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The present invention relates to information processing
apparatus and more specifically to an electronic calcula-
tor for performing various computational steps rapidly
and in accordance with predetermined programs. _

While the electronic computing art is relatively new,
a number of electronic data processing systems have
been designed and constructed during the past decade.
Operational experience with these machines has estab-
lished their great utility but has also disclosed a number
of difficulties. Reliability has in many instances been
lower than is necessary for commercial applications, and
ease of programming and set-up has generally been sacri-
ficed to achieve a high degree of flexibility.

It is @« primary object of the present invention there-
fore, to provide an improved electronic data processing
system that is highly flexible and versatile and is yet easy
to program and set-up for various calculating operations.

Other objects of the invention are:

To provide an electronic calculator that will perform
result checking operations as an integral part of each
step without complicated programming on the part of
an operator. ) :

To provide a highly reliable electronic caloulator
which checks the result of each arithmetic calculation
by performing a complementary operation using the
result and both of the original factors.

To provide an electronic calculator having a novel
means for maintaining decimal point control during cal-
culating operations.

To provide an electronic calcnlating system wherein the
location of decimal points within data storage locations
can be established by simple switching operations.

To provide an electronic calculating system wherein
any computational or output control step may be caused
to follow any other computational or output control step
by means of simple switching or plugging.

To provide an electronic calculating system with novel
means for halting calculation at predetermined points.

To provide an electronic calculating system in which
the data transfer rate to and from an input-output unit
is variable and is controlled by the calculator.

To provide an electronic calculator wherein the isolat-
ing diodes comprising signal buffers have properties of
amplitude discrimination.

Other objects of the invention will be apparent from
the following description and from the drawings.

In the preferred embodiment disclosed herein, input
data. are received from punched cards and output data
are recorded in punched cards. The invention is equally
applicable, however, to computing systems using other
forms of input and output such as, for example, magnetic
or electrostatic storage.

Attention is directed to a mnumber of patents and co-
pending applications of Loring P. Crosman that disclose
and claim certain improved equipment components em-
ployed in the present invention.

Patent No. 2,512,851 claims a novel pulse generator.

Patent No. 2,585,630 claims a movel digit shifting
circuit, '

2 .

Patent No. 2,563,102 claims an improved digit in-
dicator. . i -
Patent No. 2,579,174 claims a novel electronic ac-

. cumulator.
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Application, Serial No. 83,378, now Patent No. 2,706,-
597, claims an improved carry impulse generator.

Application, Serial No. 112,621, now Patent No,
2,676,249, claims a novel discharge tube isolation circuit.

Application, Serial No. 116,991, mow Patent No.
2,750,114, claims a novel reversible accumulator.

Application, Serial No. 154,407, now Patent No.
2,700,503, claims an apparatus for multiplying.

Application, Serial No. 180,389, now Patent No.
2,693,593, claims a novel decoding circuit.

Application, Serial No. 233,002, now Patent No.
2,780,408, claims an improved electronic accumulator.

Application, Serial No. 248,013, now abandoned, claims
an improved circuit for dividing.

In the drawings:
Fig. 1 is a block diagram of the system showing the
various units comprising the calculator.

Fig. 2 shows the various chassis comprising what is
referred to as the front of the calculator. ‘

Fig. 3 shows the various chassis comprising what is
referred to as the back of the calculator.

Fig. 4 is an aid in explaining the block schematic
representation used in some of the following figures.

Fig. 5 is a schematic diagram of a typical D.C. am-
plifier used in the calculator,

Fig. 6 is a schematic diagram of a typical positive pulse
amplifier used in the calculator.

Fig. 7 is a schematic diagram of a typical negative
pulse amplifier used in the calculator. .

Fig. 8 is a -schematic. diagram of a typical cathode
follower used in the calculator.

Fig. 9 is a schematic diagram of a typical gate used
in the calculator. :

Fig. 10 is a schematic diagram of a typical Schmitt
trigger used in the calculator.

Fig. 11 is a schematic diagram of a typical conven-
tional trigger used in the calculator. .

Fig. 12 is a schematic diagram of a typical flip-flop
used in the calculator. o

Fig. 13 is a schematic diagram of a typical flip-flop
clamper used in the calculator. .

Fig. 14 is a schematic diagram of a typical cathode
clamper used in the calculator.

Fig. 15 is a schematic diagram of a typical step trigger
and gate used in the calculator.

Figs. 164 to 16f, taken together in the manner of Fig.
16g, show schematically a typical Accumulator (ACC)
chassis.

Figs. 17a to 17d, taken together in the manner of
Fig. 17e¢, show schematically the Base Control (BCL)
chassis. .

Figs. 18a to 18f, taken together in the manner of Fig.
18g, are a block schematic of the Control (CTL) chassis.

Figs. 19a to 194, taken together in the manner of
Fig. 19g, are a block schematic of the Decimal Control
(DCL) chassis, . .

Figs. 20a to 20f, taken together in the manner of Fig.
20g, are a block schematic of the Decimal Counter (DCR)
chassis.

Figs. 21a to 21d, taken together in the manner of Fig.
21le, show schematically a typical Input-Output (I-O)
chassis.

Figs. 22a to 22d, taken together in the manner of Fig.
22e, show schématically a typical Keyboard Bias (KB)
chassis. :

Figs. 23a to 23f, taken together in the manner of Fig.
23g, are a block schematic of the Multiplication-Division
(MD) chassis,
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Figs. 24ato 24d, taken together in the manner of Fig.
24e, are a block schematic of the Ouiput Control (OCL)
chassis.

Figs..25a to 25f, taken together in the manner of Fig.
25g, are ‘a block -schematic - of the Zero Factor. (¢F)
chassis. .

Fig. 26 is-a block schematic’ of the Regulator (REG)
chassis: :

Figs..27a 10 27¢c, taken together in the ‘manner of Fig.
27d; are a block-schematic of the Registration Impulse
Generator (RIG) chassis.

Fig.' 27e shows the arrangement of ‘Figs. 27¢ through
27d.

Figs. 28a to 28c taken together in the 'manner of
Fig. 284, are-a block schematic of the Sign Bias (SB)
chassis.

Figs.-29a to 294, taken together in the manner of Fig.
29, are a block schematic of the Step Control (SCL)
chassis. :

Figs. 30a to 30f, taken together in the manner of Fig.
30g, show schematically a typical StepSequence (SS)
chassis.

Figs.' 31g and 315, taken together in- the manner of
Fig. 31c, show schematically a typical Storage (ST)
chassis.

Figs. 32a to 32d; taken -together in.the ~manner of
Fig. 32¢, are a block -schematic of a-typical Storage Set
(STS) chassis:

Figs. 33ato 33c, taken together in: the manner of Fig.
33d,.are a block schematic of the Storage Zeroize (STZ)
chassis. ‘

Figs. 34a to 344, taken together in the manner of Fig.
34e, are-a block schematic of the Test Counter (TCR)
chassis.

Figs, 35a to 35p, taken together in the manner of Fig.
35q, show the chassis units comprising the front of the
accumulator and some -of -the interconnections between
these chassis.

Figs.:36a to. 361, taken together in'the ‘manner of Fig.
36m,. show -other interconnections between the . chassis
units comprising the front of the accumulator.

Figs. 37a to 371, taken together in the manner of Fig.
37m, show the chassis units comprising the back of the
accumulator and some of the interconnections: between
these .chassis.

Figs. 38a to 380, taken together in the manner of
Fig. 38p, show other interconnections between the chassis
units comprising the back -of the accumulator;

Figs. 39a to 39/, taken together in the manner of Fig.
39m, show still other interconnections between the chassis
units comprising the back of the accumulator.

Figs. 40a to 40, taken together in the manner of Fig.
40m, show some of the interconnections between the
chassis units comprising ‘the front and back of the ac-
cumulator. )

Tigs. 41a to 414, taken together in the manner of Fig.
41e,are an aid to explaining the bran¢hing operation.

Figs. 42a and 42b; taken together .in the manner. of
Fig. 42¢, show the physical arrangement of the plugboard.

Figs. 43a and 43b, taken together in the manner of
Fig. 43c, show some of the connections between the plug-
board and the Keyboard Bias (KB)- chassis.

Figs. 444 1o 44e, taken together in the manner of Fig.

44f, show certain other connections between chassis units:-

and. the plugboard.
Figs: 45a-and 45b, taken together in the manner of
Fig. 45¢; show the physical layout of the neon mixer board.
Figs. 46a to 46f, taken together: in the manner. of Fig.
46g, show certain- interconnections between the ‘constant
switches and the neon mixer board.
Figs. 47a to. 47f, taken together in the manner of Fig.
47g, show the-test panel. ‘
. Figs. 48a to 48d, taken together in the manner of Fig.
48e; show schematically ‘the punch:. control circuits.
Fig. 49 shows a typical set of sensing and punching
connections.
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Fig. 50 shows the minus neons associated with storage
locations. .

Fig. 51 shows:the pulses generated by the Registration
Impulse Generator (RIG) chassis.

Fig. 52 shows in tabular form, the functional require-
ments of the input translating apparatus.

Fig. 53.is an' aid to explaining the operation of the
output translating apparatus,

Fig. 54a shows the manner in which ‘a decimal point
location is associated with numbers.

Fig. 54b is a table useful in explaining Fig. 54a.

Fig. 54¢ shows a:typical switch for establishing ‘decimal
point location. :

Fig. 55 shows the means for selecting one of -a number
of storage locations.

Fig. 56 shows the means for selecting one of a number
of groups of input data.

TFig. 57 shows the means for selecting a particular
data storage location.

Fig. 58 is a tablé useful in explaining the operation of
the Decimal Counter (DCR).

Fig. 59:is'an aid in explaining the registration of the
factor called the minidend at the beginning of each step.

Fig. 60 is an aid in explaining the addition and subtrac-
tion steps.

Fig. 61 is an aid in explaining the multiplication step.

Fig. 62 is.an aid in explaining the division step.

Fig. 63 is an aid in explaining the operation of the
zero factor check circuits.

Figs. 64 to 183 are schematic diagrams-of the various
types of component assemblies shown as blocks in the
block schematic diagrams.

While the preferred. embodiment described herein com-
prises two physical units, a calculator and a reproducing
punch, with cable interconnections between the units, only
the calculator unit is 'shown and described in detail. ‘Only
the control elements of the reproducing punch -unit are
shown in detail. The card handling, sensing and punch-
ing mechanisms are not shown since they are well known
in the art. For: the same reason, the details of power
supplies uséd in the apparatus have not been shown.

Fig. 1 is a block diagram of the system showing the
general interrelation between its various: elements.  The
apparatus comprises three major units or groups of ele-
ments. In the input-output unit data are read from and
result data are recorded in conventional punched cards.
In the data processing and storage unit input data are re-
ceived and result data generated and stored for transfer
to output.: In the control unit, control signals for all ele-
ments of the system are generated and the sequence of
data transfers.and processing operations is thereby con-
trolled.

The input-output unit comprises a card sensing station,
a card punching station, card handling means (not shown)
and card control means. All hole positions:in a card are
sensed. simultanecusly -by a plurality of sensing pins- at
the card sensing station and all holes to be punched are
punched simultaneously at the punching station. Data are
represented in cards by means of the well known code
referred to as the “90'column code.”

In the data processing and storage unit the basic com-.
ponent is an ¢lectronic accumulator capable of registering
22" decimal digits." ‘Each order. of the accumulator is of
the biquinary. type -and the accumulator is conditionable
either to add or subtract input data from its previous-con-
tents. Its entire contents may be shifted any desired num-
ber of places in the direction of ascending. significance,
data from the highest order being shifted back to the lowest
order.

The:accumulator receives input data from three differ-
ent sources via an input buffer and input translator. -In-
put: data. may be transferred to-the -accumulator either
from the card sensing station, result storage; or from con-
stant storage. . Data from each of these sources appear at:
the input buffer -as combinations. of static -potentials ‘and
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appear similarly at the input translator. - In the input
{ranslator, input data are translated from static potentials
in the 90 column code to pulse sequences in the bi-quinary
code and transferred in parallel to the ten least significant
accamulator orders. In the accumulator data are ap-
propriately shifted, registered, added and subtracted to
produce a result and check its accuracy. The accumulator
contents are then translated to the 90. column code ‘and
transferred to result storage for eventual transfer to card
punching or for reuse as a factor in a subsequent computa-
tional step.

In the control unit, each of the elements shown, except
the plugboard, consists of a single chassis or a number of
similar chassis. The primary function of each of the con-
trol elements is described in the following paragraphs.

The plugboard permits the manual éstablishment of a
program of operational steps for any calculating run.
Each step consists of performing one of the four basic
arithmetic operations, checking the result, transferring the
result to storage and initiating a next step or an output
control operation appropriate to the algebraic sign of the
result. Fig. 42 shows the physical arrangement of the
plugboard and the connections for a typical step. Con-
nection 4201 establishes that the computation will start
with step 5. Connection 4202 establishes that the process
in step 5 will be division. Connection 4203 establishes
that the number in storage location B will be the divisor
(storage locations A-J are card sensing). Connection
4204 establishes that the number in storage location K¢
will be the dividend (storage locations K-M are con-
stant storage). Connection 4205 establishes that the re-
sult is to be stored in storage location S (storage locations
P-Y are result storage). Connection 4286 establishes
that step 6 is the next step if the result is positive. Con-
nection 4207 establishes that the card should be sorted
into- a special receiving hopper when it is subsequently
released from the sensing station.  Connection 4208 es-
tablishes that step 11 is the next step in the program.
Connection 4209 establishes that when the result of any
step fails to check, that step, rather than the entire pro-
gram, will be started again. The foregoing example illus-
trates the simplicity and flexibility of programming and
will facilitate the explanation of the functions of the con-
trol elements. The elements of the control unit shown in
Fig. 1, perform the many functions necessary to carry
out the steps and card control operations specified by the
plugboard connections. i

The step sequence chassis are closely associated with
the plugboard and serve to energize the input lines of the
plugboard in order to give effect to the plugboard con-
nections. The step sequence chassis contain among other
things =a series of triggers stages associated with each of
the 40 plugboard steps. While any given step is in
progress, its associated triggers in the step sequence
chassis are set in sequence to sequentially energize the
various input lines to that step on the plugboard. ~The
outpuis of these triggers are effective, via the plugboard
connections, to control data transfers and shifts to pro-
duce, check, and transfer to storage the desired result.

The keyboard bias chassis perform the function of en-
abling data transfer from a selected one of the various
daty storage locations. These chassis receive signals
(static outputs) from the plugboard calling for data from
a particular storage location and in respomse thereto,
establish enabling potentials at the selected storage loca-
tion so that the desired data are caused to appear as com-
binations of static potentials at the input translator via
the input buffer or mixer.

The keyboard bias chassis can select any one of 9
groups of digits from the card sensing switches (storage
Jlocations A-J), any one of 20 groups of digits from the
constant storage switches (storage locations K;-Ks,
L-L;, M;-M;, Ni-N;) or any one of the 8 groups of digits
from the result storage relays (storage locations P-Y) in
response to output signals from the plugboard,
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. In addition to enabling the transfer of groups of digits
from selected storage locations, the keyboard bias chassis
also enable the transfer of decimal point location data
from the decimal switches associated with each storage
location to the decimal counter. Whenever the transfer
of a number is enabled the transfer of the data specify-
ing its decimal point location is also enabled.

The registration impulse generator supplies pulse
groups to the input translator over six lines in response
to actuating signals from other control elements. = These
actuating signals occur whenever a number-is to be reg-
istered in the accumulator. First the storage location
containing the number is selected by the plugboard out-
put and keyboard bias chassis and then the registration
impulse generator is actuated to effect the actual transla-
tion and registration.

The decimal counter chassis controls the shifting of the
accumulator contents and the alignment of decimal
points. It includes = shift impulse generator that fur-
nishes shift numbers from the accumulator to result stor-
age count. The counter is eutomatically  pre-set by
decimal point location data at the same time any data
transfer is enabled.

The sign bias chassis conditions the various accumula-
tor orders to add or subtract in combinations appro-
priate. to the operations being performed. The 22 ac-
cumulator orders are designated 1A-11A and 1M-11M
in order of ascending significance. Data transfer are al-
ways made to or from orders 1A-10A, To add positive -
or subtract negative numbers, the sign bias chassis condi-
tions all 22 accumulator orders to add. To subtract posi-
tive or add negative numbers all accumulator orders are
conditioned to subtract. -During multiplication all orders
except the highest one, 11M, are conditioned to add and
11M which contains the multiplier digits in sequence is
conditioned to subtract. During division, orders 1A to
11A are normally conditioned to subtract since the A sec-
tion receives the dividend in the repeated division process
and the other orders IM to 1IM are conditioned to add
since these orders receive signals indicating each subtrac-
tion of the divisor. During restoration of the dividend
after an unsuccessful subtraction, orders 1A to 11A are
conditioned to add and orders 1M and 1IM are condi-
tioned to subtract.

The function of the sign bias element is to condition
the accumulators appropriately as outlined above during
cach of the types of operation. To perform this func-
tion, it receives control signals from other of the control
elements to specify the arithmetic process to be per-
formed, the sign.of operator involved and whether, in the
case of division, subtraction or restoration of the divisor
is to be made.

The storage set element controls the transfer of result

data from result storage to the card punch actnators at

the completion of calculations.

The storage zeroize elements control the clearing of
the result storage relays.

The base control element exercises direct control over
the card control element in the input-output unit. The
base control element in turn, receives control signals from
the plugboard outputs via the output control element. '

The test counter controls the halting of calculation at .
predetermined points established by the setting of
switches.

The zero factor chassis detects zero divisors during divi-
sion and governs the card control in accordance with a
switch setting. ’

The other chassis including control, step control,
decimal control, multiplication-division, and regulator
chassis perform other specialized control functions that
will be explained in the course of the operational descrip-
tion to follow.

The chassis units comprising what is referred to as the
front of the calculator are shown in Fig. 2 and those com-
prising what is referred to as the back of the calculator
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are shown in Fig: 3. These chassis are listed alphabeti-
cally in the following table: which shows the number of

H. Left and right sections of tube defined as follows:

chassis in each type and the abbreviated -chassis desigiia- o Left Section Right Section
tion wsed in the following descriptions. ‘Tube type — .
: 5 K l.g| P |KLa|®
Name of Chassis Abbreviated Designation Number I )
Required 5964 7 5 2 7 6 1
6AL5 g 5 D I N 7
Accamulator ACC (14) 6 ACC (1M)_.i.o. 2 - : — —
Bg;%r‘;"]n”"‘ cg}f ______ t1o A. Standard - notations - on block - schematics . (see
Decimal control DOL 1 Fig. 4):
Decimal counter- ......o.._. DOR... i cillill 1 R
Input output...coo____..__-_ I0~1to L0=10.. . 10 RP——right plate
Keyboard bias........_...... KB-1t0 KB-4.oco L. 4 LP-:eft plate .
Multiplcation division MD i ; pial N
Output-control 0oCL, Lo RA~tap point on RP resistor
et %F]:;G ______ 116 LA—tap-point on LP resistor .
Registration impulse gen- | RIG 1 RC—righ capacitive input
sjgﬁa%‘if,; OB i LC—left capacitive inpu.t .
ggep control.. SSI('H) o R 15 RD-—tap point on. RI divider
Storga e I ST (P-1) 0 ST (Y-8 4 oo LD—tap point on LI divider
Sgorage set--i ----------------- g%‘g—l and ST8-2-.25. sl f RI—right D.C. input
'Q1Z¢e. /s, T C e
Te%ll;aggu%etrer --| TCR 1 LI““le?t DC input
RB—right bias
The details of each of the above chassié are shown in LB—Ieft bias
Figs. 16-34.. Where more than one of a particular type g5 = B. A small “D” in upper left corner designates a diode
of chassis is used, a typical one is shown in detail. . tube is -used.
Some of the chassis are shown schematically while C. A small" “P” in upper - left: corner. designates a
others are: shown din block schematic notation.  In the pentode tube is used.
block schematic notation, the smallest component element D. A small-“IN” in upper left corner designates no tube
shown is.a stage which consists usually of a double triode g¢ is used. ‘
(type 5964) or a double diode (type 6ALS5) and.asso: E. All-numbers on block schematics refer to stage pin
ciated circuit elements housed in a common. can assembly. connection, S .
The block schematic system ‘of notation is as follows: F. Tube pin numbers are not shown in block sche-
GNATION ., matics. . SRR
STAGE TYPE: DESIGNATI ... 35 . G. A number in the RP; LP, or K location genérally
A. One or two letters and a number are used to specify indicates a stage connection which also connects to the
the stage types. The letters represent a general stage type corresponding tube point.
and -the number represents a ‘variation :of that general H. Lack of a number in-any location indicates a con-
stage -type.. Schematic diagrams of each stage type are nection to the tube only.
shown in Figs. 64 to 183 which are in alphabetical order 40 I. If two leads connect to the same location; the num-
according to stage type.- bered lead is the stage pin comnection, and the un-
B. Letter definitions: numbered: lead is the tube pin connetcion.
: Y. Any bias-return to other than-the standard voltage
Letter Stase Notes is specified at the bias position.
© - < 45 K. A-small “T” in upper left corner designates a thyra-
. tron is. used.
Aseor Pulso ampliflersso-.e Ggr?sé%tpuegﬁte%. 197 apless other- The individnal ‘stagés comprising the ‘various chassis
A.C. cathode follower. .. y i ‘ i i ; shabeti
: D.C.?ﬁnp?iﬁeero phidinhd Divider. return to —150 v. unless are listed alphabetically in the.v follf) wing Alp habem.:a"l
otherwise specified. - . Index of Stages. The type designation shown: opposite
i — Do 50" each stage name specifies the assemblage of electrical ele-
D.C. cathods follower.... Do. ments.comprising the stage, each type being shown sche-
piter. matically-in one of Figs. 64183, which- are arranged
ultivibrator. . L >,
Regulator. ... 4 alphabetically by stage type. The chassis code opposite
Miscellaneous. . --2--+- A tage mot defined by other  each stage name designates the chassis of which the named
Schmitt triggeri_.. ... . 55 stage is a part, each chassis being shown schematically
gflgg“ Designates a tube with o associ- or in block schematic form in one of .Figs. .16—34, which
ated stage. are arranged: alphabetically by chassis: designation,
--------------------------- Designates unused stage section. For example, stage CA is seen to be of the type desig-
nated DD-8.: In accordance with the stage type notation
C. Combination of letters denote combinations of 60 described above, this stage is 2 D.C. amplifier. :The sche-
various stage types. - Some examples follow: matic diagram for the stage is shown in Fig. 94, The
index: .also shows the stage to-be a part. of the decimal
(1) GG—double gate ; counter (DCR)’ chassis- which is shown in block sche-
(2) DA—D.C. amplifier and A.C. amplifier matic form in Fig. 20
(3) L(—)—single limiter Tehe |oTmLin Mg 2 i
1) (A singg le A.C. amplifier 65 Information regarding any stage named in the follow-
TS v S AP ing descriptions may be found in a simiilar manner.
(5). S—Schmitt trigger g 4 v
D.. Left letter. designates section of stage used with Alphabetical index of stages
left tube section. :
E. Right-letter “designates “section-of ‘stage used with 70 Stage Name Stage Type Chassis Code
right section of tube. -
F. -Single -letter with dash designates stage designed ACC
to be used with half section ‘of tube. gg
G. Single letter: designates. both sections -of stage and glg

tube used for asingle function::
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Stage Name Stage T'ype Chassis Code
F-1 oF
X oF
RC-17 oF
DD-1 $F
DD-7 oF
-1 ¢F
F-3 oF
RC-13 oF
T-1 3
T-5 2
AA-2 ol
T-1 oF

Figs. 5-15 show schematically a number of basic types
of electronic components used in the calculator. While
various circuit modifications of each type are described in
the stage schematics (Figs. 64-183) the principles of op-
eration of each type apply to modifications of the type as
well and are described in the following paragraphs.

Fig. 5 shows a typical D.C. amplifier used in the cal-
culator. The grid of this tube is returned to —150
and when the D.C. input is low the tube will be cutoff.
As the D.C. input is raised the plate will conduct, causing
a drop in plate voltage. This condition will exist as Jong
as the D.C. input is raised. When the D.C. input is
again lowered the grid will be cut off and the plate voltage
will rise.

Fig. 6 shows a typical positive pulse amplifier used in
the calculator. The positive pulse amplifier is used for
isolation and polarity reversing. The grid is biased to
cutoff. A positive pulse at the input will cause a pulse
of current which will produce a negative pulse at the
plate.

Fig. 7 shows a typical negative pulse amplifier used in
the calculator. The negative pulse amplifier is used for
isolation and polarity reversing. The grid is returned to
4-150 and because there is some grid current the grid
will tend to stay at zero potential. An incoming nega-
tive pulse will drive the tube to cutoff and produce a
positive pulse at the plate.

Fig. 8 shows a typical A.C. cathode follower used in
the calculator. The cathode follower is used as an im-
pedance changer to provide a low impedance driving
source from a high impedance input. A positive pulse
at the input will cause a pulse of current to flow pro-
ducing a positive pulse at the cathode.

Fig. 9 shows a typical gate used in the calculator. A
gate is a circuit which allows positive pulses to pass when
the gate is open (D.C. input up) and blocks them when
the gate is closed (D.C. input down). The output pulse
from the plate is negative. With the gate closed the arid
is biased way below cutoff through resistor R. If a
positive pulse is applied to the grid it will not raise the
grid voltage sufficiently to allow the plate to conduct.

When the gate is open the D.C. input is raised and the:

grid voltage is held a little below cutoff. When a posi-
tive pulse is applied it will drive the grid voltage to zero

" and allow the plate to conduct, to give a pulse of current
which will give a negative pulse at the plate.

Fig. 10 shows a typical Schmitt trigger used in the cal-
culator. A Schmitt trigger circuit is a form of trigger
circuit which is controlled by a D.C. input. =~ Assume
plate 1 conducting with the D.C. input sufficiently low
to cutoff grid 5. As the D.C. input is raised a voitage
will be reached where grid 5 allows plate 2 to conduct.
Plate 2 conducting will pull down the voltage on the
right divider and drive grid 6 negative. Grid 6 going
negative will reduce the current through plate 1 and raise
the voltage on the left divider. The A.C. component
will be coupled through C to raise grid 5. This is 2
regenerative action which ends up with grid 6 cutoff
and plate 2 conducting. This regenerative action, due
to the constants of the circuit, will occur within a few
microseconds. This condition will remain as long as the
D.C. input remains up. When the D.C. input is dropped
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the circuit flips back into its original state with grid
5 cutoff and plate 1 conducting. This Schmitt frigger
is used to form a slowing rising D.-C. input into a sharply
rising wave front. -

Fig. 11 shows a typical trigger circuit used in the cal-
culator. A trigger circuit is one which has two stable
states. When plate 1 is conducting it will maintain grid
5 below cutoff through the left hand voltage divider.
Likewise plate 2 will maintain grid 6 at zero.. In its other
stable state plate 2 conducts, grid 6 is cutoff, and plate i
maintains grids 5 at zero.” A negative pulse applied to the
input will cause the circuit to change from one stable
state to the other. .Magazine article in Electronics, July
1945, p. 110, will give more details as to the operation
of this circuit.

Fig. 12 shows a typical flipflop or univibrator used
in the calculator. A flip-flop circuit is used as a pulse
delay circuit, the delay being determined mainly by the
time constant of R and C. In rest position plate 1 is
conducting, since grid 6 is connected to 4150 through R,
and grid current through R holds the grid at zero po-
tential. When a negative pulse comes in it will drive
grid 6 negative. Grid ¢ going negative will reduce the
current through plate 1 and raise the voltage on the left
divider. ‘This will be coupled back to raise grid 5. Rais-
ing grid § will allow plate 2 to conduct. This will drop
the voltage on plate 2 and since C cannot charge quickly
the voltage on grid 6 will drop. This is a regenerative
action which takes place in a few microseconds and ends
up with grid 6 cutoff, plate 2 conducting and C with its
original charge. C will now discharge through R .at a
rate determined by Time Constant until grid 6 becomes
sufficiently positive to allow plate 1 to conduct and the
circuit will flip back into its original state with grid 5
at cutoff and plate 1 conducting.

Fig. 13 shows a typical flipflop clamp used in the
calculator. Flip-flops EPZ, PAD, MS, DEA, DCCD,
¢FZD are clamped by EZ during BS, B2 zeroize to pre-
vent accidental tripping by transient pulses caused by the
zeroizing operation.

Fig. 14 shows a typical cathode clamping circuit used
in the calculator. A type INGS5 germanium diode is used
to prevent the cathode of the triode from dropping below
ground potential. The diode conducts whenever the
cathode of the triode falls below the potential at which

_ the anode of the diode is maintained.

Fig. 15 shows a typical step trigger and gate used in the
calculator. The elements shown are part of a typical step
sequence chassis. The ESI pulse through diode (1, 2)ED
sefs the trigger (2)ES causing it to conduct on the right
providing the triode EBP, EBM is conducting when the
pulse ESI arrives. This circuit is used extensively in
the branching facilities of the step sequence chassis which
will be described later. .

Before proceeding to a description of the various
chassis comprising the control unit (Fig. 1), the chassis
comprising the data processing and storage unit will first
be described and their relation to the card sensing and
card punching apparatus will be discussed. Briefly, the
functions and organization of these chassis are as follows:

All actual modifications of data cccur as either addi-
tions or subtractions in the 22 order accumulator. In-
put data are transferred to the 10 least significant orders
of the accumulator via an input buffer and input transla-
tor from three distinct data sources, namely, card sensing
switches, constant storage switches, and result storage
switches. Numbers are represented in each of these three
groups of switches in the conventional “Powers” or “90
column” code (combinations of 5 bi-valued manifesta-
tions). The switches deliver combinations of static po-
tentials representative of digits to an input translator via
an input buffer which serves to isolate the various storage
switches. In the input translator the static potentials
representative  of each digit are translated to a bi~
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quinary pulse group. The pulse group representative of
each-digit is delivered over two lines ( ong binary and one
quinary) -to-one order of the accumulator where it is
either added to or substracted from the previous content
of .the accumulator order. - Final result digits. generated
in the accumulator orders.are delivered as static potentials

to an output translator which. translates the bi-quinary

static petentials to “Powers” code static potetitials. - The
translated potentials are delivered to resuli storage where
they selectively energize result storage relays to store the
digits of a result.. Once stored in the result storage relay
a mumber may be transferred to card punching actuators
in the card handling wnit or may be fed through the input
buffer and input translator to the accumulator as a. factor
in a subsequent calculation,

ACCUMULATOR

Since the accumulator is the basic data processing ‘ele-
ment of the machine, it will be described first as a basis
for subsequent descriptions of the - other elements.

The - accumulator - consists - of - twenty-two seéparate
chassis designated 1A to 11A and IM to 11M (Fig. 3).
Each of these chassis - contains a ‘reversible bi-quinary
decade counter together with carry-circuits; shift cirenits,

and indicator-circuifs. ~ All twenty-two chassis are identi- -

cal except for a few minor differences that will be pointed
out later. A typical accumulator chassis: will first. be
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described with reference to Fig. 16 which is a schematic -

circuit diagram of chassis 2A.

The chassis contains 21 stages. ~Of these, seven stages
designated T are bi-stable triggers comprising a portion
of the bi-quinary counter and its associated carry irigger
(TC). -Seven other stages designated R are gating ampli-
fiers which selectively interconnect the counting triggers T
for adding or subtracting; each of these stages R includes
two  separate “gating amplifiers one of ‘which“is  enabled
during addition and the other of which is enabled during
subtraction. = Six stages designated S are shift gates cou-
pling their associated counting triggers T with correspond-
ing counting triggers of the next lower order accumulator
chassis; each of these gate stages S includes two separate
gates—one. for turning the associated trigger on and the
other for turning it off, ' The remaining one of the 21
stages (AC) consists' of 2 D.-C. amplifier 'and a pulse
amplifier which perform carry functions that will be de-
seribed later. - Six indicator neoms 1,0, 2, 4, 6-and §
are coupled respectively with the six counting triggers so
as to. glow when the associated triggers are on.

