wire 19B-A and through the anode resistor. cir-
cuit. of a.tube {6 associated with the next higher
order' RC to the input of this next higher order
RC. Thus, a carry entry will be made into this
next higher order.

In -this manner, -an instantaneous carry is
effected  into all orders -of RC following orders
which have stepped.from 9 to 0 or following one
or more orders which are at 9 at the end of the
entry period and are.in turn preceded by an
ordér which has stepped from 9 to.0.

As stated before, the tube .65¢ in each order
of the carry means above the 1st order cuts off
except between 11.5 and 13 of the eyele. This
prevents -a carry-through-9 of an order if the
order-has been advanced to 9 during the.earry

. entry period. For instance, if the 2nd. order had

not-been at 9 before the carry period, but instead
had been. at 8 and were advanced. to 9 by a carry
entry from the 1st order, it would -cut off the
tubes 65 and.65¢ during the carry period. The
tube 650 will also.be at cut-off under control of
the trigger Kl in the ‘1st order. .If the tube 65¢
were not present or .if this tube .were not -con-
ductive during the. carry period, then the com-
mon-anode line of the lock group of tubes in
the 2nd order would be at increased potential
and would operate through 65d to reverse K2.
Consequently, the carry operating pulse would
be eflective to produce an undesired carry entry
into the.3rd order. By providing the tube 65¢
and rendering. it conductive for g period starting
before and ending:after the carry. period, such
misoperation is prevented.

Assuming that. accumulation has been called
for, the commutator ACC.C (Fig. 78A) is con-
ditioned for operation. - Assume further that the
first of a plurality of numbers is to be entered
in the accumulator, and that half correction is
to be suppressed. Fig. 73 is a timing -chart re-
lating to the accumulator procedures when half
correction- is suppressed. A negative half cor-
rection suppression signal HCS is producéd by
main sequence, as will be explained in Item 11,
Section 17. This signal is applied to i, Fig, 719,
which acts via la to turn 5. Thereafter, the
commutator ACC.C concurrently sends out the
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negative signals ECC, RCC, and ACC-RI. The
ECC signal functions through 20 and 12 in Pig.
71le to produce an amplified signal ECC. The
latter signal is inverted by i, Fig. 71a, to a posi-
tive signal which is applied to the EC cancel
circuit. The RCC signal functions via 33 and
34 in Fig. T1f to produce the amplified signal
RCC. This is inverted by 2, Fig. Tla for oper-
ating the RC cancel circuit. Either cancel signal
ECC or RCC also cuts off a tube 33 to make it
apply a positive. signal to the carry triggers
cancel circuit KC. Each of these cancel circuits
is of the type shown in Figs. 16 and 17. The
output of the EC cancel circuit goes to the EC
registers (Figs. 69¢ and b and 7)), and resets
them. The output of the RC cancel circuit re-
sets the RC registers (also see Fig. 71b). The
output of the KC circuit resets the carry trig-
gers K.

As mentioned before, for the second and suc-
cessive number entries, the RCC cancel signal
will not be produced. The ECC signal will be
produced, however, each time an entry is to be
made and will always bring the KC cancel circuit
into operation along with the EC cancel circuit.

Prior to the production of the cancel signals
and the entry signal, ACC-RI, the number to
be entered in the accumulator will be present
on the buses of the Internal In bus columns 2
to 29, of which columns 2 to 10 will always con-
tain zeros, and the sign of the number will be
present in Internal In bus column 1. The digit
in each Internal bus column is represented, as
now understood, by increased potential selec-
tively present on buses I, 2, 4 and 8 of the col-
umn. The buses |, 2, 4 and 8 of each column
are coupled to the suppressors of entry tubes
ECEI, 2, 4 and 8 respectively of the related ac-
cumulator order.
columns 2 to 29 are thus respectively associated
with acecumulator orders 28 to 1. The tubes ECE
of the accumulator orders will therefore be se-
lectively conditioned according to the binary
terms in the decimal notation digits of the num-
ber on the Internal In bus columns 2 to 29. The
negative ACC-RI signal produced by the com-
mutator ACC.C, along with the cancel signals
ECC and RCC or along with the cancel signal
BCC only, functions via 35 and 36 in Fig. Tle
to produce an amplified signal ACC-RI. This
is inverted by an amplifier (Fig. 70) to a positive
signal which is applied via.line 1A-I(B to the
control grids of all the ECE tubes. Thereby,
the conditioned ones of the ECE tubes are ren-
dered conductive. The outputs of the tubes
ECE{, 2, 4 and 8 of an accumulator order are
coupled tc points ¢ of the trigger stages I, 2, 4
and 8 of the register EC in the order. Hence, as
soon as the cancel signal ECC terminates, the
conductive ones of the tubes EC reverse the re-
lated trigger stages of the EC register. In this
manner the number on the Internal In bus-set
is applied to the entry registers EC.

The entry signal ACC-RI also causes the num-
ber sign and an operational sign to be entered in
the sign mixing circuit which is shown in Fig. 71a.
Buses | and 2 of Internal In bus column 1, which
carries the number sign; are respectively con-
nected to the suppressors of tukes 8 and 7T in
TFig. 7la. The operational sign 1 is represented
by an increased potential signal OPSN{, the oper-
ating sign 2 is represented by the increased poten-
tial signal OPSN2. These signals respectively
condition tubes 6 and 5. It can be seen that the
tubes 5, 6, T and § will be selectively conditioned

It is to be noted that the bus
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according to the number sign and the operational
sign. The amplified negative read-in signal from
Tig. 71le also is applied to the sign mixing net-
work where it is inverted by a tube P20 to a
positive signal which is applied to the control
grids of the tubes 5, 6, T and 8. Accordingly, any
of these tubes which has been conditioned by
increased suppressor potential will be rendered
conductive by the positive read-in signal. Tubes
5, 6, 7 and 8 are coupled to the triggers 13, 14,
15 and 16, respectively in such manner that when
any of these tubes is rendered conductive, it re-
verses the associated trigger. If the operational
sign is 2, trigger 13 will be reversed. If the oper-
ational sign is 1, trigger {4 will be reversed;
if the operational sign is 3, triggers 13 and (4 will
be reversed; if the operational sign is 0, triggers
13 and 14 will remain in cancelled status. If the
number sign is 4, then the trigger 15 will be
reversed and if the number sign is —, then the
trigger 18 will be reversed.

The various examples of number and opera-
tional signs are given below:

Example 1.—Assume the number sign is + and
the operational sign is 2. Accordingly, the trig-
gers 13 and 15 will be reversed. With 13 and 15
reversed, 21 is rendered conductive. As 21 is con-
ductive, it cuts off 3t and 31 thereupon condi-
tions the suppressor of 39. With !4 in normal
state, it cuts off 30 which accordingly condi-
tions the control grid of 39. As both the sup-
pressor and control grids of 39 are conditioned
by increased potentials, 39 becomes conductive
and cuts off 31, With 37 cut off, it conditions the
suppressor grid of §. The positive read-in signal
ACC-RI which is applied to the control grids of
5, 6, 1, and 8 to render any of these conditioned
tubes conductive, also is applied to the control
grid of tube 48a¢ making this tube conductive so
as to render 4 and {2 non-conductive until the
termination of the read-in signal. When this
read-in signal terminates, 48a again becomes non-
conductive and applies increased potential to the
control grids of 4 and {2, In the present example,
the suppressor grid of 4 has been conditioned.
Accordingly, when 48¢ becomes non-conductive,
4 becomes conductive and cuts off the power tube
36 which thereupon applies increased potential
to the output line 2sn to serve as a representation
of the 4 operating sign. The line Isn remains at
decreased potential so as not to manifest the —
operating sign. In the present example this
result is obtained as follows: With 14 in normal
status it is cutting off 22, 23 and 30. With 16 in
normal status it is cuting off 24, As 23 is cut off
it conditions the control grid of 32. Also, 24 being
cut off conditions the suppressor of 32, Hence 32
conducts and cuts off 48 to apply conditioning
potential to the suppressor of 38. Since 30 has
been cut off it is applying conditioning potential
to the control grid of 38. Therefore, 38 is con-
ductive and deconditioning {2. The latter there~
by remains non-conductive and sustains the
power tube 28 in conductive condition so that
its output, the line {sn, remains at low potential.

Ezample 2—Assume the number sign is < and
the operational sign is 1. 'This operational sigh
is to cause the inversion of the number sign. Ac-
cordingly, the mixing network for this example
should produce the — operating sign. It is under-
stood now, with the signs assumed for this ex-
ample, the triggers {£ and 15 are reversed. With
14 reversed, it cuts off 29 which thereupon con-
ditions the control grid of 81. With 13 in normal
status it cuts off 21 which thereupon conditions
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the control grid of 81. Trigger 1§ remaining in
normal status cuts off 22 so as to condition the
suppressor of 31. Hence 31 is conductive. and
cuts off 39 to apply conditioning potential to the
suppressor of 37.. Since 29 is applying condition~
ing potential to the control grid of 31, the latter
becomes conductive and deconditions 4 with the
result that the output line 2sm will remain at
ineffective, low potential. 14 and 18 being in
reversed status, render 23 conductive so that. 23
cuts off 32. Since 32 is cut off, it makes 40 con-
duct whereby 38 is cut off. As 28 is cut off it con-~
ditions the suppressor of 12. At the termination
of the read-in signal the control grid of {2 is con-
ditioned and 12 becomes conductive so as to oper-
ate through 28 to produce the increased potential
on line lsn, representing the — operating sign. ..

Ezample 3.—Assume the number sign is — and
the operational sign is 2. Accordingly, triggers
I8 and 16 will be reversed. Reversed trigger 13
cuts off 29 to condition the control grid of 371.
14 in normal status cuts off 22, 23, and 30. 15
in normal status cuts off 21. With both 21 and
22 cut off, 31 is receiving increased suppressor and
control grid potentials and is conductive, thereby
cutting oif 28; Accordingly, 39 conditions the
suppressor of 37. Also, 29 being cut off, condi-
tions the contro} grid of 3T. Hence, 37 ig con-
ductive and & is deconditioned so that the tube
36 will remain conductive and the -+ operating
sign, line 2sm, will remain at ineffective low
potential, With I3 and 8 reversed, 24 is con-
ductive cutting off 32 which through 435 cuts off
38. Accordingly, 12 is conditioned , to operate
upon the termination of the ACC-RI pulse so as
to cause 28 to produce the effective increased
potential of the — operating sign, line {sm. .

Erample 4.—Assume the number sign is — and
the operational sign is 1. Accordingly, triggers 14
and 16 will be reversed. 13, in normal status cuts
off 80 so as to condition the control grids of 38
and 89. Trigger i5 in normal status cuts off 23
50 as to condition the control grid.of 32. {3, in
normal status cuts.off 24 so as to condition the
suppressor of 232. Accordingly, 32 is conductive
and cuts off 40 to condition the suppressor of 28.
Since the control grid of 38 is also conditioned;
it becomes conductive so that the — operating
sign will not be read out. Since | 4 and 16 are

both reversed, in this example, 22 is conductive.

thereby cutting off 81. As 31 is cub off it applies
conditioning potential to the suppressor of 39
which is also at increased control grid potential.
Hence, 39 becomes conductive and cuts off 27,
with the result that the line 2sn will be at high
potential at the termination of the read-in signal
as now understood. . ‘
It is seen from the above examples that when

the operational sign is 2, then the operating sign-
.60

is the same as the normal sign, but, when the
operational sign is 1, then the operating sign is
the reverse of the number sign. - . :
Example 5—Assume the operational sign is 0.
Accordingly, 13 and 14 will remain, in cancelled
status. With 13 and 14 in this status, 29 is con-

ductive and cutting off 37. Hence, at the termi-:

nation of the read-in signal ACC-RI 4 will be
rendered conductive and 36 nen-conductive to
produce the. effective increased potential on the
line 2sn, such potential manifesting a 4 operat-
ing sign. Tt will be noted that with 13 in can-
celled status, it cuts off 30 to condition the con-

trol grid of 38. "Also 14 in cancelled status cuts. .
off 23 conditioning the control grid of 32. 24 is-

also cut off by 13 and conditions the suppressor
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of 32. Accordingly, 32 will conduct and through
40 will condition the suppressor of 38. Since the
control grid of 38 also has been conditioned, 38
conducts so that 12 will not be conditioned and
the — operating sign {sn will remain at ineffec-
tive-low potential.

It is seen from this example that when the
.operational sign is 0, a 4+ operating sign will be
read. out, regardless of the number signs.

- Example 6 —Assume the operational sign is 3.
Accordingly, 18 and 14 are both reversed, causing
30 .to become conductive. With 30 in conductive
status it cuts.off 38-and 39. 39 thereupon condi-
tions the suppressor of 31. With 13 and 14 in
reversed status, 29 is cut off and conditioning the
control grid of 871. Hence 37 is conductive while
38 has been cut off. Under this condition, as now
understood, the line 2sz will be at ineffective
potential while the line isn will be at. effective
potential for representing the — operating sign.

It is seen from: this example that when the
operational sign is 3, the operating sign will be
— regardless of the number sign.

. As explained above, the -+ and — operating
signs for a number entry into the accumulator
are represented by increased potential selectively
present on lines isn -and 2sn (Fig. Tla), respec-
tively. - The conditions of these lines will be

: unchanged until a-new number entry is made.
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Lines Isn and 2sn connect to the internal com-
mutator of the accumulator and according to
which of the lines is at high potential the internal
commutator will control means for transferring
either the true number or its complement from
registers EC to RC. Specifically, high potential
on line Isn-or 2sn renders {71 or iTa in Fig. 71b
conductive to set a sign storing trigger 21 in —
or + sign storing state, respectively. The - state
is the shown state while the — state is the reverse
state of 21. Depending on whether 21 is in —
or 4 state, it cuts off 22 or 22q, respectively. If
22 is cut off it acts via 33, Fig. 71b, to hold a line
neg- at low potential which is inverted by an
amplifier (Fig. 70) to increased potential on the
line §A~5B. If 22¢ (PFig. T1b) is cut. off, it acts
via 28 to hold a line pos at low potential which
via. an amplifier (Fig. 70) provides increased
botential on the line 6A-§B. Line 5A-5B con-

- nects to the suppressors of pairs of tubes 9 and

55

I3 (see Figs. 69¢ and b) of which there is a pair
in each of the accumulator orders 1 to 29 (also
see Fig. 71b). Line 6A-6B connects to the sup-
pressors of pairs of tubes 10 and {4, each' of
accumulator orders 1 to 28 including one pair of
these tubes. Thus, depending on whether the
operating sign is — or -+, the tubes 9 and i3 or
10 and. 4 in the accumulator orders will be con~
ditioned. With 9 and {3 conditioned, the comple~

. ment of the number in EC will be transferred qur-

ing an ensuing accumulator cycle (Fig.72) to RC,
but with. 10 and {4 conditioned, the true number
will be transferred during the aceumulator cycle

from EC to RC.

65

70
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The accumulator cycle is initiated under con-
trol of a negative start signal ACC-ST produced
by the commutator ACC.C (Fig. 78A) one AP
pbulse cycle after the entry signal ACC-RI (see
Section 17, Item 15b). This start signal will take
effect, however, only if g proper determination of
an operating sign has been made. Assuming that
the 4 operating sign is being manifested, then
{1a, Fig. 71b, is conductive and in addition to
insuring that sign storing trigger 2{ is in - -state

‘(the shown state), cuts off 30 and 34c. If, in-

stead, the — operating sign ig manifested, tube
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i1 is conductive and besides establishing trigger
21 in — state, also cuts off 30 and 34. With 30
cut off, it acts via 31 to cut off 35. Thus, if
either or both operating signs are manifested,
then 35 will be cut off, but if neither operating
sign is manifested, 39 will be conductive and
through 31 will maintain 35 conductive. If either
operating sign alone is manifested, then either
34 or 34a, but not both, will be cut off, and the
ocutput of 34—34a¢ will remain at low potential
so as to cut off 354. If, by misoperation, both
operating signs are manifested, then both 34 and
34¢ will be cut off and 35a will be conductive.
From the foregoing, it is evident that the couple
35—35¢ will be cut off only if a proper operating
sign determination has been made.

Assuming couple 35—35¢ has been cut off, it
acts through 36, Fig. 71b, to place terminal SNI
at reduced potential. Low potential on terminal
SNI cuts off 21, Fig. 71lc, to condition the sup-
pressor of start control tube 35. Upon termina-
tion of the entry signal ACC-RI, the negative
start signal ACC-ST is produced, as previously
stated. This signal cuts off 36a to condition the
control grid of tube 35. Hence, if a proper oper-
ating sign determination has been made, the
start signal causes 35 to become conductive. 39
thereupon acts via 36 and I8 to reverse start trig-
ger I5. Reversed trigger 15 conditions 10 to be
made conductive by the next B4 pulse and there~
upon to reverse 16. With {6 reversed, it serves
via 18a to condition 20 to respond to A-+ pulses.
The output of 20 is effective via 28a, 31 and 32
to cause negative pulses, in phase with the A+
pulses, to appear on line Ctr-In. This is the
common input line for the accumulator timer
(Fig. 71d). The fourteen stages of the accumu-
lator timer are designated TO0 to T3 and per-
form a complete ring of operation in response to
fourteen input pulses at A+ timing, The accu-
mulator timer, acting through associated tubes,
sequences operations of the accumulator unit
during the 14-point accumulator cycle (Fig. 72).
It is evident that the first input pulse turns T13
which reverses stage T9. The succeeding input
pulse resets T0 to cause T to be reversed, and
so on. The stages T0 to Ti2 are thus re-
versed, each for a cycle point, at the “0,” “1”
... “11” and “12” times of the cycle, while T13
is turned at “0” and reset at “13,” completing the
ring operation of the timer.

During the accumulator cycle, a series of ten
positive pulses BEP (see Fig, 72) is applied at the
mid-index times “0.5,” “1.5” , . . “8.,5” and “9.5”
to the line 9A-8B connected to the control grid
of the tube 16 in each accumulator order (see
Figs. 69a, b and 70), These pulses BEP are in-
verted by 186, if the latter has been conditioned by
inereased suppressor potential, to negative entry
pulses applied to the input of the stages f, 2, 4
and 8 of the register order RC. Also, during the
accumulator cycle, ten positive pulses ARP are
applied to line 4A-4B connected to a tube {2 in
each of orders 1 to 28. These pulses ARP occur
at the cycle points “1,” “2” ... “9” and “10.”
Tube 12 inverts the applied positive pulses to
negative entry pulses on the input of the stages
of the register order EC. As previously explained
in Section 5, ten pulses applied to a register order
effect a value cycle thereof. A number of pulses
equal to the tens complement of the digit stand-
ing in EC advances it from 9 to 0, causing stage
8 to produce a positive carry-out pulse at its
terminal ¢. Assuming that the true number is
being transferred from EC to RC, then the pair
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of tubes 10 and 14 in each of orders 1 to 28 have
previously been conditioned, as explained. The
carry-out pulse from an EC order is applied
through a suitable coupling capacitor 8C to the
control grid of 10. With (8 conditioned, the
carry-out pulse renders it conduective to reverse
the trigger 15 (T/C). Hence, when a true num-
ber is being read out, this trigger will have heen
reversed at a cycle point designated by the num-
ber which is the tens complement of the digit
initially in EC. For instance, if the EC order
initially stood at 4 (see Fig. 72), trigger 15 will
be reversed at the “6” point of the accumulator
cycle. Also, when the true number is being
transferred, 14 in each of orders 1 to 28 has also
been previously conditioned. Af the “10.5” time
of the cycle, a pulse is applied via line TA-1B to
the control grid of 4, causing it to become con-
ductive so as to return trigger i5 to its initial
state. During the interval in which frigger 15
was reversed, it acted through 18 to condition 16
to respond to the pulses BEP. The number of
these pulses passed through 16 to the input of
RC will be equal, when the true number is be-
ing transferred, to the digit initially in EC. Thus,
in the assumed example, where EC is initially at
4, trigger 15 is in reversed state from “g” to
“10.5” of the accumulator cycle and during this
interval, tube 16 will produce four negative entry
pulses in phase with the BEP pulses. These four
pulses will enter digit 4 into the register order RC.

Assuming instead that the complement of a
number in EC is to be transferred to RC, the
tubes 13 and 9 in each order have previously
been corditioned. With regard to the 1st or
units order (Fig. 69a) a positive “0” pulse is
applied, via line 104, to the control grid of 13
causing it, if conditioned, to become conductive.
{3 thereupon acts through the anode resistor of
10 to reverse §5. The carry pulse from the EC
order is effective through the capacitor 8C to
render § conductive, if conditioned. Upon 8
becoming conductive, it restores {5. It is clear
that as far as the units order is concerned, the
trigger 15 will be in reversed state from “0” of
the accumulator cycle to a point of the cycle
corresponding to the tens complement of the
digit in the register order EC. During this inter-
val, 15, acting through (9 will have conditioned
16 to pass the BEP pulses to register RC, thus
entering the tens complement of the digit ini-
tially in EC into RC. As an example, assume
the units order EC initially stands at 4 (see Fig.
72). Trigger 15 in the units order therefore will
be in reversed state from “0” to “6” of the cycle.
During this interval, 16 in the units order will
pass six BEP pulses to register RC, entering 6
therein. With regard to the orders above the
first order, a “1” pulse will be applied via line
8A-8B to 13 so that if 13 is conditioned, it will
become conductive and reverse !§ at the “1” {ime
of the accumulator cycle. The carry-out pulses
from the EC orders act through 9 to restore 15
at the point of the cycle corresponding to the
tens complement of the digit initially in EC.
Thus, the trigger 5, of each order above the first,
will be in reversed state for a number of cycle
points equal to the nines complement of the
digit initially in EC. As an example, if EC in
the second order initially stands at 4 (see Fig. 72)
then the related trigger {5 will be in reversed
state from “1” to “6” of the cycle. During this
interval, 16 will be conditioned and will pass
through five pulses BEP to the input of the re-
lated register order RC. In this manner the
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nines.complement of.the digit.in.EC of. the sec-
ond order will'be transferred.to the.correspond-
ing order of register. RC.. The entry of.the.tens
complement.of.the units order digit.into RC.and
the entries of the nine.complements.of the digits.
in the-other orders Las the effect.of transferring
the tens complement of the.numper in EC. t0.RC:

Each time a.complement. is entered.into the
accumulator, 9 must be entered.in the.29th order
(Fig. 710). as a-negative sign .manifestation. As.
breviously .explained, during complement entry
the line 5A-5B .i§ at inereased potential. condi-
tioning the tubes 13.and 9.in all the .orders, in-
cluding the 29th. crder.” The. “1” pulse. applied
to. line 8A-8B also is transmitted to. 3. in .the
29th order.rendering it conductive to reverse.the
trigger 15 (T/C) in.the 29th.order. Upon. re-
versal of this. trigger, it -applies. conditioning
potential to the suppressor of the gate tube. 16.in.
the 29th order. - THe control grid of. {his tube.is.
connected’ to the. line: §A-8B' upon..which the
pulses BEP are applied in eae¢h. accumulator
cycle. The control grid.of 9 in tHe 29th order.is.
connected to the line 1A-7B:upon. which.a. posi-
tive pulse is applied at the 10557 time of the
cycle. :
thHe 29th-order conductive to restore thie trigger.
15" in the 29th order, deconditioning. tube (8§..
Since tube 16.in the 29th order was conditioned-
from-“1” to “10.5” of the.cycle, it will'pass nine.
BEP ‘pulses to. the. input: of the register. RC.of’
this order, thus entering § therein, as.a mani-
festation of a negative sign for the number
entered into the.registers RC.

To make certain that trigger 15 of the 20tH.
order is in.reset status when a.true number entry

into. registers RC"is called for, the line. 6A-§B-

(see Figs.. 70 and-71b) connects.to the grid of’ ii,.
Fig. 71b. This line carries increased. potential”
when a true enfry is. called for as explained’
before, This makes (I, Fig. 71b, condiictive. to.
insure reset of 157in the 29th order.. ,

It is'evident that successive entries of comple-
ments will cause the 29th order to produce a-9
representation. This will result. from. the .entry
of 9 in. the 29th order and the carry. from.the
preceding order manifestly consequent upon the
entry of successive complements.in the. accumu--
lator:. If ‘a complément. is.standihg in. registéers.

RC and’a positive entry is made thereid which is . ;

algebraically greater thian the complement, then
the registers RC will produce a representation of.
a true balance. As is well known, when. the
accumulator goes from a complement balance. to
a true balance; carry is always effected into. the:

highest, sign representing. order,. which . is the .-

29th order. in this case. This carry will add 1.
to the 9 previously in. the 29tH order RC, so that
this order-will: then stand at 0; signifying a true
balance: . A negative going. carry bulse, produced
in the'manner described before by the 28th order.
is  transmitted from its output terminal {98 -to.
the input- terminal (84 of the 29th order, The.
pulse is inverted by 26a¢ and 327in Fig. 11b to.a.
negative pulse which is applied” via: the anode-
resistor-of -the' gate tube .46 in. this order to the
29th . order register RC,. thereby. entering. -1.
therein. .