Before proceeding to a description of the interconnec-
tions between the various stages. in‘the chassis and their
operation, consider first the following table which shows
the condition of the counting triggers for each of the digits
0-9." Triggers not indicated to be on are off;

Table 1

T8

Data signals are delivered-to the ‘counters over two
input lines as combinations of pulses. - Pulses delivered
on one input line (via chassis terminal 18; Fig. 16) have
a numeric- value of one-and are used to actuate the
binary counter consisting of trigger T1.  Pllses delivered
on the other input line (via chassis terminal 36) have
a numeric vaelue of- two -and -are used to actuate the
quinary counier comprising the triggers TO, T2, T4, T6,
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and T8. By way of example, the digit 5 is delivered ‘to
an accumnlator counter as-two deuble valued pulses-and
one single valued pulse;  The sifgle valued pulse actuates
T1 and -the -double valued pulses -actuate the counting
chain comprising T6;. T2, T4, T6, and T8. . Both single
and. double. valued pulses are negative pulses. and ‘are
generated: in the “input ‘translator in*a’ manner later to
be: explained. : )

Single’ valued pulses are delivered from terminal 18
to the common pulse input to trigger T1 so that T will
change state (from off to on or from on to off) each time
a single valued input pulse is delivered: Double valued
input pulses-are delivered from-terminal 36 to the left
pulse inpufs of triggers T0, T2; T4, T6, and T8, so that
whichever:of these triggers is on, will be turned off by
any double valued pulse,

Triggers T0, T2; T4, T6, and: T8 are intercoupled
through gating amplifier stages RO, R2, R4, R§, and RS
in such a way that ‘when a trigeer that was on is‘ turned
off, another trigger will ‘be ‘turned on; during -addition
the. right sides of" gating amplifiers R are enabled so
that the next higher trigger will be turned on and during
subtraction the left sides -are enabled. so that the” next
lower trigger will' be turned on. -~ Thus triggers T@, T2,

5. T4, T6, and TS are intércoupled by gating amplifiers R6;

R2, R4, R6,-and RS to. form a reversible quinary . count-
ing ring. - Only one.of these triggers is on at any given
time - and whichever trigger is on is turned off by a pulse
(double valued and negative) “over the common input
line. The pulse generated by the trigger turning off turns
oft the mext higher trigger (during addition)-or the next
lower trigger (during subtraction).. - The specific circuits
intercoupling the quinary counfer triggers ‘To, T2, T4,
T8, and T8 are described below:

The right plate of To¢ is connected to the right capaci-
tive input t0'R2 and o the Jeft capacitive input to R8 so
that when To is turned off during addition, T2 will -be
turned on throtgh R2 and when T¢ is-turned. off during
subtraction, T8 will be turned on through R8.. The right
plate of T¢ is also connected to the left- capacitive input
to gating. amplifier RC so that when, during subtraction,
T2 is turned off, the carry trigger TC will be turned on
through RC. To this end ‘the left bids: input to. RC-is
connected o terminal 5¢ which rises, during subtraction
and- the commeon plate. connection -of RC . is- connected
to the right plate of carry trigger TC. C

The right plate of T2 'is contiected to the right. capaci-
tive-input to R4 and to the left capacitive input_to R¢
so that when, during addition, T2 is tiurned off, T4 will
be-turned-on through R2 and when, during subtraction,
T2-is turned off, T will be turned on:

In-a similar manner, the right ‘plate of T4 is connected
to the right capacitive input to R and to the left capaci-
tive input to R2 so that when, during addition T4 is
turned off, T6 will be turned on through Ré and when,
during subtraction, T4 is turned off, T2 will be turned on
through R2. .

Similarly the right plate of T§.is connected to the right
capacitive input to R8 and to the left capacitive input to
R4 so that when, «during addition, T§ ‘is turned -off, T8
will be. turned on through R8 and when, during. sub-
traction, T6 is turned off, T4 will be turned on through R4

In the same manner, the right plate of T8 is connected
to the right capacitive input to R¢ and to the left capaci-
tive input to RS so that when, during addition, T§ is
turned off, To will be turned on through R¢ and when
during subtraction T8 is turned off, T¢ will be tirrned on
through R¢.  The right plate of T8 is also connected to
the right capacitive input to RC-so that when T8 is turned
off during -additien, carry trigger TC will be turned on
tirough RC. : . :

Trigger TI is coupled with the quinary:counter (com-

- prising triggers 79, T2, T4, T6, and T8) through gating

v

mplifier'stage R in such a way-that the quinary counter
will receive an actuating pulse when binary counter trig-
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gér T1 changes from 1 to 0 (is furned off) during-addition
and from 0 to'1 (is turnéd on) during subtraction. More
speciﬁ'cally, the left plate.of T1 is connected with the left
capacmve input to gating emplifier R1 and the right plate
of T1 is connected with the right capacitive mput of R1.
The common output of gating amphﬁer R1 is connected
to the common inpit to the quinary counter stages TO,
T2, T4, T6, and T8, The right bias of R1 is raised via
terminal 49. during addition so that the positive pulsé
from the right plate of T1 when T1 changes from 1 to 0
will be amplified and inverted to actuate the quinary
counter. During subtraction the left bias of R1 is raised
via terminal 50 so that the positive pulse from the left
plate of TT when T1 changes from 0 to 1 will be ampli-
fied ‘and inverted to actuate the quinary counter.

As will be explained later, the input puls% to an accu-
mulator order over the binary and quinary input lines
are so timed that pulses from the two lines never arrive
simultaneously.  This prevents the erroneous operation
that would otherwise occur if a pulse over the quinary
input line and a pwlse from the bmary counter trigger T1
coincided.

By way of ﬂlustratmg how the counting triggers and
gating amplifiers of an accumulator order operate, con-
sider the sequence of events during the entry of the digit
5 to the accumulator order just described.  Assume that
prior to the entry of the digit 5, the accumulator has
been cleared and stands at zero, and assume further that
the accumulator order is conditioned to add. The clear-
ing pulse (positive) which arrived over terminal 30 turned
off triggers T1, T2, T4, T6, and T8 and turned on trigger
Te¢. The digit 5 arrives at the accumulator order from
the input translator as one single valued pulse at the
binary input terminal 18 and two double valued pulses
at the quinary input terminal 36. These three pulses are
separated in time as will be explained later in connection
with the input translator; actually the order in which they
arrive is of no importance providing no two arrive simul-
taneously. Assuming that the single valued pulse at
binary input terminal 18 arrives first, it will turn on trig-
ger T1. The negative pulse developed at the right plate
of T1 will be ineffective to actuate the quinary counter
through R1 since Rl is already cut off and its left grid
will only be driven further negative. The lowered poten-
tial at the left plate of T1 will cause conduction in indi-
cator neon 1 to which it is connected, however, since the
other terminal of the neon is connected to the positive
supply B+. The positive pulse developed at the left plate
of T1 as it is turned on will not pass the left side of R1
since during addition the left sides of the gating amplifiers
R are biased far enough below cutoff that positive pulses
applied to left capacitive inputs will not cause conduction.
Thus, the only effect of the single valued input pulse over
binary input ling 18 is to turn-on T1 and light its associ-
ated indicator neon.

The arrival of the first of the two double valued pulses
over quinary input terminal 36 will turn off trigger To
but will not directly effect triggers T2, T4, T6, and T8
which were already off. The negative pulse developed
at the left plate of T¢ when T¢ turns off does nothing.
The positive pulse “developed at the right plate of Tg¢
causes momentary conduction in the right side of gating
amplifier R2 since:its right bias is reduced during addi-
tion, The resulting negative pulse at the common plate
connection of R2 turns on T2 which in turn lights indi-
cator neon 2. - The positive puise from the right plate of
T¢ does not turn on the carry trigger TC since the left
side of gating emplifier RC is inhibited during addition.
The effect of the first double valued input pulse is, then,
to tuin off T¢ and turning off T¢ turns on T2,

In 2 similar manner, the arrival of the second double
valued input pulse at quinary input terminal 36 turns off
T2 and this turns on T4. Triggers T1 and T4 are then
conducting to manifest a reglstered value of 5 and the

associated indicator neons 1 and 4 are conductmg All
othier triggers and indjcator neons-are off.-
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. Consider now. the -sequence of events when a second
number, say 8, is entered after-a 5 has been entered as
described above. Assume again that the process is addi-
tion and that consequently the right halves of gating am-
plifiers' R are enabled by the raised potential at terminal
49 and that the-left halves are inhibited by the lowered
potential at terminal 50.

As_will be described later, the digit 8 arrives at the
accumulator order as a sequence of four double valued
pulses.at the quinary input terminal 36 and no pulses at
the binary input terminal 18. Recall that the accumu-
lator order initially registers 5 (triggers T1 and T4 on)
before the pulses representing the new digit 8 arrive.
The first of these pulses turns off T4 and the resulting
pulse turns on. T6 through R6. The second pulse turns
off T6 and the resulting pulse turns on T8 through RS.
The third pulse turns off T8 and the resulting pulse turns
on T¢ through R¢ and also turns on carry trigger TC
through RC. The fourth and last pulse turns off T
and the resulting pulse turns on T2 through R2. Thus
after all of the four pulses representing the digit 8 have
arrived, trigger T1 is still on since it was not affected,
trigger T2 is on, and carry trigger TC is on; T1 and T2
on. indicate a registered value of 3, the second- digit of
the sum 13 (of 8+45) and the. carry trigger TC on will
enable a carry pulse to be applied to the next higher
denominational order.

Carry pulses are not transferred to next higher ac-
cumulator orders at the instant the carry occurs (i.e. at
the instant the carry trigger TC is turned on) but are
handled after the registration of digits in the accumulator
is complete.  To understand how carries are handled, note
first that carry pulses are delivered to the next higher
accumulator order from carry output terminal 17 which
is connected to the left plate of gate-amplifier AC. The
left capacitive input to AC is connected to the right plate
of carry trigger TC so that when TC is turned off, the
resulting positive pulse at the right plate of TC will cause
momentary conduction in the left half of AC and a con-
sequent negative pulse at carry output terminal 17. The
negative pulse developed at the right plate of TC when
TC is turned on is ineffective to produce any signal at
terminal 17 since the left side of AC is biased to cut-
off. Thus, it is seen that a carry pulse is delivered to the
next higher order when the carry trigger TC in a given
order is turned off. The pulse is transmitted from carry
output terminal 17 of the given order to the binary in-
put terminal 18 of the next higher order.

“The pulse that turns off carry trigger TC arrives at-
terminal 14 of each accumulator chassis. This terminal
is connected to the left capacitive input to carry trigger
TC. Pulses are delivered in common to terminal 14 of
each accumulator chassis after the registration of each
number providing the registration of the number caused
any carry tnggers TC to be turned on. Note that the left
plate of TC is connected to the right input of AC so that
when TC is on, the right plate of AC (and consequently
terminal 9 to which it is connected) is low. A lowered
potential at terminal 9 of any of the 22 accumulator
chassis indicates that a carry has occurred and causes
carry pulses to be delivered to terminals 14 in common
after the number reglstration is complete. The carry
impulse generator which receives the signal from terminals
9 and delivers carry pulses to terminals 14 will be de-
scribed in detail later.

Recall that result digits generated in the various ac
cumulator orders must be translated to the “Powers”
code before delivery to result storage. These result digits
appear in each accumulator order as static potentials at
terminals 11, 13, 23, 25, 27, 39, 43, and 47. Terminal
11 is coupled with the right plate of T1 through a divider
located in S1 so that the potential at terminal 11 is high
when an even digit is registered and low when an odd
digit is registered.  Terminal 13 is coupled with the left
plate of T1 through a divider located in R1 so that termi- ‘
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nal 13 is high when -an odd digit is registered and low
when an even digit is registered. - Terminal 23 is coupled
with the right plate of Tgthrough a resistor located in
3¢ so that terminal 23 is high whenever T¢ is off and low
when T¢ is on. Terminal 25 is coupled with the left
plate of T8 through a resistor located in' S8 so that termi-
nal 25'is high when T8 is on and low when T8 is off.
Terminal 27 is coupled with the tight plate-of T8 through
a resistor located in S8 so that terminal 27 is high when
T8 is off and low when T8 is on. Terminal 3% is coupled
with the right plate of T2 through-a resistor.located in
52 %0 that terminal 39 is high when T2 is off and low
when T2 is on. = Terminal 43 is coupled with the right
plate: of “T6" through. a  resistor located in S6 so that
terminal 43 is high when T6-is off and low when T6 is on.
Terminal 47 is coupled with the right plate of T4 through
a resistor located in S4 so that'terminal 47 is high when
T4 is off-'and low when T4 is on. )

The high or low potentials at the above mentioned
terminals’serves to specify at all times, the digit registered
in -each -accumulator order.  These terminals are con-
nected to terminals on the output translator (Input Output
Chassis) -in a ‘manner-later to be described.

The: shift gates SI, Se¢, S2,°54, 86, and S8 .in the ‘ac-

cumulator: chassis will: now: ‘be described: . These "gates
serve to transfer to one accumulator order the digit reg-
istered in the next lower. order.” Each shift gate stage
Has its left ‘and right plates connected to the right and
Teft ‘plates respectively of its associated counter trigger;
e.g. shift gate-S1 has-its left and right plates connected
to the left” and right plates respectively of trigger T1.
The left and right grids of the'shift gate stages in each
accumulator order are coupled with the right and left
plates. respectively. of the corresponding counter trigger
in the: next lower accumulator order; e.g. the left-and
right grids of shift:gate S1 are coupled to the right and
left plates respectively of ‘trigger T1 in the next lower
accumulator order via chassis terminals 16 and 20, The
left ‘and right capacitive inputs to all shift gates are con-
nected- in -common to terminal- 5. - Shift pulses (posi-
tive ‘pulses) are supplied.to terminal 5 on all'accumu-
lator chassis from -a shift impulse generator later to be
described.”. ‘When - a _shift pulse occurs either the left
or right-half of each shift gate is caused to- conduct mo-
mentarily depending upon whetheér the associated count-
ing trigger in the next lower accumulator order. is on or
off. - If the lower order trigger is on when the shift pulse
-occurs, the right side of the associated: shift gate in the
higher order will conduct and cause its associated trigger
in the higher order to be turried on: If the lower order
trigger is off when the shift pulse occurs, the left side
of the associated shift gate-in the higher order will con-
duct and cause its associated trigger in the higher order
to be turned off. Thus, it is'seen that on the occurrence
of a shift pulse, the contents of each accurnulator order
is transferred to the mext higher accumulator ‘order via
the shift gates in the next higher order.

The gating potentials from the counting triggers in .one
order to the shift gates of the next higher order appear at
chassis terminals 15, 19, 21, 23, 25, 27, 37,39, 41, 43, 45
and 47 which are connected respectively with terminals
16, 20, 22, 24, 26, 28, 38, 40, 42, 44, 46, and: 48 of the
next higher order chassis. The successive pairs of connec-
tions .in the listing above are related respectively to
counting triggers T1, Tg¢, T8, T2, T6 and T4.

For reasons that will be described later, it is sometimes
necessary to:prevent the normal carry operation. This is
done by lowering the potential at terminal 12 which biases
the left side of AC so far below cut-off that no conduction

will occur even when a positive pulse is applied to its left’

capacitive input,

Also, for reasons to be explained later; it is necessary
that accumulator order 11M, the highest order, signal the
control portion of the machine when it contains 4 zero.

To this end, terminal -1 is coupled: with_ the left plate of.
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T1 so that the potential at terminal will be low only
when T1'is off and-terminal 3 is coupled with the right
plate. of T¢ so that the .potential .at terminal 3 will ‘be
low only when T¢ is on..- Thus, the.potential at terminals
1 and & will be simultancously low .only when the ac-
cumulator order. registers the value.zero (Te on and T1
off). The use of these signals from terminals 1 and 3
will be discussed later in connection with the - division
process. - T
The complete accumulator comprises 22 chassis of .the
kind desctibed in the foregoing. These are designated
1A to 11A and 1M fo 11M in order of ascending signifi-
cance. ‘Each order shifts ‘its contents to the next higher
order when a shift pulse is-applied and order 11M shifts
its contents to order TA. Recall that all input numbers
are entered to orders’ LA-10A and that' all result data
are delivered from'these orders. “An input-output (1-0)
chassis associated with each of these accumulator orders
1A to 10A serves to-translate input digits for entry to
the accumulator and to translate output digits for transfer
to result storage. A typical input-output chassis will be
described with reference-to Fig. 21, :

INPUT-OUTPUT TRANSLATOR

The input  translator -portion of an I-O chassis com-
prises 8 stages, 19, 109, TA9, 179, C09, C17, I35, and C35.
An input digit is received by the I-O chassis in the form
of combinations of high and low potentials at términals 9,
15, 23, 25, and 31. These terminals correspond respec-
tively to the 7, 9, 1,-3, and. 5 positions of the “Powers” or
“90.column” code. - Translated pulse sequences represent-
ing the input digit are delivered to the associated accumu-
lator order from terminals 3 and 21. - Terminal 3 delivers
the single valued pulses to the -binary input terminal of
the associated accumulator order and terminal 21 delivers
the ‘double -valued pulses to the quinary input terminal of
the associated: accumulator order, :

Fig. 52 shows in tabular form the requirements met by
the input.translator portion of the I-O chassis. It is seen
for example that the digit 6 will arrive at the I-O chassis
(from: one of the storages) as raised potential on the
§ and 9 input lines (terminals 31 and 15) and that‘in the
accumulator the digit 6 will be represented simply as 6
(T6 on, all other triggers off). Tt is seen further that the
digit 6 will be ‘delivered -from the input translator to
the accumulator order as two single valued pulses over
the binary or odd input line and two. double valued pulses:
over the quinary-or even input. line.

The pulses delivered over the binary-and quinary inputs
to the-accumulator orders are.all derived from standard
pulses’ over: six  lines from .the 'Registration Impulse
Generator. (RIG) later to-be described. Fig. 51° shows
the pulses generated on these six lines and their designa-
tions RIG1’; 2, 4,6, 8, and 1. - These six pulse sequences,
are applied to the I-O chassis at terminals 13, 27, 29, 11,
7, and ‘5 respectively, and are 'selectively gated to the
binary-and quinary translator output terminals 3 and 21
by the translator stages.in accordance with the value of
the -input digit- manifested by the combination of raised
potentials at terminals 9, 15, 23, 25, and 31, in'a manner
now to be- described. )

The input translator and its operation can best be under-
stood by considering the -individual translating. require-
ments and how .each one is met. Reference to. the: table
of Fig. 52 shows that RIG1’ ‘must be passed (gated. out
to-the binary line) -whenever the 9 input- line  (terminal
15)"is high. : This. gating ‘function. is performed by the
right-half of gate 179 whose right plate is connected: to
the binary:lige (terminal’ 3), . The right capacitive. input
to I79'is connected to the RIG1” input line (terminal 13)
and. the right bias:to 179 is coupled to the 9 input (ter-
minal 15): through a divider. so that the.RIG1’ pulse: will
be gated out to terminal 3 ‘when the 9:input.is high and
not otherwise. - The bias potential is prevented from rising
aboye about —15. volts. by.the: right. side .of clamping
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diode stage C09,-the cathode of which is connected to
15 volts. ‘

Further reference to the table of Fig. 52 shows that
‘the RIG1 pulse must be passed for every digit except.9,
or in other words whenever the 1, 3, 5, or 7 input lines
(terminals 23, 25, 31, or 9 respectively) are high. To this
iend the RIG1 input line (terminal 5) is connected to the
left. capacitive input to positive pulse amplifier 109, the
plate of which is connected to the binary output ter-
minal 3. Thus, the RIG1 pulse will be gated to the binary
output line except when the left bias input to 189 is low.
This bias input is connected. to the. cathodes of buffer
diode stages C17 and C35, the four plates of which are
coupled respectively with the 1, 7, 3, and 5 input lines
(terimnals 23, 9, 25, and 31).. Thus, whenever any of

these input lines is high, the common cathode potential -

of stages C17 and C35, and consequently the bias poten-
tial on the left side of amplifier 109 is raised to cause the
RIG1 pulse to be passed.. When the input digit is a 9,
none of the 1, 3, 5 or 7 input lines is high and con-
sequently the RIG1 pulse is blocked.

Having considered how the RIG1 and 1’ pulses are
gated to the binary output line in accordance with the
requirements of Fig. 52, consider now how the RIG2,
4, 6 and 8 pulses are gated to the quinary output line.
Note that the RIG2 pulse must be passed whenever the
3 input line (terminal 25) is high. This gating function
is performed by the left side of gate I35, the plate of
which is connected to the quinary output line (terminal
21). The RIG2 input line is connected to the left capaci-
tive input to 135 and the 3 input line (terminal 25) is
connected to the left bias input to I35. Thus, when the
3 input line is high, the left side of I35 delivers RIG2
pulses to the quinary output line, The bias potential is
prevented from exceeding about —15 volts by the left
sides of clamping diode stage C99 through the left side of
diode buffer stage C35.

The RIG4 pulses must be passed whenever the 5

input line (terminal 31) is high (see Fig. 52). This
gating function is performed by the right side of gate
135 in the same manner as described above for the left
side. Here the RIG4 pulses are delivered from the right
plate of I35 to the quinary output terminal 21 whenever
the I5 input line is high. Clamping here is performed
by the right side of C09 through the left side of C35.

The RIG6 pulses must be passed whenever the 7 input
line (terminal.9) is high. This gating function is. per-
formed, in the same way -as described above, by the left
side of gate I79, the plate of which is connected to the
.quinary output line. Clamping of the left bias on 179
is performed by the left side of diode clamping stage C09
through the left side of diode buffer stage C17.

The RIGS pulses must be passed only when the 9
input line is high and all other input lines 1, 3, 5 and 7
(terminals 23, 25, 31, and 9 respectively) are low. This

gating function is performed by the right side of positive

pulse amplifier 109, the right plate of which is connected
to the quinary output line (terminal 21) acting in con-
junction with stage IA9 and stage I9. The right bias
input to 109 is coupled with the 9 input line (terminal
‘15) and is prevented from exceeding —15 volts by the
right side of clamping diode stage C69. Thus, the right
side of 109 is enabled to respond to a positive pulse input
over its capacitive input line whenever the 9 input line
is high. Stages I9 and IA9 serve to deliver such a posi-
tive pulse only when none of the 1, 3, 5, or 7 input lines
are high. To accomplish this selectivity the cathodes
of buffer diode stage C17 and C35 are connected in com-
mon to the left grid of TA9 so that the left side of IA9
will conduct when any of the 1, 3, 5 or 7 lines is high
but not otherwise. Therefore when none of these lines
is high, the left plate of IAY is high. The potential at
the left plate of IA9 is prevented from rising above about
1 —15 volts by the right side of IA9 which is connected
‘as’ a. clamping diode (grid and plate jumpered), The
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left plate potential of IA9 is coupled to the left bias input
to positive pulse amplifier IA9 and the left capacitive
input to 19 (actually located in stage IA9) is connected
to the RIG8 input line (terminal 7). Thus, the RIG8
pulses cause conduction in the left side of 19 only when
that side is enabled by low potentials on all of the 1, 3,
5, and 7 input lines. ~ The resulting positive pulse is in-
verted and amplified in the right side of I9 and delivered
from_the right plate of 19 to the right capacitive input
to 109, where it is either passed or blocked depending
upon whether the bias input (from the 9 input line) is
either high or low. ‘
‘Summarizing the gating of the RIGS pulses, they
are applied to. the right side of 109 only when none of
the. 1, 3, 5, or 7 input lines is high and are passed by
the right side 6f 109 only when the 9 input line is high.
The requirement shown in Fig. 52 is thus seen to be
met.
The foregoing has described how input digits from
the various storage switches are translated from static
potentials in the “Powers” or “90 column” code to bi-
quinary pulse sequences to actuate the accumulator
orders. Recall that there are 10 I-O chassis, each one
associated with one of the accumulator chassis IA to
i6A. Before considering the details of the storage
switches, consider first the output portion of the I-O
chassis.
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OUTPUT TRANSLATOR

The output portion of the I-O chassis comprises 9
stages ME, MO, MA9, M9, M17, M57, M35, M13, and
MgC. These stages receive static potentials from the
trigger stages of the bi-quinary counter in an associated
accumnlator chassis and translate these static potentials
to static potentials in the “Powers” code for delivery to
result storage. The static potentials from the accumula-
tor arrive at terminals 2, 4, 12, 14, 16, 28, 32, and 36
which are connmected to accumulator chassis terminals -
11, 13, 23, 25, 27, 39, 43, and 47 respectively.

The following table shows, for each of the digits 0 to
9 registered in the accumulator order, which input termi-
nals to the output translator will be raised in potential.
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Input Terminal to Output Translator
45 (x indicates raised potential)
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Terminal 2, above, is connected to the common grid
connection to cathode follower ME so that when an
even digit is registered in the associated accumulator
order, the cathode output of ME will be raised, thus in-
hibiting conduction in stages M17 and M35 to the
cathodes of which the cathode of ME is connected.

Terminal 4 is connected to the common grid connec-
tion to cathode follower MO so that when an odd digit
is registered, the cathode output of MO will be raised,
thus inhibiting conduction in stages MA9, M57, and M13
to the cathodes of which the cathode of MO is con-
nected.

The translated output potentials corresponding to the
1, 3, 5, 7 and 9 positions of the “90 column” code appear
at I-O chassis terminals 22, 30, 34, 26, and 18 respec-
tively. Each of these terminals is at low potential when
the digit zero is translated and various ones of the termi-
nals are raised in potential when other digits are trans-
lated. The operation of the translator is shown in the
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table of Fig. 53. The 1 output line (terminal 22). is
coupled to-the right plate of stage -M17 and the left
plate of stage M13, so- that the 1-output line will be
raised only when conduction is cut-off in both the right
side of M17 and the left side of M13.  The right grid of
M17.is connected (through terminal 12) to the right plate
of trigger T¢ in the associated accumulator. chassis so
that conduction will be cut-off in the right side of M17
whenever the trigger T¢ is on (when the digits 0 .and 1
are registered). . The left -grid of M13 is -connected
(through terminal 28) to the right plate of trigger-T2 in
the associated accumulator chassis so'that conduction in
the left side of M13 will be inhibited whenever the trigger

10

T2 is on (when the digits 2 and 3 are registered). - Thus -

it is seen that conduction will be cut-off in both the right
side of M17 and the left side of M13 only -when ¢ither
of the digits 1 or 2 are registered. - When 0 is registered
the left side of M13 will conduct and when 3 is registered
the right side of M17 will conduct; Consequiently-the 1
output line (terminal 22) will be raised ‘only whena 1
or a 2 is registered in the accumulator order.

In a similar manner the 3 output line (terminal 39)
is raised only when the digits 3 or 4 -are registered. This
is accomplished by the left side of M35 and the right side

of M13. In the same way the left side of M57 and the -

right side of M35 cooperate to raise the 5 output line (ter=
minal.34) when thedigits'5 or. 6 are registered, and the
left side of M17 and the right side of M57 cooperate to
raise the: 7 ‘output line (terminal 26)- when the digits
7 or 8 are registered,

The '9- output- line ' (terminal 18) is raised when any
even digit except: zero is registered .and also when a ¢
is registered- (triggers T1 and T$-on).  This is accom-
plished as follows:  The 9 output line (terminal 18) is
even digit except zero is registered and-also when a 9
line will be raised when conduction.is cut off i the left
side-of M9.  Conduction in-the left side. of M9 is cut
off by lowering the grid potential whenéver any of the
digits 2,4, 6, 8, or 9 are registered. - This lowering of
left grid potential on M9 is accomplished by the left side
of MAS and the right side’ of M9. The left side.of
MAS conducts when any even. digit except. zero-is regis-
tered. (since its-grid is - coupled -to. the -right plate -of
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trigger T and its cathode is coupled: to the cathode of -

MO) and the right side of M9 .conducts: whenever the
digits 8 or 9 ‘are registered (since its grid is coupled with
the left plate -of trigger T8). Thus, the left side. of M9
is cut-off when any of the digits 2, 4, 6, 8 or 9 is regis-
tered, and-thereby -raises the potential on.the 9 output
line -«(terminal 18). ‘

The table of Fig. 53 shows all' significant”conditions
of ‘high ‘and -low potential ‘at various points in- the out-
put-translator -as -each” of the digits 0-9 is ‘translated.
Recall that an output translator identical to the ‘one ‘de-
scribed in the' foregoing 'is- associated with each of. the
accumulator orders 1A to 10A. . (See Figs. 2 and 3.
The output- potentials -(in-the “90 column” code) from
the output- translator ‘are - connected to-transfer busses
which serve to selectively energize the: storage relays of
the result storage chassis-now to be described.

RESULT-STORAGE

Forty result storage chassis (see Fig, 2) ‘each capable
of storing two-digits afford “a result storage capacity of
80 digits or 8, 10 digit numbers. The 8, 10 digit storage
locations are designated P, Q, R, S, T, V, W, and Y re-
spectively. A typical storage chassis (with 2 digit capac-
ity).is.shown schematically in Fig. 31.  Five relays R1,
R3, R5, R7, and RY serve as basic storage elements. for
the 1, 3,5, 7, and 9 positions of the “00 column?” code.
One side of each of the relay windings is connected in
common to. a +-300 volt supply line .via ‘terminal 34,
The .other sides .of each of the windings are.connected
to.the plate of -an. associated actuating. triode S1, S3, S5,
87, 0r $9. The cathodes of these triodes are connected
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in common to- terminal 36 and the grids are connected
to.-the 1, 3,5, 7,.and 9 output lines from the . output
translator via storage- chassis termindls 31, 25, 19, 13,
and 7. "Each of ‘the ten output translators feeds eight
storage digit locations in" parallel; e.g. the output trans-
lator .associated with column 4. (accumulator chassis 4)
feeds the grids of ‘the relay. actuating triodes.in all eight
storage locations associated with column 4. - (See Fig. 2.
Thus the grids of ‘all relay. actuating triodes -constantly
reflect the digit then registered in the associated accumu-
latororder; .e.g. ‘whenever accumulator order 4A. regis-
tered, say, 7, then. the 7 input line (terminal 12 or 13)
1o each ‘of the eight: columm 4 storage chassis will be
raised in potential. ' This raising of grid potential alone
does not, however, cause actuation of the associated relays
R7 since the cathodes of ‘all relay actuating -triodes ST,
S3, 85, 37 and' S9 are normally held at.a potential suffi-
ciently ‘high to prevent conduction.. ‘When it is desired
to:store a result number in-one of the eight result storage
locations P,"Q, R, S; T, V, W, or Y, the cathodes of
all relay actuating triodes (5% 10--0r 50 triodes)  asso-
ciated with that ‘location are momentarily - lowered so
that: conduction oceurs in those triodes whose grids were
‘high.” Conduction in an actuating triode causes the as-
sociated “relay ‘to be actuated and its contacts to be
closed. One pair of contacts H on each relay ‘are hold-
‘ing ‘contacts which effectively shunt the triode and cause
the relay to remain actuated independently of conduc-
‘tion in the associated triode. A second pair of contacts
P deliver energizing- poténtials -to punch ‘magnets 1, 3,
5, 7 and “9-via terminals 27, 21, 15,9, and 3 or-28,22,
‘16,10, and 4 respectively. - One side of all contact pairs
‘P is‘connected to a common-source of energizing poten-
tial’ through terminal 2,

~A-third set-of contacts I"serve to selectively energize
input linés 1, 3, 5,7, and 9 to the input’ translator via
terminals 29; 23; 17, 11, and 5, or 30, 24, 18, 12, -and
6 respectively. One side of each of the contact pairs
I is: connected to a source -of energizing. potential - at
terminal 1 through an indicating neon diode. - The poten-
tials representative of a result digit -are - therefore de-
livered to theé input translator only when a selecting po-
tential is applied at terminal 1. The terminals 1 of all
storage: Chassis associated with one of the eight ‘result
storage-locations P, Q, R, S, T, 'V, W, and Y are con-
nected in common so ‘that all digits stored in‘a given
result storage location are transferred in parallel ‘to-the
input-translator. © The -manner in which particular stor-
age locations are selected will be explained later in con-
nection with the Keyboard Bias ‘chassis. -Firstthe other
two data-sources, card sensing storage and constant stor-
age, will'be described. :

CARD SENSING STORAGE

All"90 card columns are sensed simultaneously by
540 (6:X90) sensing pins each of which closes a switch
if -its " associated hole position is punched. The switches
which are closed when a card is sensed remain closed
antil all. calculations related to that card are completed.
Thus the sensing switches serve as storage for the data
sensed.  The 6 sensing switches (¢, 1, 3, 5, 7;.and 9)
associated with ‘each .of the 90 card columns and the
punich  magnets- associated with- eéach column are .cot~
nected to a *‘card column cable” terminating in a. 14
prong plug. as shown in Fig. 49.  Five prongs are con-
nected to one side of the 1,3, 5,7, and 9 sensing switches
respectively and. the -other sides -of these. switches are
connected .in- common through a sensing jumper board
and a commion line C to a sixth prong.” When the com-
mon line is energized the digit stored in the associated
‘sensing. switches appears as static potentials ‘on the 1,
3,:5, 7, and 9 lines. - A seventh prong is connected to
one.side of -a. zero sensing switch. the other side ‘of which -

- ds.connected toan eighth prong. When the seventh prong

is energized; ‘the presence ‘or @bsence of a hole in the
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7610 position is thus manifested as a static potential at.

the seventh prong. The other six prongs are connected
to the ¢, 1, 3, 5, 7, and 9 punch magnets which are
selectively energized to control the punching of a card
when it reaches the punching station after having been
sensed.

Recall that one of the above described card column
cables is provided for each of the 90 card columns.
Data are transferred from the card sensing switches to
the input translator and from the output translator to the
punch magnets via the 14 prong plugs at the end of each
card column cable.

in the card punching umit. The 90 card column plugs
and 127 sockets are provided to permit flexibility in read-
ing, punching, and reproducing data. 57 of the 127
sockets are designated calculator input sockets and are
connected through input buffers to the input portions of
the 10 Input-Output chassis. These 57 sockets are divided
into two groups of 10 sockets (storage locations A and

B of ten digits each), two groups of 8 sockets (storage

locations C and D of eight digits each), two groups of
six ‘sockets (storage locations E and F of six digits each),
two groups of four sockets. (storage locations G and H
of four digits each) and one socket (storage location I
of ‘one digit). Any one of these groups of sockets corre-
sponding to a given input storage location A, B, C, D,
E; F, G, H, or I, may be energized through the keyboard
bias chassis, later to be described, so that the digits from
the. card column- cables plugged into them -will be trans-
mitted to the input terminals of the input translator.
Input sockets A and B of ten digits each are connected
to feed all ten of the I-O chassis in parallel. Input
sockets C and D of eight digits each are connected to
feed 1-O chassis 2 through 9. Imput sockets E and F
of six digits each are connected to feed I-O chassis 3
through'9. Input sockets G-and H of four digits each
are connected to feed 1-O chassis 4 through 7, and input
socket I of one digit is connected to feed I-O chassis 5.

“The - connections between the input sockets and the
input buffers to the input translator tie the 1, 3, 5, 7
and 9 lines from a column cable plug to the 1, 3, 5,
7, and 9 inputs to the input translator via an input buffer
later to be described. : The socket hole receiving the com-
mon 1, 3, 5, 7, and 9 line is connected to an appropriate
keyboard bias line which serves to selectively enérgize
the sensing switches for the column whose column cable
is plugged into the socket: .

Each of these plugs is adapted to-
be inserted into any one of 127, 14 hole sockets provided.
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Normally, only a portion of the calculator input sockets

would be plugged during a particular calculating run.
Assume, for example, that a run involves the multiplica-
tion of a four digit number in card columns 6-9 by a ten
digit number in columns 70-79. In this case the four
digit number will bé manifested over the card -column
cables associated with columns 6-9 and the ‘ten digit
number will be manifested over those associated with
columns 70-79. Card column cables: 70-79 must be
plugged into the input sockets of either storage locations
A or B since they alone have ‘10 digit capacity. = Cables
6-9 may be plugged into the input sockets for any of the
storage locations except I since H alone has less than a
four digit capacity. Assume the four digit factor -is

plugged into location G and the ten’ digit factor is-

plugged into location A. Then whenever the processing
program calls for the transfer of either of these numbers
to the accumulator, the appropriate “keyboard bias” (A
or G) will be raised to enable the transfer. -

Eighty output sockets corresponding to the 80 digits
of result storage capacity (10 digits each in storage loca-
tions P, Q, R, S, T, V, W,.and Y) are also provided
for delivery result numbers to the punch magnets associ-

ated with any desired card columns.  Five holes of each.
of these output sockets are connected with the 1; 3, 5,

7, and 9 output lines of associated storage .chassis. If,

for example, a. ten digit result -to be :stored: in -output;

50

55

60

65

70

s

26 »

storage location W is to be purched-in card columss.
55-64, then the card column cables for columns 55-64.
are plugged into the ten output sockets for storage loca-
tion W. 'This effectively connects the 1, 3, 5, 7, and 9-
outputs from the storage chassis to corresponding 1, 3,.
5,77, and 9 punch magnets for the desired columns
55-64. s .

In addition to the input and output sockets described
above, 90 “reproduce” sockets are provided. When it is
desired to reproduce data from any columns in a card
to-any other columns, the card column cables associated.
with the columns from which the data are to be taken:
are plugged into the reproduce sockets associated with:
the columns into which. it is desired to reproduce the:
data. This effectively connects the @, 1, 3, 5, 7, and %
sensing switch outputs from the card column cable with:
the ¢ 1, 3, 5, 7, and 9 punch magnets of the other
column. : .

CONSTANT STORAGE

120 rotary switches shown in Fig. 46 are provided for
the storage of 120. digits of constants to be used in cal-
culations. " These switches are grouped to afford 20 stor-
age locations. of various lengths each of which may be
selectively energized by the keyboard bias chassis. All
12 switches in each of the. 10 vertical columns are associ-
ated with a different storage location but feed the input
translator portion of the same I-O chassis (1 to 10).

All ten switches in the first horizontal row. constitute
storage location K1; likewise, all ten swiiches in each
of the second, third, and fourth rows constitute respec-
tively the storage locations L1, M1 and N1. Locations
K2, L2, M2, and N2 comprise the first four switches
in the fifth, sixth, seventh, and eighth rows respectively.
The last six switches in each of these rows constitute
storage locations K4, L4, M4 and N4. The first six
switches in the last four rows constitute locations K3,
L3, M3, and N3 and the last four switches in the last
four rows constitute locations K5, L5, M5 and N5. -

All switches associated with a particular storage loca-

tion have a common c¢onnection to the rotary contact
and the five stationary output contacts on each switch
in a vertical column are comnected respectively to the
1, 3,5,7, and 9 inputs to the input translator portion of
the associated I-O chassis.
- Thus the switch settings serve to store numbers but are
ineffective to transfer the stored digits to the accumulator
(via the input translator) except when the keyboard bias
of a particular storage location is energized.

INPUT BUFFERS

Recall that many storage digit locations feed data (as
static potentials over 1, 3, 5, 7, and 9 input lines) to the
input translator associated with each of the 10 accumu-
lafor orders. For example, the input translator for col-
umn 4 (accumulator order 4A) receives digits from any
one of the column 4 digit storages in card sensing, con-
stant, and. result storage locations A, B, C, D, E, F, G;
H, K1, L1, M1, N1, K4, L4, M4, N4, K5, L5, M5, N5, P,
Q, R, S, T, V, W, and Y. The particular one of these
stored digits fed to the column 4 input translator is de-
termined by the keyboard bias circuits later to be de-
scribed. Neon diodes are used as buffers to isolate the
various storages feeding a common input translator and
prevent undesired energization of an otherwise unener-
gized storage through its closed contacts when another
storage location is regularly energized. Fig. 57 shows
the_buffer diodes isolating four typical digit storage feed-
ing the column 4 input translator. The digit storages
shown are the column 4 storage switches of storage loca-
tions A, B, K1, and S.- The A and B switches are card
sensing storage switches, the K switches are constant stor-
age switches and the S switches are result storage switches.:
One side of each. of ‘the card sensing switches is con-
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nected to the positive side of an aésociated neon diode,

the negative side of which is connected. to.the associated

1,3, 5,7, or 9 input to the column 4 input. translator.
The other sides of the card sensing switches are con-
nected in common to the keyboard bias: circuits for the
particular storage location. ‘When 4 program step. calls
for the transfer of a number from, say, storage location
A to the accumulator, the KB(A) circuit raises the poten-
tial ‘at  the common side of all digit switches in- location
A and current flows through-any closed contacts and re-
lated -diodes: to raise the ‘appropriate input lines to the
input translator.: - The neon: diodes associated with other
storage locations prevent the rajsed potential-on any input
bus from erroneously energizing another bus,

A’ separate diode ‘is provided for each card sensing
switch since it is possible for all switches to be closed
simultaneously -if -all hole positions in'a card: column are
punched. - -Only two diodes are provided for each set of
constant and result storage switches; one serving the 1, 3;
S, :and 7 switches and the other serving the 9 switch
since there only one of the 1,3, 5, and. 7 switches can

e closed at any given time, and consequently the cur-
rent capacity of -a single diode will never be exceeded.

It should' be noted. that while only four: typical sets
of digit ‘storage switches ‘are shown: feeding  the input
translator for column 4 in Fig: 75, 24 other sets of switches
in the storage locations listed earlier also feed this input
translator and are connected ‘in the same way through
their own neon diodes.

The description thus far has covered the accumulator,
the input and-output-translators, the three types of data
storage (card semsing, constant, and result) and the buffer
circuits ‘coupling the data storages with the input trans-
lators. It has beent explained that data from any of the
storage. locations is transferred to the accumulator via
the input buffers and translators by selectively energizing
the* common' switch connection of the desired storage
location. . The Keéyboard Bias circuits ‘which perform this
selective energization will now be described.

KEYBOARD BIAS

Each of the 37 storage locations::A through Y has as-
sociated -with it a keyboard bias: ¢circuit ‘comprising 2
catbode: follower ‘and -a D.C. amplifier-as shown in Figs.
55 and 56.- Referring for example to Fig, 56, the cathode
of .the- cathode follower KB(B) ‘is. connected to the com-

mon side of all switches in-the 10 digits of card sensing

storage location B so-that when the cathode follower
conducts the common connection to the switches will be
raised in potential fodeliver the 10-digit number in stor-
age: location B 'to the 10 input: translators. in parallel.
The  cathode follower KB(B) is in turi controlled by
D.C. amplifier KBA(B) the plate of which is connected
to.the grid of KB(B) so that when conduction is cut off
in ‘KBA(B), the output of cathode follower KB(B) will
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be raised. - The grid of KBA(B) s coupled, through a -

neon diode limiter and a voltage dividing network, fo the
“B” output from the control plugboard so that when the
“B”output- is lowered, conduction in KBA(B) will be
cut off and the output of KB(B) raised. The manner in
which the “B” gutput of the control plugboard is lowered
to ‘select storage location B will be described: later.

Fig. 55 shows the same type keyboard bias circuit as-
sociated with ‘a typical constant storage location. The
same circuit is also used for result storage.location selec~

60

65

tion. All of the keyboard bias circuits for the 37 storage

locations are contained in four chassis KB(1); (2),(3)
and (4).. . A typical chassis, KB(1), is shown schemat-
ically in Fig. 43. ' As'is shown there, a cathode follower,
e.8.-KB(A), comprising an entire stage, is provided for
each -storage  location. " “Each D.C. amplifier, e.g.
KBA(AB) serves two storage locations and: controls two
cathode followers. The relation between the terminals
of each of the four KB chassis and the various storage
locations is set forth in the following table:
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Input from Storage E
Plugboard to Switeh - | KB ()| KB (2) |- KB @) | KB &)
Terminal Conneection: . .
From -
Terminal
34 A X1 M1 P
2B 1 K2 M2 Q
301 Q. K3 M3 R
281D K4 M4 S
2B K5 M5 T
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e - 107 L4 N4
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DECIMAL SWITCHES

A four deck twelve position rotary switch of the kind
shown ‘in Figs..54a and 54c is provided for each of the
37 storage locations. The settings of these “decimal”
switches establish the location of decimal points for each
storage’location and deliver combinations of static poten-
tials representative -of the location of the decimal point
to- the decimal counter (DCR) chassis (Fig. 20). .The
rotary-contacts of ‘¢ach’' deck of a decimal switch are
connected in.common to the keyboard bias output for
the associated storage location so that the rotary. contacts
will be raised :in potential whenever the storage location
Nine lines designated-16,
8,4,2,1,16", 8,4, and 2’ are connected through neon
diodes to various stationary contacts which-cooperate with
the five rotary contacts. These nine lines deliver simul-
taneously to the DCR both the true and complementary
representations -of a' number which -specifies the decimal
point location for which the switch: is set;

Decimal - locations are - specified with reference to a
reference  position - located- between accumulator- orders
6M and 5M. . Thus, when a decimal switch is set to the
right sof column 10 (accumulator order 10A) as shown
in Fig. 54¢, the decimal location is specified by the true
value 6. or the 22’s complement 16. ~As is seen from
the table of Fig. 54b, these values are transferred from
the decimal switch to the decimal counter as raised po-
tentials-on the 4 and 2 lines for the true value and as a
raised - potential -on ‘the 16’ line for the - complement;
When the switch of Fig. 54c is-turned one position clock-
wise to locate -the decimal point between accumulator
orders 10A and.9A, the second line of the tablé of Fig.
54b applies, and so on.

The decimal location signals delivered from the decimal
switches are’ employed in the Decimal: Counter 1o con-
trol - accumulator shifting in a manner to be explained
later.

SIGN SWITCHES

The calculator is ‘designed to handle both positive and
negative numbers in any of the 37 storage locationis.” A
switch - associated with each storage location specifies
whether the number in that location is positive or nega-
tive. When the number is positive the switch is open
and: when' the number is negative the switeh is closed.
One side of each-switch is' connected to the “associated
keyboard ‘bias line as shown in Fig, 50 so that the switch

“will- be enérgized (raised in potential) only when: the

corresponding storage location is selected for data trans-
fer. - The other sides of all sign switches are connected
through neon diodes to a common line called the minus
neon common line. = Thus, whenever a positive number
is being transferred t0' the accumulator the minis neon
common line will be at low potential and whenever a
negative number is being transferred the line will be at
a raised potential.  The minus neon common line is con-
nected to terminal 18 of the Zero Factor (¢F) chassis
and ‘performs contrél functions explained: later, -

The sign switches for all- constant storages. (K to-N)
are located: next to the constant digit switches-as shown
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in Fig. 46, and are manually set to specify whether a
constant is positive or negative.

The sign switches for all result storages (P to Y) are,
in fact, relay contacts on sign relays located in the Storage
Set (STS) chassis. (See Fig. 32.) These relays are ac-
tuated by other parts of the control unit in accordance
with the signs of the numbers entering into a calculating
step in a manner explained later.

" The sign switches for card sensing storage locations
ate somewhat differently organized and require a more
extensive explanation. A number punched in any card
field may be identified as positive or negative in a variety
of ways. A common way would be to punch the zero
position of the first digit if the number is negative. Any
other position in the entire card might, however, be used
to identify a particular number as positive or negative.
For this reason, provision is made for selectively using
any of the 540 card sensing switches to specify the sign
of a number stored in any of the 9 card sensing storage
locations. A pair of leads terminated in a two prong
plug is provided for each of the nine card sensing storage
locations A to J. One of these leads in each pair is con-
nected to the associated keyboard bias line and the other
is connected through a neon diode to the minus neon
common line. Thus, by plugging the two prong plug to
connect the two prongs with the two contacts of one of
the 540 sensing switches, that particular sensing switch
will be effective to specify the sign of the number in the
storage location, just as the manual switches associated,
with the constant storage locations do. These leads and
sockets are located in the card sensing and punching unit
and, when plugged, are equivalent in every respect to the
result sign arrangement shown in Fig. 50. If any pair
of leads is not plugged, the number in its associated stor-
age location will always be treated as positive since the
~ raised keyboard bias potential on one lead cannot be

transmitted to the other lead which feeds the minus neon

common line. .

Thus far, the accumulator, data storages, and trans-
lators have been described and it has been explained how
data from the various storage locations are transferred
to the accumulator. Recall that pulse sequences over six

" lines are delivered to each input translator whenever a
number is to be transferred to the accumulator. These
pulse sequences, shown in Fig. 51, are generated by the
Registration Impulse Generator (RIG) chassis which will
seribed have been shown schematically in the drawings,
the RIG chassis and other chassis later- to be described
are shown in the block schematic notation which was de-
fined in an earlier part of the specification.  The follow-
ing description and explanation of the RIG chassis will
serve as a practical introduction to the block schematic
notation.

REGISTRATION IMPULSE GENERATOR

Referring now to Fig. 27 the Registration Impulse Gen-
erator (RIG) chassis comprises 19 stages.. Three stages,
RD, RS, and CD are flip-flops (sometimes called uni-
vibrators). One stage, R8, is a multivibrator. Three
stages, R1, R2, and R4 are bi-stable triggers. ~Six stages,
R11, R1’1’, R88, R66, R44, and R22 are cathode fol-
lowers. Three stages, CDA, R1’8, and R42 are double
negative pulse amplifiers and the right half of another
stage R1M is a negative pulse amplifier. The left half
of RIM is a D.C. amplifier. One stage I1-1lis a double
gafing amplifier and the remaining stage PX is a diode
buffer. '

The RIG cycle is initiated by a negative- pulse applied
at terminal 8 or by a negative pulse applied at terminal
18. Each time a negative pulse is applied at either of
these terminals an RIG cycle commences and the six
RIG pulse sequences (1, 2, 4, 6, 8, 1) shown in Fig. 51,
are generated at terminals 19, 35, 31, 27, 23, and 15
respectively. "(These terminals, it will be recalled, are

¢onnected to input terminals 13, 27, 29, 11, 7, and §
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respectively of each of the ten input translators.) . The
RIG pulses (positive pulses) are delivered to these ter-
minals from the cathodes of cathode followers R1'Y,
R22, R44, R66, R88, and R11 respectively. The struc-
ture and the operations which produce the RIG pulses
can best be described concurrently.

A negative pulse arrives at terminal 8 from the Sign
Bias (SB) ‘chassis each time the accumulator orders are
selectively conditioned to add and/or subtract. This
negative pulse is applied to the right plate of flip-flop RD
and actuates RD. This causes the left plate of RD to
rise (when RD is conducting on the right)-and then fall
(when conduction returns to normal, on the left). The
left plate of RD is connected to the right capacitive in-
put to another flip-flop, RS, that RS is actuated by the
negative swing when RD returns left. (The positive
swing when RD is initially actuated does not affect RS
since it merely causes a positive pulse on the grid that
is already positive. In this and following descriptions
only significant pulses and static potentials will be re-

" ferred to. Lack of references to a pulse or static po-
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tential may be taken to mean that no significant effect is
produced.) The negative pulse developed at the right
plate of RS is amplified and inverted by the left side of
negative pulse amplifier R1'8 and the resulting positive
pulse is fed to the RIG1 output (terminal 19) through
cathode follower R1’1’. A short time later (deter-
mined by the time constant of flip-flop RS), the negative
pulse- developed at the left plate of RS turns on trigger
R-1 through its right capacitive input. The drop in
potential at the right plate of R-1 is inverted in the left
side of RIM to energize multivibrator R8. R8 will
thus continue to. operate until trigger R-1 is turned off.
Only negative swings of the two multivibrator outputs
are significant since the right output is connected to the
capacitive input of a negative pulse amplifier (right side
of R1’8) and the left output is connected to the common
capacitive inputs to trigger R—4. The first negative
swing of the right output from R8 is inverted and am-
plified by the right side of R1’8.and the resulting positive
pulse- is - delivered to the RIG8 output (terminal 23)
through .cathode follower R88. -This is the first of the
four RIG8 pulses. - ‘
.: The negative swing of the left output from R8 then
turns trigger R4 .on ‘(since R4 was initially off). The
resulting negative swing at the right plate of R4 is in-
verted and amplified in the left side of R42 and delivered:
to.ths RIG4 and RIG6 output (terminals 31 and 27 re-
spectively) as positive pulses through cathode followers
R22 and R66 respectively.. These are the first of the
RIG4 and RIG6 pulses.

The negative swing of the right output of multivi-
brator R8 then delivers another pulse to the RIG8 out-
put (terminal 23) through the. left side of RI'S and
cathode follower R88. This is the second of the four.

- RIGS pulses shown in Fig. 51.
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Next the negative swing of the left output of R8 turns-
trigger R4 off and the negative swing at the left plate of
R4 turns R2 on (R2 having beem off initially). The
resulting negative swing at the right plate of R2 is am-
plified and inverted in the right side of R42 and de-
livered to the RIG2 and RIG6 outputs (terminals 35 and
27) ‘through cathode followers R22 and R66. These
pulses- are the single RIG2 and the second RIG6 pulse
shown in Fig. 51. Note in this connection that the grids

- of R22 are connected to the left grid of R66 and. that
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the grids of R44 are connected to the right grid of R66
so that a RIG6 pulse will be developed whenever either
a RIG2 or a RIG4 pulse is developed. This is in ac-
cordance with the timing shown in Fig. 51. .
- Next the negative swing of the right output of multi-
vibrator R8 is again inverted in the right side of R1'8,
(terminal 23) through cathode follower R88. This is,
the third of the four RIGS pulses. ' : o

 When R8 goes Ieft again, the negative swing at 1tsleft_)



2,054,026

31

plate turns R4 ‘on again and the resulting negative. swing
at the right plate of R4 is inverted again in-the left side
of R42 and delivered to the RIG4 and RIG6 outputs
(terminals 31-and 27) through cathode .followers R44
and R66.  ‘These pulses are the last of the two RIG4
pulses. and ‘the last of the three RIG6 pulses.

Next. the negative swing at the right plate -of multivi-
brator. R8 delivers the last of the four RIGS. pulses fo
the RIG8 output (terminal 23) through the right side of
R’18 and cathode follower R&S.

The ‘next reversal in R8 causes-a negative swing. on
its left plate and this turns off R4. - The resulting nega-
tive swing at the left plate of R4 turns off R2 and the
negative swing at the left plate of R2 does two things.
It is.inverted in the right side of RIM and delivered
through cathode follower R11 to the RIG1 output- (ter-
minal- 15) and it also turns off. trigger R1 to stop the
multivibrator R8 ‘through D.C, amplifier in the left half
of RIM.  Thus, the RIGI pulse which-is the final pulse
in the RIG sequence shown in Fig: 51 is delivered, the
multivibrator R8 is stopped and the triggers R1,R2; and
R4 are all off.

At the ‘time trigger R1 is turned off to stop the multi-
vibrator RS, the:-negative swing at the left plate ‘of R1
actuates flip-flop. CD. which - goes right and ‘then returns
left after a predetermined.delay.. The resulting negative
swing at:the left plate of CD is inverted and amplified in
negative pulse amplifier CDA- and delivered as a positive
pulse to terminal 12. - This pulse is referred to.as the
CX pulse and is seen to occur after each RIG cycle.
It is used as a.control signal in a manner-later to be
explained. .

The time constants .of - the elements generating  the
complete RIG cycle are such that the time interval be-
tween the vertical dotted lines of Fig. 51 is 12.5 micro-
seconds and the CX pulse occurs 25 micro-seconds after

the RIG1 pulse. The time -constant of flipflop RD is

such- that 100 micro-seconds elapse between the initiating
pulse ‘over terminal' 8 and  the: RIG1’ pulse generated
when RS returns left. Note, however, -that when the
RIG: cycle is initiated by a pulse over tetminal 18, the
RIGY" pulse will occur -immediately  without the - 100
micro-second - delay, since terminal 18 is connected: di-
rectly to the left capacitive input to negative pulse ampli-
fier R1’8: - The reason for this difference will- be ap-
parent later; it qmay be said here, however, that RIG
initiating pulses at the beginning of a calculating step ar-
Tive over terminal -8 while subsequent RIG initiating
pulses -for repeated  registrations  during -multiplication
and division arrive over terminal 18.

Only two stages contained in the RIG chassis remain

to be described. ‘These are diode stage PX - and double

gate stage I1-11. These stages jointly perform the func-
tion-of delivering, for each RIG cycle, a single -pulse to
the binary input line to accumulator order 11M during
multiplication and: to accumulator order 1M during’ di-
vision. - To this end, the right and left capacitive inputs
to gate I1-11 are connected to the RIG1" output line
(terminal 1%) so that the RIG1”.pulse (positive) of each
RIG cycle will be applied to both gates comprising 11-11;
The Tight gate will be ‘open only when ‘its control line
(terminal 18) is raised in potential.  When this occurs
(under control of the MD-chassis) ‘the RIG1’ pulse will
be gated. to ‘accumulator order 11M.  The left side of
the gate I1-11 ‘will be opened to gate the RIG1’ pulse'to
order IM when “either of two ‘input-lines (terminals 16
or 20) are raised: These lines are connected to the two
plates of diode PX and the cathodes of PX are: connected
in common to the-left control input to gate 11-11, - Of
the two lines (términals 16 and 28) that control the Jeft
half of 11-11, one is raised during the repeated subtrac-
tion in division and the-other is raised during the restora-
tion -after ‘overcarry. This will be further explained in
conpection. with the ‘Multiplication-Division (MD)
chassis,
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DECIMAL COUNTER-CHASSIS

The - Decimal - Counter  (DCR) - chassis contains 46
stages as shown in Fig. 20. Eleven of these stages com-
prise a Carry Impulse Generator (CIG) and related cir-
cuits for producing carry pulses: These stages are not
related. to ‘the Decimal Counter and will be ‘described
here only because they are physically located om this
chassis. Nine other stages comprise‘a Shift Impulse Gen-
erator. (SIG) and -related . circuits' which produce ‘shift
pulses.. for “shifting the accumulator contents. . The re-
maining 26 stages comprise: the Decimal Counter which
controls the shifting of accumulator contents. . The CIG,
SIG, and DCR will now be described in that order.

CARRY IMPULSE GENERATOR

The carry call line is connected from the various ac-
cumnlator orders (terminal- 9) to terminal 43. Recall
that this line swings positive. whenever overflow. occurs
in"any accumulator order.. ‘This may cccur at any-time
during the RIG cycle. - The increased potential is de-
livered from terminal 43 to the input to Schmitt trigger
CB and causes conduction in CB to shift to the left, This
effectively closes the left sides.of gates- CX and CS and
opens the right side.of gate CX, since the left plate of CB
is connected to the left inputs to CX and CS and the
right plate of CB is connected to the right input to' CX.
The common capacitive input to gate CX'is connected to
terminal 33 which receives the CX:pulse from the RIG
chassis: after the completion of -each RIG cycle. Thus,
when. the carry call line (terminal 43) is high, the CX
pulse passes-the right side of gate' CX to turn trigger CT
on. . The.negative pulse that turns CT on has.no effect
on the right side of CMA since that side of CMA
is -biased- below cut: off.  The. lowered potential at the
right plate of trigger CT reduces. conduction in the left
side .of CMA, however, and- causes its left plate o rise.
This rise- is-delivered. to the input to multivibrator. CM
and starts CM. .

The positive. pulse at the left plate of CM is inverted
and amplified in amplifier CA (and CA1 which is con-
nected in parallel with CA) and delivered to CIG output
terminal 41 which-is -connected to the carry input termi-
nals (términals 14) of each of the accumulator orders.
When multivibrator .CM- returns left; ‘the positive swing
at its ‘right plate is gated through the left side of gate CS
to turn off trigger CT.  The raised potential at the right
plate of CT is inverted in the left side of CMA to turn
off- multivibrator CM and the positive swing at the right
plate of CT is also inverted and amplified in the right
side of CMA and delivered to terminal 31.. This nega~
tive pulse at terminal 31 indicates that -all carries have
been satisfied.  When no overflow occurs during ‘the
registration- of a number, the CX ‘pulse following the
RIG cycle: is 'gated through the left side of ‘gate CX to
terminal 31, L :

Stages CSK, SCK; and SCK1 are used: in connection
with the Test Counter (TCR) which will -be described
later. -

SHIFT IMPULSE GENERATOR

The Shift Impulse Generator (SIG) generates. shift
pulses- for - shifting -the: accumulator contents. ' These
pulses.: (positive pulses) are: delivered from ‘the. DCR
chassis- over terminal 3% to- the SIG -inputs: to all ac-
cumulator chassis.

The basic element of the SIG is. the shift muiltivibra-
tor "SM. -~ SM: operates whenever its enabling potential
(terminal 11) is raised. - Successive positive swings of iits
right plate-are transmitted to the SIG output line (termi-
nal 39) through the left side of pulse amplifier SMG, the
right side of pulse amplifier SMA, the left and right sides
of -gating and amplifier SG, AC cathode follower SKI;

.-and cathode followers SK2 and SK3 (in parallel). These
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pulses from SM. continue to pass through gate SG until



2,954,926

33
trigger DCC is turned on (when the decimal counter
passes. from 21 to 22). At that time the lowered po-
tential at the right plate of DCC inhibits the left side of

gate SG to prevent further shift pulses. .

'DECIMAL COUNTER

The decimal counter proper comprises trigger stages
DC1, DC2, DC4, DC8, and DC16 each provided with
a common capacitive input line so that a negative pulse
over any input line will change the conduction state of
the associated trigger. These triggers are initially set
up to represent a decimal location: by ‘negative pulses
from gates D11, D2-4C, D2-4T, D8-16C, and D8-16T.
These pulses originate in a decimal registration. generator
comprising flip-flops DP1, DP2, DP4, DP8, and DP16
and are gated through the aforementioned gates in ac-
cordance with gating inputs from the decimal switches
described earlier. The 1, 2, 4, 8, 16, 2', 4, &, and 16’
inputs from the decimal switches arrive respectively at
terminals 1, 3, 5, 7, 9, 14, 16, 18, and 20. Combinations
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of high and low static potentials appear on these lines in

accordance with the setting of the decimal switch whose
keyboard bias line has been raised. These lines are con-
nected to the enmabling inpuis to. gates D11, D2-4C,
D2-4T, D8-16C and D$-16T so that when, for example,
the 16 or 16’ inputs from the decimal switches are raised
in potential, the pulse from flip-flop DP16 (of the deci-
mal registertation generator) will be enabled to pass
through related gates D8-16T or D8-16C and actuate
(change the state -of) -decimal counter trigger DC16.
Note in ‘connection with this example that the 16 input
line (terminal 9)is connected to the enabling input to
the left side of gate D8-16T and that the capacitive input
to this side of D8-16T is connected to the left output
from flip-flop DP16. - Note further that the left output
from D8-16T is connected to the common input to trig-
ger DC16 so that when the 16 line is high and flip-flop
DP16 is actuated, the positive pulse from the left plate
of DP16 will be inverted and gated by the left side of
D8-16T to reverse the state of DCI16. This will occur,
however, only if the cathode of gate D8-16T is. suffi-
ciently low to permit conduction; this cathode potential
(as well as that of gate D2-4T) is controlled by the
potential appearing at terminal 21. Terminal 21 receives
a low potential from another chassis whenever the true
(rather than complementary) value of the decimal switch
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- action shown in the table of Fig. 58.
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from pulse amplifiers DB2, DB4, DB§ and DB16 as well
as from the decimal registration generator described
above. The left side of DB2 delivers an actuating pulse
to trigger DC2 whenever trigger DC1 is turned off, and
the right side of DB2 delivers an actuating pulse to DC2
whenever flip-flop DCCD returns left (the function of
DCCD will be explained later). The left side of DB4
delivers an actuating pulse to trigger DC1 whenever a
shift pulse is delivered to Shift Impulse Generator (SIG)
output terminal 39, and the right side of DB4 delivers an
actuating pulse to trigger DC4 whenever trigger DC2 is
turned on. The left side of DBS8 delivers an actuating

.pulse to trigger DC8 whenever trigger DC4 is turned off,

and the right side of DB8 delivers an actuating pulse to
trigger DC8 whenever trigger DCC is turned off (as will
be explained later). The left side of DB16 delivers the
16 pulse from the decimal registration generator to actu-
ate trigger DC16 whenever an enabling potential is raised
at terminal 29 (from DCR), and the right side of DB16
delivers an actuating pulse to trigger DC16 whenever
trigger DCS8 is turned on.