The production of. the various bulses required
in the. accumulator cycle is controlled by the ac~
cumulator timer; as: previously stated. When.
stage T0 (Fig. 71d) is reversed at-the.“Q” time.
of the accumuldtor cycle, it applies a .positive.
pulse to the control grid. of 21 in Fig. 71d. At.

this time of the cycle, trigzer 18, Fig.. 71d, . still -

is in: cancelled state  and applying .conditioning.

This. pulse will- render .conditioned. g .in.
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potential -to: the suppresser of-24. Hence, when
T0.applies.a positive pulse:te.the -control grid:of
21, the-latter becomes conductive and produces
2 negative “0” pulse. This pulse is inverted. by
13, Fig. Tle, to.the-positive “0” pulse which as
previously -described-is applied via line (0A- to
the: control grid of 13-in the units order (Figs.
69¢:and-70) . of the accumulator unit; This pulse,
as. already: described; is effective, if 13" is- condi-
tioned, -to-cause. the trigger 15.-(T/C)- to be re-
versed, so-that the tens complement of- the- digit
in.the. first order of EC may be transferred.: to
the- corresponding- order of RC. As- explained
above, 13, .Fig. 7lc, produced a positive-pulse at
the “0” point of the aceumulator cycle: This
pulse; in .addition to being. applied- to the- tube
13- in-the-units -order of- the-accumulator is also
applied to.tube:9¢: in -Fig. T1c, causing the latter
to-become-conductive and-thereupon to reverse
{4; Fig. Tlc. Reversed (4 conditions the tube 5
to respond-to.B---pulses:  As § -was conditioned
at- “0” the- first: effectiver B- pulse - occurs  at
“0.5.” In'response to the- B4 pulse, 5, when
conditioned, acts through 9-and 2 to produce a
negative-going: BEP pulse. ‘Bach such.-pulse is
inverted.by- an- amplifier (Fig; 70) to a positive
BEP pulse; -At:the “9” time: of the accumulator
cycle, -stage T9+(Fig. 71d) is reversed and con-
ditions- 12; Fig. 714, to respond-to the next Bd-
bulse occurring at-9.5. In response to this pulse
12 becomes- conductive and reverses: trigger' 10.
Reversed.- trigger 10-thereupon conditions 5 to.
become. conductive -in: response to the next AL
pulse.at-“10.” - Tube:5 thereupon produces:a:neg-
This: pulse. acts through
t2-and-T in Fig. Tle to-restore 14. It is-clear
then. that 14, Fig. Tle,. is-in- reversed condition
from“‘0” to ““10”:of -the accumulator cycle. Dur-
ing-this-interval, 14-conditions 5- to- respond. to
ten B+ pulses-and thus-to bring about the- pro=
duction .of -the-ten’ BEP-pulses .indicated in Fig.
72.- ‘When.stage T0- (Fig. 71d)- is-reversed at “0”
of -the- cycle;. it-also conditions 26 to respond to
the next. B+ pulse-at-0.5. Thereupon’ 26 becomes
conductive and:reverses triggers-18 and 9.

Upon reversal of -19, it conditions 17-to respond
to.the next-A---pulse-at “1” of the ‘cyele: Tube
[T-therefore produces a-negative “1” pulse.. This
pulse -is .inverted by-28; Fig: Tlc; and again in-

-verted :by- 11, Fig, Tle; to a negative “1” pulse.

The-pulse produced by 17, Fig. Tlc, is inverted by
an- amplifier- (Fig: 70). to. the positive “1” pulse
which-is ‘applied-via-line $A-8B to the tubes 13 in
the-orders' of -the-accumulator unit above the 1st
As previously' described; this pulse will
act: through tubes: 13, if conditioned, to cause
triggers: 15 to be:reversed at:the “1” time in order
to-initiate: transfer of the ‘nines' complement of
the: digits standing: in’ the EC orders 2 to 28 to

the related-registers RC, and to initiate entry of

9 in the 29th order, as already explained;

As. explained in the preceding paragraph, 7,
Fig; 71¢ produced: the negative “1” pulse.. The
tube 11 also: produces- at this time a pulse for

" restoring start trigger 15, Fig. Tle.

The: trigger: 18, Fig. 71d; is reversed at “0.5”
of--thé cycle, as previously described. The re-
versed--trigger 18 :conditions 9. to respond to A
pulses; the first effective: one occurring. at “1”

“of.the cycle: At the “10” point of ‘the cycle, the

stage- TI18- is- reversed ‘and conditions 5 to be
made conductive by the next B pulse at 105
50 as- to'restore 18: "If is seen that 18 is in re-
versed-state: from:0.5-to 10.5-0f the eyecle; During

" this.interval, 9. produces ten negative ARP-pulses..
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These pulses are applied by way of 12¢ and 6 in
Fig. 7lc to an amplifier (Fig. 70) which pro-
duces the fen positive ARP pulses indicated in
Fig.72. :

Stage TI8 (Fig. 71d) is reversed at the “10”
time of the cycle and causes (5 to respond to
the B+ pulse occurring at 10.5 so as to restore
16 and 18. Further, i5 also produces a negative
“10.5” pulse which is applied via 4 and 3 o an
amplifier shown in Fig. 70 to produce the positive
10.5 pulse (Fig. 70). This pulse, as previously
described, is applied along line TA-1B to the tubes
14 to cause the tubes, if condifioned for true
number transfer, to restore the triggers (5.

As explained before, tubes 65¢ (see Fig. 69D for
example) are rendered conductive between “11.5”
and “13” of the cycle to prevent carry through
the 9 position of an order if this order was
stepped to 9 by a carry. Tubes 6%¢c are con-
trolled by the potential on line [3A-13B. The
potential on line 13A~13B is under control of a
trigger i1 (Fig. 71d). Prior to “11.5” of the cycle,
this trigger is in cancelled state in which it main-
tains T non-conductive. With T non-conductive,
it produces increased potential on the output ter-
minal C-CTL. This terminal connects to the
correspondingly designated terminal in Fig. 70
and the increased potential on the terminal is
effective via an amplifier to produce cutoff po-
tential on the line [3a-13B for the tubes 65c.
At the “11” time of the cycle, stage Til (Fig.
71d) is reversed, conditioning 16 for operation
at 11.5 by a B+ pulse. Tube (8§ thereupon re-
verses triggers Il and 8. Reversed trigger 1|
now renders T conductive causing the amplifier
(Fig. 70) to produce increased potential on line
[3A-13B thereby rendering the tubes 65¢ con-
ductive, for the purpose explained above. Trigger
8 was reversed as explained above at “11.5.” The
reversed trigger 8 thereupon conditions 2, Fig.
71d, and the next A4 pulse at “12” of the cycle
renders 2 conductive to produce a negative «12”
pulse. This pulse is inverted by 8, Fig. Tle, and
3 to a negative “12” pulse which is inverted by
an amplifier (Fig. 70) to the positive carry op-
erating pulse C-OP on the line {TA-{1B.

At the “12” time of the cycle, stage Ti2 (Fig.
71d) 1is reversed, conditioning 14 to respond to
the B+ pulse at 12.5 and the thereupon to re-
store 8 and to turn 6. Reversed trigger 6 con-
ditions {, Fig. 71d, to respond to the A4 pulse
at 13 of the cycle. Tube [ thereupon produces
a negative “13” pulse. This pulse acts through
8a, Fig. Tle, and 4 to produce the negative signal
CYCT. This signal will control the production
of a cycle complete signal CYCPT in a man-
ner explained subsequently. “When |, Fig. 71d,
become conductive at “13” of the cycle, it also
restored 11, Fig. 71d, terminating the period of
increased potential on the line 13A-13B (see
Figs. 69b, and 70).

Also, at the “13” time of the cycle, stage Ti2
(Fig. 71d) is restored, and effects reset of stage
T13. Stage Ti3 thereupon conditions tube I3
to be made conductive by the B pulse at 13.5
and thereby to restore trigger 6, under control
of which the signal CYCT was produced. Fur-
ther, when stage T3 is restored, it produces a
negative going pulse STC. This pulse is applied
to 16, Fig. Tlc, restoring it to terminate the pro-
duction of input pulses for the accumulator
timer.

Mention has been made of the production of
the negative signal CYCT (see Fig. Tic) at the
“13” time of the cycle. This negative signal
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acts through tubes 2 and 2¢ in Fig. 71f to re-
verse trigger 8 Pulses AP are produced by the
main pulse generator, as explained in section 4,
at a frequency of 4 kc. The effective AP
pulses referred to hereinafter are the negative
going AP pulses. After reversal of 8, Fig. 71f, an
AP pulse restores this trigger. Upon restoration
of the trigger, it turns 1, Fig. 71f. The next
AP pulse restores this trigger 7. While in its
reversed state, trigger T cuts off 5¢ to produce a
positive signal CPT. This signal renders the
normally conditioned tube 15, Fig. 7lg, conduc-~
tive. Tube {5 thereupon produces a negative
pulse which acts via 24 and 32 to produce the
negative going cycle complete signal CYCPT.
This signal goes to the accumulator control
commutator ACC.C (Fig. 78A) which reacts in
a manner described in Section 17, Item 150, to
initiate operation of the main commutator to
remove the already entered number and its sign
from the Internal bus-sets and to terminate the
previous operational sign signal. The main com-~
mutator proceeds to apply the next number and
sign to the internal bus-sets and to cause a new
operational sign to be applied to the sign-mix-
ing circuit (Fig. 71a), all as described in Sec-
tion 17, Item 17. The commutator ACC.C then
proceeds as before to produce the cancel signal
ECC for cancelling the registers EC. As previ-
ously mentioned the RCC cancel signal will not
be produced by commutator ACC.C except as a
prelude to the entry of the first number of a
sucecession of numbers. The commutator ACC.C
also produces, as before, the signal ACC-RI for
causing the entry of the new number now on
the Internal bus-sets into registers EC at the
termination of the ECC cancel signal. The
commutator ACC.C then produces the start
signal ACC-ST as a result of which a new ac-
cumulator cycle is initiated. During this ac-
cumulator cycle, the accumulation of the new
number in EC with the number previously en-
tered in RC is effected.

In the foregoing manner, successive numbers
may be entered into the accumulator unit.
After the last number of the succession of num-
bers has been entered, main sequence acts
through commutator ACC.C to produce a nega-
tive control signal R.ROC (see Section 17, Item
18). 'The upper portion of Fig. 73 is a timing
chart indicating the important operations when
the accumulated result is positive. This signal
operates via 36, Fig. 7l¢, and 36a to reverse 3{
which thereby serves as a storage element for
storing the fact that a readout control signal
has been sent out by main sequence. Reversed
trigger 31 acts through 28a to reverse 22.

The next AP pulse restores 20, Fig. Tlg.
Meanwhile, 28, while in reversed state, initiates
a sign test of the result in the accumulator. As
explained before, the 29th order will register O
at the end of a series of number accumulations
in the accumulator if the algebraic sum of the
numbers is positive. On the ofher hand, the
29th order will register 9 if the algebraic sum of
the series of numbers is a complement, indi-
cating a negative result. The trigger 20, Fig.
71g, when reversed, initiates a test of the 29th
order to determine whether it stands at 0 or 9.
Reversed 20 serves via 12 to apply increased po-
tential to terminal CK, Fig. 7lg, which connects
to terminal CK in Fig. 71b. The increased po-
tential on these terminals is applied to the con-
trol grids of 13 and 15, Fig.71b. If the 29th or
sign register order of the accumulator is at 0,
indieating a positive result, then 13, Fig. 71b,
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will have been conditioned and will be rendered
conductive by the application of inereased:po-
tential to its control grid. But if the 29th order
is at 9, indicating a complement result, then 5,
Fig. 71b;, will have been conditioned and will be
rendered- conductive by the increased potential
applied to its control grid.

Assume first that the 29th order of the ac-
cumulator stands at 0. Accordingly, its stages
i, 2, 4 and 8 are in reset status and are cutting
off 10a, I0, 8¢ and 9 respectively. The common
output of these tubes therefore is at increased
potential which is applied to the suppressor of 13,
conditioning it to become conductive when the
terminal CK increases in potential. Upon (3
becoming conductive, it acts through 14 and 19
to establish a trigger 20, Fig. 71b, in shown status.
In its shown status, 28 conditions the sup-

pressor of RCV2 in Fig. 71b. = Subsequently, a re-

sult readout signal ACC-RO will be applied to
the control grid of RCVZ to make it conduct and
apply reduced potential to the 4~ sign bus 2 in
column 1 of the Internal Out bus-set. When 13,
Fig. 71b, becomes conductive, as described above,
as- a manifestation during the sign check that
the result sign is +, it also serves via {4 to apply
inereased potential to the terminal O.CK.. This
increased potential is transmitted to the termi-
nal O.CK, Fig. 71g, connected to the control grid

of 1, Fig. 7lg. It may be stated now that round~ :

ing off or half correction is normally effected.
Trigger §, Fig. 71g, is in shown status if half cor-
rection is not suppressed. To insure that this
trigger is in shown status before accumulation
starts, the main commutator produces a negative
signal HCR vprior to the start of accumulation,
as will be described in Section 17, Ttem 11. This
signal acts via 4, Fig. 71g, and 16 to establish 5,
Fig. Tlg, in shown status unless half correction
is called for. The sighal HCR also serves via 4
and. 16 in Fig. Tlg to establish tolerance check
storage trigger 22, Fig. 7lg, in shown status. If
half correction is not to be effected, a negative
signal H. C. 8. is applied before the run of ac-
cumulation starts to the tube I, Fig. 71g, cutting
off this tube. This causes the tube la to reverse
trigger §, Fig. T1¢. Reversed trigger 5 is effec-
tive via 10 to maintain increased-conditioning
botential on the suppressor of 1, Fig. 71g. -Ac-
cordingly, when the terminal O.CK is increased
in potential as explained before, it renders T, Fig.
71g, conductive. Upon T beccming conductive,
it acts through 6a to render i8¢ conductive. The
tube 18 is cut off at this time because iTa is now
conductive. This is so because tube 3, Fig. 717,
is cut off except when a complete signal is being
transmitted by reversal of trigger 1, Fig. 71f,

as. previously described. Furthermore, 16, Fig.

71f, is in shown status at this time and also cuts
off 3, Fig. 71f. The output line 311 of 8, Fig. 717,
connects to the grid of i7g, Fig. 7lg. Accord-
ingly, with 3, Fig. 717, cut off, iTa, Fig. Tlg, is
conductive and cutting off 18. 18a normally is
cut off and conducts when 6a is cut off as a re-
sult of T being made to conduct by the increased
botential on the terminal O.CK.. The output of
couple i8-—I8a thereupon goes dewn in potential
and causes Proceed trigger {9 and Readout trig-
ger 23 to reverse.

Upon reversal of 23, it applies increased po-
tential to the control grid of 27. During this
time the negative result readout control signal
RROC is still houding 3§ non-conductive, so
that the suppressor of 27 also is at increased po-

tential. Accordingly, 2T becomes conductive
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upon reversal of 23 and cuts off 30. Previously,
30 was in conductive condition. Its suppressor
is connected via wire 2588 to the common output
of 28, Fig. 71f and 22a, Fig. Tle. Tube 32q,
Fig. Tle, is normally cut off under control of
trigger 27 in its shown state. 25, Fig. 714, is nor-
mally cut off under control of 9, Fig. 71f, in
shown state. Therefore, line 2530 and the sup-
pressor of: 38, Fig. Tly, are normally at increased
potential, as is the control grid. When 23 is re-
versed, ag explained above, it acts through 27 to
cut off 30, causing 35, Fig. 'T1g, to produce a nega-
tive signal ACC-RO. This is inverted by an
amplifier in Fig. 70 to produce the ACC-RO posi-
tive signal upon. line 22A-—228.
- It should also be noted that when 27, g, 71g,
becomes conductive, it reverses the trigger 34,
Fig. Tlg. The next AP pulse restores 34, causing
it- to restore the trigger 31 which has been stor-
ing the result readout control signal R.ROC.

The signal ACC-RO is applied along line
22A—208B (Figs. 69a, b and 70) to the control
grids of the.tubes RCVS, 4, 2 and {. There is a
set of these tubes in each order except the 29th
(Fig. 710) "which contains only the tubes RCV2
and . The suppressors-of tubes RCV in each of
orders 1 to 28 will be selectively at increased po-
tential under control of reversed, corresponding-
1y numbered stages of the register RC in the
order. .. Accordingly, the application of the posi~
tive signal ACC-RQC is effective to render the
conditioned ones of the tubes RCV conductive,
causing them to apply decreased potentials to the
connected buses of the Internal Out bus columns.
Assume, for instance, that in the first order (Fig.
69¢) the digit standing in the register RC is 7,
so that stages I, 2 and 4 are reversed. Hence,
the tubes RCV . {, 2 and 4 in the first order are
conditioned and become conductive in response
fo the signal ACC-RO.  These conductive tubes
apply decreased potentials to the buses I, 2 and
4 of the Internal Out bus column 29, thereby ap-
plying binary digits 1, 2 and 4, equivalent to
decimal notation digit 7, to this bus column.
The tubes RCVI and 2 in the 29th order (see
Fig. 71b) -are selectively conditioned according
to the status: of trigger 20 which is controlled by
the 29th order RC according to whether this
order stands at 0 or 9. 'As described, 20, Fig.
71b, is reversed, if the 29th order is-at 0, and con-
ditions RCV2. Accordingly, the ACC-RO signal
will. cause this tube to conduct, reducing the po-
tential on bus 2, column 1 of the Internal Out
bus-set, this serving as an electrical manifes-
tation of a < sign for the result.
. In the foregoing manner, a positive algebraic

-sum and its sign are read out from the accumu-

lator unit.

It was stated before that the Proceed trigger
19, Fig. 719, was turned upon the occurrence of
ingreased potential on the sign check terminal
O.CK. The next-AP pulse resets 19. Meanwhile,
19 cuts off {4a, Fig. 7lg. - The output of this
tube is coupled with the outputs of two tubes
If and fla. Unless a tolerance check opera~-
tion Is being effected, the trigger 22 remains in
shown state and is effective via 24¢ to maintain
(lg at cutoff. The trigger i, Fig. 71f, is in
shown state and blocking tube 13, Fig. 71f. This
tube therefore renders 4a, Fig. 71f, conductive to
apply. cutoff potential via wire 4{1. to tube i,

‘Fig. 71g. Accordingly, under the stated condi-

tions when the Proceed trigger 18, Fig. 719, is
reversed, cutting off 14¢, the common output of
{4a, {1 and (le rises in potential and is effective
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via 26 to send out a negative Proceed signal to
the accumulator control commutator ACC.C
(Fig. 78A). In a manner explained subsequently
in Section 17, Item 18, this Proceed signal, after
a delay equal to the duration of three AP pulses,
causes termination of the result readout control
signal R.ROC.

The mentioned delay insures ample time for
completion of the readout operation before the
main sequence means is allowed to call in the
next operation.

At the termination of the signal R.ROC, 36,
Fig. T1g, is effective to restore 23, Fig. 71g. After
the result has been read out, the main commu-
tator produces a positive signal CTLR, in a man-~
ner explained later in Section 17, Item 19. This
signal acts through I9a, Fig. 71b, to insure that
20 is in shown state and acts through 21 to in-
sure 23 being in shown state, before the start of
the next accumulation run.

The reading out of a positive result from the
accumulator has been described. Assume instead
that the result number is a complement as mani-
fested by the presence of 9 in the 29th order RC
(Fig. 71b). The lower portion of Fig. 73 is a
timing chart indicating the timing of the im-
portant operations which follow the sensing of a
complement in the accumulator. As will be made
clear, as a result of sensing a complement, a se-~
ries of events are initiated which are entirely
under the control of the internal commutator of
the accumulator unit and include the reading
out of the complement from registers RC, the
entry of this complement into registers EC and a

complement transfer of the complement in EC to <

RC. Such fransfer results in RC containing the
true digits of the negative result of the accumu-
lation. The internal commutator then proceeds
to cause the true digits of the negative result to
be read out of RC along with a negative sign.
After the final accumulating cycle of a run of
accumulation, the commutator ACC.C (Fig. 78A)
produces the R.ROC signal, as in the case of a
positive result. This signal reverses 31, Fig.
719, to cause the reversal of 20, Fig. 7Tlg. Re-
versed trigger 28 acts through 12, Fig. 719, to
apply increased potential to the terminal CK,
Fig. Tlg, connected to CK, Fig. 71b, such in-
creased potential producing the sign test of the
29th order for 0 or 9, as previously described.
Assuming that 9 is in the 28th order, its stages
8 and | are in reversed state and cutting off
tubes 12 and 12q, thereby conditioning tube 15.
The increased potential applied to terminal CK,
Fig. 71b, therefore makes 15 conduct. Upon 15
conducting it reverses 20, Fig. 71b. 'The reversal
of 20 effects the reversal of 23 which thereby
stores the fact that a negative result sign has
been sensed. With 20, Fig. 71b, reversed, it con-
ditions the tube RCVI so that subsequently a
readout signal ACC-RO will be effective to make
this tube conduct and apply reduced potential to
bus 1 of Internal Out bus column 1, thereby rep-
resenting a — sign. When 15 became conduc-
tive it also operated through (6 to apply in-
creased potential to the line $CK. This causes
5, Fig. 71f, to conduct and thereby reverse 8§,
Fig. 71f, and 9, Fig. 71f. When 9 turns, it causes
4 to conduct and apply a negative pulse via the
anode resistor of 1T to the trigger 13, reversing
this trigger. The next AP pulse restores 13,
causing 14 and I8 to be reversed. The following
AP pulse restores 14 which thereupon causes I5
to be reversed. The next AP pulse restores 15 so
as to cause 9 and 18 to be reset. Upon restora-
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tion of 18, it turns trigger 19 for one AP pulse
time.

While 9, Fig. 71f, is in its reversed state, it
makes 25, Fig. 71f, conduct. .The anode line
2530 of 25 is connected to the anode of 32a, Fig.
7le, which is normally at cutoff. Accordingly,
when trigger 9, Fig. 71, is turned and renders
25, Fig. 71f, conductive, it applies a negative sig-
nal to the normally conductive tube 30, Fig. T1g,
cutting off this tube. Hence, 35 conducts and
sends out the negative readout signal ACC-RO,
which is inverted by an amplifier (Fig. 70) to the
positive ACC-RO signal on the line 22A—22B.
Consequently, the tens complement result in
orders 1 to 28 of the registers RC is read out
upon the Internal Out buses 29 to 2. Also, the
ACC-RO signal renders the conditioned tube
RCVI, Fig. 71b, conductive so as to apply the
negative sign signal to bus { in column 1 of the
Internal Out bus-set. The number and sign on
the Internal Out bus-set are transmitted through
the amplifier (Fig. 20) to the Internal In bus-set
and thereby applied to the entry tubes ECE
(Figs. 69a¢ and b). When the trigeger 14, Fig.
71f, is turned (also see Fig.73) it makes 17a con-
duct, causing its output line 1720 to drop in po-
tential so as to cut off 28, Fig. Tle, whereupon
20 acts through 12 to apply the negative ECC
cancel signal to the tube I, Fig. Tle¢. As a re-
sult, the EC registers and the carry triggers K
(see Figs. 69¢ and b) are reset.

When trigger 18, Fig. 717, is turned (also see
Fig. 73), it makes 22 conduct, whereupon its out-
put line 2235 drops in potential so that 35, Fig.
71e, is cut off. As a result, 36 becomes conductive
and produces the negative signal ACC-RI which
is inverted by an amplifier (Fig. 70) to the posi-
tive signal ACC-RI on the line [A—IB. The
trigger 14, Fig. 71f, is restored one AP pulse be-
fore the restoration of 18, Fig. 71f, so that the
EC cance] signal terminates while the read-in
signal is still effective. - As a result, the comple-
ment now on the Internal In bus-set is enfered
into registers EC.

During the turned interval of 19, Fig. 71f (also
see Fig. 73), it conditions the control grid of 21.
As 9, Fig. 711, has now been restored, it cuts off
4 so as to apply increased potential to the sup-
pressor of 21. Accordingly, 2[ is now conductive
under control of the restored trigger 9 and the
turned trigger 18 and produces a negative RCC
cancel signal which is transmitted by 33 and 34
to 2, Fig. Tla, and causes registers RC to be re-
set. ‘

Upon the restoration of trigger 19, Fig. 71f, it
turns 24, Fig. 71f. As a result, increased poten-
tial is applied to the control grid of I, Fig. 717,
causing this normally conditioned tube to pro-
duce a negative output pulse which cuts off 29,
Fig. 71f. Tube 29 thereupon applies a positive
pulse to the line CCI8. This pulse renders {8,
PFig. - 71b, conductive thereby establishing the
trigger 21 in reversed, minus sign state. In this
reversed state, trigger 21 is effective through 22
and 33 to apply decreased potential to the line
neg. This decreased potential is inverted by an
amplifier (Fig. 70) to increased potential on line
5A—5B, as a result of which the tubes 9 and (3
in registers EC (Figs. 69a and b) are conditioned
for controlling complement entry into registers
RC.

The trigger 24, Fig. 71f, is restored by the next
AP pulse following its reversal. Upon its re-
storation, 24 turns 16, Fig. 71f. Trigger 16 there-
upon applies increased potential via line (613 fo
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the tube 18, Fig. 71y, rendering it conductive:
The companion tube (3¢ is norinally off under
control of 2i, Fig. Tlg, so that when {3 becomes
conductive a negative going signal is produced
on' the output of 12—13¢. This negative signal
is "inverted by 2, Fig. 7lg, to a positive signal
CCST which goes to 19, Fig. 71¢, and renders the
latter conductive: . Consequently, the start trig-
ger 15, Fig. Tlc, is reversed. Re versal of this
trigger causes an accumulator eycle to oceur, in
the manner already explained. During this ac-
cumulator cycle, which is, in effect, a conversion
cycle, a tens complement transfer is effected from
EC to RC. Since the tens complement of the
negative result has been entered in EC, a tens
complement transfer of this result to RC brings
the true digits of the negative result into RC.

As before, the accumulator cycle complete sig-
nal CYCT is produced and turns 8, Fig. 71f. 'This

results-in restoring 6, Fig: 711f. Upon restoration o

of 6, it turns i which thereupon applies - in~
creased potential to the control-grid of (9. How-
ever, the tube 1§ remains non-conductive because
trigger 23, Fig. 71b, has been reversed previously

and is- acting through 3id¢, Fig. 71h, to main-

tain decreased potential on the terminal RS23.
This terminal connects to the correspondingly
numbered terminal in Fig. 71f and therefore the
suppressor of 10 is maintained at decreased po-

tential so that 18 remains non-conductive.. With -

19 non-conductive, it maintains 4a, Fig. 71/, con-
ductive, so that its output 411 is at low potential
and the tube [f, Fig. Tlg, is cut off. The tube
fia is now also maintained non-conductive be-
cause of the trigger 22 holding the tube 24« con-
duetive. Both il and lia must be maintained
at cutofl in order to allow a Proceed signal to be
emitted when the Proceed trigger {9, Fig. 17¢,
is subsequently turned. It will be recalled that
the Proceed trigger as well as the readout con-
trol trigger 23, Fig. 71g, are turned under con-
trol of an O.CK signal when a positive balance
is sensed in the accumulator, as previously de-
scribed. When a negative balance is sensed, then
the conversion cycle takes place as explained in
detail above and the Proceed signal will he pro-
duced - after the conversion cycle. It has been
explained that trigger 8, Fig. 71f, was turned yn-
der control of the accumulator cycle complete
signal CYCT. Trigger 8, Fig. 71, is restored by
the next AP pulse following its reversal and upon
its restoration it turns 1, Fig. 71f. The trigger
16, Fig. 111, is still in reversed status and is ap-
plying conditioning potential to the suppressor
of 3, Fig. T1f. Upon trigger 1 turning, it applies
increased potential to the control grid of this
now conditioned tube 3. Accordingly, tube 3 be-
comes conductive and is effective via wire 317 to
cut off 17a, Fig. Tlg. Tube 11, Fig. 71y, is nor-
mally at cut-off, as previously explained.  Ac-
cordingly, when ITa is cut off, a positive pulse
is applied by the output of 1T—IiTa to I8, caus-
ing the latter to conduct and to reverse the Pro-
ceed trigger 19 and the readout control trigger
23. When ftrigger 18 reverses, it cuts off 14a.
Since {1 and tie also have been cut off, as al-
ready described, the common output of 14, i!
and I{a applies increased potential to 26, caus-
ing the latter to emit the negative going Pro-
ceed signal which is directed to the commutator
ACC.C (Fig. 78A) and causes the next sequence
step to occur, as will be described in Section 17,
Item 18.  The reversal of the readout control
trigger 28, Fig. 7lg, results in the reading out
of the true negative result and the — sign now in
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registers: RC,.in a manner explained before in
connection with ‘the reading out of a positive
result.

The next- AP pulse following the reversal of 7,
Fig. T1f, restores it and upon its restoration it
restores 16, Fig. 71f,. The trigger ii, Fig. 715,
is  restored under control- of the next, positive
CTLR signal produced by the main commutator,
as ‘described in-Section 17, Item 19, in prepara=
tion for the next run of accumulation. The posi~
tive signal CTLR, from the main commutator,
is: inverted by .8, Fig. 7lg, to a negative signal
CTLR which:restores (1, Fig, 717.

It is .to be noted that if, in the complement
conversion cycle, a carry is-effected to the 29th
order (Fig. 71b), this order will advance from
9 to 0. Such oceurrence is an indication of a
misoperation or that the capacity of the accu-
mulator has been exceeded. The carry pulse:{o
the29th order is applied to itsterminal [9A and
not only operates through 26a, 32, and the anode
resistor of 16 to produce the carry entry into the:
29th order RC bhut also is effective to restore the
trigger 23, Fig. 71b, to its cancelled: position. ‘The
trigger 23 in this position is operative through
31e to-apply increased potential to the line RS23,
This increased . potential acts on the suppressor
of 19, Fig. 717. Subsequently, when trigger .14,
Fig. 71f, reverses under control of the cycle com=-
plete signal CYCT, it applies increased potential
to the control grid: of 19, Fig. 71f. Accordingly,
this tube: becomes conductive and acts through
8¢ and its output line 411 to render | {, Pig. 71y,
conductive, Hence: when the proceed trigger 19,
Fig.-Tlg, is subsequently reversed to cut off 14a,
the conductive tube Ii prevents the common
anode line of 14, 11, and I e from rising in poten~
tial so that the Proceed signal is not produced:
The result in the accumulator is read out, how-
ever, .in' the manner described before but the
main sequence means receives no Proceed signal
and the machine operation ig interrupted as an
indication of misoperation. B :

The main sequence means may call for 5 tol-
erance check operation, in g manner described
in Section 17¢. This is an operation for checking
the-accuracy of a computation. For instance,
a computation may be effected in one way and
the result stored. The same computation may
then be effected in a different way and its result
stored. The two computation results may then
be sent to.the accumulator one as 3 negative and
the other as & positive number so that the ac-
cumulator will obtain the difference if any he-
tween the two computation results, This differ-
ence is then read out of the accumulator and
re-entered therein as a negative absolute number.
The main sequence means then selects the source
for a tolerance number which has been set up
in storage. This tolerance number is the allow-
able difference between the results of two com-
putations of a particular type, This tolerance
number is entered into the accumulator as 3 posi-
tive number. It is apparent that if the toler~
ance number is equal to or greater than the
actual difference obtained between the two com-
putations performed in different manners, that
the computation results are within the tolerance.
On the other hand, if the tolerance number is
less than the difference between the two com-
putations, then the computation results are not
within the tolerance.  In other words, if the 29th
order of the accumulator is at 0 at the end of the
accumulation of the tolerance number and the
difference between the two computation results,
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then the computations are within the tolerance,
but if the 29th order of the accumulator stands
at 9 at the end of the accumulation, then the
computation results are not within the tolerance.
Prior to the tolerance check accumulation, main
sequence applies a hegative tolerance check sig-
nal Tol.Ck to the tube 6a, Fig. 7lg. This sig-
nal cuts off the tube. As a result tube 14 is made
conductive so as to reverse the tolerance check
trigger 22, Fig. Tlg. With this trigeer reversed,
it it cutting off 24a¢ so as to tend to render the
interlock tube |1a conductive. If tolerance check
accumulation ends with a 0 in the 29th order
of the accumulator, then the O.CK signal pro-
duced by the sign test of the 29th order is effec-
tive through 1, Fig. 7lg and 6a to render I8a
conductive so as to reverse the Proceed trigger
19, Fig. Tlg, and the readout control trigger 23.
Since a complement . conversion cycle has not
been effected, the trigger 11, Fig. 7T1f, remains
in shown status and renders 23 conductive.. The
output 2324 of 23, Fig. 71/, is commoned with
the output of 28a, Fig. T1g. Hence, even though
the tolerance check trigger 22 has reversed and
cut off 24q, the common output 2324 of 23, Fig.
71f, and 24a, Fig. 71g, does not rise in potential
because 23, Fig, 71f, remains conductive. Ac-
cordingly, (la, Fig. Tlg, stays in cut-off condi-
tion and does not interfere with the produc-
tion of a Proceed signal to main sequence.

If the tolerance check accumulation cycle ends
with a 9 in the 29th order of the accumulator,
a complement conversion cycle takes place in the
same manner as explained before in connection
with Fig. 73. After the completion of the con-
version cycle, trigger I, Fig. 71f, is reversed.
Consequently the tube 23, Fig. 71f is cut off and
since 24a, Fig. 71g, also is cut off, the output 2324
of these tubes is at high potential so tube tia,
Fig. 719, becomes conductive and blocks the pro-
duction of a Proceed signal. This is an indica-
tion that the computations are not within the
desired tolerance. )

. The description of accumulation thus far has
considered half correction of the results as sup-
pressed. When the program calls for a desired
receiving unit to receive the result, it also calls
for a desired column shift of the result into the
receiving unit. The column shift number in

sequence is applied to the descending counter :

(Fig. 27a) of the denominational shift unit de-
seribed in Section 12. TUnless suppressed, half
correction of the result will be made. It is
understood that half correction is suppressed
unless the column shift called for is a shift of at
least one column to the right. The column shift
number determines the order of the result to be
rounded off or half corrected and, thereby, de-
termines the sub-units order into which the half
correction entry of 5 is to be made. If the sub-
units order of the result is 5 or higher, the half
correction enry of 5 acts through the carry means
of the result accumulator to add 1 to the final
column-shifted result. )

All numbers transmitted to a receiving unit
from the computing section are to be in true
form. Accordingly, if the accumulated result is
negative, a complement conversion cycle will
rrecede the half correction sequence. But if the
result is positive, the half correction sequence
will start directly after the detection of the posi-
tive result indicant 0 in the 29th accumulator
order. )

The half correction sequence is under control
of the internal computator of the accumulator
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unit. This commutator calls for the accumu-
lated result to be read out of the registers RC
(Figs. 69a, b and 70) and brings the denomina-
tional shift unit into operation to receive the re-
sult and to effect column shifting thereof for a
number of steps less by 1 than the column shift
number entered by sequence into the descending
counter. This shift brings the sub-units order
of the result into shift column 1 (Fig. 25) ; hence,
for convenience, this shift may be identified as
the sub-column shift and the thus-far shifted
result may be called the sub-shifted result.
Meanwhile, the internal commutator of the ac-
cumulator unit causes the EC and RC registers
to be cleared and thereafter produces an entry
of 5 in the 1st order EC followed by a true trans-
fer of the 5 into the 1st order RC. When this
5 entry and the sub-units column shift have both
been completed, the internal commutator of the
accumulator causes the sub-shifted result to bhe
true added into registers RC. The accumulation
of the sub-shifted result with the half correction
entry of 5 in the 1st order RC effects the round-
ing off of the ultimate result. This is the final
stage in the half correction procedure performed
under control of the internal commutator of the
accumulator unit. At this stage, the units order,
rounded off digit of the ultimate result stands in
the 2nd order RC. TUpon completion of this final
stage the internal commutator sends a Proceed
signal to main sequence. Main sequence then
functions, in the manner described later in Sec-
tion 17, Item 20, to direct the result from regis-
ters RC to the shift columns and to cause the
denominational shift unit to resume operation.
Since the descending counter (Fig. 27¢) now
stands at 1, the denominational shift unit will
perform the final shift step which brings the
units order of the ultimate result into shift col-
umn 1. Thus, the total number of shift steps
called for by main sequence has been effected and
the shifted result is a rounded off result.

Fig. 74 is a timing chart indicative of the half
correction procedure. Since it is assumed that
a half correction suppression signal HCS has not
been received by 1, Fig. Tlg, the trigger 5, Fig.
71g, remains in shown state. With the trigger
in this state, it allows the potential on certain
control lines to remain at high or low potential,
as the case may he, and these lines are marked
HC4 or HC—, indicating respectively high or low
potential on these lines during the half correction
procedure. ‘

As mentioned before, the commutator ACC.C
(Fig. 78A) applies a negative going start signal
ACC-ST to the internal commutator of the ac-
cumulator unit. This start signal initiates an
accumulating cycle. The first signal ACC-ST is
effective when half correction is not suppressed
to reverse a trigger 20, Fig. 71/, as follows. This
signal ACC-ST, besides being applied to 36a, Fig.
71ec, is also applied to 32¢, Fig. 71f, cutting it
off to apply increased potential to the control grid
of 28. With frigger 5, Fig. 71g, in normal status,
it serves via 9, Fig. 71g, and line 928 to apply con-
ditioning potential to the suppressor of 28, Fig.
71f. Accordingly, when the control grid of 28
is raised in potential under control of the signal
ACC-ST, 28 conducts and turns 20, Fig. 71f.
Turned trigger 20, Fig. 717, acts via line 2017 to
render {7, Fig. 71g, conductive. This serves as
a Proceed signal block until trigger 28, Fig. 71f,
is reset, which will not cccur until the half cor-
rection sequence has been completed, as will be
described.
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Accumulation of a plurality of numbers is ef-
fected in the manner already described. After
the last accumulator eycle in the accumulation
run has been completed, commutator ACC.C (Fig.
78A) produces the readout control signal R.ROC
which causes trigger 31, Fig. Tlg, to reverse, as
previously explained., Upon reversal of 31, it acts
via 28a to reverse the sign test initiating trigger
20, Fig. 71g. Assume the sign test finds a posi-
tive result in the accumulator, so that positive
signal O.CK is produced. When half correction
was suppressed, tube 1, Fig. 71g, remained con-
ditioned under control of reversed trigger 5, Fig.
71g, acting via (0, Fig. 7lg. The O.CK signal
was then effective to make 1, Fig. 7lg, conduct
as a result of which the Proceed trigger i9 and
the read out control trigger 23 were reversed.
However, it has now been assumed that half cor-
rection is not suppressed, so that 5, Fig. Tlg, is
not turned and 7 is not conditioned. Accord-
ingly, the O.CK signal will not cause a Proceed
signal to be produced and will not cause the result
to be read out of the accumulator.

The O.CK signal, instead, initiates the half
correction procedure. The tube 24, Fig. Tle, is
being conditioned by the increased potential on
line 928, so that the O.CK signal renders this
tube conductive to reverse stages 26 and 27 of a
3-AP pulse counter 26, 27, 30 and 3{. The first
AP pulse following reversal of 26, restores it,
causing 30 to turn. The next AP pulse returns
30, whereupon 2i turns. The third AP pulse
returns 31, which restores 21. Thus, 27 is in
reversed state for three AP pulse cycles.

Upon reversal of 271, Fig. Tle, it renders 32a :

conductive, reducing the potential on line 2532
go as to cut off the otherwise conductive tube
30, Fig. Tlg. Upon 30 becoming non-conductive,
it ‘serves via 35 to produce the negative ACC-RO
signal which is inverted by the related amplifier
(Fig. 70) to the positive ACC-RO signal on line
22A—22B. Consequently, the digits and sign in
the RC orders 1 to 29 are applied as reduced po-~
tentials on the buses of the Internal Out bus
columns 29 to 1, respectively. The amplifier
(Fig. 20) inverts these potentials to increased
potentials on the corresponding buses of the
Internal In bus columns.

During the three AP pulse period of reversal
of 21, Fig. Tle, it makes 23 conductive to produce
a negative signal HCCS. This signal acts via
26a and 25 in Fig. 71b to assure the setting of
21, Fig. 71b, in true add condition, which is its
cancelled condition. The signal HCCS also ini-
tiates operation of the denominational shift unit.
Referring to Fig. 27D, signal HCCS cuts off tubes
17, 20, 24, 240 and 29 in the subsequencing
means of the denominational shift unit. Tubes
20, 24 and 24q are cut off to release triggers 19,
23 and 21 for subseguent reversal. Tube {7 is
cut off to apply conditioning potential to the sup-
pressor of 18, Fig. 27b. It may be noted from
Fig. T4 that reversal of 27, Fig. Tle and conse-
quent occurrence of signal HCCS ccecurred at AP
pulse time. The next effective BP pulse (see
Pig, 19) cutls off (Ta, Fig. 27b, which applies a
positive pulse via a suitable coupling capacitor
to 18, conditioned under control of signal HCCS,
causing {8 to conduct and reverse (3. As (8
reverses, it turns 23. Turned 23 makes 22 con-
duct to cut off the otherwise conducting tube 21.
This tube then produces the positive cancel signal
SHCI. As described in Section 12, this signal
“acts on the SHC cancel circuit (Fig. 27¢) and the
line of elements shown below this cancel circuit
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to cause the triggers of the sub-sequencing means
of the denominational shift unit to be reset and
to cause the signal ACL to be produced. The
signal ACL resets triggers ASH in each shift
column (see Figs. 24 and 25).

The next BP pulse acts via still-conditioned
18, Fig. 270, to restore 23, causing it to turn 27.
Turned 21 makes 26 conduct to eause P25 to
produce the positive SHRI signal. This signal
renders the conditioned tubes IT, in each shift
column (see Fig. 24), conductive to reverse the
related triggers ASH. The tubes IT are now se-
lectively conditioned according to the digits of
the accumulated result applied to the Internal
In bus-set, as previously described. According-
ly, the-digits read out of accumulator orders 1
to 28 are entered; upon application of the SHRI
signal to tubes IT, into shift columns 1 to 28,
respectively.

The next BP pulse, acting through the still-
conditioned tube 18, 2'7b, resets 27. As 27 is re-
set, it turns 30. Turned 38 applies conditioning
potential to 29 -and 38 but these tubes do not
conduct at this time as their control grids are

-still biased to cut-off.

The 3-AP pulse counter 28, 27, 36 and 3t in
Fig. 71e completes its cyele and 27T returns at the
next AP pulse time following the turning of 33,
Fig. 27b. Accordingly, the negative signal HCCS
terminates and the confrol grid of 29, Fig. 270,
rises above cut-off potential. Also, tubes {1, 20,
24 and 24¢ in Fig. 27b hecome conductive. Tube
20 restores 18 while 24 and 24a block reversal of
23 and 21. Tube 17 deconditions 18 to prevent
repeat operation of 19. Since 30, Fig. 27b, is now
in reversed state, conditioning tube 29, the tube
becomes conductive at the termination  of the
negative signal HCCS and produces a negative
signal SHSA. This signal is applied to tube 5,
Fig. 27¢, and serves, in the same way as the start
signal SHS from the main commutator, to in-
itiate steps of column shift. The column shift
steps are performed in the manner already de-
scribed in Section 12.

Upon restoration of 21, Fig. 7le, the tube 23
produces a positive HCCS signal which is in-
verted by 33a, Fig. Tlg, to a negative pulse, caus-
ing reversal of 29, Fig. 71g, for one AP pulse
cycle. When 29 is reversed, it cuts off 33, causing
it to apply a positive pulse via line 3322 to 22q,
Fig. 7T1f. The latter thereupon produces a nega-
tive RCC signal which causes the RC cancel cir-
cuit and the KC cancel circuit (Fig. 71a¢) to func-
tion for resetting registers RC and carry triggers
K of the accumulator.

The positive pulse produced by 28, Fig. Tle,
upon return of 27 also is inverted by 16 to a nega~
tive pulse which turns (8. The negative pulse
also is applied via line 1612 to trigger {2, Fig. 717,
reversing it. The trigger 19, Fig. Tle, is restored
by the next AP pulse, but the trigger (2, Fig. 715,
stays reversed until a complete signal CYCT is
produced in an ensuing accumulator cycle.

The reversal of 19, Fig. Tle, renders 28a con-
ductive to produce an ECC cancel signal which
causes the EC cancel circuit (Fig. 71a) to func-
tion for resetting entry registers EC.

Upon return of {8, Fig. Tle, it reverses 15 for
one AP pulse cycle. During the reversed time of
5, it causes {1 to conduct and cut off tubes 4
and T to apply increased potential to terminals
2A and 3A (see Figs. 69¢ and 70). Accordingly,
tubes {f and (2 in Fig. 69¢ become conductive
and force stages 4 and | of the 1st order EC
register to reverse. In this manner, an instan-
taneous half correction entry of 5 is made into
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the 1st order EC, one AP pulse cycle following the
resetting of EC and RC and carry triggers K of
the accumulator. :

The next step is to transfer the 5 from the 1st
order EC to the 1st order RC. The trigger 29,
Fig. 71g, which was turned to cause and RC can-
cel to take place, as described above, is returned
by the next AP pulse. Upon its return, it renders
33 conductive, causing it to reverse 25, Fig. 71g.
The following AP pulse returns 25, causing it to
reverse 21 for one AP pulse cycle. Upon reversal
of 21, it renders {3a conductive to cause 2 to pro-
duce the positive CC—ST start pulse. It may be
noted that this signal is produced under control
of 16, Fig. 71/, and 13, Fig. Tlg, when a comple-
ment conversion eycle is called for (see Fig. 73).

The signal CC-ST acts through 19, Fig. Tlc, to
turn the start trigger 15, as a result of which an
accumulator cycle takes place. Since the trig-
ger 21, Fig. 71b, has been set in true add status,
as previously explained, a true transfer of 5 from
the 1st order EC to the 1st order RC takes place
during the accumulator cycle. It should be
noted that the start pulse CC-ST was produced
one AP pulse cycle after the entry of § into EC.
At completion of the accumulator cycle, the
signal CYCT turns 8, Fig. 71f, for one AP pulse
cycle. Upon its return, 8- turns the “complete
signal” trigger T for an AP pulse cycle. Upon

reversal of 1, it cuts off Sa to produce the posi- .

tive signal CPT which goes to tube 5, Fig. Tlg,
but since trigger 31, Fig. Tlg, is still in turned
state, it functions via 28a to maintain 15 at cut-
off, whereby a complete signal CYCPT to main

sequence is blocked. Upon restoration of 1, Fig. .

71f, it returns (2, Fig. 717. As {2 refurns, it
restores 20. Restored 20 acts via line 2017 to cut
off |1, Fig. 71g. This releases {1a for subsequent
operation, under control of the next complete
signal CYCT, to cause a Proceed signal and a
result read-out signal to be produced.
Meanwhile, the denominational shift unit has
been column-shifting the accumulated result pre-
viously directed into the shift columns (Fig. 25).
“For each column shift step, the descending coun-
ter (Fig. 27a) is stepped to diminish the column
-shift number by 1 (see Fig. 26). When all but
the last step of the column shift steps called for
by main sequence have been performed, the de-
seending counter stands at 1, i. e., only stage Tt
is in reversed state. Under this condition, the
tubes 8, 12, 20, 24, 32 and 36 are all cut off. The
trigger 30, Fig. 27b, was turned after the accumu-
lated result was entered into the shift columns,
as previously brought out. Trigger 30, Fig. 270D,
‘yemains in turned state until reset under control
of the next cancel signal SHCL from the main
commutator. With 30 turned, it is effective via
line G to cut off 37, Fig. 27a. It is seen that when
half correction for an accumulated result is tak-
“ing place that the common anode line E of tubes
g, 12, 20, 24, 32, 36 and 37 will rise in potential
as soon as the descending counter stands at 1.
The increased potential on line E makes 8, Fig.
27¢, conductive to reset trigger {1-SHC3. It is
to be noted that except in the half correction
procedure for an accumulated result, the trigger
11 is restored when the descending counter goes
to 0 as explained in Section 12. Restoration of
{1 is followed by restoration of 15 and then
by I8 in Fig. 27c. When (8 is restored, it
cuts off 14 to cause a positive going pulse to
be applied via wire 4w to tubes 4, 38 and 3% in
Fig. 27b. In the normal column shift procedure,

this pulse makes 39 conductive to reverse 40 with
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the effect of sending the shift complete signal
SHCP to the main commutator. When column
shift under control of the accumulator unit is
taking place, 30, Fig. 27b, is in reversed state
and reconditioning 39. Accordingly, the posi-
tive pulse on wire (4w is not effective to make
39 conductive and the complete signal SHCP is
blocked. Instead, a complete signal SHCA is
sent to the internal commutator of the accumu-
lator, to direct it to continue the half correc-
tion procedure, and at the same time, the sub-
shifted result is read out to the Internal buses.
To provide these effects, turned 30, Fig: 27b, con-
ditions 38 which becomes conductive upon re-
ceiving the positive pulse, via a capacitor, from
wire (4w.

When 38 becomes conductive, it reverses 37.
Reversed 37 serves via 33 to produce the neg-
ative, complete signal SHCA. Reversed 37 also
acts via 34a and P35 -to produce the positive sig-
nal SHRO which causes the number in the shift
columns to be applied to the Internal Out buses
and thence via the amplifier (Fig. 20) to the
Internal In buses.