- Summarizing the interaction between triggers, DC2
turning on actuates DC4, DC8 turning on actuates DCi6,
DC4 turning off actuates DC8, and DC1 turning off
actuates DC2. This interaction gives rise to the counter
The table shows
which triggers are on and off after each one of a sequence
of 38 pulses applied to trigger DC1. Note that the count-
ing sequence is such that if triggers DC2 and DC8 are
regarded as manifesting negative values of 2 and 8 re-
spectively when on, then the value registered by the
counter at any time is equal to the algebraic sum of the
digits manifested by the triggers that are om. For ex-

- ample, after the 13th pulse, triggers DC1i6, DC8, DC4,
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setting is to be effective; this enables gates D8-16T and

D2-4T which are associated with the true outputs from
decimal switches. When a complementary value is to be
effective, on the other hand, terminal 19 is lTowered in po-
tential to enable gates D8-16C and D2-4C which are asso-
ciated with the complementary -outputs from the decimal
switches. The 1 signal gated by D11 is the same for
both true and complement .values and therefore D11
has no cathode enabling connection. .

. No decimal registration can occur until the decimal
registration generator. is actuated, Whenever a decimal
registration is to take place, a negative pulse is delivered
from another chassis (DCL) to terminal 37. This pulse
actuates flip-flop DP1 to commence the decimal registra-
tion cycle.. The positive pulses developed at the left
plate flip-flops DP1, DP2, DP4, DPS8, and DP16 when
these flip-flops are actuated are delivered to the capacitive
inputs the decimal gates as described above. The way
in which the flip-flops are actuated in sequence is as
follows: The megative pulse from the left plate of DP1
when DP1 returns left is delivered to terminal 25 and
from thereto the DCL chassis. Except under certain
conditions later to be described the pulse going out at
terminal 25 will be substantially immediately returned
to terminal 23 to actuate flip-flop DP2. When DP2 re-
turns left, the negative pulse at its left plate actuates DP4.
DP8 and DP16 are similarly actnated by the negative
pulses developed when DP4 and DPS8 return left.. .

. The decimal counter triggers receive actuating pulses
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and DC1 are on; the value registered is, accordingly,
16—8-4-4-4-1or 13. o
The reason for the rather unusual counting arrange-
ment is to facilitate the detection of the passage of the
counter from a count of 21 to a count of 22 when shift
pulses ‘are being counted. It is mecessary to detect this
condition since the logic of the counter and related cir-
cuits is such that shifting must be stopped then, If the
conventional binary counting arrangement were used the
criteria for detection would be the change from the
binary representation 10101 (for 21) to 10110 (for 22)
in the decimal counter where the 1's and 0’s represent
the on and off conditions of triggers DC16, DC8, DC4,
DC2, and DC1. Sensing this condition would obviously
require a number of logical gates. In the counting ar-
rangement used, however (Fig. 58), the change from 21
to 22 is positively identified by the turning off of trigger
DC16. Thus no special sensing gates are needed and
the signal can be taken directly from trigger DC16.
Recall that the decimal counter is actuated in two dif-
ferent ways; by shift pulses during shifting (SIG pulses
to DC1) and by decimal registration gemerator pulses
gated by decimal switch outputs during the preliminary
decimal registration. The gating outputs of decimal
switches for each of the twelve possible switch settings are
shown in the table of Fig. 54b. Note, for example, that
with the switch set to locate the decimal point between
columns 7 and 8 the decimal location which is specified
by the digit 9 (location is 9 columns to left of refer-
ence point between 5M and 6M) is delivered from the
decimal switch as raised potentials on the 8, 1 (true), and
8’, 4, and 1’ (complement) lines. Assuming the decimal
counter is initially zeroized (all triggers off) and the true
gates are open, consider how the decimal counter finally
reaches the value 9 as shown in the table of Fig. 58.
First the 1 pulse turns on trigger DCL.. This has no
effect on any of the other triggers. Next the 8 pulse
turns on trigger DC8. This in turn turns on trigger
DCI16 in the manner explained earlier. The 2, 4, and
16 pulses from the decimal registration generator have
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no effect on the counter triggers. since the related gating
inputs ‘are low.. Thus after the decimal. registration_gen-
erator completes its: cycle, triggers DC16, DC8 and DC1
are on-and triggers DC4 and. DC2 are off. . This is in
agreement with the conduction. pattern  shown: for the
value 9 in Fig. 58.: Other true or complementary values
are- registered from  the. decimal switches in a -similar
manner:

While ' the. decimal- counter is. never actuated beyond.

the count of 22 by shift pulses (since it prevents further

shifting after the count 22); it is often actiated beyond.

the count of 22 during’ decimal: registration from the
decimal switches. In-an extreme case. (as. 'séen in Fig.
54b). a true value -as- high as..17 might be registered
initially, followed-by the registration of a complementary
value as high as' 16. The modulo 22 valiie of the sum
of the two values registered is the significant value rather
than the modulo 32 value that will be registered in ac-
cordance with-the table of Fig. 58, That is, after the
two. decimals have been Tegistered (those of an operator
and an-operand,. as will be explained later) the. decimal
counter: must register-the modulo. 22 value of their sum
rather than the modulo- 32 value as. would normally be
the. case in a5 stage counter such as: the decimal
counter. is.

Modulo 22 values could be obtained by arranging the
counter to zeroize itself when the trigger DC16 is turned
off, (indicating passage from 21 to 22). It is somewhat
more economical: of  equipment in:the present design,
however, to- permit - the counter to: continue counting
modulo 32 as shown in Fig. 58, record the passage.of the
counter. from 21 to 22 during registration if it. occurs,
and-then .correct: the final registration from modulo. 32
to modulo 22 after the decimal registration cycle: is' com-
pleted. ~This correction is easily accomplished merely
by delivering an actuating pulse to triggers' DC2 and
DCS8 after the decimal registration cycle whenever the
registration caused the counter-to exceed 21.  If for ex:
ample, registration left the counter reading 24 (DCS$ on,
all others off) pulsing DC8 will turn it off, pulsing DC2
will' turn. it-on, and. turning on. DC2 will also turn on
DC4 to. change the modulo. 22 value; 24 to-its correct
modulo 22 value, 2 (triggers DC2 and DC4 on, all others
off).

The fact that the decimal coutiter has passed 21 during
decital - registration- is_recorded by trigger DCC . which
is turned on whenever trigger D16 is turned off. “The
signals generated ‘when DCC turns on do nothing. DCC
is turned off, however, by the positive pulse from ‘the
right ‘plate. of flip-flop. DP16 (following. the 16 pulse at
its left- plate) which is-inverted and. amplified in the
right side: of DIC. - The positive pulse at the right plate
of DCC when DCC: turns off -actuates trigger DC8
through the right side of pulse amplifier DB8 and also
actuates flipflop DCCD through the right side .of pulse
amplifier SMG, * The ' positive pulse at the right plate
of DCCD. when DCCD returns left actuates trigger DC2
through the right side of pulse amplifier DE2; Note that
if Tegistration does not cause the decimal counter to pass
21, trigger DCC will not be - turned on and the actuating
signals will not then be sent to triggers DC2 and DCS.

RESULT STORAGE SETTING AND CLEARING
(STORAGE SET; STORAGE ZEROIZE AND REGU-
LATOR: CHASSIS)

The Storage Set and Storage Zeroize chassis jointly
control the transfer of data to selected  result storage
locations -and ' the clearing or zeroizing ‘of selected result
storage locations:. .~ Two- identical Storage* Setchassis (1
and 2) are provided, one- (1) serving result storage loca-
tions P, Q, R and S, and the-other (2) serving locations
T, V, W and Y. These Storage Set chassis.also contain
the- algebraic: sign relays. for-the 8 result storage:loca-
tions.
in Fig. 32. One Storage Zeroize chassis, shown in Fig.

The' Storage ‘Set: (1) chassis. is shown. in- detail
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33 serves all 8 result storage locations. The Regulator.
chassis shown in Fig. 26 also cooperates with.the Storage .
Set and-Storage Zeroize chassis. in. setting and clearing.
the result storage-locations. Eight stages SKP to SKY*
in the Regulator chassis: are associated: with the 8 result -
storage locations respectively.

The: deseription- of : the Storage: Sét, Storage- Zeroize,
and Regulator circrits will be confined- to those -circuits:
associated” with one- storage -location’ P- since:the- circuits:
for the other locations are-identical in structure and’
operation..

First, recall ‘that in- each of' the forty storage chassis:
(see Fig: 31). one side of each-storage relay is connected
in common to: =300 volts (at terminal-34). - The other
side of each relay is connected’ via-two- alternate: paths:
(through -the. relay conirol’ fube or- through- the- relay
holding contacts). to- terminal’ 36; Terminal 36 on each-
of the five Storage' chassis' in-a particular result storage:
location are connected to the plate'.of an associated regu--
lator 'stage. . For example; terminals 36 on ‘each of the
five P'storage chassis-are connected to the plates of regu-
lator stage SKP- in-the Regulator- chassis via- Regulator
chassis terminal' 13: " The regulator-stage normally main-
tains- the potential’ across' the relay-control tube- circuits
at 150 volts; iie:;, maintains the potential-at terminals 36
at. 150 volts (-+300 minus 4150 equals 150). This
potential is-sufficient to-hold in any relays’ (through their
holding contacts) that -have previously been actuated, but
is insufficient to- actuate- a relay initially even if ‘its con-
trol tube grid potential is-raised by the output translator;
since the grids are never-raised above---110 volts:

When it-is désired to transfér data from the accumus-
lator - (via the output translator) to storage location P
it'is necessary merely to reduce-the potential at terminals
36-on the P storage chassis to-a-point below the 4110
volts applied to selected conirol tube grids by the-output
translator: - (This reduced potential may be, say, +75
volts.) " This will cause the selected relays to be: actuated:
After actuation, the potential at terminals 36 may be
reduced again to its'normal value of 4150 volts since
this is sufficient-to Hold- the  actuated relays:through their
Liolding contacts. )

When it is desired to: clear-or-zeroize storage location
P, it is necessary. merely to raise the potential at-terminals
36.to 300 volts (the potential to which the-other sides
of ‘'the relays are connected). so- that- the potential across
the relay -circuits: is. reduiced to- zero:. This will  reditce
the holding current to zero and- cause-all relays that'were
actuated to drop out..” As soon as.diop-out-has occurred,
the potential at terminals-36 may-be returned to its nor-
mal value of 4150 volts' since-this-is higher ‘than: control
tube grid’ potential: ever reaches and no- actuation of re
lays can occur.

Summarizing, a regulator stage- (e:g. SKP) associated
with .each result storage location: (P<Y) directly controls
the setting-up, holding; and’ clearing of its storage relays
by lowering; maintaining-or raising the potential at: ters
minals.36 of the Storage chassis.  The means by ‘which
the. regulator. stages (e.g. SKP): are controlled by the
Storage Set and. Storage Zeroize chassis will now be ex-
plained.- Here again, the explanation. will be confined
to: the.circuits. associated with. result. storage. location P
singe- those . associated® with. the. other seven.:locations
(Q-Y)are identical. - The: Storage Zeroize chassis. may
be:regarded as-comprising-eight-identical sets-of- circuits
(except,.of ‘course, . for: terminal numbers -and stage desig-
nations)'and each: of: the-two- Storage. Set ‘chassis: may be
regarded’ as: comprising four: idéntical sets of circuits:.

The grids- of regulator stage - SKP* are connected” via
Storage Sét chassis-terminal 28-to-the left:plate: of ‘stage
MZ(1)A: and"the- right- plate- of stage' CAP(1).- Both
of ‘these plates share a common plate-resistor:  Normally
the right plate of CAP(T) does not conduct; since: its
grid -is tiéd to =375 volis through a 1 megolim-resistor,
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but the left plate of MZ(DA) does conduct normally to

maintain the grid of SKP at a potential that will hold its .
plate (and consequently terminals -36 of the P storage.
chassis) at 4150 volts. = The manner in which this reg-’

ulation is obtained will be explained later. First, note
that if conduction in the left side of MZ(1)A is reduced
by pulsing its grid negatively, the grids of SKF will be
raised, and the potential at terminals 36 of the P storage

chassis will be lowered to actuate any selected relays.
If, on the other hand, the right side of CAP(1} is caused.

to conduct by pulsing its right grid positively, the grids
of SKF will-be lowered, the pptential at terminals 36
of the P storage-chassis will be raised and any relays that

were -previously - actuated will drop out. -Thus, storage.
location P is “set” by pulsing the left grid of MZ(1)A neg-

atively, or “clearéd” by pulsing the right grid positively.
Still neglecting for the moment the way in which regula-
tion of the ‘holding potential is achieved, consider the
circuits that pulse the grids of MZ(1)A and CAP(1) to
cause sefting and clearing of P storage.

_ 'The left grid of MZ(1)A is pulsed negatively by the
left plate of MS(P-Q) (through a dividing resistor lo-
cated in MK(P) whenever the left side of MS(P-Q).
conducts. Conduction in the left side of MS(P-Q) oc-
curs only when the P Keyboard Bias line is raised (at
chassis terminal 9) and the cathode of MS(P-Q) is pulsed
negatively by a storage set pulse (over chassis terminal
19) from the Decimal Counter chassis. This pulse oc-
curs ‘whenever, during a program, it is desired to transfer
“data from the accumulator to one of the result storage
locations, and it occurs only after the appropriate Key-
board Bias line has been raised.

" When a storage location is to be cleared, the right
input to CAP(1) is pulsed positively as explained earlier.
This pulse arrives over chassis terminal 27 from terminal
12 (for P storage) of the Storage Zeroize chassis. The
pulse is generated at the left plate of flip-flop MZ1 when-
ever MZ1 is actnated. MZ1 may be actuated to clear
P Storage either as part of a program step or dividing
the Clear output operation. -When the clearing is part
of a program step MZ1 is actuated through the left side
of gate MZA. This gate is enabled by raised potential
on the P Keyboard Bias line at terminal 13 and receives
a positive pulse input via terminal 43 and cathode fol-
lower MZK from the Control -chassis (right plate .of
EPG) each- time it is desired to clear a.result storage
location. The pulse from EPG is applied to the gates
(like the left side of MZA) for all eight result storage
locations but is passed only by the one gate whose re-
lated Keyboard Bias line is raised. The negative pulse
from the left plate of MZA is delivered to the right plate
of MZ1 to actuate MZ1. Diodes in MCC prevent the
grids of MZA from rising above about —15 volts. A
capacitor between connections 4 and 7 of MCA is used
merely to increase the time constant of flip-flop MZ1.

. During a Clear output operation, MZ1 is not actuated
by MZA since no Keyboard Bias line is raised. . Instead,
the storage locations to be cleared are designated by man-
nally set switches associated with each-storage location.
The output from the P switch, for example, arrives at the
Storage Zeroize chassis at terminal 8 which is connected
through the right diode of MCA to the right .input to
‘MZ1. When the clear P switch is closed and a clear
‘operation is called for, the potential at terminal 8 is
lowered, but not lowered enough to cause conduction in
the right diode of MCA and thus actuate MZ1. The
ESI (advance step triggers) signal is delivered to terminal
17 of the Storage Zeroize chassis from the Step Control
chassis. This signal is coupled through a capacitor in
the left side of MCC (between connections 6 and 3) to
the cathode of the diode in the right side of MCA so
that when’ the cathode is lowered by the clear P line
((terminal 8) the negative ES1 pulse will be sufficient to
cause_conduction in the diode and thus actuate flip-flop
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. Summarizing the clearing operation, clearing of a-pat-
ticular result storage location during a program step is
caused by the combination of raised keyboard bias and a
positive pulse from EPG in the Control chassis; during
a Clear operation, clearing is caused by the combination
of a lowered potential on a clear selection switch line and’
the negative ES1 pulse from the Step Control chassis.

The preceding has explained how the grids of Regulator
stage SKP (for example) are raised or lowered to set or
clear result storage location P. It remains now to con-
sider how the potential on these grids are regulated nor-
mally to maintain the holding potential across the relay
circuits at 150 volts (i.e. to maintain the potential at’
terminals 36 of the result Storage chassis at 4-150 volis).

* The right side of stage MK(P) is the basic regulator
control stage. Its plate is connected through a.resistor
to the -+300 relay supply potential, its cathode is con-
nected to the cathodes of the storage relay control tubes
and to the plates of regulator stage (SK(P), and its grid
is connected to the left plate of MS(P-Q). Except when
the left side of MS(P-Q) is conducting to set P storage,
the right grid of MK(P) is high and the tube is conduct-
ing. Thus the right plate of MK (P) will rise and fall with
the potential at the relay control tube cathodes and ‘pro-
vide a regulation control signal. This signal from the
right plate of MK(P) is connected to the right grid of
MZ(1)A so that when the cathode potential of the relay
control tube rises conduction in the right side of MZ(1)A.
will be increased and the potential at the common cathode
of MZ(1)A will rise. This in turn will reduce conduc-
tion in the left side of MZ(1)A, raising both the left plate
of MZ(1)A and the grids of SK(P) to which it is con-
nected. This rise in grid potential will increase the cur-
rent through SK(P) (part of which flows through the right
side of MK(P)) to lower the relay control tube cathode
potential. A fall in this potential will have just the re-
verse regulating effect. In this way the potential at
terminals 36 of the storage chassis is maintained at +150
volts except during setting and clearing of storage. Dur-
ing setting the regulator control tube (right half of
MK(P)) is effectively disabled by the reduced potential
from the left plate of MS(P-Q) which cuts off conduc-
tion in the right side of MK(P). During clearing this
disabling is not required since even though the left side
of MZ(1)A is completely cut off, still CAP(1) will still
be able to lower the SK(P) grids sufficiently to-cause
clearing.

Relay #1 in the Storage Set chassis is the minus sign
relay for storage location P. It is controlled through the
left side of MK(P) and is actuated whenever a number
stored in result storage location P is negative. The left
side of MK(P) performs the same function for the sign
relay #1 as the relay control tubes do for the storage
relays in the Storage chassis. The left plate of MK(P) is
connected to 4300 through the actuating coil of relay #1
and the cathode is connected to the plate of Regulator
stage SKP via Storage Set chassis terminal 16. The left
grid of MK(P) is controlled via terminal 37 by a “nega-
tive result” signal from the Zero Factor chassis (terminal
38). . This line is raised whenever a result in the accumu-
lator is megative. Thus, if the number . is transferred to
result storage location P, the associated minus sign relay
#1'will be actuated. :

The lower contacts on relay #1 are the holding con-
tacts, one being connected through the right resistor in
RES(2) to the low end of the relay actuating coil and

‘the other being connected with the plates of regulator

stage SK(P) through chassis terminal 16.

 The right hand contacts on relay #1 deliver a signal
from terminal 21 to the card punching unit via terminal
12 to control punching of a special hole to designate nega-
tive numbers. This signal appears at terminal 21 only
when a selector switch associated with the storage. loca-
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tion-is set to permit the punching of a sign designating
hole;

The. left hand contacts of negative. sign relay #1 serve:
to deliver a signal via a “minus neon” and' terminal 17
to the' Zero Factor chassis (terminal 18) ‘when the P

Keyboard Bias is. raised .(terminal 9).. ‘This signal is used
to control the arithmetic procéss accordingly in a-manner
to be explained Iater. :

The ‘minus sign relays for the: other seven storage lo-

cations and - their related control circuits are identical’
with those just described in connection  with storage loca- -

tion P,

GENERAL DESCRIPTION OF PROGRAM STEPS

Thus far the input-output unit, the data processing and
storage ‘unit, and. certain parts: of ‘the control unit have
Been - described. (see Fig. 1). ~Recall that the control

unit causes the system-to”perform-a series of program:
steps determined. by thé plugboard wiring. . The various:
chassis: of the control unit, other than those-already: de-

scribed, can-best be understood after a preliminary des-

cription’ of the sequence of operations: that -occur. in’ a:

program step.

As was stated earlier, a program step involves: the per-:
formance: of one of the four arithmetic operations upon
two- numbers; checking the- result by a“complementary.

operation, delivering the result to a result storage loca-
tion, and-initiating the next program step in accordance
with the algebraic sign of the'result: Neglecting for the
moment the operations necessary to handle algebraic signs
and to.align and otherwise handle: decimal- points, the

other -basic - operations performed- for each’ of® the four

types -of program:steps will-now be described.  In each
casethe: accumulator is preliminarily- cleared. s

In an addition program step the augend is:first trans-
férred from one of the 37 storage locations to: the- ac-
cumulator. Then the addend is transferred from another
one of the 37 storage locations.to the accumulator, the
accumulator- being  conditioned: to ‘add. - This- produces
the result in the accumulator. - Next the -result is trans-
ferred to one of the 8 result storage locations. ~ While this
completes the calculation called for by the program step,
the-step-continues-to check or prove the accuracy of the
result before - proceeding to the next step. First the A
section -(order 1A to 11A) of the accumulator is-cleared
or zeroized. " Then the result which was: just transferred
to result storage is read back into the accumulator, the
accumulator: still being conditioned to add., - Next: the
accumulator is conditioned to subtract and the addend’is
transferred from its storage location to.the accumulator.
This leaves in the accumulator the difference between the
result (sum) and the addend, which difference should-be
equal to the -augend if the ‘calculation ‘was properly per-
formed. - Next the augend is transferred from its storage
location to the accumulator while the accumulator is
still conditioned to subtract.- This should leave. the ac-
cumulator standing at zero. (Augendaddend=result;
result—addend—augend==0.) - If so, the next program
step. is commenced.

A subtraction” program- step-involves- the same’ series
of operations ds the addition step-described-above with
the- minuend replacing” the- angend’ and the ‘subtrahend
replacing the addend, except-that:the accumulator-is ‘con-
ditioned to subtract when-the subtrahend’ is- entered: to
produce the result ‘and. to add. when the: subtrahend ‘is
entered - during proof.  (Minuend—subtrahend—result;
result-}:subtrahend— minuend=0.)

A division: step - involves thie following -sequence - of
operations, again neglecting for the moment the opera-
tions. incidenta] to handling algebraic sign .and decimal
point location.  The general method: employed for divi
sion. is.repeated: subtractions with restoration after overs
carry.- First ‘the: dividendis ‘entered “with the ‘accumu-
lator conditioned to add: ~The dividéend is then shifted to
theleft-until-its mostsignificant-digit- is-in- the- highest

2,054,926

40
accumulator-order-(11M). Next the divisor is repeatedly
entered’ with the accumulator conditioned-to subtract- and*
a one is aded to order 1M (which is specially condi-
tioned ‘to-add andinitially stands at zero): each time-the:
divisor-is entered: - When an overcarry occurs into order
11A the repeated subtractions’ are- stopped, the “divisor:
is -entered once more with ‘the - accumulator conditioned’
to-add’ (restoration: affer overcarry) and a one-is:sub:-

- tracted from ‘order 1M (specially conditioned to sub-
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tract). . The accumulator contents are then shifted one:
place. to. the left- (11M" is fed ‘back: to 1TA) and the re+
peated’ subtraction cycle commenced’ as before until over~
carry occurs into ‘order 11A. -The: divisor is then re-
stored’ again, the accumulator contents shifted one’ place’
to the left again and subtractions are récommenced.

The above cyclé is repeated for ten shifts after the first:
successful subtraction to produce an eléven-digit quotient’
(the remainder being: cleared).  The quotient is then
transferred to one of:the 8 result storage-locations (after
decimal alignment). -Next-the A section of the accumu--
lator is cleared and:the proof operations are begun. The
quotient is transferred  from the result storage location to-
the accumulator and is multiplied by the divisor to pro-
duce’ a product-that should equal:the original dividend.
The. dividend is. thén subtracted from this result and if
the result is zero, the ‘next program step is . commenced:

Multiplication is performed: by repeated additions. I
a’ multiplication” step~ the multiplier is first transferred
from’ one of the 37 storage locations to the accumulator
and. shifted to the left until a digit other than zero appears’
in order 11IM. - The multiplicand’ is then: transferred re-
peatedly from its storage location to the accumulator and
a-one’is subtracted from:order 11M’ each time the multi-
plicand is entered. - Whenever the digit in order 11IM is
reduced’to’ zero, the multiplicand  entries are temporarily
halted and the entire accumulator: contents are shifted to
the left until ‘another multiplier digit other than zero ar-
rives- in“11M. ~ The multiplicand . entries are then begun
again and this sequence of repeated additions is continued
until 11 shifts have occurred after the first digit other tham
zero was sensed in 11IM: The product is then transferred
to result'storage. - The proof operation consists of dividing
the product by the multiplicand and subtracting the mul-
tiplier from the result.. This should give zero and'if so;
the next program step is commenced.

Before proceeding to a more detailed description of the
Tour-types of program steps-outlined above; the method
of handiling decimal point location will be described.

All addition and. subtraction operations involved trans-
fers of ‘an operator fo the accumulator which already con-
tains-an operand. - The operator always comes from the
card sensing unit or-from the constant storage unit or from
the result storage unit: No matfer where the operator
comes .from, it is ‘transferred without any shifting in
transit; that is, the.contents of each of the denominational
orders of the source (1-10) are transferred to the corre-
sponding denominational orders of ‘the  accumulator
(A1=A10) regardless of where the ‘decimal points-lie in
the operator and operand. Clearly then it is necessary
during addition and subtraction steps to align the operand
in the accumulator before the operator is transferred in
so that the decimal point of the operand will be in the same
position as the decimal point of the operator to be trans-
ferred in. -This alignment of the operand in the accumus
lator is'done by shifting: the operand appropriately before
the operator is registered.

The shifting is:always done in the same direction since
the accumulator can only. shift in one direction. - That
direction is the direction of ascending significance or to the
“left”” in conyentional number representation.  If the
orders of the accumulator are-numbered . 1-22 in-order
of -ascending significance then a shift transfers the contents
‘'of each -order to -the next higher order. except-the con-
tents of order 22 which are transferred to order 1. It:is



2,054,026

41

apparént that 22 shifts would take a mumber through
every position and. back to its original position and that
the operand may require anywhere from 0 to 21 shifts to
bring its decimal point into registration with that of the
operator subsequently to be transferred in. - The number
of shifts required to effect proper registration depends
upon where the operand’s decimal point is relative to the
operator’s decimal point.

The way in which this determination is made and
proper registration of the operand effected will now be
explained. Each opérator and operand in any arithmetic
step must ultimately come from one of a number of
storage or sensing locations. -Each of the locations has
a capacity of up to 10 decimal digits. The position of
the decimal point within each of the storage or semsing
locations is established by switching done manually dur-
ing machine set-up; consequently the location of the deci-
mal point for any storage location remains unchanged
during any given calculating run. To understand what
these switching connections do it'is necessary first to con-
sider the Decimal Counter and its function.

. The Decimal Counter is a binary counter that controls
the number of shifts during the registration of an operand.
It counts each shift during alignment after registration
and terminates the shifting when it reaches capacity (22).
Obviously, in order that it reach capacity after the proper
number of shifts, it must be pre-set to a count that is
a function both of the decimal point location in the
operand and of the decimal point location in the operator.
More specifically, the decimal counter must be pre-set to
the number which is the 22’s complement of the number
of times the operand must be shifted left to-align its deci-

mal point with that of the operator subsequently to be .

transferred in. - If the counter is thus pre-set to the 22’s
complement of the required number of shifts, then it will
read 22 after the required number of shifts and shifting
will be terminated. . :

_ As a basis for discussing the manner in which the
counter is pre-set, let us assume that the location of
decimal points within numbers is designated by a number
equal to the number of shifts to the left necessary to align
the decimal point with an arbitrary reference position.
Let X be the number of left shifts required to align the
operand’s decimal point with the arbitrary reference point
and let Y be the number 'of left shifts required to align
the operator’s decimal point with the arbitrary reference.
Then X—Y is the number of shifts to the left required

to align the operand’s decimal point with the operator’s, . is the factor registered first in the accumulator during any
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decimal point. The number that must be pre-set in the

decimal counter is the 22’s complement of this number
or 22—(X—Y) or, expressed another way, 22—X-4-Y.
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From the last expression we see that if the 22’s comple-

ment of X is entered to the counter and then Y is-added,

the counter will be pre-set to the desired number. Thus,.

whenever it is required to align a number in the accumu-
- lator so that its decimal point, the location of which is
designated by the number X, aligns with the location
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designated by the.number Y, first the 22’s complement "

of X is entered to the Decimal Counter and then Y is
added. This pre-sets the counter so that it will read 22
after the exact number of shifts required for alignment.

The decimal location numbers corresponding to X and
Y above and their complements are transferred to the

decimal counter from the decimal switches associated with ;

each storage and card sensing location. Their transfer
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42
registered. ~ Then the résult after opérator. registration
will have its decimal point located at the same position
as that of the operator. A similar problem arises in con-
nection with the transfer of results to storage. Since
each storage location has its decimal point location estab-
lished by a switch setting, results must be aligned prior
to transfer to storage so that decimal point locations will
coincide. This alignment is accomplished in the same
way as the alignment made prior to operator registration
in addition and subtraction. First the number represent-
ing the 22’s complement of the result decimal location
is registered in the decimal counter and then-the true
value of the number representing the decimal location
in the result storage is added.’ The result is then shifted
the number of times required to bring the decimal
counter to capacity. When shifting is completed the re-
sult is aligned for direct transfer to the result storage
location. ‘ :

In multiplication and division the initial alignment is
different than in addition and subtraction but the end
result desired is the same, namely to eventually align the
result decimal point with that of the storage location to
which the result is to be transferred, Since multiplica-
tion and division require the initial registration of the
multiplier or dividend and involve multiple registrations
of the multiplicand or divisor with -intervening- shifts,
maintaining decimal point contro} is somewhat more com-
plex than in addition and subtraction. ‘The manner in
which the control is effected will be explained in detail
in connection with the division and multiplication ex-
amples. It should be noted here however, that in both
multiplication and division, the object is to' wind up the
calculation with the. complement of the number desig-
nating the result decimal location registered in the deci-
mal counter. T g : .

"As stated previously, the various chassis comprising the
control unit (see Fig. 1) and the sequence of control
signals during the execution of typical program steps can
best .be explained after a preliminary description of the
detailed functions performed in each.of the four types of
program steps. Accordingly, a typical example of each
type will now be described in detail so that the functions
to be performed by the various elements of the control
unit will be understood.