If the number of column shift steps called
for by main sequence and entered in the de-
scending counter is simply one step, then the sig-
nals SHCA and SHRO are produced as soon as 30,
Fig. 27b, is turned. At that point, tube 37 in
Fig. 27a¢ will be cut off and line E will rise in po-
tential. The tube 8, Fig. 27¢, will become con-
ductive and block ({ from reversal by the trigger
6 when the latter turns under control of the shift
start pulse SHS. Failure of I to reverse pre-
vents initiation of column shift steps, and trigger
18 remains normal. Hence, tube 14 is effective
via line {&w to maintain tube 4, Fig. 27b, condi-
tioned. Accordingly, upon the rise in potential
of line E, 4, Fig. 27b, becomes conductive and ap-
plies a turning pulse by way of the anode resistor
of 38 to trigger 37. Hence, the signals SHRO
and SHCA are produced. )

The negative complete signal SHCA goes to the
grid of 36a, Fig. 71f, and cuts off this tube.  The
next AP pulse cuts off 36, and 36—36a thereupon
make 32 conductive, so as to turn 35, Fig. T1f.
It has been explained that 20, Fig. 71/, is turned
off when the accumulator cycle for entry of 5 in
the 1st order RC has been completed. Trigger
35, Fig. 71f, may be reversed by the signal SHCA
either before or after 20 is returned, depending
on the number of column shift steps which
precede the production of signal SHCA. Only
when 20 has been returned and 35 also been
reversed, is the half correction procedure con-
tinued by the internal commutator of the ac-
cumulator unit. Returned 28 is effective via 27
to cut off 2Ta, and reversed 35 cuts off 3{. The
common anode line of 27a and 3{ thereupon rises
in potential and renders 17T conductive, turning
13 for one AP pulse cycle. Attention is directed
to the fact that this same trigger {3 also is turned,
but under control of 9 and 4, during the com-
plement conversion sequence (see Fig. 73). Just
as in the latter sequence, the triggers (4 and 18
in Fig. 71f are turned when 13 is restored; 14 is
returned by the next AP pulse and turns i5 which,
upon its return by a following AP pulse, resets (8.
Just as in the complement conversion sequence,
[é4 and 18, while in reversed state, respectively
cause the signals ECC and ACC-RI to be pro-
duced. - Signal ECC cancels the registers EC and
signal ACC-RI causes the number on the Internal
In buses to be entered in register EC. In the
half correction sequence, the 5 standing .in the
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ist order EC is canceled and the sub-shifted ac-
cumulated result issued from the shift columns is
entered in the registers EC.

Upon the return of 8, it turns {9, as in the com-
‘plement conversion procedure. In' the comple-
ment conversion procedure, the reversed trigger
19 was effective to cause 21 to conduct and pro-
duce the negative going RC cancel signal RCC.
In the half correction procedure, it is not desired
to cancel registers RC, but, instead, to retain the
half correction 5 in the 1st order RC. As pre-
viously explained, the common anode line-of 21a

10

and:31 is now at incéreased potential owing to 20

being reset and 35 being turned. . 'The increased
potential on the anode line of 2Te¢ and 31 main-
tains 17 conductive, whereby :the ‘suppressor of
21 is held to cut-off. Accordingly; when-trigger
18 is turned, it. does not make 21 conduct to pro-
duce the RCC cancel signal.

Trigger 19-is reset by the next AP pulse after
its. reversal.  Upon return of f9,.it turns 24. ‘In
the .complement -conversion sequence, turned 24
was:effective to make conditioned 1, Fig. 71f, con-
ductive, as a result .of ‘which: trigger 21, Fig. 71b,
was set in'complement entry control.position. In
the half:carry procedure, the suppressor of -1; Fig.
11§, is°held to cut-off by turned. 35, Fig. 717, and,
therefore, the complement conditioning .of trig-
ger 21, Fig. 71D, does not occur. Instead, a tube

26, Fig. 71f,.is-made conductive by the turning of :

24, the tube 28 being conditioned by the increased
potential -existing now on the common output of
27 and 3f. When 26 becomes conductive,; it acts
via 3ie and 38 to produce the negative going sig-
:nal ACSB. This is-a back signal to the internal
-commutator of the denominational shift unit and
also serves via 26a, Fig, 71b, and18a to insure the
setting of 21, Fig. T1b, in true add status. Refer-
ringto Fig. 275, signal ACSB acts via 32a to make
34 conductive, forcing trigger 37T to return. This
terminates the complete:signal SHCA sent by 33
to 38e, Fig. T1f, of the internal -commutator of
the -accumulator unit. |

‘Restoration of 24, Fig. 717, by the next AP pulse
results in the reversal of 16.  Just as.in:the com-
plement conversion procedure, reversed 16 acts
via 13, Fig. 7lg,.and .2 to produce the positive
signal CC-ST which eauses an accumulator cycle
to.-take place. During this cycle, the sub-shifted
accumulated result:in EC-is transferred to RC,
-being, added therein .to the half: correction.5 .in
the 1st order RC. This means that the registers
RE now contain the.rounded off result in orders
2-to 29,

As- now understood, 8, Fig. 71f, is -,turned.at
completion of the accumulator cycle and returned
by the next AP pulse, causing T to turn, for one
AP pulse cycle. When turned, 7 is sfill ineffec-
tive to produce the complete signal CYCPT be-
cause 31, Fig. T1g, is still in-turned status. How-~
ever, just as in the complement.conversion pro-
cedure, turned 1, Fig. 71f, along with turned {§ is
effective to make 8, Fig. 71/, conduetive.. When
3 becomes conductive; it acts-via- wire 347-to cut
off- {1a, Fig. 71g. 'This results in the turning’ of
Proceed-trigger-19 and readout.control. trigger 23.

“When 1, Fig. 71f, is returned by the AP pulse
-following its turning, it restores i6.

As already explained, the reversal of -23,; szf
T1g causes tube 27, still conditioned under con-
trol of the R.ROC signal, to become conductive,
cutting off 33. This acts via 35 to produce the
ACC-RO signal. The signal ACC-RO causes the
-rounded: oif result along with the sub-units order
digit to be read-out of the accumulator and:onto
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the Internal buses. The Proceed signal, in a
manner explained in Section 17, Item 20, causes
main sequence to complete the half correction
procedure. This involves the entry of the re-
sult, read out of the accumulator, into the shift
columns (Fig., 25) and the initiation of column
shifting according to the procedure outlined in
Section 12. A new column shift number is not
entered in the descending counter (Fig. 27a)
which remains set at 1 to which it was brought
by the half correction procedure. Accordingly,
the denominational shift unit will effect the final
additional column shift step, discarding the sub-
units order digit of the result and bringing the
rounded off result read out of orders 2 to 28 of the
accumulator, into shift orders 1 to 27. The trig-

.ger 35, Fig. 71f, is restored under control of the

positive signal CTLR from the main commuta-
tor. This signal is produced at the time the ac~
cumulated rounded off result is entered into the
denominational shift unit (see Section 17, Item
19). BSignal CTLR is inverted by 3, Fig. 71g, to a
negative reset signal for |1 and 35 in Fig. 717.
The above description of the half correction
sequence has considered the accumulated result
as positive. If the accumulated result is nega-
tive, the O.CK signal is not produced when the
sign testis made, so that 26, Fig. Tle, is not turned
and the half correction sequenceis delayed. The
negative sign of the result is stored by trigzers 20
and 23 in Fig. 71b, and a complement conversion
sequence (see Fig. 73) is effected in the manner
previously described. When the conversion cycle
is completed, 8, Fig. 71f, turns and restores §
which causes 11 to turn, all as described before.
When (1 turns, it cuts off 23a, causing a positive
pulse to be fransmitted. via line 22828 to the con~
trol grid of 28, Fig. 7le. Since the half carry

:suppression trigger 5, Fig. 71g, has not been re-
-vetsed, the line 928 is at high potential and con-

ditioning 28, so that upon the turning of i1, Fig,
71f, 28, Fig. Tle, becomes conductive and reverses
26 and 271. This starts the half correction se-
quence which is effected in the manner already
described.

To complete the description of the accumu-
lator unit, attention is directed to the fact that
if the sign test at the completion of the accu-
mulation of a plurality of numbers finds neither
0 nor 9 in the 29th accumulator order, neither
the 6.CK nor 8CK signal is produced and the
Proceed signal is-not sent to-main sequence, nor
is the result read out. The failure to sense either
0 or 9 in the 29th accumulator order is an indi-
cation of misoperation in which is included the
possibility, rémote as it may be, that the sum of
the numbers entered in the accumulator exceeds
its capaecity. It is to be noted, also, that even
though the RC registers are cancelled under con-
trol of the internal commutator of the accumu-
lator during the complement conversion and half
correction procedures, the sigh of the result is
net cancelled because it is stored by the trigger
20, Fig. Tle, which is reset under contlol of 51g-

5 . hal CTLR, as previougly described.

14. The multiplying and dividing unit

This is a unit of the electronic computing sec~
tion diagrammatically showh in Fig. 20, 'The
multiplying and dividing means per se of this
unit are of the same general type as the multi-

‘plying and dividing means disclosed in applica-

tion Serial No. 704,914, of Dickinson et al,;, filed
October 22, 1946, with certain novel changes and
additions which will he desecribed: hereinafter.
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: The multiplying and dividing unit includes a
14-order register MP (note Fig. 64b) for receiv-
ing a multiplier factor when multiplication is
called for. The multiplying and. dividing unit,
hereinafter abbreviated as the MD unit, also in-
cludes a 14-order register MC-DR (note Fig. 64b)
for receiving a multiplicand factor when multi-
plication is called for and for receiving a di-
visor factor when division is called for. The MD
unit further includes a register PQ having 33
orders a few of which are shown in Fig. 64h. The
register PQ functions during a multiplying com-
putation to form the product of the multiplier
and multiplicand factors. The register PQ serves
during a dividing computation to receive a divi-
dend factor in orders 5 to 18 and thereafter
serves to compare the divisor with the original
dividend and successive dividend remainders so
as to form the quotient. The multiplier register
MP, the register MC-DR and the dividend re-
ceiving orders 5 to 18 of PQ all have their entry
means associated with the buses in Internal In
bus columns 16 to 29. Entries of the numbers
on these buses will be selectively made into the
different registers and register orders according
to whether multiplying or dividing computation
is called for. The MD unit also has a sign mix-
ing circuit (Fig. 65j/) which mixes the opera-
tional signs with the factor signs and produces 2
result sign through the circuit shown in Fig. 65k.
The result sign will be applied to Internal Cut
bus column 1. The result number, quotient or
product, will be read out to 28 places from orders
33 to 5 of PQ and applied to columns 2 to 29, re-
spectively, of the Internal Out bus-set, as indi-
cated in Fig. 20.

Multiplication will be effected during a run
of sequence for multiplication (see Section 18),
while division will be effected during a run of
“dividing sequence (see Section 19). During the
multiplying sequence, the multiplying computa-
tion control commutator MYC (Fig. T8M) is con-
ditioned for operation to apply signals to the MD
unit. During the dividing run, the dividing com-~
putation control commutator DVC (Fig. 78D) is
conditioned for operation and applies control sig-
nals to the MD unit. The MD unit includes its
own subsequencing means which may be called
" the internal commutator of this unit and is illus-
trated in Figs. 65a to i.
tator includes its own source (see Fig. 65i) of 50
ke. A and B pulses for controlling operations of
the multiplying and dividing means.  Only the
positive A and B pulses are effective pulses as
used herein and it is to be understood that ref-
erence to these pulses is to the positive pulses.
The MD unit includes, in its internal commu-
tator, three electronic commutators or timers,
called the primary, secondary and tertiary
timers. The primary timer (Fig. 65h) is used
in multiplication or in division to define what
may be called the primary cycle (see Fig. 66).
During this cycle a number in the register
MC-DR may be transferred to the result register
PQ. This transferred number is a multiplicand
number if multiplication ig being performed and
is a divisor number, if division is being per-
formed. The secondary timer (Fig. 65g) is used
only in a multiplying calculation and controls
stepping of orders of the register MP for the
initiation of primary cycles. The tertiary timer
(Figs. 65¢ and-d) is used both in division and
in multiplication to determine the column shift
position. The tertiary timer has thirty positions.
During multiplication only the first fourteen po-
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sitions are used and multiplication is terminated
upon the end of the 14th column shift step of
multiplication. In division, the first column shift
position which is used in position 2 and the last
which may be used is position 30. Half correc-
tion or rounding off may be effected in an order
of PQ selected by the column shift number in
the program means.

The multiplying means will now be described:

14a. The multiplying means

Multiplication is effected here by repeat addi-
tion of the multiplicand during a series of multi-
plication steps. The multiplicand is routed from
MC-DR into orders of DD-PQ selected by column
shift means which has successive positions during
the successive multiplication steps. The number
of times the multiplicand is entered into the se-
lected orders of PQ in each column shift posi-
tion is determined by the digit standing in the
multiplier order which is brought into control in
the particular column shift position.” When the
multiplicand has been entered in the selected
orders of PQ a number of times equal to the value
of the decimal notation digit standing in the con-
trolling order of MP, a multiplication step is over
and the column shift means is stepped to its next
position. In this next position, the next lower
order of register MP will be the controlling order
and the multiplicand will be directed from reg-
ister MC-DR into orders of PQ which are, each
to the right of the orders receiving the multipli-
cand in the previous column shift position.

As typical, the 1st and 14th orders of MP and
the 1st, 2nd, and 14th orders of MC-DR are shown
in Fig. 64b, and the 1st, 17th, 18th, 19th, 31st and
33rd orders of PQ are shown in Fig. 64h. It is
understood that each register order is of the type
discussed in Section 5 and shown in Figs. 15 and
15a.

The multiplicand and multiplier factors are
applied one at a time to the Internal In bus-
columns 16 to 29, being represented in binary
decimal form, as now understood, by selective
high and low potentials on the buses I, 2, 4 and 8
of each of columns 16 to 29 of the Internal In
bus-set. The buses of columns 16 to 29 of the
Internal In bus-set are connected to correspond-
ing orders 14 to 1 of respective multiplicand and
multiplier entry means, as indicated in Fig. 64a
(also see Fig. 20). The entry means for each
order of MC-DR includes four gate tubes MCIS8,
4, 2 and | and four associated entry effecting
tubes MCES, 4, 2 and [. The entry means for
each order of MP similarly includes four gate
tubes MPI8, 4, 2 and | and four associated tubes
MPES, 4, 2 and |. Increased potential on an In-
ternal In bus of one of columns 16 to 29 is ap-~
plied to the suppressors of the corresponding gate
tubes MCI and MPI, conditioning both tubes.
However, only one set of gate tubes will be ren-
dered effective to pass through the digit repre-
senting potentials, depending on whether an en-
try signal MC-RI or MP-RI is applied. The sig-
nal MC-RI is the multiplicand entry signal and
acts only upon the control grids of the set of gate
tubes MCI. The signal MP-RI is the multiplier
entry signal and is applied only to the control
grids of the set of gate tubes MPI. Hence, only
the conditioned tubes of one set of gate tubes will
be rendered effective, according to which entry
signal is being applied.

A gate tube MCI when rendered conductive, ap-
plies a negative pulse, by way of a suitable cou-

‘pling capacitor to the associated tube MCE, cut-
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ting off this tube. The outputs MCEP of the
tubes MCE are connected to the terminals gr of
the corresponding orders of triggers in the reg-
ister MC-DR (see Figs. 64a¢ and b). Likewise,
the tubes MPE are connected by their outputs
MPEP to the terminals gr of the related triggers
in the register MP. The tubes MPE and MCE
function, in the manner explained for the tube
E in Pig. 10 (see Section 3a), to reverse the re-
lated triggers when the tubes are cut off. If is
clear now that for making the entry of a multi-
plicand factor, the multiplicand representing po-
tentials will be applied to the buses of Internal In
bus columns 16 to 29, selectively conditioning the
tubes MCI and MPI of orders 14 to 1, respectively.
The multiplicand entry signal MC-RI will then
be applied causing the conditioned tubes MCI to
become conductive and cut off the correspond-
ing tubes MCE. Thereupon, the tubes MCE cause
the related triggers of register MC-DR to be re-
versed, so as to represent or register the multi-
plicand factor. Similarly, for making the entry
of the multiplier factor, the multiplier factor will
be applied to the Internal In bus-columns 16 to
29 after which the entry signal MP-RI will be
applied to tubes MPI causing the conditioned
ones of these tubes to become conductive. As a
result, the related tubes MPE will be cut off to
reverse the corresponding triggers of register
MPE which thereupon will store the multiplier
factor. As a specific example, assume that the
MC factor includes the digit 6 in the 1st place.
This digit is represented by increased potentials
on the buses 4 and 2 of column 29 of the Internal
In buses. Accordingly, the tubes MCI2 and 4 of
order 1 and the tubes MPI2 and 4 of order 1 are
conditioned. The MC-RI signal will then render
the tubes MCI2 and 4 in order 1 conductive, so
as to cut off the tubes MCE2 and 4 of this order.
As a result, the triggers 2 and 4 of the first order
of register MC-DR are reversed. The first order
of this register is then storing the digit 6.

‘When multiplication is called for by the pro-
gram, a multiplication calculation control com-
mutator MYC (Fig. 7T8M) is conditioned for op-
eration, in the manner later described in Section
18. This commutator produces signals for con-
trolling the multiplying procedure. 'The first sig-
nal produced by the commutator is the negative
signal M-Presense. This signal cuts off the nor-
mally conductive tubes H28 and H2T (Fig. 65¢).
The tube H26a is at cut-off unless a previous
multiplying or dividing calculation is still in proc-
ess. It may be assumed that this is not the case
at present and that tube H26¢ is at cut-off at the
time that the tube H2T is cut off. When both
tubes H2T1 and H26a are at cut-off, they render
the tube H28 conductive, so that trigger H29T
remains cancelled, maintaining tube H31{ effective
to apply increased potential to the line by which
is called the “up multiply” bus of the internal
commutator of the multiplying-dividing section.

The M-PRE negative signal also is effective to
render the normally conductive tube H28 non-
conductive. The tube thereupon applies high
potential to H{i9 which becomes conductive and
forces HI5 to reverse. It may be noted that Hi5
is normally blocked against reversal by H5 but
when H28 becomes non-conductive it acts through
H20 to cut off HS, releasing HI5 for reversal by
Hi9. With HI5 reversed, it cuts off the blocking
triodes H8, HT, and HS8, releasing the triggers
Hi0, HIl, and HI2, respectively, for reversals.
These triggers are elements of a cancel timing
counter. Also, HIS upon reversal renders H20g
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conductive to apply a turning pulse to cancel
trigger HI6.  With HI8 reversed it acts through,
H{8 and H24 to apply a positive pulse to the in-
put of the caficel circuit MDC. This cancel eircuit
is a basic cancel circuit such as explained in
Section 3b and serves to reset the control triggers
of the MD internal commutator, except for those
in Figs. 65¢ and b. The duration of the cancel
signal is limited to four 50 ke. pulse cycles by the
cancel timing circuit which comprises triggers
Hi9, Hil, and HI2 (Fig. 65¢). When HI5 was
turned to release the cancel timing counter for
operation, it also brought the cancel control trig-
ger HI6 into operation. HI5 also cut off HIi3.
Hi3a is already cut off under control of IHi4.
With both Hi3 and Hi3a cut off, H9 is condi-
tioned to respond to A pulses and produces nega-
tive, A~-phase pulses which are applied to the
cancel timing counter. The first pulse reverses
H{0. The second pulse returns Hi0 and Hi0
thereupon reverses Hii. The third and fourth
pbulses effect a second cyele of HI0 to return Hi{.
K11 upon returning, reverses H12. HIi2, when it
turns, restores the cancel control trigger His,

thus. terminating the cancel signal. 'The next
four pulses applied to the cancel timing counter
result in HI2 being restored. As Hi2 restores, it
turns Hi4. HI4 thereupon makes Hi3a conduct,

thus deconditioning H9 to render it unresponsive
to the A pulses so that the operatlon of the can-
cel timing counter ceases.

When Hi4 is turned, it acts via connection 1431
to cut off D31 which is the cancel interlock tube.
With this tube cut off, it does not prevent the
multiply start signal which is subseguently ap-
plied, from functioning effectively.

The next signals produced by the MYC com-
mutator (Fig. 78M) are the negative cancel con-
trol signal MCC and a concurrent negative can-
cel confrol signal PQC. Signal MCC cuts off 22,
Fig. 64a. It may be assumed that interlock tube
23 is also cut off. Hence, couple 22—23 now ap-
plies a positive pulse to the input of the MC-DR
cancel circuit. Register MC-DR (Fig. 64b) is
thereby reset to zero status. The PQC signal is
effective to cut off 3, Fig. 66k. Interlock tube 2a,
Fig. 65k, may be assumed to be off, so the couple
38—3a now applies a positive pulse to the input
of the PG cancel circuit which operates to rese’c
all the orders of PQ (Fig. 64n).

- Just prior to cancellation of the registers
MC-DR and PQ, the multiplicand factor is ap-
plied to Internal In bus columns 16 to 29. After
the MCC and PQC cancel signals have been pro-
duced, commutator MYC produces a negative sig-
nal MC-RI which cuts off 19 (Fig. 64a).  The
interlock tube 20 is also at cut-off. Accordingly,
the couple {9—20 becomes effective upon the
receipt of the negative signal MC-RI to produce
the positive signal MC-RI which is applied to
the control grids of all the tubes MCI, causing
the multiplicand factor to enter the register
MC-DR, in a manner explained before. Follow-
ing this, the commutator MYC produces the
multiplier cancel signal MPC which is effective to
cut off 15, Fig. 64a. The interlock tube 18, Fig.
64a, is off at this time, so the couple 15—{6 is
now effective to apply a positive cancel control
signal o the input of the MP cancel circuit. Ag
a result, the register MP is reset. Prior to the
resetting of MP and after entry of the multipli~
cand into MC-DR, the multiplicand is removed
by operation of the main sequence means from
the Internal In bus-set, after which the multiplier
factor is applied to columns 16 to 29 of this bus-
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set. Following this, the register MP is reset, after
which the commutator MYC produces a negative
signal MP-RI which cuts off 12 (Fig. 64a). The
interlock tube 3 is also at cut-off at this time
and hence the couple {2—I3 produces the posi-
tive signal MP-RI which causes the multiplier
factor to enter register MP, in the manner already
explained.

The primary timer (Fig. 65h) has fourteen
stages PRO to PRI3 and is driven by negative
A phase pulses on the input PRI. Each series
of 14 such pulses produces a cycle of the primary
timer. The first pulse reverses PRI3 to cause
reversal of PRO. TUpon reversal of PRO it applies
4 positive pulse to Al8 (Fig. 656h), initially con-
ditioned by Al{, causing Al8 to become conduc-
tive and turn AS. A5, now turned, conditions
A3 to respond to B-- pulses. A3 acts through
Al to produce positive MC-RB pulses in phase
with the B+ pulses. The first of these pulses
MC-RB is produced at 0.5 of a primary cycle
(see Fig. 66). At the “9” point of the cycle, stage
PRSI of the primary timer is reversed, thereupon
conditioning A23 to respond to the next B pulse
at “9.5” of the cycle. A23 thereupon becomes
conductive and reverses A22. With A22 reversed,
it conditions A15 to respond to the next A pulse
at “10” of the cycle. AIl5 thereupon restores AS.
It is clear that A5 is in reversed status from the

“0” to the “10” time of the multiplying cycle g

dnd in this interval ten B-phase MC-RB pulses
-are produced (see Fig. 66). These MC-RB pulses
are applied commonly to all the tubes 208 (see
~Fig. 64c) of which there is one for ‘each order
of register MC-DR.

When PRD was reversed at the “0” time of the
cycle, it conditioned A{9 (Fig. 65h) to beccine
conductive in response to the next B pulse at
the “0.5” time and thereupon to reverse Al{ and
Al2. With A{2 reversed, it conditions Af3 to
respond to A pulses. Ai3 is capacitatively
coupled to Al4 and the output of A3 is inverted
by Al# to positive A-phase pulses MC-RA. At
the “10” point of the cycle primary timer stage

PRI0 is reversed and conditions A2l to respond ¢4

to the next B pulse at 10,5 of the cycle. A2!
thereupon restores Al2 and A22. The restora-
tion of Al2 terminates the-production of the
MC-RA pulses. In the: interval from “0.5” to
“10.5” of the cycle, 10 positive A phase pulses
MC-RA are produced (see Fig. 66), starting with
the “1” point of the cycle. The MC-RA pulses
are applied to the tubes 209 (Fig. 64b), of which
there is one for each order of the MC-DR reg-
ister. These tubes are normally conditioned and
in response to the applied pulses.produce neg-
ative A phase entry pulses to the orders of
MC-DR and effect value cycles thereof such as
explained in ‘Section 5. A number of these pulses
equal to the complement of the starting digit
will cause: stage 8 of the register order to pro-
duce a positive carry out pulse. This carry out
pulse is applied through: a line 210 (also see
Fig. 64¢) and a suitable ¢oupling capacitor to
the control grids of tubes 211 and tubes 212
associated with the same MC-DR register order.
During multiplication, only the tubes 2(1 are
conditioned. The conditioning potential is ap-
plied by a line TR which connects to the output
of a tube J4 (Fig. 65i). Since line my is at in-
creased potential during multiplication, as pre-
viously described, it makes J8 conduct, causing
J& to be non-conductive, so that line TR is at
increased potential. Hence, a tube 211 (Fig.
64¢) upon receiving a carry out pulse becomes
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conductive and turns the related ftrigger TC.
As soon as the trigger turns, it conditions: ths
connecied tube 208, to which the B-phase MC~
RB pulses (also see Fig. 66) are being applied, as
previously explained.

It is clear that each tube 28§ is conditioned
by the related MC-DR register order at a cycle
point which is the tens complement of the mul-
tiplicand digit in the order. For instance, if the
multiplicand digit is 6, in-the 14th order of MC,
then 4 pulses MC-RA will cause the related
trigger TC to be reversed and thereupon to con-
dition the associated tube 208 at the “4” point
(Fig. 66) to respond to the six pulses MC-RB
at “4.5,” “5.5,” “6.5,” “7.5,” “8.5,” and “0.5.” The
tube 208 is capacitatively coupled to a tube 212
Accordingly, tube 213 (14th order), in the ex-
ample, will produce six positive B phase pulses
R-B upon the wire C2 (also see Fig. 64d). These
pulses are applied through a coupling capacitor
to the control egrids of a set of tubes CZT, which
are further controlled by the column shift means
so as to be successively conditioned in the se-
quential column shift positions. Similar means

. associated with the. 13th order of MC-DR pro-

duces pulses R-B representing the multiplicand
digit in this order. These pulses are applied to
the control grids of a set of tubes C3T. Sim-
ilarly, the control grids of tubes CAT, C8T . ..
CI5T receive the R-B pulses from the i2th,
11th . . . 1st orders of MC-DR. The tubes C2T
to CIBT are conditioned selectively according
to. column shift positions to respond to the
pulses R-B and produce negative B-phase entry
pulses for orders of PQ. Fig. 66A is a chart
giving the columnar relation of the Internal In
bus-sets to the MC-DR and PQ orders and alsc
indicating the relation between the orders of
MC-DR and PQ in the sequential column shift
positions. In effect, the tubes. C2T to CIST are
the interrelating means between the MC-DR and
the PQ orders in the different column shift posi-
tions, and these tubes are represented by smail
circles in Fig. 66A. The dotted lines indicate
which of these tubes is conditioned in each col-
umn shift position. The full, light lines indicate
the tubes receiving pulses R-B from the differ-
ent orders of MC-DR, and the full heavy lines
indicate the output connections of these tuhbes
to the PQ. orders.. It can be seen from Fig. 664
that there are-thirty tubes C2T-1 to 30 receiving
pulses R-B from the 14th order of MC-DR and
that in column shift position 1, the tube C&T-{
is conditioned to respond to these pulses and
produce negative, B-phase entry control pulses
for order 32 of PQ. It can be seen, further, that
all the tubes C2T-1, C3T-I ... CIST-{ are
conditioned in the 1st column shift position and,
in. response to. pulses R-B from orders 14 to 1
of MC-DR produce entry control pulses for
orders 32 to 19 of RQ. In other words, in column
shift position 1, the factor in MC-DR is trans-
ferred to orders 19 to 32 of PQ. In column shift
position 2, all the tubes C2T-2, C3T-Z ...
CI5T-2 are conditioned and, in response to the
R-B pulses, produce entry control pulses for
PQ orders 31 to 18. During multiplication, the
last column shift position is 14. In this 14th
position, the tubes C2T-14 to CIST-14 are con-
ditioned and, in response to R~B pulses, produce
entry control pulses for PQ orders 19 to 6. The
negative, B-phase entry control pulses produced
by the tubes C2T to CIST are transmitied via
lines 215 and suitable coupling capacitors to
capacitatively coupled pulse shaping tubes 216
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and 217 (Fg. 64h) which apply the shaped neg-
ative entry pulses to the PQ registers.

The triggers TC (Fig. 64c) are reset at “10.5”
of the cycle. As previously explained, stage PRI0
of the primary timer (Fig. 65h) is turned at “10”
of the cycle so as to condition A2 for operation
by the next B pulse. Thereupcn, A2l becomes
conductive and restores Al2 and A22, as men-
tioned before. In addition, when A2l becomes
conductive it applies a negative impulse to AT
causing the latter to produce a positive “10.5”
pulse. This pulse is applied to the control grids
of the tubes 220 (Fig. 64¢) which are being con-
ditioned by the increased potential present on
the line TR during the multiplying calculation, as
previously explained. Accordingly, the 10.5”
positive pulse applied to the tubes 220 renders
them conductive to return the triggers TC.

As described above, pulses MC-RA will be ap-
plied in each primary cycle (Fig. 66) to the inputs
of the MC-DR orders. A number of these pulses
equal to the tens complement of the digit stand-
ing in an MC-DR order will cause this order to
reverse the related trigger TC. The trigger TC
will thereupon render the associated tube 208
effective to produce pulses R-B in response to
the MC-RB pulses. The pulses will act on a set
of tubes C2T to CI5T, according to which order
of MC-DR is being considered. In successive

column positions 1 to 14, the tubes | to 14 of each ¢

set of tubes C2T to C15T will be conditioned to
respond to the pulses R-B and produce a cor-
responding number of eniry control pulses for
the PQ orders related to these tubes. The multi-
plicand will thus be transferred in each primary
cycle from MC-DR to orders of PQ selected by
the column shift means. The entry into PQ will
be completed by “10” of the cycle. The number
of such cycles performed in each column shift
position is determined by the digit in the Mp
order selected by the column shift position, in g
manner described Ilater.

Carry means are needed between the orders of
the PQ register. The carry means used here is
of the same nature as that described in Section
13 as used in the accumulator. Briefly, the
carry means includes a trigger K (Fig. 64¢) for
each order of PQ. When an order of PQ (Fig.
64h) steps from 9 to 0 during the entry period
it produces a positive carry out pulse at the ter-
minal ¢ of stage 8. This pulse is applied to a
wire 8cw and is effective to render a triode KV
(Fig. 649) conductive. The triode thereupon re-
verses the trigger K associated with the order of
PQ which hag advanced from 9 to or through 0.
For instance, assuming that the 17th order of
PQ has stepped from 9 to 0, the trigeser KIT will
be in reversed state. )

When an order of PQ (Fig. 64h), say the 18th
order, is at 9, its stages | and 8 are in reversed
status. With stage | in reversed status, its ter-
minal ¢ is at reduced potential. Likewise the
terminal c of stage 8 is at reduced potential. The
reduced potential at ¢ of stage { is applied vig,
wire fcw to the tube 65 (Fig. 64f), cutting it off.
Likewise, the decreased potential at ¢ of stage 8
is applied via wire 8cw to 65a (Fig. 64f) having its
anode commoned with the anode of §5. Assume,
further, that PQ order 17 hag stepped from 9
to 0 so that trigger KIT (Fig. 649) is reversed.
With KiT reversed, it is effective, via- connection
ki1, to cut off the tube 65b (Fig. 647) which has
its anode commoned with the anodes of 65 and
6%a associated with the 18th order. A fourth tube
§3c has its anode commoned with the anodes of
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tubes 65, 65¢, and 65b associated with the same
order of PQ. The tubes 65¢c associated with all
the orders of PQ have their grids commonly con-
nected to a wire 723. This wire is connected to
the anode of tube J23 (Fig. 65i) controlled by a
tube couple JI19—J19a. JI9 is normally cut off.
The grid of J19« is connected by wire 19¢ to the
plate of tube A53 (Fig. 656h) which is under con-
trol of trigger A52. 'The trigger A52 is in shown
status except for the interval between “11.5” and
“13” of a cycle. Thus, A53 remains conductive
except for this interval which overlaps the carry
time between “12” and “12.5.” Accordingly, the
tube J19a (Fig. 657) is non-conductive during the
entry period “0” to “10” and couple JI19—Ji9q
renders J23 conductive to maintain wire 723 (also
see Fig. 64f) at reduced potential during the entry
period, so that the tubes 65¢ are at cut off during
this period.

In the example where the 17th order has
stepped from 9 to 0 during an entry period, KIi1
is reversed and has cut off 65b associated with
the 18th order. Further, as the 18th order has
been assumed fo stand at 9, the tubes 65 and E5q
associated with the 18th order are also cut off.
As the tube 65c also is cut off during the entry
period, the group of four tubes 65, 65a, 655, and
69c for the 18th order are all cut off, It is clear
that 65c is initially at cut-off during the entry
period and remains so until after the entry period.
Further, the tube 656 may be brought to non-
conductive condition at any point of the enfry
period at which the preceding order goes from
9 through 0. When the order stands at 8, the
tube 65a goes to cut-off and when this order steps
to 9 the tube 65 also goes to cut-off. It is evident
that either 65 or 650 will be the last one of the
group of four tubes to be rendered non-con-
ductive. Thereupon, the common anode line 65p
of the group of tubes 65, 65¢, 65b, and 65c rises
in potential and renders a normally conditioned
tube 85d conductive, thereby reversing the con-
nected trigger K. In the example, the group of
four tubes 65, 65a, 65b and 65c associated with
the 18th order becomes effective through the
related tube §5d to reverse the trigger KI8. This
reversal will occur at any mid-index time of the
entry period 0.5 to 9.5 of a cycle (Fig, 66). If,
in this same entry period, the 19th order also
advances to 9, then the reversal of Ki8 will cut
off 650 in the 19th order group of lock tubes and
thereupon the trigger K9 will reverse. This
chain of events may continue through any num-
ber of higher orders at 9.

It is seen then, that by the end of the entry
period, reversal will have been effected of all
those triggers K (Fig. 64¢) associated either with
PQ orders which have stepped from 9 through 0,
or with a succession of orders of which the lowest
has stepped from 9 through 0 and the higher
ones are at 9. With a trigger K reversed, it acts
via connection kf to condition a related tube BT
(Fig. 64f). In the example, the tubes KTI7T and
KTi8 are conditioned. At the “12” point of the
cycle, a positive carry operating pulse C-OP is
applied commonly to all the tubes KT. Any con-
ditioned one of these tubes will become conduc~
tive and via connected line 215 and a capacitor
apply a negative going impulse to entry tubes
216 and 217 (Fig. 64h) for the next order of PQ,
whereby a carry entry is made into this next
order. In the example, where KTIT and KTI§
(Fig. 64f) are conditioned, the pulse C—OP ren-
ders these tubes conductive, with the result that
carry entires are made into PQ orders 18 and 19.
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In this manner, an instantaneous, simulta~
neous carry is effected into all orders of PQ fol-
lowing orders which have stepped from 9 to O
or following one or more, successive orders which
are at 9 at the end of the eniry period and are
preceded by an order which has stepped from 9
to 0. It may be noted that the carry entry is
made into orders 1 to 27 through the same entry
tubes 216 and 247 which are used during the
entry of the multiplicand into orders of PQ. The
highest order, the 33rd, of PQ never receives a di-
rect entry of the multiplicand for obvious reasons
and does not have associated therewith entry
tubes 216 and 217. Only carry entries may be
made into this highest order and these carry
entries are made directly from the associated
tube KT32 (Fig. 64f) via the connection 83w (also
see Figs. 64gand i) .

The carry operating pulse C-OP is taken from
the output of tube J24 (Fig. 65i). This tube is
controlled by the couple J20—J28a. Tube J20 is
normally cut off. At the “11” point of the cyclé,
stage PRI1 (Fig. 651) is reversed and conditions
a tube A&5. At “11.5” of the cycle, a B pulse ren-
ders the conditioned tube A45 conductive to re~
verse A46 and A52. The reversal of Ab2 cuts off
A58, causing line ji%a¢ to rise in potfential and
thereby to render tube Ji8a (Fig. 654) conduc-
tive. Accordingly, the line 523 rises in potential
and the tubes 65¢ (Fig. 64f) become conductive.
This prevents the lock groups of tubes 69, 65a,
65b and 65¢ from being effective during the carry
period to reverse the carry triggers K (649), so
that the carry-through-9 means is not operative
during this period. The trigger A48 is reversed
at “11.5” of the cycle, as explained above. Upon
its reversal A46 conditions A47 and the next A
pulse, occurring at “12” of the cycle renders A41
conduetive to apply through a capacitor a nega-
tive pulse to A55. The latter thereupon produces
a positive going pulse on the wire a88 which
renders J20a (Fig. 65i) conductive. Thereupon
J24 becomes non-conductive and produces the
carry operating pulse C-OP which is applied to
tubes KT (Fig. 64f). At “12” of the cycle the
primary timer stage PR{2 (Fig. 656h) is reversed
and conditions A44. The next B pulse at “12.5,”
renders A44 conductive to restore A48, decondi~
tioning A47. Also, when A44 becomes conductive,
it turns A43 which thereupon conditiong AS{ to be
made conductive by the next A pulse at “13.
Upon AS{ becoming conductive, it restores A52.
Thus A52 is in turned condition between “11.5”
and “13” of the cycle so as to cause the tubes 65¢

(Fig. 647) to remain conductive during this period, °

for reasons explained before. Also, when AS{ be-
comes conductive it applies a negative impulse
by way of a suitable coupling capacitor, to tube
A50 (65h), causing this tube to be cut off. Ac-
cordingly, tube A58 produces a positive “13” pulse
on its anode line ¢80. This pulse renders the
tubes J21 and J22 (Pig. 65i) conductive causing
them to apply a negative “13” impulse to their
output line jp. 'This negative “13” impulse is
applied to the carry triggers K (Fig. 649) causing
any of these triggers which have been reversed
during the previous pulse of the cycle, to be re-
stored. At “13” of the cycle, the stage PR{3 (Fig.
65h). is restored and conditions A42 to ke made
conductive by the next B pulse at “13.5.” Upon
A82 becoming conductive, it restores A43.

It has been stated that the number of times
the multiplicand is routed into orders of PQ, se-
lected by the column shift position, is determined
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by the digit in the multiplier register order also
selected in the same column shift position. The
conirol by an order of the multiplier register MP
(FMig. 64D) iy effected by applying entry control
pulses to the order to roll it through a value
cycle. 'The number of such entry control pulses
equal to the tens complement of the multiplier
digit will effect the advance of the MP order from
9 t0 0.. Upon an MP order effecting this 9 to 0
step, it applies a positive pulse, through a capaci-
tor, to a related tube MPC. The tube hecomes
conductive and applies a negative going pulse te
a common output line MPO of all the orders of
MP. In a manner which is explained later, the
negative pulse on line MPO initiates the opera-

‘tion of the primary timer and the attendant

primary cycles to cause the multiplicand fo be
transferred to the selected orders of P&Q. The
number of such cycles and therefore the number
of times the multiplicand transfer repeats during
a, multiplication step is equal tc the multiplier
digit. 'The progress of the multiplication steps
is determined by the secondary timer (Fiz. 65g).
This secondary timer is a decade counter exactly
similar to a register order (Fig. 15). The sec~
ondary timer counts out ten entry control puises
applied in each column shift position to the MP
order selected in this column shift position.
When ten such puises have been applied to the
MP order it is back in its starting position. The
secondary timer then controls the operation of
the tertiary timer, which is the column shift con-
trol commutator, to advance to the next column
shift position thus starting a next multiplication
step. It is to be noted that, in each column shift
position, a series of ten entry pulses will he ap-
plied to a selected order of MP; that a number of
these pulses equal to the tens complement of the
multiplier digit in the order will produce a carry
out pulse from the order, initiating the cycle or
cycles of transfer of the multiplicand to the se-
lected orders of PQ. The remaining number of
entry pulses of the series of 10 is egual to the
value of the multiplier digit. At the end of the
series of ten pulses, the column shift means is
advanced to the next position and the operation
of the primary timer and the multiplicand entry
cycles is interrupted. It is clear that the number
of primary, multiplicand transfer cycles in each
column shift position will be egual to the value of
the multiplier digit in the order selected by the
column shift position. It may be noted that since
no primary, multiplicand transfer cycles are to
occur until the selected MP order has been ad-
vanced from its 9 to 0 position, that the entry
pulses applied to the MP order may be high speed
pulses. Likewise the secondary timer may be op-
erated at correspondingly high speed to count
these pulses. Thereafter the primary timer be-
gins to operate to produce the multiplying cycles.
Since there is to be one such multiply cycle for
each remaining step of the MP order from its
0 position back to its starting value position and
since these multiply cycles occur at reduced speed,
the entry pulses applied to the selected MP order
after it is stepped to 0 are supplied under control
of the primary timer once for each multiply cycle.
The secondary timer is operated correspondingly
at the relatively lower speed by pulses produced
under control of the primary timer.

The entry control pulses, designated MPR, are
positive and applied to the control grids of all
the input tubes MP-EN (Fig, 64b) of which there
is one for each MP order. Only one of these
tubes, however, is conditioned in each column
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shift position. Thus, in the 1st column shift posi-
tion, there is increased potential upon terminal
CSi conditioning tube MP-ENI4 to invert the
pulses MPR to negative entry pulses MPRO for
the 14th MP register order. In the 2nd column
shift position, the input tube for MP order 13
will be conditioned by increased potential on ter-
minal CS2 (see Fig. 65¢), and so on, to the 1st
order tube MP-EN (Fig. 64b) which is con-
ditioned in the 14th column shift position in
which terminal CSI4 is at increased potential.

The feature of operating the selected order of
MP and the secondary timer by high frequency
pulses until the MP order is stepped to 0 saves
considerable time in the multiplying computation.
It avoids the use of comparatively slow speed
primary cycles which are idle as far as the trans-
fer of the multiplicand into the selected orders
of PQ is concerned. The primary cycles, in each
column shift position, are limited to just the
number of cycles equal to the value of the multi-
plier in the MP order digit selected in the column
shift position, and during which multiplicand
transfers to PQ are effected.

To recapitulate, in each multiplication step the
multiplicand is transferred into PQ at the pri-
mary timer controlled speed a number of times
equal to the value of a multiplier digit. The
column shift means selects the orders of PQ to
receive the multiplicand and also selects the MP
order 1o control the number of repeat cycles of
multiplicand entry. The column shift means
then is advanced to select an adjacent order of
MP as a controlling order and to select adjacent
orders of PQ to receive the multiplicand entries.
The number of repeat cycles of the multiplicand
entry is equal to the value of the multiplier digit
and the selected MP order is advanced by a series
of ten pulses in each column shift position. The
number of advancing pulses equal to the tens
complement of the multiplier digit effects the
carry out step of the MP order and the remaining
number of pulses of the series of ten is equal to
the number of times the multiplicand entry is
effected into the selected PQ orders. To clarify
this, if an MP order is:at 0, the entire series of
ten pulses are required to step it back to 0.
These pulses will be high frequency pulses so as
to produce this idle value eycle of the MP order,
registering 0, at very high speed. If the MP
order contains, for instance, the digit 4 then the
first six pulses applied thereto are high frequency
bulses rapidly stepping it from its 9 to its 0 posi-
tion, as indicated in Fig. 67. The next four
bulses for returning the MP order to its start-
ing digit 4 will be slower frequency pulses timed
under control of the primary timer. Thus, a rela-
tively considerable, over-all saving in multiplying
time during a multiplying calculation is effected
by operating the multiplying means at very high
speed.

The entries of the multiplier and multiplicand
factors into registers MC and MP have been de-
seribed previously in this section. After these
entries have been made, the commutator MYC
(Fig. 78M), in a manner described in Section 18,
broduces a negative start signal MY-ST which
cuts off D3la (Fig. 65/). D3I has already been
cut off as a result of reversal of Hi4 (Fig. 65¢)
at the end of the operation of the cancel timing
counter (Fig. 65e) initiated under control of the
first signal M~PRE. ~Accordingly, when the start
signal cuts off D31a, the common anode of D3ia
and D3I rises in potential and reverses trigger

D36. Thereupon D30 reverses D3T and D31 re~
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verses D43, With D43 reversed it cuts off D51 so
that its output line, which is called the interlock
line, goes to increased potential. It is to be
noted that the interlock tubes 13, 16, 20, and 23
(Fig. 64a) now become conductive, positively pre-
venting any alteration of the multiplicand and
multiplier registrations in MC and MP,

When D37 (Fig. 657) is reversed, as described
above, it conditions D46 to be rendered conduc-
tive by the next A pulse and thereupon to reverse
D45. D45, upon reversing, applies conditioning
potential to D38 and the next B pulse renders
D38 conductive to restore D3T1. As D37 is re-
stored it conditions D44 to respond to the fol-
lowing A pulse and thereupon to restore D45.
During the interval between two successive A
pulses in which D45 was reversed, it conditioned
D35 and the next B pulse caused D35 to become
conductive and reverse the main start trigger
D33. This trigger remains in reversed status un-
til returned at the completion of the multiplying
computation. With D33 reversed, it acts through
D4l to apply decressed potential to a wire -4l
(also see Fig. 65¢), cutting off B43. B43a is nor-
mally cut off under control of B26 acting via
B34a. The tube B34 is cut off during the multi-
plying caleulation because the line dv is at low
potential except when dividing calculation is
being effected. Accordingly, when BA43 is cut off,
the common anode line of B43, B43¢ and B34
rises-in" potential and conditions B27 to respond
to the high frequency (50 ke¢.) A-phase pulses.
These A-phase pulses are supplied from BI9
which is coupled to the output of Bis, normally
conditioned by B4 to.respond to the A pulses.
In response to each appled positive A-phase
pulse, B21 produces 8 negative pulse which oper-
ates through B44, B49, B52, B53 and B55 to apply
a positive A-phase pulse MPR to the tubes MP-
EN (also see Fig. 64b). As previously explained,
the pulses applied to these tubes are inverted hy
the one tube which is conditioned in the exist-
ing column shift position to an entry pulse which
effects a step of advance of the associated MP
order (also see Fig. 64b). The negative pulse
output of B21 (Fig. 659) also is applied, via the
anode resistor of B35, to the secondary timer to
effect a step of advance thereof, so that each high
speed pulse applied to the MP register is counted
by the secondary timer.

A number of entry pulses equal to the tens
complement of the multiplier digit in the selected
MP order (Fig. 64b) advances this order to its
carry out condition and as previously explained,
the order then acts through the associated tube
MPC to apply a negative pulse to the common
line MPO.. The negative pulse on MPO is applied
to a tube Bl (Fig. 65¢), cutting off this tube to
impress a positive going pulse on the control grid
of BI2. As previously stated, start signal MY-8T
has caused the interlock line to go to high poten-~
tlal. This line connects to the suppressor of Bi2.
Accordingly, when under control of the MPO
pulse, tube BIf applies a positive pulse to B2,
the latter becomes conductive and reverses B22
and B4. With B4 reversed, it deconditions B8 so
that the high speed A-|- pulses no longer are ef-
fective to operate through BI8, Bi% and B21 to
produce the high frequency operating pulses for
the active MP order and for the secondary timer.
With B22 reversed, it conditions B3 to respond
to the next B pulse and turn Bl4 (see Fig. 67).
Also with B22 reversed, it cuts off B21. -At this
time B2la is also cut off under control of a trig-
ger B8, in its cancelled state, and a tube B3T.
Hence, when B21 is cut off by the reversal of B22,
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B2i-B2la is effective to condition B20.to respond
to the next B pulse. In response to this pulse,
B2§ .turns B26. - 'With B26 turned, it cuts
off B34a to render-B43a.conductive, thus decon-
ditioning B21. 'B34a also at this time conditions
B35 to take over the control of the generation
of pulses for operating the secondary timer and
the selected MP register order. In addition, B3da,
when cut off, conditions B42 to respond to A+
pulses and produce negative A-phase pulses.
These negative A-phase pulses are transmitted via
B4l, B25 and B33 to the inputb line PRI of the
primary timer. Bi4 was turned at the same B
time as B26. Turned Bi4 causes B23 to respond
to the next A pulse and return B22. B22 then
conditions BI5 to act, in response to the following
B pulse, to reset Bi4. Bi4 thereupon reset B4.
This allows A-phase pulses to be re-applied to
B27 but these pulses are not effective because B217
has been deconditioned by turned B2§.
high speed operation of secondary timer and se-
lected MP order will not occur. Instead, their
operation will be controlled by the primary timer
to which advancing pulses will be applied in con-
sequence of the turning of B26, as described
ahove.
~ In a manner explained before, the primary
timer now operates through one or more primary
cycles (Fig. 66) to cause-the multiplicand to be
transferred in each cycle to the selected orders
of PQ (Fig. B4Rh). At “12” of the cycle, PRI2
(Fig 65h) is reversed and conditions A%4 to re-
spond to the next B+ pulse and reverse Ad43 at
the “12.5” time. With A43 reversed, it condi-
tions A5l to respond to the next A pulse at “13”
which is inverted by ABD to a positive A-phase
«13” pulse on the wire ¢58. This pulse, besides
causing reset of the carry triggers K (Fig. 640),
ag described before, is impressed on the now con-
ditioned tube B35 (Fig. 65¢), causing this tube
to apply an advancing pulse to the secondary
timer and also to apply a pulse to the tubes
B44, B4Y, B52, B53 and B55 as a result of which
the positive pulse MPR is applied to the tube
MP-EN “(Fig. 64a). It is seen, therefore, that
in ‘each primary cycle in which a multiplicand
amount is transferred to orders of PQ, a single
pulse is applied under control of the primary
timer to the secondary timer and also to the
active order of MP. The pulse applied to the
MP order steps it to its next value position
while the pulse applied to the secondary timer
advances it so as to continue the count of the
total number of pulses applied to the active MP
order. '

At the “13” time of the cycle, the primary
imer stage PRI3 (Fig. 65h) is restored and
thereupon conditions A42 to respond to the next
B+ pulse at “13.5.” A42 thereupon becomes ef-
fective to restore A43,-as described previously.