The terms “minidend” and “subvisor” are used for con-
venience in the following descriptions. instead of the con-
ventional terms “operator” and “operand.” The minidend

arithmetic operation and the subvisor is the factor
registered subsequently, The minidends in addition and
subtraction are respectively the augend and the minuend
(both operands) while in multiplication and division the
minidends are respectively the multiplier (an operator)
and dividend (an operand). The subvisors in the four
arithmetic operations are respectively the addend, subtra-
hend (both operators), multiplicand (an operand) and
divisor (an operator).

The terms minidend (abbreviated M’d) and subvisor
(abbreviated S’r) are used in the following descriptions
in accordance with the preceding definition.

The manner in which the basic arithmetic and check-

. ing operations are performed by the calculator is de-
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from the switches is enabled by the keyboard bias ele- -
ments in the same way that regular data transfer is =~

enabled. The switches establish connections for both

the true and complementary values of the numbers desig-
nating decimal point location; either the true or comple-

mentary connections are energized by the control umit

depending upon nature of” the number to be registered.
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Recall that in addition and subtraction the operand .
must be aligned so that its. decimal . point. is in the same: .+

position. as that of the operator subsequently to be
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" “scribed in the following sections. Tables illustrating typi-

cal examples of addition, division, and multiplication are
included. An understanding of certain properties of the

-Accumulator and subsidiary counters is prerequisite to a

study of the examples shown in the fables to follow.

The Accumulator: Each column of the accumulator is
a counter which counts forward when its 4~ bias is raised
and backward when its — bias is raised. Three inde-
pendent pairs of bias lines are used, as follows:

(1) 1A through 11A inclusive, called A

“(2) 1M through 10M inclusive, called M

(3) 1M
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These lines are raised as shown in the following table:

A M | 1M
Toad.d & pos. number or'subtract 8 neg. number...} - + +
To subtract a pos. number or add 8 neg. number...{ — - -
To add 8’r in multiplication. . . -+ -+ -
To subtract S’r in division. ... -~ 4= +-
‘T'o add S'r back in division + = -

Numbers may be entered in columns 1A through 1¢A
inclusive. In multiplication, a1 is entered in column 11M
whenever the RIG is operated to register the Sr. In
Division, a1 is-entered in column 1M whenever the RIG
is ‘operated to register the S'r.

- A carry in any column adds 1 to the next column to
the left. The accumulator normally-carries as a ring,
with column 11M carrying to column 1A, There are two
exceptions to this: - SRR :

(1) In making the Proof Subtraction, the carry from
11M is blocked.

(2) In adding a “1” to Acc. 1A after “9” check, the
carry from 11M is blocked.

In shifting, the accumulator always operates as a ring,
with 11IM shifting into: 1A, - Each shift pulse .moves
every digit in the accumulator one column to the left.

The Decimal Counter: The Dec. Counter counts for-
ward only. - Negative dec. indications are entered as com-
plements on 22,

In the Dec. Counter, 22 and zero have the same mean-
ing.. In other words, the 22nd count in effect resets-the
Dec..Counter to zero. e

In addition to-the dec. registrations indicated, the Dec.
Counter counts all shifts.

The:M.D. Counter: The M.D. Counter is similar to
the Dec. Counter, but counts only shifts. It is gated in
a manner indicated in the example, :

After the M.D.. Counter has indicated the completion
of ‘the: multiplication or division process, it continues to
count, but has' no. further effect on the program,

The "Accumulator is to.be treated as a ring, with

column 1A adjacent to column 11M.
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“Decimals are measured to the right from the reference

_position between column 5M and column 6M. ,

Example.—~The decimal between column 3A and
column. 4A is 13, ’ N '

Complements of decimals are formed by subtracting
the decimal from 22.

Example~~The complement of the decimal between
column 3A and column 4A is 9.

When it is desired to indicate a decimal position inde-
pendently of the reference position, it is shown thus;
(34, 4A) indicating the decimal position between column
3A and column 4A.

In .addition to receiving decimal registrations; the
Decimal Counter counts-all shifts in:the Accumulator.
Addition and Subtraction: In addition and Subtraction,
the Decimal Counter must be “preset” in such a way that
the M'd shifts will bring it to 22 when the M’d decimal
aligns with the S'r decimal. To do this, we first enter
the M’d decimal complement and the $’r decimal. This
is effectively a subtraction of the M’d and St decimal
positions; and -gives “S't decimal minus M’d decimal.”
This is the “complement of the number of places the
M’d decimal is to the right of the S'r decimal.”” Since the
M’d s shifted to- the left, the number of shifts required
for alignment is “the number of places the M’d- decimal
is to the right of the S’r decimal.” Since these numbers
will always add to 22, the desired result is obtajned.

Since the same ‘method is used to align the Result for
storage, in ‘Addition: and Subtraction it is necessary to
enter- the. decimal complement of the Result after the
above alignment has been made.  In this case, the Result
has been formed-at the St decimal position, ‘so it is the
complement of the St decimal ‘which we actually enter.
Then, when the Storage decimal is entered; the alignment
of the Result with Storage will be again indicated by the
Decimal Counter reaching 22.

The following example shown in' tabular form will
iljustrate :a complete addition step, . Subtriction is per-
formed in a similar manner, Note that where no digit
content of an accumulator order is' shown, the content
is zero. Decimal point locations are shown as an aid
to understanding how they are handled.

Addition

“M’" gection A" gegtlon

11109876643211110987654321Dec.M.D.
Ctr. Ctr.
THE PROBLEM
The M’q is: 5 2,3 4
The M’d decimal is: 8
The B'r 1s; 18657
- The 8’ declmal 1s: 13

The Storage decima) fa:

10

STEP ZEROIZE

The caleulator 18 zerofzed

M’d REGISTRATION

The M’d decimal complement is enterad in the Dee. Ctt.

The M’d nurnerical registration is made

5.2 3 4 14

ADDITION PROCESS
The 8'r dectmal fs entered tn the Dee. Otr.

52,3 4 5

The M'd is shifted to align with the 8'r, as indicated by the Des.

Ctr. reaching 22

§5:2.3.4 22
The 8'r dectmal complement is entered in the Dec. Ctr.
523 4 9
The 8’r numerlesl registration Is made
1 4093 ¢ 9

ALIGN AND STORE
The storage decimal s entered in the Dee, Ctr,

14093 4. 19
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Addition—(Cont’d.)
“M" section “A" gection

11109876543211110987654321gtec.‘
. X.

The fesult is shifted to align with Storage, &s {ndicated by the Dee.
Ofr, reaching 22

1400934
The Result is now transfefred to Storage
PROOF ZEROIZE
Thé “A” Section is zeroized
PROOF M’d REGISTRATION

Phip Proof M’d (Storage) decimal complément is entefed in thé
Dec. Ctt: .

12

The Proot M’d (Storage) nuimerical registration is made
1 4009.3 4 12

ADDITION PROOF PROCESS (SUBTRAC’I‘ION)
The Proof 8'r (S'r) decimal is enj;ered in the Dee. Ctr. )
' 1400934 3

The Proof M’d (Storage) is shifted to align with the Proof 8'r, as
indicated by the Dec. Ctr. reaching 22

46

‘M.D. -
- Ctr..

140 9.3 4 22
The Proof 8'r (8'1) decimal complement is entered in the Dec. Ctr.
1400934 9
The Proof 8t (8'r) numerical registration is made
5 2.3 4 9 F
PROOF SUBTRACTION
The M’d decimal Is entered in the Dec. Otr.
5 2.3 4 17

The Proof Result is shifted to align with the M’d, as indicated by
the Dec. Ctr. reaching 22

5 2.3 4
The M’d s subtracted:

The 0~9 Check Oircuit on columns 1A through 10A shows all zeros,
to indicate a good answer .

‘Multiplication:
‘Method—
St 176531
Md 97.1
1588779
12356717
1765381
Result 171411601

Note that the decimal of the first partial product falls
in the same position as that of the Sr. Also, the Result
decimal is to the right of this by “one less than the
number of M’d places to the left of the decimal.” We
could obtain this figure by subtracting the M’d shifts
from the M’d decimal position with respect to (10M,
11M). But the figure we want in the Decimal Counter
is the complement of this, as explained under Addition
and Subtraction. If, instead, we add the M’d shifts to
the M’d decimal complement, we will obtain the desired
result. Fortunately, this allows us to make the M’d
decimal registration in the same manner as in Addition
and Subtraction, and to count shifts in the normal man-
ner. The number in the Decimal Counter is now the
complement of “one less than the number of M’d places
to the left of the decimal.” By adding to this the St
decimal complement, we ‘will have the complement of
the Result decimal with reference to (10M, 11M) at the
time of the first S’r registration.

We may say then, with reference to (16M, 11M), that
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the Result decimal position at the time of the first S -

registration is:

M’d decimal complement}-S'r decimal complement
i+-M’d shifts

5

The Result will now bé shifted 11 places to the left in the
process of completing Multiplication. .- However, ‘the
Decimal Counter will also count these shifts, and will
continue to indicate the complement of the Result deci-
mal position. This is also true while the Result is shift-
ed to MM prior to zeroizing the A Section of the Ac-
cumulator, The preceding has assumed’ a_ decimal ref-
erence.at (10M, 11M). - Since the calculator reference
is'at (5M, 6M), we must correct the M’d complement
and S'r complement, which were entered with reference
to (5M, 6M). We must also correct the Result, which
must be made to indicate with reference to (5M, 6M).

To correct the M'd, we must subtract 5, or add .its

complement - . .. RRRE oo 17
To correct the S'r, we must subtract 5, or add its -

“complement , 7 17
To correct the Result, we must add’ 5

39

In the Decimal Counter, 39=17. This is the correc-
tion we must add to the Decimal Counter to bring’its
final Result into reference. with the calculator decimal.
After the Multiplication process is completed, the Deci-
mal Counter indicates the complement of the Result
decimal. - To align the Result with Storage, it is now
only ‘necessary to register the Storage decimal and shift
until the Decimal Counter reaches 22, as shown under
Addition and Subtraction. . R

The following example shown in tabular form will

-
lustrate a complete mujtiplication step.- . - - :
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Multiplication
“M” section “A" section
1110987664'32111100'87654321Dec..M.D.
Otr.. Otr, :
THE PROBLEM
The M'd fs; 300,001
The M'd declmal is: 13
The S'R 1s: 111,2.2.3.3 85
The 8'r decimal is: 1
The Storage decimal is: 14

STEP ZEROIZE
The calculator i3 zeroized

M’d REGISTRATION
The M’d dectmal complement {s entered:in the Dee. . Ctr.

The M’d numerical registration is made ]
300001 9
MULTIPLICATION PROCESS
The 8'r decimal complement {3-added in the Dee. Ctr.
300,001 .2
The M.D. constant of 17 13 added {n the Dec. Ctr.
3.0.0.0.0 1 15

The M'd i3 shifted until its first digit appears-In’ eolumn 1IM:"
Each of these shifts is counted in"the Dec. Ctr. - The first 11 are
counted in the M.D. Ctr,

37°0:0.0.0"1 ' 9 11
The first 8'r addition i3 now made

20 0.0 01 11122835585 g 11
The RIG now continues to run until the digit in 11M reaches zero

00 0.0 01 33367 00,665 9 11

The M'd isagsin shifted until'a number arrives in 1IM. . These
shifts are counted in both the Dee, Ctr. and the M.D, Ctr.

1 33836700686°¢ 14 16
The 8'r is agaln added until Column 11M reaches zero
) 338367 11.78:7835%65 14 18

The above -process Is repeated until the M. D. Ctr. reaches 22, Indi-~
cating the completion of multiplication

33367 1178783555 20 2
The Result is now shifted until its first diglt Isin11M ’
33361711787 83%55%5¢6 21 o
The “A” Section is zerofzed, leaving 11-digits of Result

33836:711,787 3 21

ALIGN AND SBTORE
The Btorage decimal is-added In the Dec. Otr;
3336171178173 13

The Result {s shifted to align with Storage, as indicated by the Deo.
Otr. reaching 22 ¢

73 3383671178 22
‘The Result {3 now transferred to Btorage o
PROOF ZEROIZE

The *A” Section is zerolzed )

73 22
PROOF M'd REGISTRATION
Tlgn]_?roof M’d (Storage) decimal complement is entered in the Dec.

73 8
The Proof M’d (Btorage) numerical registration is made
73 3386711,78 8§

MULTIPLICATION PROOF PROCESS (DIVISION)-
The Proof B'r (3'r) decimal is added in the Dse. Ctr.

73 . 333836711,78 19
The M.D. constant of 17 is added in the Dec. Ctxj. .
7 3 3 33671178 14

The Proof M'd (Storage) is shitted until its first digit appears in
Column 11M, Each of these shifts is counted in"the Dec. Ctr,
- The first 11 shifts and one extra count are entered in the M. D. Ctr.

3336 711:78.73 . 5 12

The first trial Proof 8'r (S'r) subfraction is now made, at same
ltnml11tha:a)dding & one in 1M (subtractive carry from 11A.is slso added

3836711787 598887766445 5 12
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Multiphication—(Cont'd.)

“M? gection “A” gection

50

11109876543211110987654321Dek:.M.D.
Cir: Cir.

"The overcarry from 11A to 1M indicates an unsuccessful trial Subt.
so0 the proof S'r (S'r) is added back, at same time subtracting &
one from 1M (additive carry from 11A is also subtracted from 1M)

33367117873 5

The Proof M’d (Storage) is shifted until the next number appears
in column 11M

3361711787173 3 6
This process continues until a successful trial subtraction is made
3 1 2 224478232

The RIG now continues to run until an overcarry from 11A to IM
oceurs. (One isadded in 1M for each RIG cycle and when sub-
tractive carry occurs from 114)

3 5 9888771717586

The Proof S'cx (3'r) is added back. (IM is reduced by one
tll.;liijng the RIG cycleand by onemore due to additive carry from
3 3 1 1.1 22

The M.D. Ctr. now starts to count shifts again and the above
process is repeated until the M.D. reaches 22 indicating the
completion of Proof of Multiplication (Division)

30000099999 756733%5%865 3
The A"’ Section I8 zeroized leaving 11 digits of Proof Result .
3000009909909 3
PROOF SUBTRAOTION

The M'd decimal is entered in the Dee. Otr.

15

16

15

3000009298999 18
The Proof Result is shifted to align with the M'd as indicated by

the Dec. Ctr. reaching 22

99999 . 300000 22
The M’d is subtracted
9993899999999999999.999 22

The 0-9 Check Oircuit on columns 1A through 10A shows all 6s, to
indicate a good answer

Division:
(1M, 114)

1412.6~~ Result
8'r .954[1347.6800 M‘d
9540000

— e
39836800

1

Mothod—
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At the time of the first successfu] trial subtractions,
the first digit of the Result is formed in column 1IM.
There will be an additional digit of Result to the left of
the Result decimal for each place between the M’d deci-
mal and the S'r decimal, Since the first digit of the
Result is in 1M, the Result decimal will be to the right
of the (11A, 1M) point by the difference between the
M’d and ST decimal positions. It is necessary, at this
time, for the Decimal Counter to indicate the displace-
ment between M’d and S'r decimals. To do this, the St
decimal is added to the M’d decimal complement to give

12

12

12

12

12

22

40

45

50

55

60

65

the complement of the original displacement. The sub-
sequent shifts of the M’d, prior to the first suiccessful trial
subtraction, are added in the Decimal Counter to the
original difference complement. This has the same effect
as decreasing the difference. - Thus, the Decimal Counter
indicates, at the time of the first successful trial subtrac-~
tion, the Result decimal complement with respect to the
(11A, 1M) point. . ‘

In the process of completing Division, the Result will
be shifted until its first digit is in 11M. However, these
shifts will be counted in the Decimal Counter, which will
continue to indicate the Result decimal complement with
respect to (11A, IM). The preceding has assumed a
decimal referemce at (11A, 1M). However, the cal-
culator reference is at (53M, 6M), and we must correct
the Result to indicate with respect to this reference.
Since the M’d and St decimals were effectively sub-
tracted, their corrections cancel and need not be con-
sidered. The Result is corrected by subtracting 5, or
adding its complement, 17. After the Division process
is completed, the Decimal Counter indicates the comple-
ment of the Result decimal, To align the Result with
Storage, it is now only necessary to register the Storage
decimal and-shift until the Decimal Counter reaches 22,
as shown under Addition and Subtraction.

The following example shown in fabular form will
illustrate a complete division step. :

Division

“M" sectlon A’ gection

111098765‘43211110987654321]8ec.M.D.
ir.
THE PROBLEM

The M'd is:

The M’d decimal is:

The S'r is: .
The 8’r decimal is: 8

Ctr.

43432
16 ‘
17931
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Division--(Oont’d.)
M’ section “A” section
1110 987 65 4 8.2 11110°9'8 7 65 4 8 2 1 Dec. MD:
) Ctr. Ctr,
The Storage decimal {s: 100000.0070 00
STEP ZEROIZE
The claculator s zeroized
M'd REGISTRATION
The M'd decimal complement is entered in the Dec, Ctr.
6

The M'd numerical zegistration is made

DIVISION PROCESS
The 8'r decimal is added in the Dee, Otr.
4.3 4.3 2... 14
: The M.D. constant of:17 is addad in the Dec. Ctr:
434329

The M’d is shifted ‘until its first digit appears in. Column 11M;
Bach:of these shifts is counted in the Dec. Ctr. “The first 11
shifts and one extra count ‘are entered in the M.D. Ctr.

484332 412
‘The first trial S’r subtraction is now made
4-3 432, 2982069 47'12

The overcarry from. 11A: to- 1M indicates an unsugcessful ‘trial
subtraction, so the 8’r.is added back

4:3473 2, 4 12
The M'd is shifted until the next number sppears on Column 1M
34 8.2, 4 (] 12
This proeess continues until a suceessful trial subtraction is made
: 1.2 5501 .12

The RIG now continues to run until an overcarry from 11A to 1M
occnrs

4. 9.8:9-6 3 9. 14 12
The 8'r is added back
2 7:868.7°0. 14 12 -

The M.D. Ctr. now:starts to count shifts again, and ‘the above
process is repeated until the M. D. Otr, reaches 22, indicating the
completion, of division

2 422173838487 1.7.2.0 3 2 22
The “A” Section is zeroized, leaving 11 digits of Result
2.4 2.2.17 3 8'8:8.7 2 -

ALIGN AND STORE

The Storage decimal is added in'the Dec. Ctr.

24221738 8 8.7 13
The Result is shifted to align: with Storage, as indicated by the

Dec: Ctr. reaching 22
8 7 24.221 7388 2
The' Result {3 now transferred to Storage
PROOF ZEROIZE
The *“A* Bection is zeroized :
87 : 22
PROOF M'd
The Proof M'd (Storage) declmal complement is entered in the
Dec. Ctr.

8.7 11
The Proof M’d (Storage) numerical registration is made
8. 24221713888 1

DIVISION PROOF PROCESS (MULTIPLICATION)
The Proof 8'r (8'r) decimal complement is added in the Dec. Ctr.

8 7 : T2 402:2,177°3:8"8 3.
The M.D. constant of 17 is added in the Dec. Cir.
87 : : 2:.4.2:2:1.7:83 88 20

The Proof M’d - (Storage) is shifted until its first digit appears in
.column . 11M, Each of these shifts is.counted in the Dee. Ctr.

The first 11 are counted. in the M.D. Ctr.

2 4221738887 SNt
The first Proof S'r (3'r) addition is now made :
1.4.2°2°1'73 8887 . 17981 41 1

The RIG now continues to run until the digit in 11M reaches zero
04221738887 . 365862 SRR L <
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Division—(Cont’d.)

“M"” section “A” section

54

1110 9 8 7 6 5 4 3 2 11110 9 87 6 5 4 3 2 1 Dec. MD.
Otr. Ctr.

The Proof M'd (Storage) is again shifted until a number arrives in
il{l\% él‘tlgese shifts are counted in both the Dee.. Ctr. and the

42217388817 ‘35862. 12
The Proof S't (S'r) is ggain added until Column 11M reaches Zer0
0221738887 4 303 4.4

The above process is repeated until the M.,D. Ctr, reaches 22
indicating the completion of Proof of Division (multiplication)

43431.9999982797

The Proof Result is now shifted until its first digit is in 11M
438431.09909827897 1
The “A’ Section is zeroized leaving 11 digits of Proof Result
4343199997938 . 1
PROOF SUBTRACTION ‘
The M’d decimal is entered in the Dec. Ctr.

4 34319999098 .

The Proof Result is shifted to align with the M'd as indicated by
" the Dee. Ctr. reaching 22

999998
The M’d is subtracted
‘9999979999999 998999089%89
A 1" (ome) i§ entered in col. 1A of no zero check
:9999980000000000000000

fThe zero check cirenit on columns 1A thru 104 shows all zeros to
 indicate a good answer ’

12

17

434381

22

Note that each of the four types of program steps just
described consists essentially of what may be regarded
as eight separate operational phases as follows:

Step Zeroize

M’d Registration

Process (including St Registration)

Align and Store

Proof Zeroize

Proof M’d Registration

Proof Process (including Proof S’ Registration)
Proof subtraction

While the Step Zeroize and M'd Registration phases
are the same for all types of program steps (addition,
subtraction, multiplication and division) the other phases
differ depending upon the type of program step or arith-
metic “process” being performed. All phases of all steps
are seen, however, essentially to involve merely trans-
ferring numbers from the various storage locations to the
accumulator, conditioning the various accumulator orders
to add or subtract, shifting accumulator contents, and
transferring results from the accumulator to a result stor-
age location.

The chassis comprising the Control unit (see Fig. 1)~

cooperate to control these transfers, conditionings, and
shifts to perform the program called for by the plugboard
connections. Of the chassis comprising the Control unit,
the Storage Set, Storage Zeroize, Régulator, Keyboard
Bias, Registration Impulse Generator, and Decimal
Counter chassis have been previously described. The
Step Sequence, Base Control, Output Control, Step Con-
trol, and Control chassis will now be described.

STEP SEQUENCE CHASSIS

The plugboard (Fig. 42) provides for setting up a calcu-
lating program comprising as many as 40 unigue steps.
The plugboard cooperates with 10 Step Sequence (SS)
chassis (Fig. 30) in performing the program control func-
tion. Each of the 10 Step Sequence chassis are associated
with 4 of the 40 program steps. For example, the typical
_chassis, shown in Fig. 30, is associated with program
steps 1, 2, 3, and 4. It is apparent from Fig. 30 that the

“ghassis actually comprises four identical portions each
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containing a trigger stage (e.g. (1)ES), a diode gating
stage (e.g. left half of (1, 2)ED), and six triode gating
(1, 2)ESF,
(1, 2)ERF, 1, 2)EPF, (1, 2)EBP, (1, 2)EBM).

The ES trigger is on whenever its associated step is in
progress; thus only one of the forty ES triggers is on at
any one time, all others being off. Each step trigger ES
is turned on through its associated input gating stage ED
(right or left half) in a manner to be explained later.
When a step trigger ES is on, its left plate is raised in
potential to enable its associated triode gates EMF, ESF,
ERF, EPF, EBP, and EBM. These gates serve to control
the energization of plugboard terminals associated with
the step in progress. The gates and other step sequence
stages associated with program step 1 will now be. de-
scribed;. those for all other steps are the same. The
designation (1)EMF (for example) will be used to desig-
nate the left half of stage (1, 2)EMF, so as to avoid
constant reference to the “left half.”

The plate of (1)EMF is connected to chassis terminal
28 which in turn is connected to the plugboard terminal
in row 1, column V;. Thus when (1)EMF conducts, the
potential at the V; terminal of row 1 (program step 1)
of the plugboard will be lowered. ~This terminal will be
plugged (connected) to one of the storage location ter-
minals A=Y to specify the M’d storage location for step 1.
Thus, when (1)EMF conducts, the lowered potential at -
jts plate will be transmitted through the plugboard to the
Keyboard bias chassis for the storage location of the
M’d in step 1. This effectively selects the M’d for step 1
from ‘among the 37 storage locations.

Note that (1)EMF can conduct to select this M’d only
during the progress of step 1 when trigger (1)ES is on.
Also note that conduction in (3)EMF can occur only
when its cathode, which is connected to chassis terminal

'34, is at & lower potential than its grid. Terminal 34 is

lowered in potential by the EMK signal from the Control
chassis (terminal 12) only during the selected periods of
a step when it is desired to transfer the M’d from its stor-

‘age location to the accumulator.

In the same way, gate stage (1)ESF causes the S’r for

‘step 1 to be selected from its storage location for transfer

to the accumulator,
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The plate of (1)ESF is connected via chassis terminal
24 to the V, plugboard terminal in row 1 and from there
to the proper KB ‘circuits via-one of the' A~Y storage loca-

tion plugboard terminals; thus when (1) ESF conducts, the..
storage location containing the:S'r for step 1 will be sé-.

lected for: transfer to the accumulator, The cathode of
(1)ESF is lowered to permit conduction by the ESK signal

(from the Control chassis terminal 14) over terminal 32 -

only during those periods in a step when the S is to be

transferred to- the accumulator. The EMK and ESK
signals are always. simultaneously: applied. to all Step
Sequence chassis but permit -conduction only-in the gates

10

of the step in progress since only their grids will be raised.

by the ‘associated step trigger.

Result storage location for step 1 is selected in'the same
way by stage (1) ERF under the control of the ERK. signal
delivered “at terminal 31  from the Control Chassis (ter-
minal 16). The plate of (1)ERF is connected via chassis
terminal 20 to plugboard terminal R in row 1 -and from
there via one of the P-Y: storage location terminals to the
. -appropriate Keyboard Bias. circuit.

The- process -(addition, subtraction; multiplication, - or
division) to'be performed in 'step 1 is established by gate
stage (1)EPF which conducts whenever step 1 is in
progress- (since- its’ cathode ‘is permanently connected to
ground potential). " The plate of (1)EPF is connected via
chassis terminal 16 to the plugboard terminal “Process”
in row 1.and from there by a plugboard connection to the
add, subtract, multiply or divide terminal. All terminals
in each of these later rows of terminals are connected to-
gether and the rows are connected respectively to - ter-
minals 2, 4, 6, and 8 of the Decimal Control Chassis-and
to terminals 8, 10; 12, and 14 of the Zero Factor chassis:

During any step, one of these rows is lowered in- poten-
tial by conduction in‘the’ (- )EPF stage and the plugboard
-connection and the consequent lowered potential at one
of -the aforementioned Decimal Control and Zero Factor
chassis- terminals détermines the arithmetic operation to
be performed. :

The (. )EBM and ( )EBD stages determine, through
their associated plugboard. connections, which step will
be commenced aftér completion of the step in progress.
Stage (1)EBM, for example; conducts at the conclusion
of step. 1 when: the result is negative, as ‘indicated by.a
lowered potential at chassis terminal 5, connected to the
cathode-of (1)EBM. If the result is positive terminal 5
will remain high to prevent conduction in (1)EBM but
terminal -6 will be lowered to cause (1)EBP to conduct.
Terminals -5 and 6 are connected to terminals 3 and §
respectively of the-Step-Control chassis.(Fig. 29) which
are taised or lowered depending upon whether a resilt
is positive or negative..

The plate of (1)EBM is connected. through chassis
terminal 8 to'the plugboard “From-minus” terminal ‘in
row 1 and the plate of (1)EBP is connected through
chassis terminal 12 to the “From-plus” terminal. Thus,
the “From-minus”. terminal will be lowered in potential
when a result-of step 1 is negative and the “From-plus”
terminal will be lowered when a result is positive. - Each
of these “From” terminals may be connected to the same
or different “To” terminals so that, on completion of step
1, the program will branch: to say step 7 if the result was
negative or to step 2 if the result was positive. ‘As. will
be séen later,. branching from any step: can be to any
“other step. ' '

While the foregoing description of the role of the Plug-
board and Step Sequence Chassis in program control has
used program step 1 and its associated circuits as exam-
ples, all 'other program steps are controlled in the same
‘way. To summarize, the process.to: be performed in
anystep, the storage ‘locations of the factors involved,
the storage location for the result, and the next step for
both positive -and negative results, -are all established by
plugboard - ¢onnections. slug
are energized, or rendered effective by the Step Sequence
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cireuits. - During each step only the plugboard connec-
tions: specifying that step. are energized and then ‘only
during the periods within the step when they are needed:

BASE CONTROL AND OU’I“PUTCONTROL
CHASSIS

In addition to the four types of arithmetic program
steps, four types-of output operations may be performed.
These are designated Set, Sort, Clear; and Trip.

The Set ‘operation transfers numbers from all orse-
lected ‘result “storage locations to the punch actuating
storage in- the card punching operation without clearing
the result storage locations.. Two such operations Set I
and. Set II are provided, either of which may be pro-
grammed to- follow  and- be followed:by any other pro-
gram step or-output-operation. : )

The Sort operation-delivers a signal to the card purich-
ing unit to cause the card being operated upon to be
sorted” into a ‘special “hopper after it is subsequently
punched and ejected.. Two of these operations, Sort I
and. Sort IT are provided, either of which, again, may be
programmed- to -follow and be followed by ‘any other
program: step or output operation. :

The Clear operation clears all or selected output stor-
age locations and may. also.be programmed to follow and
be followed by any program step or output opefaticn.

The Trip operation-delivers a signal to the card punch-
ing.unit to cause the card to be moved from the reading
station to..the punching-station, and, after punching, to
be-delivered ‘to' an output hopper (a regular hopper if
the Trip. operation was preceded by a Sort operation).
Simultanecusly; the next input card is moved to the read-
ing station.  The Trip ‘operation causes the first: program
step to be commenced-and can therefore be followed by
no other program step or output operation. .

Signals for controlling. the above cutput -operations are
delivered- to ‘the card punching unit (not shown) from
the -Base. Control chassis shown in Fig. 17." The Sort I

-and -Sort I operations “are “controlled by two solenoids

in the-card punching unit.which are energized by thyra-
trons EGTI and EGT?, respectively, through Base Con-
trol chassis terminals -8 and 10 respectively: - Thyratrons
EGT1 and EGT2 are in turn controlled by the left halves
(in parallel) and the right halves (in parallel) of gating

-amplifiers. EGCG- respectively. ~ Both “halves receive a

positive: pulse over: their conmon -capacitive input- from
the left plate of ‘Schmitt trigger EGA at each positive
half cycle of line voltage. Both halves are normally
biased tocut off, however, and do not conduct in re-
sponse. to the positive pulse from EGA. - The left and
right. biases are controlled ‘by the potentials applied at
terminals 1 and 3 respectively. - When a Sort I operation
is to be performed, terminal 1 will' be raised in poten-
tial by the Output Control chassis so that the left halves
of EGCG- will conduct in response to the positive pulse
from EGA." As a result, the transformer connected in
the left. plate circuit of: EGCG will- deliver ‘4 positive
pulse. to- the grid of Thyratron EGT1, causing it to fire.
This will in turn actuate the Sort I solenoid as explained
above.. " In summary, when a Sort-I operation is to be
performed, the potential at terminal 1 will be raised by
the Output Control chassis and as a result, the Sort.1
solenoid. will be actuated through the Sort T thyratron
EGT1 on the next positive half cycle of line voltage
(which also supplies the thyratron through the solenoid).
The Sort II operation will be performed similarly by thy-
ratron. EGT2 when the potential at terminal 3 is raised.

The Set-1 and Set II operations are similarly controlied
by the left and right halves respectively of ELCA “and
ELCG (in parallel) when the potentials at terininals 5
or 7 are raised. - The thyratrons for these operations are
not shown since they are located in the card punching
unit; their grids, however, are controlled by ‘the ‘poten=
tials on terminals 14 and 16 respectively which are trans-
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formef coupled with the left and right plate circuits of
FLCA and ELCG.