When the number of primary cycles equal to
the value of the multiplier digit has been per-
formed, then ten pulses have been applied to
the secondary timer and to. the active MP order
in a particular column shift position. The 10th
pulse of the series completes the cycle of the
secondary timer and completion of the cycle is
manifested by the return of its stage 8 to can-
celled status. TUpon the return of stage 8 to this

status, which occurs at the “13” time of a cycle, 7

it reverses B38. Upon the reversal of B2S§, it
acts through B37 to condition B3s and B45 to
respond to the next B pulse. B36 in response
to this pulse becomes conductive and restores
B25. B45 in response to the B pulse becomes
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conductive and reverses B46. BA45, upon becom-
ing conductive, also acts through B54 to apply
a positive going pulse CSM to the wire b54. It
it to be noted that this pulse is produced ab
“135” of the primary cycle. The positive pulse
CSM is applied through a capacitor to the tube
C23 (Fig, 65e¢) which is conditioned during mul-
tiplication by the high potential on the wire my.
Accordingly, the pulse CSM renders C23 con-
ductive to cut off C22. The latter thereupon
acts through parallel tubes C21 and C25 to apply
5 negative going impulse CSS to the wire ter
which is the input wire for the tertiary timer
(Figs. 65¢ and d). The tertiary timer has 30
stages TER{ to 80 and is part of the column
chift means. In the cancelled condition of the
tertiary timer, the 1st stage TERI (Fig. 65¢) is
in a status which is opposite the status of each
of the other stages. In this canceled status of
the 1st stage TERI, it is effective to mainfain
a tube Ei non-conductive, so that its output ter-
minal CSi is at high potential. The remaining
stages cf the tertiary timer, in their canceled
states, maintain the remaining terminals Cs2 to
CS20 at low potential. The terminal CS{ is
connected to the correspondingly designated
terminals in Figs. 64b and 64d. With the ter-
minal CSi in Fig. 64d at high potential, all the
tubes C2T-1 to CI5T-i are being conditioned.
Accordingly, the multiplicand will be routed by
the means described before and including these
tubes into orders 32 to 19 of PQ, in the 1st
column shift position (see Fig. 66A). Also, with
the terminal CS! in Fig. 64b at high potential,
it is conditioning the tube MP-EN{4 to pass the
pulses MPR to the 14th order of register MP
to effect the value cycle of this order in the
manner explained before.

When, in the 1st column shift position, the
multiplicand has been transferred to orders 32
to 10 of PQ 2 number of times equal to the value
of the multiplier digit in order 14 of MP, the
secondary timer (Fig. 65g) brings about the
production of the negative pulse on wire ter, in
the manner already explained. This pulse is
effective to reverse TERI of the tertiary timer.
Upon its reversal TERI reverses the 2nd stage
TER?2. Now, there is no longer increased po-
tential at the terminal CS{ but instead there is
high potential at the terminal CS2. With high
potential on this terminal, all the tubes C2T-2
to CI5T-2 (Pig. 64d) are conditioned and pre-
pared to route the multiplicand into orders 31 to
18 of PQ (see Fig. 66A). Further, with CcSs? at
high potential, the tube MP-ENI3 (Fig. 64b) is
conditioned to direct the pulses MPR into the
13th order of MP to effect a value cycle.

The tertiary timer was stepped at “13.5” of a
primary cycle. B26 (Fig. 65¢9) also was reset at
this point and rendered B34a conductive. Conse-
quently, B42 was deconditioned before the next A
pulse time and operation of the primary timer is
interrupted. Further, B21 was reconditioned to
pass through the A-phase pulses, so that high
speed operation of the secondary timer and of the
MP order selected by the new column shift posi-
tion will restart at the A pulse time following the
advance of the tertiary timer to this new position.

B4 was turned also at the “13.5” time of the
primary cycle in which B26 was reset and the
tertiary timer stepped to its next position.
Turned B46 conditions BAT to cenduct in re-
sponse to the next A pulse and thereupon to re-
turn B38. B38 then conditions B3Ta to act in re-
sponse to the next B pulse to reset B46. All the
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initial conditions for high speed operation of the
multiplier have been reestablished.

If the selected MP order stands at 0, the 10th
high speed A-phase pulse will cause the order
to produce the pulse MPO, causing Bi2 to turn B4
and B22. With B4 turned, it stops application
of high speed A-phase pulses to B21. With B22
turned, it cuts off B21. But at the same A pulse
time, the secondary counter has been advanced
irom 9 to 0 and has turned B38. This cuts off B31,
50 B2l conducts and prevents B20 from being
conditioned to turn B26 at the next B pulse time.
Hence B2T remains conditioned and primary
cycles will not be initiated. The turning of B22
is effective, as before, to cause Bi3 to turn Bi4 at
said next B pulse time, so B23 will restore B22 at
the following A pulse time, causing Bi5 to re-
store Bl4 at the succeeding B pulse time (see
Fig. 67). Upon restoration of Bi4, it resets B4 so
that high speed A-phase pulses may be re-ap-
plied to B27 which has remained conditioned.
This occurs at the second B pulse time follow-
ing the stepping of the secondary timer from 9 to
0, and as a result of which B38 was turned. At the
first following B pulse time, the turned trigger
B38 allows B54 to produce the pulse CSM under
control of which the tertiary timer is advanced
to its next position. At the second, following B
pulse time, B4 is reset so that A-phase pulses may
be reapplied to conditioned B21. It isseen, there-
fore, that when an MP order stands at 0 it is ad-
vanced through a cycle at high speed, that at the
next B pulse time the tertiary timer is advanced
to select the next MP order, and that after a
skip of one A pulse cycle, the high speed advance
of this next MP order begins (see Fig. 67).

-In the foregoing manner, the multiplicand will
be transferred to successively lower orders of PQ
in successive column shift positions. When the
multiplication operations in the 14th column shift
position have been completed, a pulse on wire ter
will be effective to restore the stage TERI4 (Fig.
65d). .

Upon its restoration, TERI4 reverses stage
TERIS§. This stage thereupon cuts off a tube EI8
to produce a positive going pulse on wire el8.
This pulse is applied through a capacitor to the
control grid of a tube CI9 (Fig. 65¢) which is
normally conditioned when multiplication has
been called for, as a result of the increased po-
tential on the wire my. Accordingly, the pulse
applied to the control grid of Ci9 is inverted to a
negative impulse by this tube and is applied along
a wire c19 to the trigger D33 (Fig. 65), restoring
it. As previously explained, this trigger was
reversed under control of a multiply start signal
MY-ST. It may be recalled that this trigger D33
when reversed, initiated operation of the sec-
ondary timer and thereby initiated the perform-
ance of the multiplication operation after the
factors had been read into their respective re-
ceiving registers. Now, at the completion of
multiplication, the trigger D33 is restored in the
manner just described. Upon restoration of D33,
it applies a positive pulse to the control grid of
D49. If half correction suppression has been sig-
nalled for, then the suppressor of D49 also will be
at high potential and the application of increased
potential to its control grid will render it con-
duetive. The half correction suppression signal
is produced, if the program calls for it, prior to the
signal M-PRE, in a manner described in Section
18. The suppression signal, designated HCS
comes from the main commutator and is negative.
This signal is applied to G40 (Fig. 65b). As this
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signal is applied before the multiply start signal
MY-ST has been produced, the interlock line will
still be at decreased potential and cutting off a
tube G40a. Hence, when G40 also is cut off, the
couple G40-G40a becomes effective to make G32
conduct and thereby reverse trigger G24. With
G24 reversed, it maintains G8 conductive to pro-
duce a maintained, negative half correction sup-
press signal MHCS at decreased potential on its
output line ¢8. The signal MHCS on line ¢8 cuts
off a tube D29 (Fig. 657, so that the output of this
tube goes to increased potential and conditions
the tube D48. As previously described, with this
tube conditioned, the return of trigger D33 at
completion of multiplication is effective to render
D49 conductive. When D49 becomes conductive,
it reverses the “complete” trigger DA42. The
reversal of D42 sends out an internal, complete,
negative signal CPLT along wire d42 to the re-
sult sign circuit (Fig. 65%), where the signal cuts
off 34a. As will be brought out in the descrip-
tion, to follow shortly, of the sign mixing and re-
sult sign means (Figs. 657 and k), if this means
produces & proper result sign, tube 34, Fig. 65%, is
at cut off by the time 84a is cut off by the internal,
combplete signal CPLT. With 34 and 34a both cut
off, the couple 34-34a acts to render 33 conductive.
Tube 33 thereupon emits a negative back signal
R~-CPLT which goes to the commutator MYC
(Fig. 78M) and causes it, in.a manner described
in Section 18, to emit a negative result readout
signal R. RO. This signal causes the product and
its sign to be read out to the Internal Out bus-set.
Before explaining the reading out means and op-
eration, the sign mixing and result sign circuit
and the rounding off or half correction means will
be explained.

The sign miring meons—The multiplicand and
multiplier factors are acecompanied by negative
or positive signs. When the factors are applied
successively to the Internal In bus columns 16 to
29, their accompanying signs are applied to In-
ternal In bus column 1. If the sign of a factor
is positive, it is represented by increased potential
on bus 2 of Internal In column 1 (Fig. 65) and if
the sign is negative it is represented by increased
potential on bus { of this column. The ultimate
sign of the product is determined not only by these
signs of the factors but also by the operational
signs which are derived from the program means,
in a manner explained later in Section 18. At the
time the multiplicand factor and its sign are ap-
plied to the Internal buses, an operational sign
representation for the multiplicand is applied to
lines Is and 2s. The sign mixing circuit includes
an MC-DR factor sign and operational sign mix-
ing network. The network mixes the operational
sign representation for the multiplicand and the
sign representation for the multiplicand (or di-
visor) factor and produces an output sign repre-
sentation for this factor. When the multiplicang
and its sign are removed from the Internal buses,
the operational sign representation for the multi-
plicand also is removed from the input lines s
and 2s. Subsequently, when the multiplier factor
is applied to the Internal In bus columns, its input
sign is applied to column 1 and an accompany-
ing operational sign is applied to lines is and 2s in
Fig. 65j. The input and operational sign repre-
sentations for the multiplier are mixed by a multi-
plier (or dividend) sign mixing network MP/DD
which produces a resulting multiplier (or divi-
dend) output sign representation.

There are four possible operational signs ex-
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plained in Section 2a. These are the opera-
tional signs 0, 1, 2, and 3. Operational sign 0 sig-
nifies that the output sign for a factor is to be -
regardless of the input sign. Operational sign 1
signifies that the mixing network for a factor is to
produce an output sign which is opposite to the
input sign of the factor. Operational sign 2
means that the output sign of the factor is to be
the same as the input sign. Finally, cperational
sign 3 means that the output sign for a factor is
to be—regardless of the input sign.

Fig. 655 shows the complete mixing cireult net-
work for the multiplier factor input and opera-
tional signs. If the multiplier sign is—, it is repre-
sented by increased potential on bus {, column 1
of the Internal In bus-set. This increased poten-
tial is applied to {2, Fig. 654, to condition the lat-
ter. If the multiplier sign is <- then the bus 2 of
column 1 of the Internal In bus-set is at increased
potential and results in the conditioning of i1. It
the operational sign 1 is accompanying the multi-
plier factor, then it takes the form of increased
potential on line is, causing £6 to be conditioned.
Operational sign 2 is represented by increased po-
tential on line 2s and conditions 8. As previous-
ly explained, an MP-RI negative signal is pro-
duced by commutator MYC (Fig. 78M) to time
the entry of the multiplier into register MP (see
Figs. 64a and b). This same signal is applied to
20, Tig. 65j. The interlock tube 29 is off at this
time, since its grid is connected to the interlock
line d5{ whiech, as previously described, remains
at low potential until the start signal MY-ST Is
applied, and this occurs only after the factor and
sien entry times. Accordingly, 33—29 becomes
effective upon the application of the MP-RI signal
to apply increased potential to the control grids
of the tubes 9, 10, i1 and (2. Any of these tubes
which has been conditioned becomes conductive
and effects the reversal of a related one of the four
triggers 1,18, 19 and 20 in Fig. 65j.

Assume that operational sign 0 is applied to
the MP/DD sign mixing circuit. As previously
indicated, this operational sign requires that the
mixing network produces a -+ output sign, re-
gardless of the input sign for the factor. It will
be noted that when the operational sign is 0, the
lines ts and 2s remain at decreased potential so
that neither tube 9 or I8 is conditioned. Ac-
cordingly, triggers IT and 18 remain in cancelled
status. With 1T and 18 in cancelled status, they
render 41 conductive. Hence 41 fails to condi-
tion 48, the output 49w of which is the multiplier
(or dividend) -+ sign output. Accordingly, this
output remains at effective, high potential.
With {71 in cancelled status, it is deconditioning
33, 36, and 42. With 18 in cancelled status, it is
deconditioning 34, 35 and 42. It is clear now
that when both the triggers 17 and {8 are in can-

celled status, only the tube &f, of the set of tubes.

33, 34, 35, 36, 41 and 42 is conductive, As 42 re-
mains non-conductive, it applies conditioning
potential to the control grid of 51. With 35 and
38 non-conductive, they apply increased poten-
tials to the control and suppressor grids of 44.
Accordingly, 44 is conductive and cuts off 52
which applies increased potential to the sup-
pressor of 3i. Inasmuch as 51 is conditioned by
increased potential on its control grid, §f be-
comes conductive and applies reduced potential
to the multiplier (or dividend) — sign output line
5iw. The reduced potential on this line indi-
cates absence of a — sign output for the multi-
plier (or dividend) factor.

Assume the operational sign applied to the
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multiplier factor is the operational sign 1 which
requires that the mixing network produces an
output sign which is opposite the input sign of
the multiplier. The application of operational
sign 1 causes reversal of trigger 18. With this
trigger reversed, it conditions 34, 35 and 42. As-
sume the input sign for the multiplier factor is
—, 50 that the trigger 20 is reversed. With this
trigger reversed, it applies increased potential to
grids of 36 and 34. Under the stated conditions,
the tube 34 becomes conductive and deconditions
43. Accordingly, 43 applies increased potential
to the suppressor of 50. Inasmuch as 42 remains
non-conductive, it applies increased potential to
the control grid of 59 and also to the control
grid of 51. Since the suppressor of ‘&6 also is at
increased potential, it becomes conductive and
deconditions 48 so that the - sign output line
48w goes to increased potential which is the ei-
fective petential for reading out a - output sign
for the multiplier (or dividend) factor. Under
the stated conditions tube 35 remains non-con-
ductive inasmuch as its control grid is being held
at low potential by unreversed trigger 19. Also
the tube 36 remains non-conductive because its
control grid is kept at low potential by trigger [7
in its cancelled state. Since 35 and 3§ are both
non-conductive, they act on 44 to render it con-
ductive. In turn, 44 cuts off 52 to apply in-
creased potential to the suppressor of 5. Since
increased potential has been applied by the non-
conductive tube 42 to the control grid of 5, the
latter is conductive and the output line 5lw goes
to low potential, indicating that the output sign
for the multiplier (or dividend) is not the — sign.
In short, under the conditions where the input
sign for the multiplier (or dividend) factor is —
and the operational sign is 1, the output
signis .

Assume the operational sign is still 1 but that
the multiplier sign is 4. Accordingly, triggers
18 and (9 are reversed. In this case tube 35 be-
comes conductive and tubes 23, 34, 36, 41 and 42
remain non-conductive., With 35 conductive, it
deconditions 44 which makes 52 conduct. Ac-
cordingly, 5¢ is deconditioned and its cutput 51w
goes up in potential, manifesting a — sign out-
put for the multiplier factor. As 33 and 34 are
off, 43 is conductive and deconditioning 58;
hence increased potential is being applied to the
suppressor of 49. Also, since 4f remains non-
conductive it is applying increased potential to
the control grid of 49. Thus 48 is conductive and
its output 49w goes down in potential indicating
that the output sign is not a 4 sign.

In the case where the operational sign is 2,
the output sign will ke the same as the input sign
of the factor. In this case, trigger (7 is re-
versed. Assume the input sign for the factor is
-+, so that trigger 19 also is reversed. Under
these conditions tube 33 is conductive while tube
34, 35, 36, 41 and 42 remain non-conductive. As
33 is conductive it causes 43 to be non-conductive
so as to condition 50. Inasmuch as 42 is non-
conductive it is also applying increased potential
to 53. Therefore, 53 is conductive and rendering
49 non-conductive to apply increased potential
to line 49w manifesting a 4 output sign for the
multiplier factor., With 35 and 3% non-conduc-
tive, 44 is conductive and cutting off 52 to apply
increased potential to the suppressor of 5l.
Also, ‘42, being non-conductive, applies increased
potential to the control grid of 51 so that the —
sign output line 5{w is at decreased potential.
Assume instead that the input sign for the factor
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1§ -—and.that the operational sign is 2., Under
these .conditions-171-and 20 are reversed. In this
case tube 36 will be conductive and tubes 33, 34,
85, 44 and 42 will be non-conductive. ' Accord~
ingly, 44 will be rendered non-conductive so ag to
make 52 conduct. With 52 conducting, it
renders -8 non-conductive to produce an- in-
-creased potential on its output line Siw, repre-
senting a — output sign for the multiplier factor.

It is seen that when the operational sign is 2,
the:output sign for the factor is unchanged with
respect to the.input sign. :

Assume the operational sign to be 3, which
means that the output sign is'to.be — regardless
of the input sign of the factor. With both the
‘lines 1s and 2s:at increased ‘potential, represent-
ing -operational sign ‘3, the triggers 47 and 8
will be reversed. Accordingly, 42 will be con-
ductive ‘and ‘will render 5{ non-conductive to
produce increased potential on line 5iw to rep-
resent.a. —outpub sign. ~'Since 42 is. conduetive,
-it:also-cuts off 159 .to apply increased potential to
the suppressor of 49. With. either trigger {71 or
18 reversed, 4f remains non-conductive -and ap-
plies .increased potential to the control grid of
49. 'Hence, under the stated:conditions 49 is con~
ductive -and its output line 4%w goes down in
potential, indicating that the output sign is not
the + sign. It is evident therefore that when
the operational sign is 3, the output sign will be
— regardless of the input sign of the factor. The
negative multiplier cancel signal MPC coming
from -commutator MYC (Fig. 78M) and which
‘as previously explained causes the multiplier
-cancel circuit (Fig. 64¢) to operate for resetting
the register MP is also applied- to 28, Fig. 654,
During the multiplying calculation, line my is at
high .potential and renders 25 conductive. This
causes -25¢ to maintain 28 conductive except
when signal MPC is applied. This signal cuts off
28. The interlock tube 29 is still cut off. Ac-
-cordingly, upon 28 receiving the .cancel signal
MPC, 28—29 renders elements 26, 26a, 27 and
21a conductive. These elements are respectviely
coupled to the terminals f of triggers i1, 18,
‘t8, and 20. Hence, when the tubes 28, 26a, 27
and 27 become conductive, they .cancel the re-
spective triggers. Thus before the multiplier
Taetor is entered and its output sign determined,
the triggers in the multiplier sign mixing net-
work are reset, »

The multiplicand (or divisor) sign mixing circuit
MC/DR (Fig. 65j) and its controls are similar to
the multiplier (or dividend) sign mixing cir-
cuit and its controls, with the exception that
the sign entering circuits are rendered effective
by the multiplicand read in signal MC-RI (or
dividend entry signal DR-RI) applied to 34, the
anode of which is coupled to the anode of inter-
lock tube 3te. The 4 output sign of the MC/DR
mixing circuit is represented by high Dbotential
on line 53w, whilethe — output sign is represent-
‘ed by increased potential on line §%w. Also the
sign triggers in ‘the MC/DR mixing circuit net-
‘work: ‘are cancelled under control of the MC/DR
-cancel circuit (Fig. 64a).

The sign -of the product (or quotient) is de-
termined by the output signs of the factors. If
the output signs of both factors are -+, -then
tube 2, Fig. 65k, is conductive and cuts off 0.
This ‘conditions the suppressor of (8. The con-
trol- grid of 48 is connected to interlock line
@81 which goes to-increased potential as g result
of the-application of start signal MY-ST (Fig.
‘651). - Accordingly, 18, Fig. 65k, -becomes -con-
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ductive at the time, if both factor output signg
are 4, and reverses a trigger 21, This stores:the
fact that the. sign of the caleulated - resulb.is
<. If both output signs -are —, then-3 is
conductive and deconditions 9. Again I8 is
caused to conduct at start signal time and- trig-
.ger.2T isreversed to store a - sign for-the result.
di the multiplier (or dividend) output sign is
positive and the multiplicand (or divisor) -output
sign is negative, ‘then 5 is conductive and de-
conditions 13, as-a result of which 21 conducts at
start signal time .and .reverses a trigger 29-to
store-a — sign for the result. If-the ‘multiplier
(or dividend) output sign is — and the multi~
plicand  (or divisor) output sign ‘is 4, then-4 is
conductive and also deconditions 43 with: the
result that 2i -conducts and 29 is reversed to
‘store a — sign for the product,

- The triggers 27 -and 29 are cancelled -at the
same time that the -accumulator PQ. is can-
celled, prior to factor and sign entries, under-con-
trol of the PQC signal. “This signal is also ap-
blied to 19¢ in Fig. 65k to render it non-conduc-
tive. - The interlock tube 19 is still off -at that
time -and {8—i% becomes effective to render 20
and ‘20¢ conductive, thereby resetting triggers
1 and 28.

As previously explained, if half -correction:is
not-calied for, then the signal CPLT, signaling
the completion of multiplication, will be pro-
duced. by reversal of trigger. D42 (Fig. 655)
‘upon the restoration:of 183 after the 14th col-
umn shift step. The signal CPLT will cause
a_complete -signal R-CPLT to be sent to .com-

mutator MYC (Fig. 78M). if -the sign mixing .and

result sign circuit (Figs. 655 and %) has operated

-properly. Commutator MYC will then return.a

result readout signal R.RO (Fig. 65k) 4o -the
‘MD unit. The readout signal will cause ‘the
product and product sigsn to be read out from
register PQ to the Tnternal Out bus-set. ‘On
the other hand, if half correction is not Ssup~
bressed, then the complete signal CPLT and
reading out will be delayed until half correction
has been eifected.

In the description.of the sign mixing.and result
sign producing means, it was explained that
either a frigger 27 or a trigger 29 in Fig. 65k is
reversed: to-store either a --.or a — result.sign,

‘respectively. = If neither or both. of these triggers

are reversed, then it is.a manifestation of some
misoperation. In that event, tube 34, Fig. 65k,
will remain conductive .and the cutting .off of

-34¢ by the signal CPLT will be ineifective. “The

control of tube 34 .is effected .as follows.. . If 21
is .reversed, it applies increased potential to -the
control grid of ‘28. When 27 is reversed, then
28 should remain in its cancelled state and.apply
increased posential to- the -suppressor of 286.
Theretore, the.conditions for making 26 .conduct
‘have. been 'satisfled .and the tube applies ‘de-
creased potential to 34 cutting -it-off. .On. the
other hand, if 29 alsois reversed -alongz. with 21,
indicating -a misoperation, then 26 williremain
non-conductive ‘and 34 will ‘remain conductive
nullifying the -effect of the signal GPLT on-tube
34a. Assume ‘that neither of the triggers 21 and
29:-has been reversed, slso indicating ‘misopera-
tion. ‘In that case the control grid of 26 will
remain at-low potential. Alse the contrel grid
of a tube 28 will remain -at low potential. -As a
result, 84 will renrain -conductive. Assume that
29-has been reversed -and 21 remained in ‘can-
celled 'state. ‘29 then will--apply increased: po-

“tential to the-control grid of 28-and at the same
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time 21 will apply increased potential to the
_suppressor of 28. Tube 28 will conduct and 34
will be cut off to enable the signal CPLT to be
.effective to render 33 conductive so as.to emit
the negative complete signal R-CPLT. In re-
sponse to this signal, commutator MYC (Fig.
78M) produces a negative result readout signal
RRO. This signal is applied to 36, Fig. 65k.

. The -same signal also is applied to 8 and 9 in
Fig. 65k which apply a positive signal R.RO to
the control grids of all the sets of readout tubes
PQ-R (Fig. 64i). There is a set of four tubes
PQ-RI, 2, 4 and 8 for each of orders 6 to 33 of
-register PQ, which are associated with columns
.29 to 2, respectively, of the Internal Out bus-set,
as may be understood from Fig. 66A. It should
be noted that orders 1 to 5 are inactive during
the multiplication operation and, in any event,
are not read out to the buses. The suppressors
-of tubes PQ-R are respectively coupled to the
“terminals f of the stages 1, 2, 4 and 8 (Fig. 64h)
of the associated order of PQ. The number
standing in an order of PQ is represented by
the stages or combination of stages which have
been reversed. When a stage is reversed, its
terminal f is at high potential and conditioning
the related one of the tubes PQ-R (Fig. 64i).
It is clear now that there are 28 sets of readout
tubes PQ-R which are selectively conditioned in
accordance with the amount standing in register
PQ. The positive readout signal R.RO renders
-the conditioned ones of the tubes PQ-R con-
ductive to send out negative going binary digit
representing impulses on the buses of the In-
ternal Out bus-set columns 2 to 29. These digit
signals are transmitted to the denominational
shift means explained in Section 12. The prod-
uct sign is read out as decreased potential upon
bus | or 2 of column 1 of the Internal Out bus-
set. Assuming that the product sign is +, trig-

ger 21, Fig. 65k, is reversed and conditioning 35.
The signal R.RO applied to 86 cuts it off and
causes it to apply increased potential to the con-~
trol grid of 35. Consequently 35 becomes con-
ductive and applies a reduced potential to bus
2, column 1, Internal Out bus-set. This reduced
potential on this bus represents a -4 sign. If
on the other hand, 29, Fig. 65k, has been reversed,
then it is conditioning 37 and the readout signal
R.RO, acting through 36, makes 37 conduct to
apply reduced potential to bus | of column 1,
representing the — sign.