The Trip I and Trip I thyratrons (pot shown) are con-
trolled by the potentials at terminals 26 and 28 respec-
tively. Terminal 26 is transformer coupled with the left
plates of EPCA, EPCG, EGPA, and EGPG, and with both
plates of ENGG. Thus, when any of these plates con-
duct, the Trip I thyratron will be fired. The left grids
of EPCA and EPCG are controlled by the potential at
terminal 9 which in turn is raised by the Output Control
chassis whenever a Trip I operation is called for by the
plugboard. The left grids of EGPA and EGPG are con-
. trolled by the potential at terminal 15 which in turn is
raised by the Output Control chassis whenever a card is
to be rejected; ie., Tripped and Sorted. Note that the
raised potential at terminal 15 will also cause the right
halves of EGPA and EGPG to conduct thereby actuating
the Sort I thyratron to which their plates are coupled
through the left sides of EGCG. The grids of ENCG are
controlled by the potential at terminal 13 which is, in turn,
raised by the Output Control chassis whenever a zero
factor is detected and a selector switch is set for “non-cal-
culate” in this situation.

Diode stages ETM1, ETM2, and ETM3 serve as buffers
or mixers to actuate flip-flop EBAL whenever any of the
Sort, Set, or Trip operations occur, and thus send a nega-
tive pulse over terminal 25 to the Step Control chassis, to
signal completion of an output operation. The plates of
these buffer stages are connected in common to the input
to flip-flop EBAL so that when any of them conducts,
EBAL will be actuated and deliver the required negative
pulse to terminal 25 when it refurns to normal. The
cathodes of the buffer stages are coupled capacitively with
the output operation thyratron plates so that conduction
will be momentarily increased in one of the buffer halves
whenever an output operation thyratron is fired.  Con-
nection to the thyratron plates is via chassis terminals 8,
10, 18, 20; 30 and 32. : ,

Buffer diode stage- ETM4 delivers a negative pulse
over its common plate connection and chassis terminal
23 to the Step Control chassis whenever the Trip I or
Trip I thyratrons are fired. Its cathodes are coupled
with the thyratron plates in the same way as explained

above for the other buffers (via terminals 18 and 20).
As now ‘understood, the Base Control chassis receivers -

signals from the Output Control chassis designating which
output operations are to be performed and actuates con-
trol thyratrons accordingly. It also delivers to the Step
Control chassis, signals indicating the completion of out-
put operations.

The Output Control chassis shown in Fig. 24 receives
from the plugboard and other controls, signals designating
which output operations are to be performed and delivers
appropriate signals to the Base
scribed. The Output Control chassis contains six triggers
which are associated with Sort, Set, and Trip operations
and may be regarded as the functional equivalents of the
step triggers ( )ES described earlier in connection with
the Step Sequence chassis.

Trigger EGC1 is in effect the “step trigger” for the
Sort I operation and is turned on when that operation is
called for. Similarly EGC2 is associated with Sort II,
ELC1 with Set I, ELC2 with Set II, EPC1 with Trip I and
EPC2 with Trip II. - Each of these triggers is turned on
by the output of an associated diode gate; for example,
EGC1 is turned on-through the left side of EGCD when-
ever the potential at terminal 6 is lowered and a negative
ESI pulse. arrives at terminal 10. The ESI pulse occurs

_at the completion of each program step oOr output opera-
70

‘tion and is fed in common to each of the six gates con-
‘trolling the output operation triggers.  The other inputs
“to each of the gates (e.g. the terminal 6 input to the left
side of EGCD) come from the “next step” or “to” busses

energized by the “from” terminals of the plugboard. _
“Thus, whenever a given program 'stép or output opera--

Control chassis just de- .
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tion is completed and the plugboard connections call for
the next step to be.a Sort, Set, or Trip operation, the appro-
priate output operation “step trigger” will be turned on
through its associated input gate by the ESI pulse.

In addition to raising the potential at the appropriate
Base Control chassis terminal to initiate the operation, the
operation step triggers also deliver a lowered potential to
their respective “from™ terminals on the plugboard so
that the next following program step or output operation
may be selected. For example, when EGCL1 is on, indi-
cating that a Sort I operation is to be performed, the
raised potential at the left plate of EGC1 is inverted in
the left side of EGCB and delivered to the Sort I “from”
terminal on the plugboard via chassis terminal 7, so that
the next program step or output operation may be se-
lected. Also, the raised left plate potential at EGC1 is
delivered through a resistor in EFP1 to the Base Control
chassis via terminal 1 to fire the Sort I thyratron. Each
of the other five output operation step triggers EGC2,
ELC1, ELC2, EPC1, and EPC2 serve the same func-
tions in the same way for their respective output opera-
tions.

The Sort II, Set I, Set II, Trip I, and Trip II signals
from the “to” terminals of -the plugboard arrive at the
Output Control chassis at terminals 4, 16, 14, 22 and 20
respectively. In the same order, the signals to the “from”
terminals of the plugboard depart over terminals 5, 15,
and 13 (no “from” signals are delivered for the Trip op-
erations since they are always followed by the first pro-
gram step on the next card). In the same order, signals .
to the Base Control chassis for firing the output operation
thyratrons are delivered over terminals 9, 11, 17, 21 and
23.

Three diode buffer stages EAA, EAB, and EFP2 receive
cathode potentials from the Sort, Set and Clear “to” termi-
nals on the plugboard via chassis terminals 6, 4, 16, 14,
and 41 and deliver a lowered potential to the Step Control
chassis over their common plate connections via terminal
19 when ever any of these output operations are in
progress. This signal is used to inhibit the normal program
step cycle which is not needed during output operations.
The same inhibition is effected by triode buffer stage EAC
(right plate) whenever a zero factor stop occurs (terminal
39 to common grids) or when a Trip I (right input) or
Trip IT (left input) occurs. :

The Clear “to” terminal on the plugboard is connected
to Output Control chassis terminal 41 so that terminal 41
will be lowered in potential whenever a Clear operation
is called for. In addition to lowering terminal 19 through
the right side of EFP2 as previously explained, the reduced
potential at terminal 41 also raises the storage clearing
potential at terminal 34 through ENCD and enables the
right gate of ENCD so that the next step advance pulse
ES1 (over terminal 1) will actuate flip-flop ECF. The
resulting raised potential at the left plate of ECF is in-
verted in the left side of ECG and delivered to the Clear
“from” terminal on the plugboard via chassis terminal 43
to energize the next step “from” terminal through the
plugboard connection.

When ECF returns to normal the positive pulse at
its right plate is inverted and amplified in the right side
of ECG and delivered to the Step Control chassis (terminal
32) via chassis terminal 25 to initiate the step advance
cycle. .
The ENC trigger is actuated by a reduced potential at
terminal 35 through the left diode of ENCD. Terminal

'35 is connected to the non-calculate switch which lowers

the potential at terminal 35 whenever there is no card

“in the sensing station and whenever a card control hole

indicates that the card should not be calculated. When
either of these conditions causes ENC to be turned omn,

‘the potential at terminal 33 is raised to initiate a Trip I
‘operation as explained earlier in connection with the

Base Control chassis.

When a zero factor occurs during a division step and
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the zero: factor selector switch . is set for “reject,” the
potential at terminal®37. of the  Output  Control chassis
is raised and as a result, trigger EGP is turned on through
the left:side of EGe. ~The resulting rajsed potential- at
the left plate of EGP is delivered to terminal 2% and
from there to .the Base Control chassis -to initiate the
firing of the Sort I and- Trip I thyratrons, thus.causing
the ‘card to be rejected and the program on the next card
begun.
STEP CONTROL CHASSIS

The - Step Control chassi§ shown in Fig. 29 performs
the ‘general function-of advancing the machine from. step
to step during-the execution of a program. - The chassis
that control” the machine during output operations and
Clear. operations -(Base Control “and Output Control
chassis) have just been explained.  The chassis that-con-
trol the machine during the program steps will be explained
later. :

Referring now to Fig: 29, the-Step Control’ chassis
delivers ESZ and ESI pulses from terminals 33 and 35 to
the Step Sequence: chassis previously described. Recall
that the ESZ pulse turns off whichever step trigger was
on and:the ESI pulse turns on‘another step trigger de-
pending upon the algebraic sign of the result. of the step
just completed. -The ESZ pulse (negative) is developed
by stages ESZ and EP’.in parallel whenever either the
left or right capacitive inpuis to ESZ are pulsed positively.
The ESI pulse (negative) is developed by stages ESIL,
ESIZ, and- EPX'" in- parallel whenever either the left
or Tight -capacitive inputs to ESI1 are pulsed - positively.

The left and right sides of ESZA deliver positive pulses
to the.left and right capacitive inputs to ESZ to cause
ESZ pulses and the left and right sides of ESIA deliver
positive pulses to the left and right capacitive inputs to
ESI1 to cause ESI pulses. . Consider now how and when
negative pulses -are applied to the inputs to ESZA and
ESTA to cause ESZ and ESI pulses.

A program is initiated by a négative swing-at terminal
24 from the start and restart switches. - This swing actuates
flip-flop  EP. - The positive swing at the left plate of EP
is inverted in the right side of ESB1 to actuate flip-flop
ESD.. The resulting negative pulse at the right plate of
ESD is delivered to the right capacitive input to. ESZA
to cause an ESZ pulse at terminal 33. - The positive swing
at the left plate of ESD when ESD:is actuated is inverted
in the left side of ESB1 and delivered as a negative pulse
from-terminal 37 to.the Step Sequence chassis to enable
the step trigger associated with the first program step.
The positive swing at the left plate of ESD is also delivered
via terminal-30 to the Zero Factor-chassis, and inverted
and amplified in the right side of ESZIL. The resulting
negative pulse at the common plates of ESZ1 is delivered
to the left input to ESZA and the right input to ESIA to
cause ESZ and ESI pulses and is-also delivered via termi-
nal 44 to.the Control chassis to initiate a step cycle. - The
negative swing at the right plate of ESD when ESD is
‘actuated pulses the right side of ESZA' at the same time
the left side is being pulsed through ESZL. - Recall, how-
ever, that pulsing either side of ESZA negatively will cause
the ESZ pulse to zeroize step triggers.

When ESD returns left the negative swing at its left
plate-causes the ESI pulse-at terminal 36. This pulse
turns on the step trigger for the first program step the
gate to which was:previously enabled 'via terminal 37
by the left side-of ESBi.. The signal (from; the left plate
of EP) that actuates ESD through ESB1 also is delivered
1o the right input-to ESZ2 to cause a negative pulse at
terminal 28. This pulse is delivered to the Output Control
chassis and serves to turn off any output operation trigger
“that was on. .

Summarizing the foregoing, the net result of actuating
Alip-flop EP is seen to be as follows: Any output -oper-
ation triggers that were on are turnéd off by a negative
pulse at terminal 28. The step trigger: for the first
‘program step has its gate enabled over ‘terminal 37 so
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that it will be turned on by the next ESI pulse. - Any step
trigger-that was on is turned off by an ESZ pulse over
terminal 33. ' Finally an EST pulse over terminal 35 causes
the step trigger for the first program step to be turned on.
Also’ a negative pulse is-delivered over terminal 44 to-the
Control chassis to initiate program step operations.

The first step-in a-program is initiated by flip-flop EP
as-described above. - Subsequent ‘steps are initiated by
flip-flop EGD, in-a manrer now to be explained. ' EGD
is actuated after the successful completion of any program
step or output-operation. ‘When a program step (add,
subtract, multiply of divide) has been successfully comi-
pleted and: proven the right plate of EGD is pulsed nega-
tively through the right side of EG by a positive pulse over
terminal 42 from the ‘Control chassis. (enabled by ‘a
raised potential over terminal 36 from the Zero Factor
chassis).  After an output operation (Set, Sort, or Trip)
the right capacitive input to flip-flop EGD is pulsed nega-
tively ‘over terminal 26 from the Base Control chassis.
After-a Clear operation the right plate of EGD is nega-
tively pulsed over terminal 32 from the Output Control
chassis. ~ Any of these three situation will cause EGD
1o be actuated and will result in a positive swing at the
left plate of EGD.: This positive swing is inverted and
amplified in the-left side of ESZ2 and delivered over
terminal 28 to the Output Control chassis to turn off output
operation triggers. - The positive swing from the left plate
of EGD is also-inverted and amplified in-the left side
of ESZ1 to. cause ESZ, ESI and a negative pulse over
terminal -44 “(to -initiate. step operations in-the Control
chassis) ‘as--was previously explained.

Potentials indicating the algebraic sign of a result are
delivered to the plugboard from terminals 3-and 5 of
the Step Control chassis. - These terminals are connected
to- the minus Tesult and plus result -terminals of the
plugboard- respectively. . Terminal 3°is lowered in po-
tential by cathode follower EBM when a:result is nega-
tive and terminal 5-is lowered by cathode follower EBP
when a result is positive. . EBM is controlled by the left
plate of trigger EBS and EBP by the right plate. Trigger
EBS is normally off (indicating a positive result) holding
terminal 3 high and terminal 5 low.. As long as result
numbers -are positive this condition -obtains.  When a
result is negative the potential at terminal 38 (from the
Zero Factor chassis) rises to enable the left side of EG
and-a positive pulse ‘over terminal 40 (from the Décimal
Control chassis) is inverted and passed to turn on trigger
EBS. This reverses the relative potentials on terminals
3 and 5 to cause the next step to be the one plugged to
follow a negative result.

The stages of the Step Control chassis that remain to
be described constitute a recycling:- control ‘which' causes
the calculator to restart either the step or the entire pro-
gram whenever for any reason-a-step is not successfully
completed and proved within an® allotted time.

Trigger EP3 is turned on at the beginning of each
calculation  of flip-flop EP- through the right side. of
ESBL. - This lowers the fight input to EPX, cuts off con-
duction in EPX and permits a capacitor (located in EPX’)
connected between the plates of EPX and 4150 volts
to-begin discharging.. This capacitor is recharged at the
beginning of ‘each program step when flip-flop EP4 is
actuated and the left side of EPX is consequently caused
to conduct. Thus, as long as the program continues
successfully the ‘capacitor will not have ‘time to become
much " discharged. . Should the result of any step fail to
prove, however, no “step completéd” signal will arrive
over terminal 36 and conséquently no- “step start” signal
will - be delivered from ESZ1 to actuate flip-flop EP4.
When the. capacitor in EPX’ discharges -sufficiently two
neons in the plate circnit of EPX will conduct to:deliver
a positive pulse to both capacitive inputs'to EPS.. One
or the:other of the two sides of EP5 will be enabled to
pass the pulse depending upon whether the restart switch
is:set to-restart the step or to restart the entire problem.
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if it is set to restart the step terminal 1¢ will be high
and if it is set to restart the problem terminal 14 will be
high.

Tn the first case (restart step) the negative pulse at
the right plate of EP5 will have the same effect as the
output from ESZ1, namely, to cause ESI, ESZ, initiate
the step operations, (over terminal 44) and actuate EP4
to recharge the timing capacitor. ‘

In the second case (restart problem) the negative pulse
from the left plate of EP5 will actuate flip-flop EP to
initiate the calculator operation at the first program
step as previously explained.

CONTROL CHASSIS

The Control chassis shown in Fig. 18 performs basic
control functions during the execution of any program
step. An important control function performed by the
Conirol chassis is that of selectively lowering the po-
tentials on the EMK line (terminal 12), ESK line (termi-
nal 14) and ERK line (terminal 16) to select the M’d,
S’r, and Result storage locations as required during any
program step. These three terminals are connected re-
spectively with terminals 34, 32, and 31 of all 10 Step
Sequence chassis and serve to enable the EMF, ESF
and ERF gates in those chassis (by lowering cathode po-
tential) as previously explained.

The enabling potentials at terminals 12, 14 and 16
of the Control chassis are delivered from cathode fol-
lowers EMK, ESK and ERK respectively. The circuits
delivering input signals to these cathode followers serve
t6 lower the input potential to only one at a time. For
example, the input to EMK is lowered only during those
‘periods in a program step when it is desired to transfer
the M’d from its storage location to the accumulator or
when it is desired to transfer the M’d decimal location
(or its complement) to the Decimal Counter.

Cathode followers EMK, ESK, and ERK are controlled
mainly by the states of six triggers, EM, ES, ER, EPP,
EPS, and EPM through D.C. amplifiers EMA, ESA,
and ERA. The input to EMX is lowered only when either
‘side of EMA conducts, the input to ESK is lowered
-only when either side of ESA conducts, and the input to
ERK is lowered when either side of ERA or the left side
~of ERAZ conducts.

EMA conducts to lower the EMK line (terminal 12)
-whenevert rigger EM is on and whenever trigger EPP
is on. ESA conducts to lower the ESK line (terminal 14)

- whenever trigger ES is on and whenever trigger EPS is
on. ERA conducts to lower the ERK line (terminal 16)

. whenever trigger ER is on and whenever trigger EPM ™

“is on. - The left side of ERAZ conducts to lower the
. ERK line whenever flip-flop EZ is in its actuated condi-
- tion.
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at its left plate actuates flip-flop EPZ and the flegative
swing at the left plate of EPZ when EPZ returns left
turns on EPM.  When EPM is turned off, the negative
swing at its left plate turns on EPS and when EPS is
tirned off the negative swing at its left plate turns on
EPP. Thus it is seen that the triggers EM, ES, ER,
EPM, EPS and EPP, which may be regarded as storage
selection triggers, are turned on one at a time in sequence
during a program step, so that the EMK, ESK, and ERK
enabling lines to the Step Sequence chassis will be lowered
in potential at appropriate times during a step.

Another important function of the Control chassis is
the generation of zeroizing or clearing pulses for triggers

- throughout the calculator.  The BS clearing pulse is de-
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The left inputs to each of the six triggers EM, ES, ER, .

EPP, EPS, and EPM are coupled with the left plate of
EPG, the right plate of EMDC and terminal 34, so that
“ 4 megative pulse at any of these points will turn off alt

of the above triggers. This negative pulse to turn off
the triggers will occur whenever a positive pulse arrives
'at terminal 27 (from the Decimal Control chassis) or
" when a negative pulse arrives at terminal 34 from the
- Decimal Control chassis, or when flip-flop EMDZ returns
left after being actuated. The significance of these con-

ditions will be understood after reading the subsequent
description of the sequence of operations and signals
during each of the four types of program steps.
Trigger EM is turned on by the negative swing on the
left plate of flip-flop EZ when EZ returns left after being
- actuated at the beginning of each program step. Note
that while BEZ is actuated the raised potential at its left
plate lowers the ERK line (for selecting the result storage
" location to be zeroized). When EM is turned off the
" negative swing at its left plate turns on ES. ERis turned
~on by a negative pulse over terminal 18 from the Zero
« Factor chassis.” When ER is turned off the negative swing
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livered from terminal 39 and the B2 clearing pulse from
terminal 42. The B3 pulse is generated at the beginning
of each program step and it sets the M section of the
accumulator to zero and turns off many other triggers
throughout the calculator, The B2 pulse is generated at
the beginning of each program stepx and just before the
proof portion of each program step and it sets only the
A section of the accumulator to zero. BS is generated
each time flip-flop EZBS is actuated and B2 is generated
each time flip-flop EZB2 is actuated.

Flip-flop EZBS5 is actuated by a negative pulse over
terminal 22 from the Step Control chassis; this negative
pulse also actuates flip-flop EZ and occurs at the begin-
ning of each program step. Flip-flop EZB2 is actuated
by a negative pulse at the common plates of pulse ampli-
fier EZG. The left plate of EZG conducts to actuate
EZB2 whenever EZBS is actuated and the right plate of
EZG conducts to actuate EZB2 whenever flip-flop EPZ
is actuated (at the begimning of each proof operation).
EZB2 is also actuated each time ECS conducts, ie., when
flip-flop EMDZ is actuated (during multiplication and
division, on positive signal over terminal 38 from Multi-
plication-Division chassis).

Since both the BS line (terminal 39) and the B2 line
(terminal 42) are connected to many triggers throughout
the machine, it is important that the potential on these
lines be carefully regulated in order to prevent spurious

- clearing of triggers. Regulation of the B5 line, as well as

the generation of the positive BS pulse, is performed by
the left side of ZB52, and both sides of ZBBS, ZBAS,; and
the regulator stage ZB5 in the Regulator chassis. The
plates of ZBS are connected to terminal 39 of the Control
chassis and the grids of ZB5 are connected to terminal 43
of the Control chassis. Regulation of the B2 line and
generation of the B2 pulse are performed by the right
side of ZB52 and both sides of ZBB2, ZBAZ, and regula-
tor stage ZB2 (connected between terminals 42 and 45
of the Control chassis). Since the regulating circuits for
B2 are identical with those for BS, only those for BS will
be described in detail. '

The left plate of ZB52 is supplied through resistors in
ZBB5 (between connections 4 and 8) by the BS line
(terminal 3%). The right grid of 7ZBB5 is connected to
a point between these resistors so that the right side of
7BB5 will conduct more heavily if the B5 line rises and
will conduct less if the BS line drops. The resulting fall
and rise at the right plate of ZBBS controls the right grid
of ZBAS and the resulting rise and fall at the right plate
of ZBA5 controls the grids of Regulator stage ZB5 in the
Regulator chassis (over terminal 43). Thus, if the BS
line potential rises above its normal value the right side
of ZBBS will conduct more, the right side of ZBAS will
consequently conduct less, and ZB5 will conmsequently
conduct more to lower the B5 line potential to-its normal
value. The reverse occurs if the BS line potential falls
below its normal value.

The left sides of ZBB5 and ZBAS5 serve to increase
the sensitivity of the regulators by counteracting: the
tendency of the cathodes of ZBBS and ZBAS to follow
the rises and falls of the right grid potentials as much ‘as
would otherwise be the case. For example, the current
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through:- the common cathode resistor of ZBB5 consists
of a component from hoth the right and left halves of
ZBBS. When the B5 line rises above.-its normal value
and conduction is consequently increased in the right side
of .ZBBS the cathode potential rises due to the increased
current. ~ Any rise, however, tends to diminish the current
in the left side of ZBBS and consequently prevents. the
cathode from rising as much as it otherwise would. Thus,
the right side of ZBB2 will be more sensitive to changes
in grid potential than it would be without the cathode
regulation provided by the left side.

When EZBS is actuated to produce the B3 pulse, the
positive swing at-the left plate of EZBS5 causes increased
conduction in the left side of ZB52. - This in turn reduces
conduction in ‘the right side of ZBBS5, increases conduc-
tion in thé right side'of ZBAS and consequently reduces
the grid potential on Regulator-stage ZBS. The sharply
reduced conduction in . ZB5 raises its plate potential to
deliver a. B3 pulse. :

As_previously . stated the" regulating - circuits for the
B2 line are identical with those for the BS5' line just
deseribed.

The stages in the Control chassis that remain to be
described perform functions that will ‘best be understood
when the sequence of control signals “during’ the four
types: of program steps. is ‘explained. - Their general func-
tion and relationship to the other parts of the Control
chassis will be described now; however,

Stage ECB2 is-a cathode follower that serves to block
carries - from: accumulator - order 11V during" the proof
process. It delivers a réduced potential to ‘terminal 37
whenever the trigger-EPP is on (during the proof proc-
ess). - Its input potential is received from the left plate
‘of ECB1 which also-lowers the potential at terminal 15
during the proof process.

Flip-flop PAMD is actuated through diode gates ENM
and ENM1 whenever either the EM, .ES; EPM, EPS, or
EPP triggers are turned on.  The output-from the right
plate of PAMD is gated to terminal 24 by ‘the left side
of EZS through the right side 0f ERAZ. The left side
of EZS is enabled (over terminal 29) only when a nega-
tive number is being operated upon.

Flip-flop PAD, trigger E¢CT and dicde gates E¢C per-
form functions related to the zero check after proof sub-
traction. The CX-pulse occurring -after each mumber
registration-is applied from terminal 20 to the right and
left pulse inputs to-E¢C. * The left side of E¢C is enabled
when trigger E¢CT is on and the right side is enabled
when-trigger EPP is on.  The output from the common
plates of E¢C actuates flip-flop PAD. When PAD re-
turns left after being actuated, it delivers a positive pulse
via terminal 7 to the Step. Control chassis (terminal 42)
-and a negative actuating pulse to turn on trigger E¢CT.
When trigger E¢CT is-on; its left plate raises the potential
at terminal 5. The significance of these signals' will be
understood later- when the -zero' ‘check operation is ex-
plained.

Stage EPZC contains the ‘time constant capacitors for
flip-flops ‘EZ, EPZ, and EMDZ and also contains a pair
of clamping triodes ‘with a common grid connection cou-
pled (through ERAZ) with the output from flip-flop EZ.
When EZ is actuated the clamping “triodes conduct to
prevent actuation of EPZ and to block the right side of
EZG, The EPZC grid potential is also delivered over
terminal 32 to'a number of similar clamping triodes in
other chassis to prevent spurious actuation- of flip-flops
during zeroizing cycles (BS and B2).

OPERATION DURING EXECUTION OF
i PROGRAM STEPS
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The sequence . of ‘control ‘signals during -arithmetic -op-

-erations 'is described in: the following ‘sections, = Stages
are teferred to by their abbreviated designations; details
of .stages and..interconnections between . stages ‘may be
found in the stage schematics and ‘block schematics
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through ‘an  initial ‘reference to the  Alphabetical Stage
Index. .

Minidend registration—The sequence of ‘control sig-
nals during minidend registration is illustrated in Fig. 59.
This sequence is the same for. all four types.of program
steps. .

The negative start pulse (1) from the Step. Control
kicks. EZ right; BZ going right kicks EZB5 right. EZ,
through ERAZ, pulls' ERK down to indicate, -through
the plugboard and Keyboard. Bias;, which Storage is to be
zeroized. - EZBS' produces the -B5  zeroize pulse (2)
through regulator stages-ZBBS, ZBAS ‘and ZB5. EZB5
initiates the B2 zeroize pulse (2) through the left side
of EZG. EZB2,'ZB52, ZBR2, ZBA2, and ZB2 are the
regulator stages for B2. When EZBS5 returns left, the
negative pulse from its left plate produces a positive pulse
through EPG and, through  MZK, ‘kicks the appropriate
zeroize flip-flop (3)"to ‘clear the Storage indicated by the
keyboard bias. . '/EZB5 returning :left ‘also operates the
guard flip-flop EMZ for cléaring of storage. 'When EZ
returns left, it kicks EM right. EM: going right pulls the
EMK line -down through EMA and -EMK, -and  pulls
DMP ‘right.© The EMK line selects, through the plag-
board and keyboard bias, the M’d- factor. DMP going
right opens the left side of gate DMG ‘and raises the left
input- of PSA ‘through EIA3." DMP also pulls DEM
right -through DMD: to set decimalcomplement- biases
and -‘call: for - decimal registration (4) through-DEA1.
The end of ‘decimal registration, indicated by a ‘positive
pulse from the right plate’ of DP=16, Kicks DRRB right
through DIC DA1-16, and the left side of DMG. DRB
going right unclamps PSA (5) through PSAC to raise
the sign bias (6) and call for a cycle of RIG (7). After
the carries have been called for and satisfied, the CX
pulse (8)-kicks DRB left, which -gives a control pulse
(9) through- EPG,  This returns  EM: and brings ‘ES
right, )

Addition. and subtraction.—The sequence of control
signals during addition and subtraction is illustrated in
Fig. 60.

The return of DRB produces: a positive pulse at the left
grid-of EPG (1), and a negative- pulse on the control
ring common line, to return EM and kick ES right. The
left plate of ES raises the left grid of ESA to drop-the
grids of ESK and the ESK line, to select, through' the
plugboard and Keyboard Bias, the S’ factor. ‘The right
plate -of ES also drops. the grids of FP1 and EP2 (2).
In addition, this allows the left plate of EIA to- rise and
bring up, through EIAZ, the left input of PSA. In Sub-
traction, the left plate of EIS rises to bring up, through
EIS2, the right input of PSA. The rise of the left plate
of either EYA or EIS opens, through EIA2 or EIS2, the
lefi side of DPG2 and produces a pulse at the left input
of amplifier DEA2, initiating a. cycle "of DEA and a
decimal - registration- is indicated by the positive . pulse
from the right plate of DP16, which, through DIC am-
plifier DA2-16 and gate DPG-2, kicks DAX  right.
DAX ‘going right kicks DAS right, The left plate- of
DAS raises, through SI=2, the left input of multivibrator
SM (3), to produce shift pulses through  SMG, SMA,
SG, and. cathode follower SKi, SK2, SK3. Decimal
alignment is indicated by the return of DCI16 kicking
DCC right which kicks DAS left to stop SM, and kick
DAM right through the right side of DG which is held
open by LP-ECBI. - The left plate of DAM pulls DEM
right to lower. cathodes of -decimal complement gates
through “DBC .aud initiate decimal registration through
DEA1. The end of decimal registration is indicated by
the right plate of -DP1§ through DIC,” DAI-16 and
DPG2, to return DAM and DAX to the left.” DAM
going left kicks DRB right to unclamp the grids of PSA
through PSAC (4). In addition, this allows the left grid
to:conduct. - In subtraction, the right grid conducts. . The
state ‘of PSA; in conjunction- with PAM, determines. the
sign biases for the Accumulator. The raising of either
the 4 or — bias fo the A section of the Accumulator,
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(5), drops the common plate line of RB to produce an
RIG cycle (6). After carries are satisfled, the CX pulse
(7), returns DRB to the left, dropping the sign biases and
producing, through EPG, a control pulse (8).

- " -The control pulse returns ES to the left. The positive
pulse from RP-ES goes through the right or left side of
MC1 depending on the state of PAC. If the result is
positive PAC is on the left, opening the right side of MC1
allowing ER to be kicked right. ¢C1 is also kicked
right but ¢C2 is closed so it has no effect. If the result
is minus PAC will be on the right and the complement-
izing process takes place. ER, through ERA and ERK,
drops the ERK line, to select, through the plugboard and
Keyboard Bias, the Storage position for the Result. " ER
also brings DRP to the right (9), which calls for decimal
registration through DPGI to DEA, and opens the right
side of gate DMG. At the end of decimal registration,
the pulse from the right plate of DP1§, via DIC DA1-16
and DMG, kicks DRS to the right. This calls for shifts
through SI-2 (10). Decimal alignment is indicated by

_the left plate of DC16 kicking DCC right which returns
DRS to the left to stop shifting, and kick' MST right.

" The plates of MSI go high only when EMZ has returned
left and MST on the right. Thus a positive pulse occurs
at the plates of MSI coincident with the latter of these
events, which may occur in either order. The positive
pulse from MSI is inverted by MSA, and kicks MZT
right. The positive pulse from LP-MZT in inverted in
MZR to lower the LP-PSA to raise the — bias in all sec-
tions and call for an RIG. This RIG will add a num-
ber into the accumulators should the storages not be
cleared correctly. The CX pulse at the end of the RIG
kicks MBZ left to kick MS right. MS going right reg-
jsters the Result (11) in the Storage position indicated
by the ERK line through the plugboard and Keyboard
Bias. MS going right also provides a pulse to set, when
required, the negative indication trigger EBS through the
Jeft side of EG. MS returning to the left provides,
through the right side of amplifier DPG2, a pulse to ad-
vance the control ring from ER to EPZ (12). As EPZ
goes right it initiates EZB2 through amplifier EZG.