. The negative readout signal R.RO, from com-
mutator MYC (Fig. 78M) is also applied to a
tube D34 (Fig. 65f), cutting it off so as to restore
the trigger D42. Upon restoration of D42, it
restores the control interlock trigger D43, so the
interlock line d51 returns to low potential.

The half correction.—The number of digits in
the product is either equal to or one less than
the sum of the digits in the multiplier and multi-
plicand factors. The column shift amount is
chosen according to the number of digits of the
product to be ultimately transmitted through
the column shift means to a receiving unit. For
instance, the product may be a maximum of 28
digits but the receiving unit in the present case
.is designed to receive a maximum of 19 digits
plus, of course, the sign. Therefore, when the
product is 28 digits in size, at least the nine
right-hand digits must be discarded through the
operation of the denominational shift means
(Section 12). In such case, the column shift
amount will be at least nine and the shift to the
right will be signalled for. The maximum col-
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umn shift amount when column shift is to take
place to the right is a shift of 27. It is seen
therefore that the column shift amount may
vary from 0 to 27. The last right-hand order
to be transmitted to the receiving means is round-
ed off, unless a half correction suppression signal
is received by the MD unit. As understood, the
half correction, or rounding off operation, con-
sists in adding five to the order of the product at
the right of the last right-hand order to be trans-
mitted to the receiving unit. For convenience,
this right-hand order will be called the trans-
mitted units order and the order to the right
thereof and to which five is to be applied for
rounding off purposes will be called for conven-
ience the sub-units order. The column shift
amount determines or selects the transmitted
units order and therefore selects the sub-units
order. This follows from the fact that the last
right-hand order to be discarded is the sub-
units order and the discarding of this order is
effected through the column shift means de-
scribed in Section 12. Actually, rounding off of
a product result will be called for only in connec-
tion with a column shift to the right. The num-
ber of digits to be discarded is equal to the col-
umn shift amount to the right. This means, for
example, that if the nine right-hand digits are
to be discarded, the column shift amount will be
9. The sub-units order of PQ is the last one
which is to have its result digit discarded by the
column shift means. As indicated in Fig. 664,
PQ orders 1 to 5 are not connected to the Internal
Out bus columns and are not read out. In effect,

35 therefore, PQ order 6 is the lowest units order

which is read out. Thus, in relation to the In-
ternal bus columns 2 to 29 and the 28-place re-
sult which may be applied thereto by PQ, orders
6 to 33 of PQ correspond to result places 1 to 28.
Therefore, if one right hand place of the result
is to be discarded by the denominational shift
unit (Section 12), then order 7 of PQ will be the
one which carries the ultimate units order result
digit and order 6 will be the sub-units order. In
other words, to arrive at the PQ order number
which carries the sub-units place digit of the
result to be read out of the denominational shift
amount, 5 must be added to the column shift
amount. For instance, if the column shift
amount is 13, then the sub-units order of PQ
is order 18, and the transmitted units ‘order is
order 19. Clearly then, the column shift amount
selects the sub-units order. The column shift
amount is originally represented in its binary
decimal form. It was also explained in the de-
scription of the column shift means that the col-
umn shift amount was applied to lines MNI, 2,
4, 8, 10 and 20 (Fig. 27a). These lines connect to
corresponding lines MMN (Fig. 65a) in the con-
trol section for the multiplication means. Re-
ferring to Fig. 66¢, the increased potentials se-
lectively present on these lines, are applied to
the suppressors of tubes CSAIL, 2, 4, 8, 10 and 20.
When the negative signal MC-RI is produced to
cause the multiplicand factor to be read in, the
signal also is applied to a tube 64, Fig. 65a. At
this time, the control interlock line d51 is still at
low potential and is cutting off 64a. When 64 is
cut off by the signal MC-RI the couple §4—64a
is effective to make 63 conduct which in turn
cuts off 53 to apply increased potential to the
control grids of all the tubes CSAI, 2, 4, 8, 10
and 20. Those tubes which are conditioned ac-
cording to the column shift amount by increased
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suppressor- potential ‘hecome . conductive :and: re-
“verse the related triggers CSTI,'2, 4, 8, 10.and 20.
These triggers function through interpreting cir-
cuits to translate the binary decimal terms of the
column shift amount into elsctrical representa-
tions of the equivalent-amount in 4 decimal nota-
tion. -Assume for simplicity of explanation that
the column shift amount is 21. Accordingly, the
triggers CSTI and CST20 are reversed. With
CSTI reversed, it applies increased. potential to
line ‘cstfl connected to tubes G3, G2, Gl (Fig.
65a), G8 and Gif (Fig. 65b). Thig eliminates
the 0, 8, 6, 4 and 2 groups of units order columry
shift amount interpreting tubes from considera-
tion in the application of the rounding off pulses.

o

10

15

At this point it may be stated that there are-ten -

interpreting groups of tubes, the groups being
designated UCSO, 1, 2. . . 8. These groups se-
lect, for receiving the five rounding off pulses,
the PQ orders whose order numbers have, in the
right-hand place, the interpreting group digit
plus 5. For reasons now understocd, the. inter-
preting group number is less by 5 than the
actual sub-units order of PQ. Thus, the group
UCS will select these PQ orders whose order
numbers have 5 as their right-hand digit; i. e.,
orders 5, 15, and.25. The group UCSI selects PQ
-orders 6, 16, and 25. The group UCS? selects PQ
orders 8, 18 and 28. The group. UCSH selects PQ
orders 9, 19 and 29, and 50 on. The selection by
an interpreting group is effected by its condition-
ing the suppressors of tubes HCE (Fig. 64e) in-
dividually associated with the possible sub-units
orders selected by the group. One of the condi-
tioned tubes will receive the five rounding off
pulses and pass them to the entry-means of the
desired sub-units order. For example, if the col-
umn - shift amount is 13, the selected sub-units
order is 18. The interpreting group UCS3 will
be rendered effective, in a manner described soon,
to condition the three tubes HCE associated, re-
spectively, with PQ orders 8, 18 and 28. Subse-
quently, five rounding off pulses: will be applied
via line TCS1{90 to tubes HCE associated with PQ
orders 15 to 24. -Of these tubes, only the tube
HCE associated with order 18 has been condi-
tioned and will pass the rounding off pulses to
the entry means for the 18th order of PQ. In
this-manner, when the column shift amount is 13,
five rounding off pulses will be applied to PQ
- order 18.

The effective output potential of the USC
groups (Figs. 65a and b) is an increased potential.
If any tube in o group is rendered conductive it
prevents the -group from producing effective
increased output potential. As already explained,
the triggers CST ars reversed according to the
binary decimal terms of the column shift amount.
The triggers CSTH, 2, 4 and § will determine in
accordance with their status which of the UCS
groups is to be effective. Por instance, if only the

~trigger CST1 (Fig. 65¢) has been reversed, then
only the group UCS| (Fig. 65b) will produce
-effective output potential. - The cther groups will
have one or more tubes which will ‘be maintained
conductive under control of one of the four trig-
gers CSTI, 2, 4 'and 8. Groups 0, 2, 4, 6'and 8
will be made ineffective because reversed trigger
CST! places increased pobential on line cstfi
which renders conductive G3 in UCS0, G2 in
UCLS, G in UCSE, GY in UCS4 and G108 in UCS2.
The group UCST will be made ineffective because
Gii will be maintained conductive by trigger
‘CUST2 in reset status and also because tube G21a
will be maintained conductive by the unreversed

20

25

30

40

45

50

55

60

65

70

(]

‘unreversed trigger. CSTS.

118
trigger CST4. Group UCSS will remain ineffec-
tive: because G35¢ is being held conductive by
Group UCS3 will be
ineffective because unreversed trigger CST? is
holding GI8a conductive. On the other hand,
the group UCSI will be made effective.because
tube G18a will be cut off by the decreased poten-
tial, on line cstn{, produced by reversed trigger
C3T1. Tubes Glia, G33a¢ and G34¢ will be cut
off by the unreversed triggers CST2, 4 and 8§
respectively. The inecreased potential produced
by group UCSI on its output line ucst{ will be
applied to the suppressors of tubes HCE associ-
ated with orders 6, 16 and 26 of PQ. As ancther
example, if the units order of the column shift
amount is 3, then triggers CSTI and CST2 will
be reversed and group UCS3 will be effective to
condition tubes HCE of orders 8, 18 and 28 of PQ.

The binary terms representing the tens place
of the column shift amount will be translated
into the selective conditioning of either of three
tubes G82, G50 and G49 in Fig. 65b. If the tens
place of the column shiff amount is 0, it does
not result in reversal of either CST{8 or CST20
(Fig. 650). If the tens digit of the column shift
amount is 1, CSTI8 will be reversed and if the
tens order digit'is 2, then CST28 will be reversed.
Assuming both of these triggers are in eanceled
state, they are applying cut-off potential, via lines
cstfif and 20 to' G4% and G51 (Fig. 65b). Conse-
quently, this couple is applying conditioning
potential to G49. If CSTI0 is reversed, its output
line cstnif is cutting off G43¢. At the same time
the trigger CST28 will not be reversed and will
be cutting off GSta. Accordingly, -couple ‘G43a
and GSta will be applying conditioning potential
to G58. Similarly, if CST20 has been reversed,
it will be applying conditioning potential directly
to G52. It is clear that G493, G50 and G52 are
conditioned selectively according to whether the
tens order digit of the colummn shift amount is
0, 1 or 2, respectively.

It has been explained that at completion of
multiplication, the trigger D33 (Fig. 657) s
restored. Upon its restoration, it reverses a trig-
ger DB unless G24 (Fig. 65b) has been turned
by a half correction suppression signal. If G24
is turned, line ¢8 is at low potential and cutting
off D28 (Fig. 65f). The output of D29 not only
conditions D49 but also makes D26a conduct and
block reversal of D50. If the HCS signal has not
heen given, D36c remains at cut-off and allows
D33, upon restoration, to turn D59. D58 there-
upon cuts off a tube D26, In the absence of a
half correction suppression signal, and its result-
ing signal MHCS, tube D28 remains conductive
and cutting off D28. Hence, when D35 is cut off,
the couple D28—D36 is effective to condition D21.
The next B pulse makes D27 conduct and reverse
a trigger- D26. D26 then conditions DI8 to
respond to A pulses. The negative A phase pulses
produced by D8 are applied to a tube DIT and
also to a trigger DI which is the first stage of
a -five-pulse counter. DI7T which receives the
negative A phase'pulses produces positive A phase
pulses on its output line di7. These pulses are
applied via this line to tubes G49, G50 and G52
(Fig. 65b). "The conditioned ‘one of these tubes
responds and acts through a related tube to pro-
duce positive pulses on output line TCS0, 10 or
20. The output line TCS® connects to control
erids-of the tubes HCE (Fig. 64e) associated ‘with
orders 5 to-14 of PQ. The output TCSi) goes
to the tubes HCE associated with orders 15 to 24
of PQ and the output line TCS20 goes to the
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tubes HCE for orders 25 to 32 of PQ. In this
manner one of three groups of tubes HCE receives
half correction pulses, such group being selected
in accordance with the tens order digit of the
column shift amount. Further, only one tube
in the selected group will be conditioned depend-
ing on the units order digit of the column shift
amount. It follows then that only that tube HCE
which is associated with the selected sub-units
PQ order will be conditioned and also receive the
half-correction pulses. This tube will produce
negative pulses on its output line 215. This line,
as already explained, leads the pulses via a capac-
itor to the entry tubes 216 and 217 (see Fig. 64h)
for the selected sub-units PQ order. In this way
the rounding off pulses are transmitted to the
‘selected sub-units PQ order.

As described, the rounding off A-phase pulses
are indirectly derived from D18 (Fig. 65f) which
applies a pulse to Dil for each rounding off pulse.
The first two pulses effect the turn and return
of DIl and a consequent reversal of D12. The
third and fourth pulses effect a repeat action
of DI{ and a return of Di2. Upon Di2 return-
ing, it reverses DI13. The fifth pulse turns Dil.
At this point, DIl is cutting off D20 and DI3
is cutting off D20a. D26—D20a then conditions
D19 to become conductive in response to the next
B pulse and thereupon to return D28, With
D26 returned, it renders D18 ineffective thus ter-
minating the production of rounding off pulses.
It is to be noted that upon D26 returning, it re-
stored D50. It is clear now that the number of
rounding off pulses is limited to five.

As understood, five rounding off pulses applied
to a sub-units order, if this order registers 5 or
higher, must produce a carry to the next higher
order, which is to be the transmitted units order
of PQ. This carry to the units order is the
rounding off entry.

During the entries of partial produects into PQ,
the carry control and carry operating pulses were
produced under control of the primary timer (Fig.
654 which is now out of operation. Accordingly,
during half correction operation, other means
are provided to control the production of these
pulses. When D26 (Fig. 65f) is in its reset status,
it is maintaining C24 conductive. D26 was re-
versed to initiate the production of rounding off
pulses and was restored to limit the rounding off
pulses to five. Upon restoration of D26, it ren-
ders C24 again conductive. Upon C24 becom-
ing conductive, it reverses C8 which then condi~
tions C4 to produce negative A-phase pulses in
response t6 applied A pulses. The first A-phase
pulse from C4 turns Ci6. The second A-phase
pulse from C#4 returns Ci6 which causes C8 to
return and D8 and D21 to turn. D21 in reversed

" condiiton renders D28 conductive, causing D4 to
be cut off and apply a positive pulse, via connec-
tion. d4 to Ji8 (Pig. 651) causing J23 to be cut
off. Thereupon the output 723 goes to increased
potential with the same effect on -elements 65¢
(Fig. 64f) as previously described in connection
with the carry means. When D8 (Fig. 65f) is
reversed, it acts through D16 to condition DI4.
The next A pulse renders Di4 conductive to cut
off D5. The increased potential on the output
d5 is applied to J20 (Fig. 65i) with the result
that J20 becomes conductive and cuts off J24
to produce the carry operating pulse C-OP (see
Fig. 647). In the manner described before, this
pulse causes the carry means to operate if carry
is called for. As just described, D14 (Fig. 65f)

was conditioned by reversal of D8 to become con-~
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ductive in response to an A pulse and cause the
production of the carry operating pulse. Fur-
ther, DI4 upon becoming conductive, reverses
DI1. DI then acts through D22 to condition DS.
The next. B pulse makes D8 conduct and turn
D3 and return D8. With D9 reversed, it works
through Df to condition D3. The next A pulse
renders D3 conductive to restore DT and D21.

Upon the restoration of D21, it applies a posi-
tive going pulse by way of a capacitor to D34a.
D34a becomes momentarily conductive and re-
verses “complete” trigger D42. As described be-
fore, the effect of reversing D42 is to cause a
complete signal R-CPLT (see Fig. 65k) to be
sent back to the sequence means. The sequence
means in response, returns a result readout sig-
nal R.RO. The product is then read out in the
manner described before.

14b. Dividing means

The dividing means uses much of the same
structure as the multiplying means, as will, be-
come clear in the following description. The di-
vidend, to a maximum of 14 places, will be entered
from the Internal In bus columns 16 to 29 into
the PQ orders 5 to 18 (see Figs. 647 and j and
66A). The divisor will be entered in MC-DR,
also from Internal In bus columns 16 to 29. In
dividing, the starting column shift posiiton will
be column shift position 2, so that in this posi-
tion the divisor will be routed to PQ orders 18 to
31 (see Fig. 66A).

The plan of dividing is similar to that em-
ployed in application Serial No. 704,914 of Dick-
inson et al., filed October 22, 1946. Briefly, in
each column shift position the divisor will be
subtracted one or more times from the dividend
or dividend remainder. Subtraction is effected by
addition of the tens complement of the divisor.
In order to establish the proper number of places
in the complement, 9 is entered in the PQ order
to the left of the order associated, in the par-
ticular column shift position, with the 14th order
of MC-DR, such entry being controlled by a spe-
) . It is clear then
that in each column shift position, a group of
fifteen PQ orders will be selected to receive the
complement of the divisor from the 14 orders
of MC-DR and from a special true-complement
control D-TC. If the divisor is smaller than the
amount in PQ from which it is being subtracted,
then the addition of the complement of the di-
visor to such an amount will result in a carry
to the PQ order which is at the left of the group
of 15 orders receiving the divisor and the sup-
plemental 8. In other words, a “go” condi-
tion is manifested by a carry entry to the order
at the left of the group of orders of PQ receiv-
ing the complement in a column shift posiiton.
This carry entry is, in reality, a unit quotient
entry into the PQ order which is serving as the
quotient receiving order in the particular column
shift position. On the other hand, a “no go”
condition is manifested by failure of such carry
entry. It is seen then that in each column shift
position, a number of carries, equal to the num-
ber of units in the quotient digit, will be applied
to a quotient receiving order to the left of the
group of 15 PQ orders selected in the column
shift position.

Whenever a “no go” condition is found, as
determined by failure of carry into the quotient
receiving order, in a column shift position, then
the true value of the divisor is entered into the
selected group of PQ orders, thereby canceling
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the last complement entry and restoring the div-
idend or dividend remainder to its value prior
to the detection of a “nc go’"condition. 'The col-
umn shift means is then advanced to its next
position.  There are special terminating controls
for terminating the dividing operations and these
controls will be explained at the proper times in
the present section.

During a run of sequence for the dividing cal-
culation, the commutator DVC (Fig. 78D) is in
operation to produce control signals for the
dividing calculation procedure (see Section 19).
The first control signal produced by commutator
DVC is the negative presense signal D-PRE,
This signal cuts off H28 and H27¢ (Fig. 65¢). At
this time the interlock tube 24§ is still at cut-off,
- 80 thai H21a—H26 becomes effective to make H25
" conduct and turn H29T. With H29T turned, it
renders 233 non-conductive and 31 conductive.
This is the reverse of the conditions of the tubes
H30 and H3{ during the multiplying caleulation.
With H3{ conductive, the “up multiply’ bus my
is down.in potential. With H39 non-conductive,
the “up divide” bus dv is up in potential. The
cutting off of ¥28 by the presense signal D-PRE
has the same effect as when H28 is cut off by the
presense signal M-PRE during the multiplying
calcuiation, so far as the operation of the cancel
timing: circuit and the MDC cancel circuit are
concerned. = Briefly, when H23 is cut off it makes
19 and H2@ conduct. H28 cuts of H5 so as to
release HiE for reversal by now conductive 19,
Upon reversal of HIF it works through H2%¢ to
reverse. the cancel trigger H{$ which causes the
cancel circuit MDC to function for resstting the
triggers- (except those in Figs. §5¢ and ) in the
internal commutator of the MD uni.  Reversed
HI5 unblocks the cancel timing counter for oper-
ation and acts through Hi3 to condition 19 for
response t6 the A pulses. H8 produces negative
A-phase pulses for operating the cancel timing
counter. ‘The first two pulses turn and return
HI18, causing Hii to turn. 'The third and fourth
pulses again turn and reburn H!9 causing Hii to
return. and thereupon to turn HI2. Upon Hi2
turning it restores the cansel trigger HI{8 termi-
nating the operation of the MDC cancel civeuit,

The 5th and 6th pulsss applied o the cancel

timing counter turn and return HI{§ causing Hi}
toturn. At this point Hi{ and {2 are both in
turned status and respectively eutting off HTa
and Hie.- Since the bus my is now down in
potential it is cutting off ESz. . The common
anode line Dt of H1a, Hic and 8¢ thus rises in
potential after the cancel circuit MDC has ter-
minated its operation. 'The rise in potential on
Dt is applied to {7 and Eile (Fig, 65¢), causing
these fubes tc become conduetive and to turn
triggers TER! and TERZ of the tertisry timer.
With TER{ turned, the first column. shifs nosi-
tion is ineffective because the termingl Cgli is
dowir.in potential. With TER? turned the ong
column shift position is. effective because termi-
nal CS52 is at increased potential. Tt is therefore
seen. that during the dividing ecaleulation fhe

starting position for the column shifs means ig.

position 2.

To return to the operation of the cancel timing
counter, the 7th and 8th pulses turn and return
HIi0 causing HI{ to restore and thereupon to
reset HIZ. Upon {2 being veset it turns Hig
and HIi4 thereupon renders Hilg conductive to
render HY unresponsive to the applied A pulses
so that the eperation of the cancel timing counter
is-terminated.
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In the manner to be described in Section 19,
the divisor is applied to the Internal In bus col-
umns 16 to 29 and its sign is applied to column 1.
The operational sign for the divisor is applied to
lines (s and 2s in Fig. 655, Shortly thereafter,
the commutator BVC (Fig. 718D) emits the sec-
ond signal DRC. This signal goes to the same
line in Fig. 64a as the signal MCC did during
multiplication. The. application -of the signal
DRC to this line results in the MC/DR cancel
circuit resetting register MC~DR and the MC/DR
sign mixing cireuit (Fig. 657) as explained in
Section 14a. :

The third signal from commutator DVC is the
signal DR-RI, which occurs after termination of
the cancel signal DRC. The signal DR-RI .is
applied to the same line in Fig. 64a as the signal-
MC-RI was applied during multiplication  and
causes-entry of the divisor into register MC-DR
(Fig. 64b) in the manner Gescribed in Section
14a. The signal DR-RI is also applied in Fig:
65j to the same line as the signal MC-RI was
applied during multiplication, and results in-the:
entry of the input sign and operational sign for
the divisor into the MC/DR sign mixing circuit.
Pollowing the-entry operations controlled by the-
signal DR-RI, the-divisor, the divisor sign and
cperational sign are removed from the Internal
bust-sets and from lines fs and -2s (Fig. 65)-.
Thereafter the dividend is -applied to Internal
bus columns 16-to 29, its sign.is applied to Inter-
nal bus column 1, snd -its operational sigm is
applied to lines is and-2s. - : -

Shortly thereafter the 4th signal DDC is pro--
duced by commutator DVC' (Fig. 78D) -and is:
applied to the same line as the signal PQC (Fig.
65k) was'applied during multiplication and causes
resetting of the register PG (Fig. 64h). With
respect: to. the dividing calculation; the signal
DDC, also cuts off 32, Fig. 657. During dividing,
the line my-is at reduced potential and cutting
off -at 25, 655. Hence, the couple 32—25 renders
25¢ conductive 50 as to cut off the tube 28, to-
the 'same effect’ as when this tube was cut. off
by the signal MPC during multiplication; i. e
to the effect of resetting the MP/DD sign: mix~
ing ‘circuit. :

The fifth signal from commutator DVC (Fig,
78D) is the signal DD-RI, which oceccurs after:
the termination of the cancel signal DDC. The
signal DD-RT cuts off 30, 657, with the same-effect
as when this tube was cut off by the entry sig-
nal MP-RI during the multiplying calculations;:
i. e, with the effect of entering: the number sizn
and the operational sign of the dividend :into
the MP/DD sign mixing circuit. :

As already explained, the dividend: smount is:
present new on the Internal bus columns 16 to.29
and is represented by increased potentials selec~
tively applied to the buses of the Iiternal In bus
columns. Reference to Fig. 66 indicates thHat
the dividend will -he. applied: by these bus col=
umns. to orders 5 to:18 of register PQ. Fig: 641
shows, as typical, the dividend entry means for
PQ orders.5 and 18 which are respectively asso-
ciated with the Internal In bus columns 29-gnd
16, The- dividend entry means for.each of ‘or-
ders 5 to 18 of PQ is similar to the entry means
for the registers MC-DRand MP. Briefly, the
dividend entry means for a PQ order includes
four tubes DD18, 4, 2'and | which have their sup-
pressors connected to buses 8, 4, 2 and | respec-
tively of the related Internal In bus column. - The:
plates of the tubes DDI8, 4, 2 and. [ are eapact-
tatively coupled to the grids. of tubes: DDES, 4; 2
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and |, respectively. The outputs DDEP of the
tubes DDE, associated with a PQ order are con-
nected to the terminals gr of the triggers 8, 4,2
and | in.the PQ order, as shown for PQ order
18 in Fig. 64h. Accordingly, the triggers will he
reversed upon the connected tubes DDE being
cut off, in the manner explained for the tube E in
Fig. 10,

It is evident that at the. time the signal
DD-RI is produced by the commutator DVC,
the tubes DDI are already selectively condi-
tioned in accordance with the dividend factor.
The signal DD-RI cuts off 3, Fig. 64j. At this
time the interlock line d51 still is at reduced po-
tential and cutting off 2, Fig. 645. Accordingly,
the couple 2—3 is effective to render | conduc-
tive, causing 4 and 5, in parallel, to be cut off
and to apply increased potential to the control
grids of all the tubes DDI. Those tubes DDI
which have been conditioned in accordance with
the dividend factor become conductive and cut
off the associated tubes DDE. As a result the
dividend factor is entered into PQ orders 5 to 18.