ZB2 provides the zeroize pulse to the B2 line (13).
After EZB2 returns, the remainder of EPZ allows all
circuits time to stabilize. The return of EPZ kicks EPM
right. EPM, through ERA and ERK, again drops the
ERK line to select, through the plugboard and Keyboard
Bias, the Proof M’d (Result). EPM also initiates a deci-
mal complement registration (14) through EPMA, DMP,
DMD, DEM, and DEAL. DMP also opens the left side
of gate DMG and raises the left input of PSA through
EIA3 to prepare the sign bias stages. DEM also sets
the decimal input gates for a complement registration.
At the end of decimal registration, the negative pulse
from the left plate of DP16 kicks DRB right through
DA1-16 and DMG. DRB, through PSAC (15), allows
the sign biases to rise (16), and initiate a cycle of RIG
(17). After carries have been satisfied, the CX pulse
(18) returns DRB to the left, DRB going left produces,
through RPG, a control ring pulse (19). EPM going
left kicks EPS right. EPS, through ESA and ESK, drops
the ESK line to-select, through the plugboard the Key-
board Bias, the Proof St (Sr). The right plate of EPS
drops the grids of EPP1 and EPP2 (20). In Proof of
Addition, this allows the right plate of EIA to rise and
bring up, through EIS1, the right input of PSA. In
Proof of Subtraction, the right plate of EIS rises to
bring up, through BIAZ, the left input of PSA. The rise
of the right plate of either EIA or EIS opens, through
EIA1L or EIS1, the left side of gate DPG2 and produces
a pulse at the left input of amplifier DEA?2, initiating a
cycle of DEA and a decimal registration. Completion
of the decimal registration is indicated by the negative
pulse from the left plate of DP16, which, through ampli-
fier DA1-16 and gate DPG2, kicks DAX right. DAX
going right kicks DAS right, The left plate of DAS
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raises, through SI-2, the left input of multivibrator SM.
(21) to’produce shift pulses through SMG, SMA, SG,
and SK1, SK2, SK3. Decimal alignment is indicated by
the return of DC16 kicking DCC right which kicks DAS
left to stop SM and kick DAM right. The left plate
of DAM raises the left side of DEM to lower cathodes

_of decimal complement gates through DBC and initiate

decimal registration through DEAL. ]

The end of decimal registration, as indicated by the
right plate of DP16, through DIC amplifier DA1-16 and
DPG?2, returns DAX and DAM to the left. DAM going
left kicks DRB right to unclamp the grids of PSA, through
PSAC (22). In Proof of Addition, this allows the right
In Proof of Subtraction, the left grid
conducts.  The state of PSA, in conjunction with PAM,
determines the sign biases for the Accumulator. = The
taising of either the + or — bias (23) to the A section
of the Accumaulator drops the common plate line of RB
to produce an RIG cycle (24). After carries have been
satisfied, the CX pulse (25) returns DRB to the left,
dropping the sign biases, and producing, through EPG,
a control pulse (26). This returns EPS to the left, which
kicks EPP right. The left plate of EPP, through
ECB1, EMA and EMK drop the EMK line to select,
through the plugboard and Keyboard Bias, the M’d for
the Proof Subtraction. EPP also blocks carries out of
11M through ECB1 and BCB2 and, through the right
side of ECBI, opens left side of gate DG, and, through
EPPM, raises the right input of PSA, opens gate DPG2,
and provides a pulse to DEA2 to initiate decimal registra-
tion (27). The end of decimal registration, indicated
by a positive pulse from the right plate of DPI6, via
DIC DA1-16 and DPGZ, kicks DAX right, which kicks
DAS right to start shifting through SI-2 (28). Decimal
alignment, indicated by a negative pulse from the left
plate of DC16 kicking DCC right returns DAS to the
left. DAS going left stops shifting and kicks DRB
right, through the left side of DG. DRB going right
unclamps PSA through PSAC (29) to allow sign biases
to rise (30) and initiate a cycle of RIG (31). After
carries ‘have been satisfied, the CX pulse (32) returns
DRB left to provide a control pulse through EPG (33).
The control pulse returns EPP Jeft.

Multiplication—The sequence of control signals dur-
ing multiplication is illustrated in Fig. 61.

The return of DRB produces a positive pulse at Left
Grid-EPG (1) and then a negative on the common con-
trol ring line, returning EM which, kicks ES right. The

_ left Plate of ES raises the Left Grid of ESA to drop

grids of ESK and the ESK line to select, through the
plugboard and keyboard bias, subvisor factor. ‘The right
plate of ES drops the grids of EP1 and EP2 ?2) Im
multiplication, this allows the left plate of EIM to rise.
Through EIM1 this opens the left side of gate DPG1,
raises the right input of DMD and pulls. PMP right.
DMD pulls DEM right to set decimal complement biases
and initiate a decimal registration through DEAl. At
the end of subvisor decimal registration the return of
DP16, thru DIC, DA1-16, and DPG-1 kicks DK to the
right to set biases for the registration of the multiplica-
tion division decimal constant of 17. At the same time,
DK going right initiates that registration through DEAL
The completion of this registration is signalled through
DA1-16 and DPG1 again to return DK to the left. DX,
going left, provides a pulse through PMM to kick PMD2
right (3). The return of PMD?2 to the left kicks PM1
right to call for shifting through SI-1 (4). When PMP
was pulled right above, it lowered the cathode control
line on PGMD through PSG and PSGK and opened
gates PMG-R, PDX-R, PDMS-R and PZG-R. The gate
PGMD-L is now open, since its cathode is held low by
PSG and its grid returns high from PDB, which is now
on the left. The counter PC1 through PC16 will now
count the shifts of the minidend until 11 have been made.
At this’time, the counter drops the cathode of the stop-
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shift gate PDMS through P11G by kicking P11S right.

The right grid of PDMS being high; as indicated above,
the next-1IM number- indications from PMS and PMo
(5) will stop' shifting by returning PM1 Ileft ‘through
PDMS. At the same time that the counter opens the
stop-shift gate, it kicks PDB right to close the left side
of gate PGMD to- prevent further shifts from being

counted. - When the number indication from 11M occurs

it produces a pulse at the grids' of PDMS and the RG
of PDX through ‘PMS and PMg.. ‘This stops shifting
as described above and returns PDB to the left to re-
open the left side of gate PGMD, and .allow further
shifts to be counted. Ce .

When PM1 goes left, above, the positive pulse from its
RP, through the right side of PMG, kicks PMD1 right.
The positive pulse from -the LP~PMDI through MPG
kicks 'PMBT right. = This opens- the right side of gate
PM12 so that the return of PMD1 will through left side
PDM3 and PM12, kick PM2 right. -PM2 going right
opens the left side of gate PMDR and the right side of
11—11 and drops the left grid of PM23 to raise the input
of BA4-1 (6) to raise the - bias in the A section, 4~ bias
in the M- section except 1IM, and — bias in 1M ).
This initiates an RIG (8). The CX pulse (9) following
the first subvisor registration kicks PM3 right.  The re-
turn  of PM3, through negative- amplifier - PM23 and
PMDR, calls for (10) another RIG (11) thru LS-PMDR
and RS. . We will assume that the left hand digit-of the
minidend is a 2, in which case, this second registration re-
duces 1IM to zero, as indicated by PMg going right (12}.
CX again kicks PM3right (13). The positive pulse from
LP of PM3, through the left side of gate PM12; which is
opened by the left plate of PMg, kicks PM2 Teft and
drops the accumulator biases through BA=1. PM2 going
left also kicks PMD2 right through PMM. Ths return of
PMD2 kicks PM1 right to- call for shifts through SI-1
(14). The next-number indication from 11M (15) al-
lows PMg to go left to kick PM1 left agdin through. the
right side of PDMS. ~When PM1 goes left, above, the
positive pulse from its RP, through the right side of PMG,
kicks PMD1 right,. The return of PMD1. will through
the left side PDM3 and the right side of PM12 {held open
by PMBT), kick PM2 right. -PM2 going right opens the
left side of gate PMDR and the right side of 13—11 and
drops the grid of PM23 to raise the left side of BA4-1
(16) to raise the — bias in the A section, 4~ bias. in the
M section except 11M; and — bias in 1IM (17). This
initiates an RIG(18). The CX pulse (19) following. the
first subvisor registration kicks PM3 right. The return of
PM3, through amplifier PM23 and PMDR, calls for (20)
another RIG (21) directly through RS.

We have assumed the second digit also to be a 2 so
that 1IM is again reduced to zero (22); followed by the
CX pulse (23), and further shifting (24). This process
is repeated until the shift counter reaches 22. When PC16
goes left to indicate the count of 22 its left plate kicks

PMBT left,; PMDZ right, and closes the left side of gate

PMG. ' The next number indication from PMg (25) again
stops shifting as-described above, but this time, since the
left side of PMG is: mow closed, PMBT is-not kicked
right.. This prevents the raising of the accumulator biases
and.calling for RIG which would normally occur, PM¢
going left also kicks PMeD right, through RS-PZG. The
return of PMg¢D to the left kicks' PMDZ Ieft.  PMDZ
going left kicks EMDZ through EMDC (26) ‘to produce
a B2 pulse (27) to zeroize the A section. The return
of EMDZ produces, through' EMDC, a step pulse to
return ES. - The positive pulse from RP-ES goes through
the right or left side-of MC1 depending on the state of
PAC. If the result is positive PAC is'on the left opening
the right side' of MC1 allowing ER to be kicked right.
¢C1 is also kicked right but ¢C2 is closed so it has no
effect.  If the result is minus PAC will be on’ the right
and the complementizing process -takes place. - ER,
through- ERA and ERK, drops the ERK ‘line, to- s¢lect,
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through the plugboard and Keyboard Bias; the Storage
position for the Result. - ER also ‘brings DRP to the right
(28), which calls for decimal registration through DPG1
to DEA, and-opens the right side of gate DMG.: ‘At the.
end of decimal registration; the pulse from the left plate of
DPi6, through DA1-16 and DMG, kicks DRS to the.

-right. This calls for shifts through SI-2. (29).  Decimal

alignment is indicated by the left plate of DC16 kicking
DCC right which returns-DRS to the left to stop shifting,
and kick MST on the tight. " Thus a positive pulse.occurs
at the plates of MSI coincident with the latter, of -these:
events, which may eccur in either order, o
-~ The positive pulse from MSI is inverted by MSA, an
kieks MZT right. ~ The positive pulse from LP-MZT is
inverted in MZR to lower the LP-PSA 1o raise the — bias
in all sections and call for-an RIG. ~This RIG will add a
number into the accumulators should the storages not be
cleared correctly. The CX pulse at the end of the RIG
kicks MZT left to kick the MS right, ‘MS. going right
registers the Result (30) in-the :Storage position indicated
by the ERX line through_ the plugboard and Keyboard
Bias. - MS going right also provides a pulse to set, when
required, the negative indication trigger EBS thru the left
side of EG.. MS réturning to the left provides, through
the right side of amplifier DPGZ, a pulse to advance the
control ring from ER to EPZ (31). As EPZ goes right it
initiates EZB2 through amplifier EZG.  ZB2 provides the
zeroize pulse to the B2 line (32). ~After EZB2 returns,
the remainder -of EPZ allows all circuits time to- stabilize.
The pulse from the left plate of EPZ kicks EPM right.
EPM, through ERA and ERK, again drops the ERK: line-
to- select, through the plugboard and Keyboard Bias, the
proof M’'d (Result). - EPM also initiates a decimal com-
plement registration’ (33) through EPMA, DMP, DMD,
DEM, and DEA1. DMP also opens the left side of gate
DMG and raises the left input of PSA through EIA3 to
brepare the sign bias stages. DEM also sets the decimal
registration, the positive pulse from the right plate of
DPi6: kicks DRB right thru DIC, DA1-16, and DMG.
DRB: through PSAC (34) allows the sign biases to rise
(35) and initiate a cycle of RIG (36). - After carries have
been satisfied; the CX pulse (37) returns DRB to the left.
DRB going left produces; through EPG, a control pulse
(38). This pulse returns EPM, which brings EPS right.
With EPS right the proof of Multiplication, division, takes
place. - This is similar to the write up for division except
for being initiated thru diode mixer stage: EID1 instead
of EID2, -

Division.—The sequence of control signals during divi:
sion is illustrated in Fig. 62. - :

The return ‘of DRB produces a positive pulse on the
LG-EPG (1) and a negative of the contro] ring line; re-
turning EM;, which kicks ES right. The LP of ES raises
the LG of ESA to drop the grids of ESK and the ESK
line to select through the plugboard and keyboard bias,
the ‘subvisor factor: The RP of ES drops the grids of
EP1 and EP2.  In division, this allows the LP of EID
to rise. -This opens the left side of DPG1 through EID2
and through EID2 pulls: PDP right, and initiates a decimal
registration through DEA?2 (2). The end of decimal reg-
istration is indicated by the rise of the LP—_DP16 which
kicks DK Tright via DIC DA1-16 and DPG1. DX going
right sets decimal biases to allow entering the decimal
constant of 17, and initiates a decimal registration through
DEA1. The end-of this registration kicks DX left again
via DIC, DA1-16 and DPG1l. DK going leff kicks
PMD2 right through PMM (3). The return of PMD2 1o
the left kicks PM1 right to call for shifts through. SI-=1
(4)." When PDP was pulled right above, it lowered the
cathode control line on PGMD through PSG and PSGX
and opened the left side of gate PDMS. The left side of
gate PGMD:is now open, since its cathode is held low by
PSG and its grid held high by PDB, which is on the lefi.
The. counter PC1 through PC16 will now count shifts
until 11 have been made. At this time, the counter drops
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the cathode of the stop shift gate PDMS through P11G.
The left grid of PDMS being high, as indicated above, the
next 11M number indication (5) will kick PDN right
through the left side of PDMS. - PDN going right kicks
PM1 left through the right side of PCG to stop shifts.
The 11IM number indications, through PDMS, alsc kicks
PDND right. PDN going.right supplies, through the
right side of PGMD, the exira pulse to the shift counter
necessary to insure the proper number of shifts, to com-
plete division. PDND returning left kicks PD1 right
- through the right side of PDM.
PD1 going right drops the right input of PDA to raise
the left input of BM-+1 (6) and raise the — bias in the
A section and the - bias in'the M section M (7). PDI
also, through PDIM, opens the odd line gate to 1M, 11-11
through PX. The rise of the A section bias initiates
an RIG cycle (8). The first subvisor registration in
-division will always produce an overcarry (except in case
of a zero subvisor). The overcarry indication from the
RP-11AC thru PS11 (9), kicks PDS right. - The CX pulse
(10) then kicks PM3 right. PM3 going right kicks PDS
left again. PDS going left, kicks PD1 left, which kicks
PD2 right. PD1 going left drops the accumulator biases
through PDA. PD2 going right drops the left side of
PDA to raise the input of B11-1 (11) to raise the - bias
in the A section and the — bias in the M section (12).
Again the rise of the A section bias starts the RIG (13)
to remove the result of the first trial registration. Another
overcarry (14) will result, to kick PDS right again. CX
(15) again returns PDS left, which kicks PD2 left. PD2
going left kicks PD2D right. The return of PD2D kicks
PD3 right through the left side of PDM and right side of
PDM3. The left side of PDM is held open by PC16 of
the M-D counter, and is open from counts 6 through 22.
PD3 going right calls for shifis through SI-1 (16). The
first shift pulse, from LP-SG kicks PD3 left again to stop
shifting. PD3 going left kicks PD1 right again. PD1
going right drops the right input of PDA to raise the input
of BM--1 (17) and raise the — bias in the A section and
the 4- bias in the M section (18). PD1 also, through
PD1M, opens the odd line gate to 1M, T1—-11 through PX.
The rise of the A section bias initiates the RIG cycle (19).
This trial subtraction may be successful in which case no
overcarry will result. This is the assumption made here.
In this case the CX (20) pulse again kicks PM3 is initi-
ated in the right side of PM23 to call for (21) another
RIG (22) through the right side of PMDR and RS, the
right side of PMDR being held open by PD1. At the
same time, the pulse from PM23 kicks PDB left through
the left side of gate PGMD to allow further shifts to be
counted in PC1-16. We will assume that this RIG has
produced an overcarry. The overcarry indication from
the RP~11AC thru PS11(23), kicks PDS right. The CX
pulse (24) then kicks PM3 right. PMS3 going right kicks
PDS left again. PDS going left, kicks PD1 left, which
kicks PD2 right. PDI1 going left drops the accumulator
biases through PDA. PD2 going right drops the left
side of PDA to raise the left input of B11-+1 (25) to
raise the — bias in the A section and the — bias in the
M section (26). Again the rise of the A section bias
starts the RIG (27) to remove the result of this unsuccess-
ful registration. Another overcarry (28) will result, to
kick PDS right again. CX (29) again returns PDS" left,
which kicks PD2 left. PD2 going left kicks PD2D right.
The return of PD2D kicks PD3 right again through the
left side of PDM and right side PDM3. The left side of
PDM is held open by PCi6 of the M-D counter, and is
open from counts 6 through 22. PD3 going right calls
for shifts-through SI-1 (30). This process continues
until the M—D counter reaches 22. This is indicated by
the return of PC16 to the left. This closes the left side
of gate PDM to prevent PD3 from being pulled right to
call for further shifts. PC16 also opens the left side of
gate PZG. When PD2D returns left after the S'r is added
back this time, .the pulse from its left plate goes through
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the left side of PZG, instead of PDM, to kick PMDZ left.
PMDZ, going left kicks EMDZ right through EMDC
(31) to produce a B2 pulse (32) to zeroize the A section.

The return of EMDZ produces, through EMDC, a step
pulse to return ES. The positive pulse from RP--ES goes
through the right or left side depending on the state of
PAC. If the result is positive PAC is on the left opening
the right side of MC1 allowing ER to be kicked right.
#C1 is also kicked right but ¢C2 is closed so it has no
effect. If the result is minus PAC will be on the right
and the complementizing process takes place. ER,
through ERA and ERK, drops the ERK line, to select,
through the plugboard and Keyboard Bias, the Storage
position for the Result. ER also brings DRP to the right
(33), which calls for decimal registration through
DPGI to DEA, and opens the right side of gate DMG.
At the end of decimal registration, -the pulse from
the left plate of DP16, through DA1—16 and DMG,
kicks DRS to the right. This calls for shifts through
DI-2 (34). Decimal alignment is indicated by the left
plate of DC16, kicking DCC right which returns DRS to
the left to stop shifting, and kick MST right. The plates
of MSI go high only when EMZ is on the left and MST
on the right. Thus a positive pulse occurs at the plates
of MSI coincident with the latter of these events, which
may occur in either order. The positive pulse from MSI
is inverted by MSA, and kicks MZT right. The positive
pulse from LP-MZT is inverted in MZR to lower the
LP-PSA to raise the + Bias in all sections and call for
an RIG. This RIG will add a number into the accumu-
lators should the storages not be cleared correctly. The
CX pulse at the end of the RIG kicks MZT left to kick
MS right. MS going right registers the result (35) in
the Storage position indicated by the ERK line through
the plugboard and Keyboard Bias. MS going right also
provides a pulse to set, when required, the negative indi-
cation irigger EBS through the left side of EG. MS
returning to the left provides through the right side of
amplifier DPG2, a pulse to advance the control ring
from ER to EPZ (36). ‘

As EPZ goes right it initiates EZB2 through amplifier
BZG. ZB2 provides the zeroize pulse to the B2 line
(37). After BZB2 returns, the remainder of EPZ al-
lows all circuits time to stabilize. The pulse from the
left plate of EPZ kicks EPM right. EPM, through ERA
and ERK, again drops the ERK line to select, through
the plugboard and Keyboard Bias, the Proof M’d (Re-
sult). EPM also initiates a decimal complement regis-
tration (38) through EPMa, DMP, DMD, DEM, and
DEA1. DMP also opens the left side of gate DMG
and maises the left input of PSA through EIA3 to pre-
pare the sign bias stages. DEM also sets the decimal
input gates for a complement registration. At the end
of decimal registration, the positive pulse from: the right
plate of DP16 kicks DRB right through DIC, DA1-16,
and DMG. DRB, through PSAC (39), allows the sign
biases to rise (40), and initiate a cycle of RIG (41).
After carries have been satisfied, the CX pulse (42) re-
turns DRB to the left: DRB going left produces, through
EPG, a control ming pulse (43). This pulse returns
EPM, which brings EPS right. With EPS right the proof
of division, multiplication with the exception that the
program is initiated through the diode mixer stage EIM2
instead of through diode mixer stage EIM1 as in the
original multiplication write up. :

PROGRAM BRANCHING

The method by which program branching is accom-
plished is described in the following paragraphs which
refer to Fig. 41. The description is in terms of a typical
example which would be set-up by plugging as follows:
Plug “Start” to step 1
Step 1:

If result is plus go to step 2
If result is minus go to step 39
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If result is plus go to step 40

-If result is minus go to step 1
Step' 40

If result s plus go to step set 1

If result is minus go to step -set 11
Step 2: If result is plus go to step Trip IT
Set I: Go to Trip I ’ :
Set II:: Go' to step 2-

The start switch kicks EP- right to give only one pulse
per closing should contact bounce be present, - The left
plate of EP kicks ESD right thru the right side of ESB1.
The left plate of ESD thru the left side of ESB1 lowers
the 'start line, while the RP of ESD thru ESZA and ESZ
pulses the LC . points of all the step triggers 1 thru 49
ES.. The LP of EP.also produces ESZ2 to return al
OCL triggers. while ESZ returns any step triggers which
may be on the right. - (BZ is also kicked at this time to

Step 39:

start calculation by left plate of ESD thru right side

ES71.) : . S

ESD returning to-the left allows. the start line to g0
high but the rise-of all the step busses horizontal lines
on. the branching board is delayed by capacity loading.
The Step busses when pulled down by the plugs to the
branching board " lines (verticals). open . their respective
diode gates () ED, ELCD, EPCD and ECCD. The
left plate of ESD thru the left side of ESTA passes & neg-
ative pulse ESI to all the diode step  gates menticned
above, and since the left gate of (1, 2) ED'is delayed
in closing, the ESI pulse will pass to kick (1) ES right,
The LP of (1) ES raises the left grids of (1,2) EBM and
(1, 2) 'EBP (thru the divider of 1, 2 ESF).

When the calculation started by EZ- reaches the point
where the sign of the result is present the left. bias of EG
is -set accordingly, left closed for a positive result and
opened for a negative result. Assuming that the result
is negative the cathodes of (1, 2) EBM thru (39, 40)
EBM: will be low, and since (1) ES is holding the left
grid high, the step 39 bus will be pulled low by the left
plate of (1, 2) EBM. This opens the left gate of (39,
40) ED.

- If the calculation is.completed correctly. EGD will be
kicked right thru the right side of EC. ‘The right plate
of EGD through EGDC; EGg,
ES left, lowering the left grid of (1, 2) EBM allowing the
left plate of (1,.2) EBM:and the step 39 bus to rise
(delayed by the capacity on the bus). EGD also, in
going right, thru EGDC, "EGg, ESIA; and ‘ESE pro-
duces the negative: step advance pulse ESI- on the step
gates input capacitors. ~ Since the left side of (39, 40)
ED is. delayed in closing the ‘pulse will pass to kick
(39) ES is right. The left plate of (39) ES raises the
left grids of (39, 40). EBP and (39,-40) EBM thru the
left divider of (39, 40) ESF. The lowering of the

ESZA, and ESZ kicks (1)
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cathode of (39, 46) EBP or (39, 40) EBM by the

sign of the result determines which step will be-next (1 or
40). Assuming that the resulf is plus, step 40 is next.
Step 40 is plugged on-a plus result to Set Fand it is as-
sumed that the result of step. 40 is plus. - The step trig-
ger (40) ES thru the right side of (39, 40) EBP “thru
the divider of (39, 40) ESF pulls down the left . input
of ELCD. " The completion of step 40- catises an ESZ
pulse to return (40) ES allowing the left input of ELCD
to rise slowly., The ESI pulse . occurs before  the gate
closes, therefore, BLCL is kicked right.

ELCI opens the left gate of ELCG and raises the left
grid. of ELCE to open the ieft gate-of EPCD thru the
branching board. When the ready switch has closed,
the ‘left gate of ELCG passes the next 60 cycle pulse
from: EGA which is properly phased to fire the Set' I
thyratron when its A.C. cathode potential is at its nega-

The sharp negative excuration: of the thyratren plate
when it fires. feeds a negative pulse thru the right side of
ETM2 to operate EGD via HEBAL. EGD going - right
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produces a negative pulse thru ESZ2 which retiirns ELC1
allowing: the -capacity loaded leff bias of EPCD to rise.
EGD  going right also produces the step advancing pulse
ES1 which passes thru the left side of EPCD, before it
closes, to kick EPCT right.

EPC2 when on the right opens the left gate of EPCG.
The next 60 cycle pulse (provided that the ready switch
is closed) passes thru the left side of EPCG to fire the
“Trip I” thyratron.  The firing of the thyratron .pulses
thru the right side of ETM4 to kick EP3 left which stops
the automatic restart circuit. The “Trip. I thyratron
also operates EGD via EBAL thru diode ETM1.- EGD
produces. the step zeroize ESZ, ESZ2 and step advance
ESI pulses again which refurn EPC1 left and complete
the calculation since no other bus is pulled down.

If step 40 is plugged to Set II oh a minus result and
the result-is minus the right side of BLCD is opened.
The ESZ pulse returns the step 40.trigger (40) ES and
the ES1 pulse passes thru the right side of ELCD to kick
ELC2 right which raises the Set II bias 4t the right ‘gate
of ELCG. The “Set II” line is pulled down thru the
right side .of ELCB. The “Set II” thyratron fires and
kicks : EGD via EBAL again to return ELC?2 to the left
on the ESZ2 pulse and branch to step 2 on the ESI pulse.

Step 2 is shown plugged to the “Trip 11” bus on both
plus and minus results but could be plugged to continue
calculation. steps which use storage . already used for
“Set I” results it can further be used for caleulation but
cannot be used for both “Set I” and “Set II” on the same
set-up. . Likewise, if a storage is used for “Set II” it can
be used for storage of .intermediate results which may
be held during the time of setting ‘the I latches: in ‘the
punch. * A switch is provided which allows each storags
to be placed on the “Sst I* or “Set IL.”

If a “Non-Calculate” signal occurs by reason of no
card in the punch. sensing station or a non-calculate con-
trol: hole indication; the diode ENCD passes ‘a negative
pulse to. kick ENC right. ENC opens the gate ENCG
which. causes a “Trip 1" signal.- The trip 1 thyratron
operates EGD via' EBAL, as before.

In the case of a “Stop Indication” from the zero facter
selector switch :the: left side’ of ‘EAC: closes- the right
side of EGY to.prevent EGD from producing ESZ and
ESI'pulses. . Since-the  calculation is - not completed the
automatic  restart circuit will' continue to start the step
or problem over and over until the punch ‘is tripped
to pass. the card manually. Each time the stop signal
is given the “Stop™ indication light flashes to indicate
that the cause of stoppage is a zero factor.

If a “Reject” signal is given from the zero factor selec-
tor switch: EGD, thru left side of EG9, kicks EGP right
which in turn opens both gates of EGPG, EGPG then
calls for both a “Sort I” and “Trip I” signal.

*"ALGEBRAIC SIGN

The algebraic sign of a computational result is deter-
mined as described in the following paragraphs.

The keyboard bias through the negative input switches
(orrelay contacts) and ths mixer neons, raises the minus
neon common-line which through MC, and MCX. raises
the left bias of EZS when a negative factor is present
and MC2 is left. This allows the output of PAMD to
pass through -the left side of EZS, right side of ERAZ
and through. the:right or left side of PS to- kick either
PAT or PAM. PAMD operates when EM, ES, EPN,
EPS, or EPP go right. The right side of PS is held open
during multiplication and’ division by the ‘multiplication
or the division-bus through PIMD and LS-PPT to permit -
PAMD to kick PAT; the final state of PAT during ER
determines the sign of the result.. The left side of PS
is opened during addition and subtraction by the addi-
tion: or- the subtraction” bus through PIAS and RS-PP1
and permits PAMD to kick PAM in sign bias; the final
state -of PAM for each factor determines the bias of the
accumulator during subsequent registrations.
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“The  multiplication .or division bus' brings down .one
cathode of PIMD to allow PPI to open the right gate of
PS. - -If the M'd is negative the return of PAMD Kicks
PAT RIGHT through the right side of PS. If the S

is negative the return of PAWMD kicks PAT left again and :

since in multiplication and division the result of one
minits factor and one plus factor is minus, the result:of

“two minus factors is plus, PAT being on the right after

-the ' M’d and St keyboard biases have operated indicates
a negative result. The numerical value is unchanged ‘in
multiplication and division by negative signs.

PAT when on the right raises the left input of EG
through 69SM, MC8, MC7 to allow MS to set the branch-
ing sign trigger EBS to the right to indicate a minus
result. (See step Conirol Chassis.) PAT also through
NC7A raises the grids of the minus storage input tubes,
and the left of MK (P through Y). The setting of the
minus branch trigger and minus storage occurs when
NS operates to set the storage. .

Now that the sign has been stored PAT must :be re-
turned to the left to keep track of the sign during proot.
This is done by the right plate of ER on its return nor-
malizing PAT through the right side of EZS.

In the proof if the result is negative then either the
St or M’d will have to be negative. PAT will kick right
on the proof M'd operation and left again on either the
proof ‘S’r or Proof subtraction step. If the result is posi-
tive ‘bécause of two negative factors PAT will go right
.on ‘the prove S’r and left on the prove subtraction. If
PAT does not stand on the left at the time of completion
.of the equation then its left plate causes the right grids
of 09SM and ¢9SM31 to be high hoiding the “Check Line”
low.

The add or subtract bus lowers one cathode of PIAS
to drop the right grid of PPI which in turn opens the left
‘gatés.of PSO and PS. The return of PAMD for a nega-
4ive: passes through the left side of PS to kick PAM right
.and set the sign biases for a negative input. (See Sign
Bias Chassis.)

“The sign of the result is indicated by the number of
carrys out of column 11A in the accumulator, signalled

by the right plate of 11AC going high when this stage is

returned by the carry generator. PSO pulses PAC for
each - overcarry from 11A to IM, therefore a negative
result is indicated by PAC being on the right when the
M’d-and S’r operations have been completed.
- PAC when on the right taises the left plate of MC7
through MCS$ to raise the left input of EG to allow set-
ting of the branching sign trigger EBS to indicate a minus
branch and left grids of MK (P through YY) to set the
minus sign storage relay. PAC also sets the biases on
MC1 for the complementing of negative results on addi-
tion and subtraction. .

PAC operates during proof but has no effect on ‘the

" check as an incorrect sign input will cause an arithmetic

incorrect proof, causing the accumulator to read- other
than a row of zeros or nines in the A section.

‘The .operation of the carry circuits is as follows:

When there is no overcarry indication from the accu-
mulator, then at the end of the RIG cycle a positive pulse
froin L. P-CDA will go through the left side of CX (left
side opened by CB being on the right for no carry indica-
tion) to kick DRB left. )

A carry indication from the accumulator kicks CB
Jeft by lowering the II-point.: CB left opens the right
side of CX. The positive pulse from CDA goes through
the right side of CX to kick CT right lowering: the LT
of CMA. -This raises the LI of CM to start the multi-
vibrator. - CM going right makes its LP high -and: through
CA, kicks the-carry trigger TC, in the accumulator left.
This kicks CB right again to eliminate the carry indica-
tion .and-closes the right side of CX and ovens ‘the Teft
side .of CS.° The multivibrator CM returns left to send
2 pulse through the leftside of CS to kick CT left. This

lowers the LT of CM through the left side of CMA to cut
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_off the multivibrator. At the same time CT also sends
a pulse through the right side of CMA to kick DRB left.

ZEROS OR NINES CHECK

The proof subtraction operation performed at the con-
clusion ‘of each step may result in either all zeros or all
9’s in orders 1A through 10A of the accumulator. Either
of these results indicates that the calculation being
checked 'was performed correctly. The operation of the
zero check circuit is described in the following para-
graphs.