The sixth signal from commutator DVC (Fig.
78D) is the start signal DV-ST which occurs after
termination of the dividend entry signal DD-RI.
The signal DV-ST is applied to the tube D3{¢ in
Fig. 65f to which tube the start signal MY-ST
was applied during the multiplying calculation.
As explained in Section 14a¢ the start signal re-
sults in the reversal of D30 which causes reversal
of D37 which in turn reverses D43. D43 cuts
off D51 so that the interlock line d51 rises in
potential. Reversed D37 -conditions D46. The
next A pulse causes D46 to turn D45 which there-
upon conditions D38 and D35. The next B pulse
makes D38 conduct to reverse D37 which there-
upon conditions D44 to respond to the next A
‘pulse, so as to restore D45. The same B pulse
which operated D38 also operated D35 during
the interval in which D46 was reversed and con-
ditioned both these tubes D38 and D35. The
operation of D35 reverses the main start trigger
D33." D33 now turned, renders D41 conductive
to apply reduced potential to line déi.
multiplication, the reduced potential on déi
cuts off B43 (Fig. 65¢). During multiplication
the line dv was at low potential and cutting off
B34, so that when B43 was cut off, the tube B21
was conditioned to produce A-phase pulses.
was therefore effective to cause the production
of the pulses MPR which were applied to the in-
put tibes MP-EN (Fig. 64b) successively oper-
able; in the sequential column shift positions, o0
invert the pulses MPR to rolling pulses for the
related MP orders. Further, the pulses produced
by B2T1 were effective to drive the secondary
timer (Fig. 65¢). During the dividing calcu-
lation, the line dv is at high potential so that
B34 is conductive and prevents the conditioning
of B2T. Hence rolling pulses will not be applied
to the MP orders and the secondary timer alse
will remain idle during the dividing calculation.

The reduced potential on the line d&l, resulting
from the turning of start trigger D33 (Fig. 65f)
is effective also to cut off B51 (Fig. 65¢).  During
multiplication the line my was at high potential
and rendering B51a conductive so that the couple
B51—B5ia was ineffective. During the dividing
calculation the line my is at low potential and
cutting off B51a. Accordingly, when B5{ is cut
off, upon the turning of the start trigger D33, the
couple B5{—B5(a is effective to condition B53 to
respond to A pulses. B52 produces negative A~
phase pulses which cause B4l to apply positive

As in .
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A-phase pulses to parallel tubes B25 and B33.
These tubes, in turn apply negative A-phase
pulses to the input line PRI for the primary timer
(Fig. 65h). It is seen therefore that during the
dividing calculation, the primary timer is placed
in operation upon the turning of the main start
trigger resulting from the receipt of the start
signal DV-ST by the internal commutator of the
MD section.

In multiplication the line my is at high poten-
tial. Accordingly, J8, Fig. 65i, is conductive so
that J4 is cut off and the line TR is at increased
potential. With line TR at increased potential
it should ke noted that J3 is conductive and its
output line COMP is at reduced potential. The
line TR, when at increased potential, controls the
true-complement means shown in Fig. 64c for
causing transfer of the true number in MC-DR to
PQ. As explained in Section 14a on multiplica-
tion, the line TR when at high potential condi-
tions the tubes 211 and 220 in Fig. 64c. With the
tube 211 conditioned the carry-out pulse from the
related order of MC-DR is effective to render 211
conductive and thereby to turn the associated
true-complement trigger TC. This permits the
tube 208 to pass through a number of pulses
MC-RB equal to the true value of the digit stand-
ing in the MC-DR order. Further, with line TR
at high potential and conditioning tubes 220, a
pulse at “10.5” of the primary cycle is effective
to render the tubes 220 conductive so as to re-
store all the triggers TC. In the dividing calcu-
lation, the line my is at reduced potential. Ac-
cordingly, J8, Fig. 65i, is at cut-off. Initially, and
whenever trigger J1 is in the shown status, it is
cutting off J8a. Accordingly, with J8 also at
cut-off, the couple J8—J8a is effective to render
J& conductive. Consequently, the line TR is at
reduced potential while the line COMP is at in-
creased potential. With the line TR at reduced
potential, the true number transfer from MC-DR
to PQ cannot take place. With the line COMP
at increased potential, it is conditioning the true-
complement means in Fig. 64c to allow a comple-
ment transfer from MC-DR to PQ to be effected.
As indicated in Fig. 64c¢, when line COMP is at
increased potential it is conditioning the tubes
212 and 225 which control triggers TC relating
to orders 1 to 14 of MC-DR. Also, line COMP is
conditioning tubes 225 and 220B which control
the additional trigger D-T/C. This is the situ-
ation prior to the beginning of the first primary
cycle which is initiated, in the manner explained
before, as a result of the start signal DV-ST. Af
«g” of the primary cycle, in response to the first
input pulse on the line PRI (Fig. 65k}, the pri-
mary stage PRI3 is reversed and upon its re-
versal, turns stage PR0. Upon PRA turning, it
applies a positive pulse to the control grid of Al8
which at this time is conditioned under control
of trigger All. Accordingly, Af8 becomes con-
ductive at “0” and through a coupling capacitor
applies a negative pulse to A{T which in response
produces a positive “0” pulse on line ¢ {1. This
pulse is applied to the conditioned tube 225 asso-
ciated with the first order of MC-DR (see Figs.
64b and ¢). This first order tube 225 becomes
conductive and acts through the anode resistor
of 211 to turn the first order true-complement
trigger TC. As a result the related tube 208 is
conditioned at “0” to pass the pulses MC-RB
which are produced in the manner described in
Section 14¢ during the primary cycle and briefly
reviewed below.

When Al8 became conductive at “0” it turned
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A-5 which conditioned A3 to pass B pulses. These
pulses are inverted by Al to the positive MC-RB
pulses (see Fig. 66). At the “10” time of the
cycle A5 will be restored. - Accordingly, ten pulses
MC-RB will be produced beginning with “0.5.”
These pulses, as now understood, are applied to
the tubes 208 (Fig. 64¢). .
During the turned interval of PR0 (Fig. 65h)
it conditions Al9 to become conductive in re-
sponse to the next B pulse at 0.5 and thereupon
to turn All and Ai2. With the turning of All,
Al8 is deconditioned. All, when turned, condi-
tions Al8 to be made conductive by the next A
pulse-at “1.” AlD thereupon applies a pulse by
way of a capacitor to- A8 which produdes a posi-
tivé “1”-pulse. This pulse is applied to the tubes
225 associated with orders 2 to 14 of MC-DR and
also to the tube 225 associated with the ‘special
true-complement, trigger D-T/C. Since these
tubes 225 are now conditioned by the increased
potential on line COMP, they become conductive
and act through the anode resistors: of the re-
lated tubes 211 to turn the triggers TC (of orders
2 to 14) and the trigger D-T/C. As is now un-
derstood the first order trigger TC is turned at
“0” while the other order triggers and, the special
trigger are turned at “1.” Accordingly, the first
order tube 208 will start passing ther MC-RB
bulses at “0.5” while the other tubes 208 will start
passing these pulses at “1.5.” A maximum of ten
pulses may thus be passed through by the first
order trigger 208 while a maximum of nine pulses
may be passed through by each of the other tubes
208. . . ‘ .
It has been explained that trigger A12 (Fig.
65h) was turned at “0.5.” ‘With A2 turned, it
conditions Al3 to pass A pulses to Al4 which
produces the positive pulses MC-RA. The trigger
Af2 will be returned at “10.5.” Hence, ten pulses
MC-RA will be produced starting with “1” As
previously explained in Section 14¢ these pulses
are applied to tubes 288 for causing these tubes

to apply rolling pulses to the orders .of MC-DR..

In response to these pulses, each order of MC-DR

will. produce a carry out pulse at a time of the
cycle which. corresponds to the tens complement .

of the digit initially standing in the order. = The
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carry-out pulse is transmitted by the output line

210 of the order to. the control grids of the. tubes
214 and 212 for the same order. . 'Since, at this

time, the tubes 212 of all the orders are condi-'
tioned, such .tube, upon receiving -the .positive
pulse on line 218 will become conductive and re-.

store the trigger TC. This terminates the condi-
tioning of the related tube 208 so as to cease
passing the pulses MC-RB. In this manner, a

number of pulses will be passed by the first order.

208 equal to the tens complement of the digit

standing in the first order MC-DR, while the
other order tubes 288 will pass through numbers

60

of pulses MC-RB equivalent to the nines comple-. -

ments of the digits standing in these other orders.
It should be noted that with respect to the special
trigger D-T/C it remains reversed until . “10.5”
of the cycle at which time a pulse is applied to
the tube 220B which is conditioned by the in-
creased petential on line COMP and causes the
tube to become conductive and reset the trigger
D-T/C. .In the interval in which, this trigger
is reversed, its related tube 208 passes nine pulses.
The pulses passed through by the tubes 208 are

inverted by 213 to positive pulses on the lines CI . .
to C15 to be applied to the rows of tubes CIT to -
CI5T. .. As explained in Section 14a successive -

tubes of each of these sets of tubes are condi--
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tioned in the sequential column shift positions.
In the starting column shift position 2 for the
dividing calculation, the tubes CIT-2 to CI5T-2
are conditioned (see Fig. 66A). These tubes will
cause the entry of the complement of the di-
visor, as represented by the pulses applied to these
tubes, to be entered in PQ orders 18 to 32.

As was previously explained, when the divisor
ig smaller than the dividend now present in PQ
orders 5 to 18, the addition of the tens comple-
ment of the divisor to the dividend results in
a carry, corresponding to a unit of the quotient,
from the highest order of the group of 15 in PQ
receiving the divisor complement in the column
shift position, to the quotient receiving order
at the left. Thus, in column shift position 2,
the selected group of PQ orders is the group of
orders 18 to 32 and the quotient order is the 33rd
order of PQ,.

The carry operations will take place in the
manner explained before in Section 14q.

In each column shift position as many cycles
of complement entries of the. divisor into the
group of 15 selected PQ orders will take place as

~the number of times the divisor goes into the

dividend or dividend remainder. For each “go”
condition, a carry entry will be made to the PQ
order to the left of the group of 15 receiving the
divisor complement, and the total of these carry
entries will make up the quotient digit obtained
in the column shift position. As long as “go” con-
ditions are present in a column shift position, the
highest order of the group of 15 orders of PQ
recelving the divisor complement will produce a
carry pulse as now understood. This pulse occurs
ab the “12” time in response to the carry operat-
ing pulse C-OP which is produced in the manner
explained in Section 14a¢. Briefly, the pulse C-OP
is produced in response to a “12” pulse gppearing

‘on the line ¢55 (see Figs. 65k and 65i). ‘The pulse

on line a5b renders J28a conductive causing J24
te be cut off and produce the pulse C-OP.

It is clear that the digit entries are completed
before “10” of the cycle. At the “i0” time of

- the cycle a “10” pulse is derived from Al§ (Fig.

65) and transmitted via line ¢l§ to J9 (Fig. 651)
rendering the latter conductive so as to reverse
a trigger Jid. If a carry out from the highest
order of the group of 15 in PQ receiving the
divisor in a column shift position occurs, then Ji4
will be returned and will not cause a shift from
compiement to true transfer operations in the
next primary cycle, but if a carry out is not pro-
duced from said highest order of the group of

“15, Ji4 will remain in reversed status and will

condition Ji8 to respond to a “13” pulse on the
line 5. 'This pulse is produced on line @50 in
the manner described in Section 14¢ and upon
its application to conditioned Ji9 causes JI8 to
conduct and reverse J7. The effect of the re-
versal of J71 will be explained soon. To provide
for the control of Ji4 in accordance with the
carry out condition from the highest order of
the group of 15 receiving a divisor complement
in a column shift position, the following means
are used. Referring to Fig. 64f there are a plu-
rality of tubes 238, one for each order of PQ.
These tubes are successively conditioned in the
sequential column shift positions; that is, the
tubes 230 associated with orders 32 to 4 of PQ are
successively conditioned ir column shift positions
2 to 30. In starting column shift position 2 for
division, the tube 238 associated with PQ order 32
is thus-conditioned by connection of its suppressor
to the terminal CS2. Assuming that there is a
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“go” condition in column -shift position 2, the
carry trigger K32 will be reversed sometime -before
“10” of the cycle and thereby will apply increased
potential, via line kf, to the control grid of the
tube 230-32, now conditioned, As previously de-
scribed in Section. 14a the triggers K are not
restored until “13” of the cycle. Hence, the tube
230-32 will remain conductive until “13” and the
common output kine, 713 of the tubes 230 will be
at decreased potential. Referring to Fig. 65i with
line 713 at decreased potential, it is cutting off J13.
Therefore, J{3 is applying conditioning, potential
to JiT. At the “12” time of the cycle a pulse
appears on a5 in order to cause the carry pulse
C-OF to he produced as previously desecribed.
This “12” pulss is also applied via a capacitor to
JiT and if the Iatter has been ccnditioned in the
manner just deseribed, it becomes conductive and
restores Ji&. Accordingly, JT will not be reversed
at the “13” time.

Assuming that there is a “no go” condition, say
in column shift position 2, then trigger K32 (Fig.
64¢) will not be reversed and will not render
now-conditicned tube 236-32 (Fig. 64/) conduc-
tive. Accordingly, Ji8 (Pig. 658{) will be main-~-
tained at effective control grid potential.  The
suppressor of Ji3 is at increased potential under

control of the line COMP, during a cycle in which:

a complement entry is being efiected into PQ.
Thus, in the absence of a carry from the highest
order of the group of fifteen selected in a column
shift position, Ji3 will be conductive and will
decondition J!7 so that it will net respond to the
“12” pulse on line ¢§3. Accordingly, Ji4 will
remain in the reversed condition in which it has
been put by the “10” pulse on line afé, Wilh
J1§ in reversed statusit enables J18 to he rendered
conductive by the “13” pulse on line a8 and
thereupon to reverse J¥. Upon reversal of J7 it
applies a pesitive pulse by way of a capacitor to
the tube J2 causing the latter to produce 2 néga-
tive pulse on line 42. 'This negative pulse is
applied via a capacitor to the control grid of C27
(Fig, 65e), C271 is conditioned during dividing
by increased potential on its suppressor which is
connected to the “up divide” line. However, C27
is cut off by the negative bias on its control grid,
and the negative pulse from line 72, therefore,
has no effect.

When J7 (Fig. 65) is turned, as previcusly
described, it also makes J€a conductive, causing
J& to be cut off which in furn renders J3 con-
ductive. Accordingly, the line TR is increased in
potential while the line COMP is dropped in
potential, This is the condition for a true number
transfer from MC-DE to PQ and such true num-
ber transfer will occur in the next primary cycle
and will cancel the last complement entry of the
divisor into the selected group of 15 PQ orders in
the column shift position.

Further, when J7T is reversed, it applies in-
creased potential to the control grid of J5. Dur-
ing the dividing calculation the suppressor of J&
is held at increased potential by the “up divide”
line, Accordingly, when J§ has increased control
grid potential applied thereto, it becomes con-
ductive and cuts off JI so that the output 71
is brought to increased potential. Referring to
Fig, 647, the output j{ connects to the control
grids of tubes 231 of which there is one for each
PQ order except the 33rd order. The tubes 23!
related to the PQ orders, in descending succession,
are conditioned sequentially in the successive
column shift positions in the same manner as
explained for the tubes 239. Thus, in column
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shift position 2, the tube 231-32 is conditioned
as well as the tube 238-232. Hence, if in column
position 2, a “no go” condition is found, so that
in the manner described, the output 71 is at in-
creased potential, the conditioned tube 23!-32
will be rendered conductive and its output 232
will be at decreased potential. As a result the
tube 65d (Fig. 64¢) of the associated order 32
will be cut off for a reason which will be explained
below. Also the decreased potential on line 232
cuts off a tube 233, rendering the tube 234 con-
ductive to block the reversal of the related trigger
K32, :

The conditions have now been set up for a
true number transfer of the divisor from MC-DR
into PQ during the next primary cycle. The
addition of the true divisor to the amount now
in PQ necessarily will result in a carry from the
highest order of the group of 15 selected in the
column shift position, unless provision were made
to suppress such carry. It is evident that if a
carry were permitted to occur, it would add a unit
to the quotient digit and this is only desired as
a result of a “go” condition which is not the case
when the true divisor is entered into PQ. The
carry from the highest order of the selected
group of 15 is suppressed because tube 234 . (Fig.
64g) related to this order is being kept conduc-
tive under control of a tube 231 (Fig. 64f), as
explained before. Since 234 remains conductive,
it blocks reversal of K (Fig. 64g) controlled by
this highest order. In the explanation of the
carry means, it was pointed out that if an order
stood at 9 and a preceding order went from 9 to 0
during the entry period of a cycle, then the group
of tubes 65, 65a, 65b and 65¢ (Fig. 64f) associated
with the order at 9 would be effective to apply
inereased potential to the control grid of a re-
lated tube 65d (Fig. 64¢), so that the latter would
produce a negative pulse reversing frigger K of
the higher order. 'This same negative pulse also
is applied to the tube 65b of the still higher order
and cuts off this tube. Should this latter order
also be at 9, its trigger K would be reversed. Dur-
ing a cycle in which transfer is being effected of
a true divisor to PQ, the line 232 associated with
the highest order of the group of 15 recelving
the divisor is at low potential, as previously de-
scribed and effective via 233 and 234 to prevent
reversal of the related carry trigger K. This, of
itself, would not be enough to prevent a carry
entry into the quotient order, if the latter stood
at 9. The highest order of the selected group of
15 would inevitably pass through 9 during the
true add cycle. If a preceding order goes from
9 to 0 at that time or prior thereto in the cycle,
then the tubes 65, 65a, 65b and 65¢ of said highest
order would, unless prevented, render tube 65d
of this order conductive. Although this would
not reverse the trigger K of this highest order,
which trigger now is blocked by the conductive
tube 234, the tube 830 of the quotient order (the
order above the selected group of 15) would be
cut off. If the quotient order stood at 9, then its
trigger K would be reversed and the net effect
would be to effect a carry entry into the quotient
order. This same effect would be produced in as
many successive higher quotient orders as stood
at 9. It is for this reason that, during the true
add cycle, the carry suppression line 232 not only
is connected to tube 233 to cause tube 234 to
block reversal of the frigger K of the highest
order group of 15, but is also connected to the
suppressor of 65d associated with this highest
order. This tube §5d therefore is held at cut-off
to prevent its pulsing tube 650 of the quotient
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order. In other words, if it should happen that
the quotient receiving order above said highest
order in the selected group of 15 is at 9, during
the true add cycle, then the carry-through-9 to
this quotient order will not be effected. = This
prevents an incorrect quotient from being reg-
istered. ‘

At “12” of the true add cycle, a positive pulse
again appears on line a55 and is applied via a
capacitor to the control grid of Ji7 (Fig. 657).
Although the line 713 (Fig. 64f) remains at high
potential and does not manifest a carry from the
highest order of the selected group. of 15, during
the true add cycle, the tube JI3 (Fig. 65i) is at
cut-off because the connected line COMP is.now
at low potential. Accordingly, JI3 is non-con-
ductive and conditioning Ji7 at the time that the
“12” pulse is applied thereto. Hence, JIT be-
comes conductive and returns J{4 which was re-
versed as a result of a “no go” condition detected
during the complement add cycle preceding a
true add cycle. Since Ji4 is now returned, it is
deconditioning J10 and instead is conditioning
JIL.  Therefore, the “13” pulse on line a50 is
effective to render J11 conductive so as to restore
J1. Upon restoration of JT it cuts off J 8a, so that
J8—J8a is then effective via J4 to return the line
TR to reduced potential and the line COMP to
increased potential. This is the condition for a
complement entry which will be effected in the
next cycle.  Further with J7T returned, it is de-
conditioning J6 so that the line J1 will not be
at high potential and carry suppression will not
occur during the ensuing complement add cycle.
Still further, upon the return of J1, it applies g
negative pulse to J2 'which in turn sends out a
positive pulse along line j2 to the tube C21 (Fig.
65e). This tube, being only conditioned during
dividing, becomes conductive and cuts off C22 so
as to cause C21 and C25 to produce a negative
pulse CSS on the input line ter of the tertiary
(column shift) timer, thereby advancing the col-
umn shift means to its next position. Accord-
ingly, during the next and following cycle or
cyeles the divisor will be transferred to a group
of 15 PQ orders to the right of the group of 15
orders selected in the preceding column shift
Dbosition. ‘ ‘

It should be noted that each time a pulse CSS
is produced as a result of C21 and C25 being
made conductive by ‘C22 being cut off, a tube C26
also is made conduective to produce a negative
pulse HC.CTR for a reason which will be made
clear later.

‘When column shift position 19'is reached, the
divisor entry will be made into PQ orders 1to1b
(see Pig. 66A). In the next column shift posi-
tion 20, the divisor will be entered in PQ ‘orders
1 to 14 so that the units order digit of the divisor
will be-lost. This makes no appreciable differ-
ence in the ultimate quotient result because at
best ‘only a 19-place quotient will eventually be
sent to a receiving -unit, namely an electronic
storage unit. Since the maximum size of the

dividend is 14 places, it is evident that the maxi- .

mum number of places in the integral portion of
a quotient is 14. The integral l4-place portion
of the quotient will stand in PQ orders 20 to "33.
During the entry of a quotient digit intoc PQ
order-20, the column shift means will be in posi-
tion 15. It follows that the quotient digits ob-
tained in the lower PQ orders will be the digits of
a decimal fraction. In column shift position 20,
the quotient receiving order is order 15, which
means that the quotient digit in order 15 is of
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magnitude %10-5. Thus, any possible error re-
sulting from the dropping of -the units order of
the divisor from consideration in the-dividing op-
eration in column shift position 20 will make 1o

- appreciable ‘difference in the ultimate quotient

result. It is clear further that in column shift
bosition 21, the units and tens places of the di-
visor will be dropped from consideration in the
dividing operation and so on for the successive
column shift positions, as far.as cclumn shift po-
sition 30 where only the four highest orders of
the -divisor will be used in the dividing calcula-
tion. However, to minimize the error, no matter
how inappreciakle, in dropping the lower places
of the divisor during the successive column shift
positions starting :from column shift position 20,
the tens complement of the remaining. portions
of the:divisor are entered during the complement
add cycles. .As long as the units digit of the
divisor is being transierred to a PQ order, the
tens complement of the divisor is taken care of
by reversing the trigger "TC (Fig. 64c¢) associated
with the first-order of MC-DR, at the “0” time
of the complement add cycle. After the units
place of the.divisoris dropped from consideration
in the ‘dividing -operations, the tens complement
of the remaining portion of the divisor is taken
care of by an elusive one circuit. Referring to
Fig. 64e, when column shift position 20 is reached,
the increased potential on column shift line CS20
is-effective to render a tube 248 conductive, there-
by reversing a trigger 241. This trigeer will Te-
main in reversed status until reset under control
of ‘the -cancel circuit MDC (Fig. 65¢) at the be-
ginning of the next multiplying or dividing cal-
culation. With trigeer 241 (Fig. 64e) reversed,
it is cutting off 242. During the complement add
cycles, the line TR is at reduced potential, as now
understood.” This line has a connection to the
tube 243 and cuts it off. The couple 242—243 is
therefore effective to condition 243 during com-
plement cycles occurring in the 20th and further
column shift positions. With 244 conditicned it
is responsive to a “0” pulse on line ¢!7 and be-
comes conductive so as to apply a negative pulse
to the first order line 2{5-1. This line carries
the negative pulse to the tube 215 (Pig. 6471) ng-
sociated with the first. PQ order, causing the Jat-
ter to be cut off. As a result the related tube 241
becomes conductive and applies the elusive one
entry pulse to the first order of the PQ register.

The sigh mixing operations for the dividing
calculation are the same as for the multiplying
calculation and need not be described. The
termination of the dividing calculation is under
control of a column shift number registering
counter DCS (Fig. 65a). The conirol varies
according to whether or not half correction is
called for. "Termination of the dividing calcula~-
tion also may be effected .under control of a so-
called disappearing divisor detecting means.
When the divisor has been shifted so far to the
right that the portion thereof which is entering
into PQ orders is zero, successive carries will be
effected to the quotient receiving order in the
particular column shift position and a “no carry”
condition will not be reached. In other words, if
the divisor is 0 its tens complement will be en-
tered and will produce a carry into the quotient
receiving order. Actually, this will be produced
in the following manner. Ten pulses will be ap-
plied to the first order of PQ and nine pulses will .
be applied to the orders to the left of the first
order. Since the first order goes through a value -
cycle, in response to the ten applied pulses, car-