Assume a row of nines to be the result after the final
subtraction during EPP, EPP being on the right opens
the right side of dicde gate E¢C. The CX pulse follow-
ing the finial subtraction returns DRB (which produces
a control ring pulse to return EPP) and also operates
PAD through ‘the right side of gate E¢C. The re-
turn .of PAD kicks E¢CT right and -also tests. the right
side of the ¢ check gate, EG, for possible -advance to
the next step. As mentioned previously, however, final
-subtraction “had resulted in 9’s and gate EG is closed.
E¢CT, after being kicked right by the return of PAD,
opens the left side of diode gate E¢C and the left
side of gate EgCA and, through E¢CB, drops the
left plate of PSA to raise the add biases in all sec-
tions and call for a cycle of RIG, RIGL’ feeds
through the left side of open gate. E¢CA onto the.odd
line of ACC 1A. After carries are satisfied (the “A”
section is now reduced to zeros) the CX pulse passes
through the left side of E¢C (held open by E4CT) and
again opérates PAD, The return of PAD this time
passes through the right side of ¢ check gate EG to
operate EGD for advance to the next step. .

If the final (proof) subtraction results in zeros then
PAD returning the first time will pass a’ pulse through
¢ check gate EG to operaté EGD for step advance. In
either case E¢CT is kicked right but will be returned by
the zeroize operation in the following step. -~ :

If, after the second time PAD operated, there was
no zero check the step or problem would be repeated
by the automatic restart circuit after the timer ran out,

All zeros in accumulators 1A through 28A is:indicated
by the right side of ¢ check gate EG. being open. - This
is accomplished by the zero'check circuit comprised -of
stage ¢9C, #9C1, ¢9M, ¢9SM, and ¢8SM1 in the Zero
“Factor chassis and the zero check diodes, MC, in each
of the ten I-O chassis. - A zero number indication from
accumulators 1A through 16A will have all ¢ check diodes
(Mg¢C) with low. plates. This will allow the common
cathode return of the diodes (which is tied: to LI and
RI of ¢9C and ¢9C1) to be low. The common plates
of ¢9C and ¢9C1 will rise and bring up the II of ¢9M.
The left plate of ¢9M will fall and cut off the left grids
of $9SM and ¢9SM1. Provided now that trigger PAT
is on the left (as described in the write-up on the Zero
Factor chassis) the common plates of ¢9SM and $9SM1
will ‘rise t0 open the tight side of the zero check -gate
EG. :

COMPLEMENTIZING: PROCESS

When a calculating step produces a negative result, the
result will initially appear in the accumulator orders as
the complement of the true value of the negative result.
Since it is desired to record all output resulis as. true
values rather than complements the procedure described
below . is employed. The stages referred to in the de-
scription appear in a number of chassis and may be
located by reference to the alphabetical stage index.

When 2 negative result is reached during an addition
or subtraction the step.is started over again with the
sign of each input inverted and the minus relay set to

indicate that-the result is negative; - s
At the completion of the ES control ring step, the add-
“subtract ‘sign ‘trigger PAC ‘will be on the right if the
result is‘negative allowing the return of ES-to kick MC2
right“through the left-side-'6f MCL,:- The left plate of
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MC2 through the right side of MC6 operates' EZ to
start the step again. = .~ PR )

The stages: MC4, MC5, MC6 (left side) and MCX
form the negative. input circuit which when MC2 is on
the left cause the minus gate EZS to be closed on 4 plus
input and open -on a minus input;.  When MC2 is on
the right as is the cause of a negative result the above
stages. serve to invert the sign input to EZS causing it
to be-high on a plus sign and low on a negative sign,

-76
¢F2. Just following the RIG cycle of Md registration
CD. goes left to pass a pulse through oF2 to kick ¢F1
right. - The EMK line holds the cathode of ¢F3 low dur-
ing M’d registration and stiould the M’d be zero the gate
bias of ¢F3, left side of ¢F4, and ¢F5 is open, therefore
¢F3 will kick ¢MD right. ¢MD through the right side

of ¢F3 pulses the 11A odd line to enter an artificial

M’d in column 11A and at the sameé time raises the right
bias of ¢F4, left grid of ¢FR1 and bias of ¢EZ. At the

Following is a table of plate levels for the four con- 10 -completion of the M’d control step EPG kicks ¢F1. left

ditions: again through the delay ¢FD1.
MO2 MC4 MC5 MC6.. | MOX
Minus Neon | LI-EZ8
- X Common
| LP | RP | LP'| RP | LP | RP| LP | RP | P | RP

PUS oo kL CH G H (L L LD L L L L
Resultoommooe . LlE | Ll lg| L | L | H H H
MInuS. coomee FlLvlEl|le|@D |8 e ® | L "
Restlti o colaossnl HIL | Lo iB 8| o® .. ® H L

O+ indicates commeon plates. : ]

The second time through the step the result will ap- 25 . The cathode of ¢F4 is lowered by the ESK :bus and

pear to PAC as positive allowing the right gate of MC1
to be open - (and the left gate closed). ER is then op-
erated by the return of ES. ~ Since MC2 is already right
indicating that the result is minus its left plate causes the
right plate of MC7 to be low and the left plate of MC7
high. This enters a minus indication to the branch
gate EG; left side, and minus relay set tubes LD-MK
(P=Y). MC3 zeorizes MC2 at the problem- start or
branch to another step, from LP ESD or RP EGDC.

If the-result sign is minus and the numerical result
Zero it may be desirable to prevent a minus zero result
from setting and branching minus in certain installations,
such ‘as the result of: :

—A+4A=—P
—242=—¢

Entering the -—2 as the M’d causes oné overcarry
to PAC while entering 2 as the ‘S causes the ‘ac-
cumulator to read nines, the complement of zero.  Re-
starting the step with inverted signs gives.2 (—2) org,
but since MC2 is. on the right, the left side of MCTA is
cut off. The accumulator reads zero allowing’ the right
side of MC7A to be cut-off. - The gate of ‘¢C2 is open
allowing the return of ¢CI, which was operated by ER
going -right, to kick ¢FS which gives a- control ring
pulse to return ER and a second which- does nothing
because of the longer delay of EPZ. oFZD allows the
relays to'clear before registration of the prove M’d: Theé
delay of ¢C1 is necessary to allow the bias of ¢C2 to
rise. - ER initiates a decimal RIG but no keyboard bias
is raised- therefore mnothing is entered in' the decimal
counter. - Since the result is Zero the skipping of the result
decimal - registration does not cause any difficulty, s

The left side of MCA4L prevents any - possibility of
MC2 being kicked right during the normal zeofize time
by closing the left side of MCL, MC2 is not. zeroized
normally but rather by the stage MC3 operated from
ESD, EGD or EPY. . e

In using the test counter the counter will only enable
the calculation to ‘be stopped during the first operation

- of EM and ES.- Since the test counter is - zeroized: at
the second time that EZ operates: CleEe

ZERO FACTOR CHASSIS

- Referring now to Figs. 254-25f which -are related in
the manner of Fig. 25g, the
chassis will be described. - .

In a multiplication or division problem PIMD has one

cathode pulled low by the process, bus to-cut. off . the left
side of PP allowing its-left:plate to -open:the gate -of

operation of the Zero Factor

-again: CD operates ¢F1- through ‘¢F2." Should the ST

30

-8t Zero then ¢FS is kicked
35

40

55
60
65
70

75

be a number. and ¢MD s right because of a zero. M'd
¢FS is kicked right through the right side of ¢F4 is again
high -and the input from LP $F1 will kick SR right.
#SR opens the gates of ¢EZ1 and lowers the right grids
of ¢FR1 and ¢FR2 and also kicks ¢FS right through
the right side of ¢F2.  If the M’d is a number and the
by ¢SR through, the right-:
side of ¢F2." T '
¢FS going right gives a control ring step pulse through
the :left side of ¢ESP which returns ¢F1 and ES.: ER
is kicked by the return of ES and is quickly returned by
the return of ¢FS through the right side of ¢ESP.  The
control ring now calls for clearing of the A section in
normal manner-and then steps to EPM fo lower the ERK
line. Upon operation of ¢FS to the right, ¢FZD is trig-
gered right,  This clamps DMP left (DMP is normally
operated right by EPM through the left side of EPMA)
through right side of $9M:so that the decimal registra-
tion call-from EPM will riot take place. ¢FZD also pre-
vents continued RIG cycles from occuring due to the
interruption of the division or multiplication by raising
the cathodes of PB and PMDR through RBK. Since
the relays may not have been cleared by the time EPM
operates, ¢FZD is used io delay decimal registration and
subsequient prove M’d RIG until the relays are cleared.
Unclamping ' DMP allows the decimal registration and-
RIG cycle to take place. ¢FZD has a time delay of
relay clear (MZ)...~~ . o
ERK lowered: the cathode of ¢F5. The result in the -
relays must. now be zero .and operation of '¢F1 by CD
passes through ¢F5 to kick ¢RS right. "Either o both
gates ¢EX and ¢EZ1 are open if.the M’d or S’ or both
were zero allowing the left plate of ¢RS to kick EZ and
start the equation step over again as a check. This time
#RS goes left, the right plate through ¢EZ or ¢BZ1 gives
the signal that zero factor operation has been completed
by kicking EGD in the step control chassis. The cathodes
of ¢F3, ¢F4, and ¢F5 are delayed by RC circuits to pre-
vent their rising before the signals are applied to their

grid.

. On multiplication - either ‘or bofh zero ‘M’d and S

should give a zero result. On‘division a zero M’d num-
ber S'r'should give azero result, but a number M’d and
zero St should be a choice of Sef, Stop, or Reject. - The
latter:case is controlled by the grids of ¢FD3 being low-
ered-by the-division bus’(through’the ‘divider of EID),
the-lowering of the right-grid of ¢FR1 by -¢SR and the
left grid-of ¢FRY remaining low-from. ¢MD; allowing the
common plates to ‘raise the; N=+-¢- switch common: through
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the right side of ¢FN. In the case of zerd divided by
zero the same choice of Set, Stop or Reject is allowed by
the lowering of the right grid of ¢FD3 by the division
bus, and the lowering of the right and left grids of ¢FR2,

by the $SR and ¢MD stages allowing their common plates .

to raise the ¢-+¢ switch common lead through the left
side of ¢FM. '

The purpose of the right side of ¢RSZ is to insure that
#RS, which is not zeroized is always on the left at the
start of an equation step.

TEST COUNTER

The test counter which is shown in Fig. 34 is a prede-
termined counter that has a capacity of 399, 400 being
equal to zero. (It is now set up for use td 299.) The
machine works on complements of 399 so that the tens
and units ‘digits are the same, thus making the wiring for
‘both digits identical. - (Otherwise in subtracting a num-
ber from 400 the units digit is subtracted from ¢ and the
tens digit from 9.) This is why at the beginning of TCR
operation a 1 is registered that has no relation to the
counting of pulses. = (If in a problem the 33rd shift is
wanted for observation, the counter switches are turned
to 33 but the number registered in the counter is 366.)
This number is registered by BS in the counter by means
of the two lines going from each counter stage’s left and
right bias. Normally the left bias is connected to —90 v.
and the right to B5. However, through the switches in
the TCR panel the B5S and —90 bias points are reversed
at will so that the B5 pulse will kick all triggers left-ex-
cept- those indicated by the TCR panel, which will be
pulled right. R

The low from LP-DEA besides initiating decimal regis-
tration kicks TS right in TCR. TS going right opens the
left side of TG from LP-TS and kicks T1* right through
the right side of TSA. . T1 going right does nothing. A
pulse from either CSK (which goes low every time CM
is right; thus counting each carry) in DCR, the SIG bus
(for shifts from SM), or RIG1’ for Post- and Pre-RIG,
depending upon which one is switched to through the
TCR panel, will pulse the left side of TG. The first high
pulse kicks T1 left which kicks T2 right through the left
side of TUG opened by T2 being left. If T2 is already
right, the:pulse from T1 kicks T2 right or left depending
upon its original position through the right side of TUG.

When the counter reaches 399, TC2 goes left to pull
TB right. This raises the cathode of TK to block SMG
(shift gate), CM through SCK1 (carry MV), PMDR
and RB (RIG calls), and CX (carried satisfied, depend-
irig upon whether the switch was set to Pre-SIG, Pre-
OIG, Pre-RIG, or Post-RIG. When the circuit is blocked
in this manner, the antomatic timer will testart the step
or the problem.

While interconnections between the various chassis are
shown in Figs. 35-40, the following Tables of Connec-
tions afford a weady reference to interconnection
information.

A separate table is provided for each chassis and -the
tables are arranged in alphabetical order according to
chassis designation. Each table shows connections to the
various terminal points of a particular chassis. Terminal
numbers are arranged in the same way as they are shown
in Figs. 16-34 which are the schematic and block sche-
matic diagrams of each of the chassis. ’

Table of connections to Accumulator (ACC?) chassis

Ter- Ter-
minal Connects To— minal Connects To—
No. . No.
(MD-43)LD-PMS, -
Lugs 1 and 3 used in || 2..cm...
ACC11M only.
(MD-45)RD-PMS. [ ST ! :
Shift input. 6.l Fil. A, F,
Overcarry. [ Fil. B, E.
CIG. call, 10 FilL O, D,

Ter- Ter-
5 ~ minal Connects To— minal Connects To—
No. No.
h ) . To @)ME. 12 e Carry block Bias — 15v,
13 ... To 2)MO, 14 CIG in.
To LG(3)81. From RPD(1)S1.
Carry out. _| Carry and odd input. -
To RG(3)81. From LPD(1)81.
To RG(3)8¢. .| From LPD(1)S¢. -
From RPD(1)Ss.
25 e To I;G(3) 88and RG(2) || 26.o.van From LPD(1)88.
27 To LG(3)88 and RG(2) || 28..-..- From RPD(1)88.
15 M67. E :
99 30 {Bz (““A” Section), -
"""" Vremeo-[1Bs (“M?”. Section).
3l.._....} Gnd. —90 v

20

25

30

45

50

55

65

78

" Table of connections to Accumulator (4ccy
chassis—Continued

33. ~150 v.
35.... . .| Eveninput. °
[y (. -To RG(3)82. From LPD(1)82,
80ccanen To LG (3)S2, LG(2)M13 From RPD(1)S2.
and LG(2) M35, T
L IR To RG(3)86. From LPD(1)S86.
4300 To LG(3)S6, LG(2)M57 From RPD(1)86.
and LG@)M17. - -
[:1: TN To RG(3)84. From LPDQ1)534.
[ a— ToLG(3)84, RG(2)M13 .| From RPD(1)54.
and RQ(2)M35. S :
49 ... Bias. — Bias.
Table of connections to Base Control (BC) chassis
Ter- Ter-
minal Connects To— minal Conneets To—
No. : No. :
(OCL)-LP-EGCL. | Fil. “M.”
(OCI)-LP-EGC2. [ S Fil, “L.”
(OCL)-LP-ELOCT, [ S Fil. “M.”
(OCL)-LP-ELC2. Sort I solenoid.
(OCL)-LP-EPC1. Sort II solenoid.
(OCL)-LP-EPC2. Fil, “L.”
(0OCL)-LP-ENC. Set I thyratron grid.
(OCL)-LP-EGP. .| Set II thyratron grid.

“Ready" sSwW.

Trip I thyratron plate. -
Trip II thyratron plate.

.| 115'v. 60~A..C. Line.

(SCL)-LD-EP3. ‘Phyratron bias.
(SCL)-RC-EGD: Trip I thyratron grid,
Gnd. . Trip II thyratron grid.
—150 v. Plate set I thyratron,
+-150 v. Plate et IT thyratron.
5% {Fil. S—connect to pin 3.
. EGT1and EGT2,
B6.coeiin §0~ phasing supply. 36mmeeen [P pomnect i &
Table of connections to Control (CTL) chassis
Ter- Ter-
minal Connects To— minal Connects To—
No. No.
Fil. “D.” P Fil, “D.»
A |
(Berss Bovmeeee Fil. “F.”
SCI-42) RC-EG, 8 oeee Gnd.
Qe (DC143)RP-DMP 1005 —150 v.
Moaeeee (DOL-1§RE-MSL ..M s
EN (DCL-3)LI-DG. Yoo [ SR s,
{(DOL—ZQ)RI—DG‘ 16 {(SS-31)ERK. '
(SB-30)LP-E¢CB.. || 1%------ ($F-15)K-¢T'5.
(DCL-13)LI-EP2. 18 caae gd:g—’l]’)?chP%%l
ATy S F- -~ 5
.o-| (DCL-45)D-DMP. 2.\ (DO RSDLB-OX.
| (DOL-17)LI-EPP2. %9 .. {g%}z‘“ﬁg&fﬁ%l
(DCL-41)D-DRP. Y S (¢F-23)C-P8. "
oo a9 rP-DRE. || 25101
A ey i sy e i | . — (@F-27)LP-PAT. -
20 omnn (¢ F-36) K-MCX. ‘ 30 ($F-31)LD-MCAL
T B : 32 .. {(DOR—37)LD—SMA.

(IIM-12)LB-AC.
(REG-8)BS. -
—375v. -

(REG-10)I-ZB5.
%‘I;E‘(‘}-)’I’—ZB2. -

Fil«P»

(DCL-2) LD-M8’.
{(¢F—33) P-g. :
(DCL-33)RP-DPG2,
(STZ-43)RC-MZK.
(MD-44)RP-PMDZ.

4150 v,
REG-1)B2."
-390 v. .
~15 V.

Fil UQ ”

Fil “RS
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Table of connections. to Decimal Control (DCL) chassis

Ter- Ter- :

minal Connects To— minal Connects T'o—

No. No. .
1 {(EQ BD). 2 {(OTL—32)LD-ERAZ.
-------- E%F-%B i ===\ (DOR-31 LD-SMA.
I {5%1%1]%_ R Gnd. e
Buialoee { § %ﬁlﬁgi Bumanin BS.
Tl {(451%14)—:- I 80 . )

(s 0.0 (6F-20)LD-¢FD3.

(@F45)RP-¢0M.

(CTL~17)RP-ES.

(CTL-1)LP-EMZ.

(CTI-2)RP-EPS,

{ (8T8 1-10) K-MS(T-V).
(8T8 2-19) K=MS(P-Q).

- {(¢F—16)LG—MC2
(SCL~40)LC-EG.
(8B-18)RI-PSA.,

(SB-16)LI-PSA.
(CTL-15)LP-ECPL.
(CTL~-13)RP-ECBI.
{ (CTL-34) LP—EPG

{(DGR-II) -SM.°
(MD-10) K811,
(DCR-13)RP-DPI6.
(DCR-15) LP-DP16.
(DCR-17)RP-DCC.

(DCR-19)K-D8-16C.,
(DCR-21)RP-DP2,"
(DCR-23)RP-DP2,

(DCR-25)LP-DP1.

{EDCR—27) C~DP1,
TCR-NRC-TS. -

(DCR-29)RD-DII, -

40 {(DCR—Sl)RP—OX.
------ (MD-12)RO-PM3."

34 F150'.

86 150 v.

38, 7 —60 ¥.

40,0 —15v.

9. (SB—14)RC—PDAM.

44770 (MD-1)LO-PMM.

46,7 Fil, 1’

48777 Fil, “H.»

500202

imal Counted (DCR) chass:s

minal .+ . Connects To-

Ter- ) -
. ~Conneets To—""

mingl
No.

-Dee. Input 8w. 1.

Dec. input Sw. 2."
Dec. input Sw. 4.
Dee. input Sw. 8.~
Dec. input Sw, 16~ -
{(MD—IO)K—SH -
(DCL-12)K-812,
(DCL-14) LP-DKG.
(DCL-16) RO<DAI-I6.
(DCL-18)LL.C-DRS.
(DCL20)K-DBC.
(DOL-22)K-DBT.
(DCL-2HRP-DKG.
(DCL-26)LC~-DAl1-186.

3

C4L,
{((lA—llM)‘ﬁ)SIG BUS.

r(oTL—s)LP-EqscT
(SB-28)LI-E¢CB,

8- (MD-8)LC-PGMD:
a1 (LA-11M)-19)CIa.
43 ... ((LA-11M)-9) carry call,
Til “L7 -
Fil. “.”

)5 S Dee, mput Sw 20,
16_.. .. Dec. input 8w, 4%,
18 il Dec, input Sw., 8’.
20 Dec. mput Sw 16’
22 ...
P =15 v. B
26.. . B,
28 —90 v,
30 .o GND.
32l -60 v,
34 -1580 v.
36,0 +150 v, T
38._i... (Test panel “Stop” Sw )
pre-SIG-output:
40 0 (Test panel “Stop" Sw.)
: (0f-19) K-¢F2. postrig -
. output. - :
42 . | (Test panel  “Stop”
pre-CIG input,
44 . (Test panel “Stop" Sw. )
pre~CIG output
Fil. “1.”
L EL gLy
Fil. “Q.”

Table of connections to Input-Output 1([—0) ch@;is

Ter-. g - Ter- ) L
minal Connects To—~ mingl Conneets To—
No. S No," : T
| VL ~15v, 2. RPD(2)81.
3.-‘. _____ Carry- input and. 0dd || 4...___: LPD(2)R1.
Fil.-‘M.”
Fil, “L.”
o F]I “M bE]

2) Even mput‘

80
Table of connections to Input—Output ¢4 0)
o chasszs——Contmued

. e Ter- A :
5 -minal- |: ‘Connects To— minal " Connects To—
cUNec R . No. : o -
-(}-)150v
RPD(Z)SZ
- RFD(Z)SG
~1(2)05.
RPD(2)84.

‘,Bias V("K'B) ‘cha;sis

Connects To—

. -Connects To—"

. Fll “A »
Rl B
Fil, Q.

Table of 'connecttons to Multzplzcatzon-Dzvmon (MD)

chassis
35 . er- Ter- S
‘minal Connects To— minal Connects. To-—~
-No:: o No.. - :
Fil. “@.” 20l Fil, “G.” s /i
L] Filper 4....c.) 63 v.oo-AC. Al “H; :
R : ; common,
Bt R | A 6.3 v, A.C.fll, “1.”
| @OT-snRD-DMP. | 5.... ({(DORIDSIC bus.
---:f (DOL-SHRE-EID2. |10 [[CFADLEM.
N k : : X : §D CR-3HRP-CX.: .
: (DCL—44) RP—DK 12... . DCL-32)LC-DRB.
NUpF-NLC-MC3. -

i RIG-—14)RD—II—11
(RIG-16)LP-PX.
(RIG-18) RP-RS,
(RIG-20)RP-FPX,

(§BSO)LI-BA+L
(SB=36)LI-BM--1; -
(SB-38)LI-B11-1.

- (11M-9)11A Carry Call.

{(llM—l)

“{\(Thrit series Res)

{(11M-3)RP—T¢

- éThru series Res).

ot (pF4DLC-PSO, -
(1A-9)RP-AC.

{

| (DOR-35)LP-86.

(GTL-38)LO-EMPOC,

Input-Output Sw. .-
(SB48)K-RB."

Table. of connections to Output -Control (OCL) chassis

< Ter- .

o T Terx
minal Connects. To—- minal Connects To—
65 "No.: ¢ No.
(BOL-)LI-EGCQ,
Sort IT bus.
Sort II Line. :Sort I bus.
Sort I Line. h . .
(BCL-3)RI-EGCQG. ESL : )
(BCL-5)LI:ELCG. (sF2) RC-¢RSZ. : ’
Set IT Lme Set II bus. . . A
Set TL -Set T bus. -
(BOL—7) RIuELCG.r- ST
(SCL~20) LI-ESZ1 |- Trip.II bus. .
(BCL-9) LI-EPCG,- 2. TripIbus;-:  ------"
(BCL-INRI-ERCG,-- M 24 .. e e
| (SCL-32)RP-EGD,.- 26 . ... : -
(SCL-28)ESZ2..--- 28 s
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Table of coniiections'to Output Control (OCL) . " Pable of connections to Registration Impulse
chassis—Continued Geriergtor (RIG) chassis
Ter- : Ter- |- ) ‘ Ter- . : Ter- | L
minal Connects To— minal Connects To— 5 mﬁ%al Connects To— i ‘mI\ixnal ... Connects To—
No. S ) No. : o 0.
(BOL-15)-EGPG. ~15y. FiL M2 FiL “L.”
T} (SCL-at) BC-ESTA, | +1s0v : , | B
(BOL—13)LI—ENCG,..- »Olrtilsg'nselector Sw. CODI' (11M—18)Odd 1in§3’. 8 P-RS (Ss_ﬁo)
35 'Non-caléulate Sw. 8. 90 . UDM-18) 0dd Litls. C-OXDOR59):
37 {“Reject” position. 38 —150 : - LO-pF2(¢F2:9)
'''''' ¢ factor selector: Sw. bttt v 4
e Sosition. L D M DR MD-13);
(e Seraetor S, 40......| Gnd. (105 RIGL. LP-PDIM(MD-15
¢ factor ¢ i : k P-PMDR(MD-=17).
| Clearline. - rr (I0-13)RIGL, RP-PDIM(MD-<19).
i ((0-DRIGS:
80-eeeen Fil, “G (10-11) RIG6. :
, - 150 v:
(I0-29)RIG4.
(10-27)RIG2:
—150 v,
Gnd. - BS,
0w
Tal?le of connec"ttvons'zfq ‘Z.eitjob F ‘?Ct_mﬁ @’F ) F‘has;zg o Table of connections to Sign Bias (SB) chassis’
Ter- o © Ter- ‘ 95 er- | Ter-
minal Connects To— minal Connects To— - minal Connects To— minal Connects To—
No. . No. No. . Noi |-
1 Fil: “D.” L “FI D 11M-49) B1l Fil. “D.”
EL . FL/ED an—so%mfl-_ ‘ _FiL “E.»
nd. 3 “ ((AM=10M)—49) BMF- Fil, «F >
e E%%afig%)?%)ﬁ%*' (6F-37)LP-PS; -
= o ¢ —

0 {(DCR—33)(‘rCX oo, (DOL_3)_B,JS . (DCL-39) RP-DRB.
-------- (RIG-12)LP-CDP: - R EGRD). (CTL-27)LC-EPG:"
oo || SR EME. ) 19 @OL6)xBus (DOL-42) LE-DRB: -

------- (SS-39EMR. _ 2o S EGR 77| (DCL-27) LE-EIA3GH).
: (CTT-14)K-ESK. : o "| (DOL-20RE- “E181(=).
1Boeeeen $SS-39) BEE. 4. (DCL,7)’ Bus:
5 [(OrgK ERE " ®Q'B'D). 4 2.

------- (SS-3)ERK | s So0v.

. “ER.- = Gnd. N
AP (CTL-18)RP-ER: {Minus “Neon: Common: (CTL—5)LP—E¢OT.
T ;é%%%‘é%%i»s%]z" "(DOL-10)LD-E1LD. {(DOR )SKZ.

- - T a0V CTL-15)LP-EOBL
2heeee- |y (SOL-44) P-ESZ1 (SCL-3)) LE-ESD.- §,A—0dd)LPeEO !
2 (CTL-%4JRP-ERAS 1 (0CL-12RP-EGDT. (MD-8DLP-PM23:
25 (CTL-26)RE-ES 7| (SCL-3)RP-EGD. - (MD-33)RP-PDA: -
27 7| (SOL-38)RI-EG, {MD-35)LP-PDA:

( .
(SCL-12 LP-EPY,

29 - N-+¢Sw. Common. . _sFZD.
((OTL-8)LD-ERAZ. P s ‘ G ANLP-¢FZD.

3 I W(DCR-37LD-SMA. . SHHSW Conimon:- - RIG-GRIGL By

(CTL 30 LP-EPG. ‘ | (RIGI9RIGL ow-

{(DCL—33)RP—DPG2 (SCL-39) L1-EG e e Jobat Output Sw.

) N (C’I‘L—23)LI—EZS (A4 BAL. {(l\/fD—tiG)Kp—PMDR.

(8B-1ORP-PAM. T -M]% vy, ((1A-11A)-50)BA—. (RIG-8RP-RD.
E - (11A-18)0dd Line. :1_?0;}7. _ - . ‘
g:::: 8‘&?54;’3;11:;1? ue. Eéov' - Table of connections to Step Control (SCL) chassis
45 (DCT~11)LP-DMP, —Qv S . '
a7 (SB-40)R1-RBK. | ~15v 50 per Tor-
49 —60-v: D ml\irnal Connects To— - mﬁ’nal‘ Conneets To—

0. 0.

(89-5)—Result.
. (88-6)--Result.

(Restart Sw:) “step "

| T ($F-29)LC-MC2. -
Clear: restart  Sw. (set (Restart 8w:.) " ‘‘prob-

clear Sw. panel). ' lem.”

Table of connections’to Regulator (REG) chassis:

. . 16 ;
Ter- T Co Ter- - i s e _:
minal Conneéts To==": minal Connects To—-- “Cale; in progress” 53‘7 Eo%ﬁﬁ%%ﬁi%yv
No. o No.- N . T “relay.” ' e
: i S . < 22, - .
I e Clgar restart Sw. and
BiL “C.” - Fﬂ C e 2. { Cale. start relay.

Fil. “B.” Fil. “B"” (Set clear Sw. Panel),

Bk, Bk 2 GRERIES
(CTL AN RP-ZBAS RP—ZBA5(C’I‘L—43) E—— (¢F-—22)I?C—¢RSZ

) P—MZ5A(S’I‘SI—28)

{(ST(T) 6):
(STS1-16)K-MET:

' P—MZGA(S)TSI -30):

T
{(STé 1—)18) K-MEV.-
P—MZ7A(STS 1-32)¢

(S’I‘SZ—28)P—MZ1A'
(ST (P)-3!
- %TSZ—IG)K MKP

- (STS2- 30)P—MZ2A

{(¢Fb26) RP-OEZ.

Gnd. 82L. -\ (OCL-25)RC-EGDOC.

| (8S-35) ESZ:-
(S8-36) ESL.
(S8(1-4)-38 start line.
—15v.

(
(¢F—16)LC—MC2 L
(CTL-7)RP~-PAD.

‘Bb.

(SF(W)-86). (CTI-22)RP-EZ.
ey {§;S_'11:f1'20)](§s'11\\§1§W ‘?26‘7' (¢F—2%)LP~¢EZ
ST(S)-86)..% -~ “1(ST(Y)-36), Ti60%v. o S
{§ST§2’)—22)K’—MK : (ST k- . i
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Table of connections to Step Sequence (SS)-chassis Table of connections to Storage Set (STS 2,1)
i - chassis—Continued ~

7
B - o B Ter- ~ -
minal Connects To— minal Conmects To— . ) Ter- ) Ter-
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What is claimed is:

1. In digital computing apparatus, means for execut-
ing a plurality of digital computations in a parallel mode,
means responsive to the operation of said first means for
executing a complementary computation on the result
thereof and at least one of the electric manifestations of
numbers contributing to said result, parallel comparing
means for comparing the result of said complementary
operation with another of the electric manifestations of
numbers contributing to said result, and means respon-
sive to the result of said comparison for reperforming
said digital. computations when said comparison departs
from zero. ' ,

2. In combination, means for executing a first 'digital
computing operation and invariantly thereafter perform-
ing a complementary digital computing operation, means
for executing a second different digital computing opera-
tion and invariantly thereafter performing a complemen-
tary digital computing operation with respect to said sec-
ond operation, means for arbitrarily selecting which of
said first and second means shall operate, input apparatus
supplying information signals to the foregoing combina-
tion, and output apparatus respomsive to the output
thereof.

3. In combination, means for executing a first digital
computing operation and invariantly thereafter perform-
ing a complementary digital computing operation, means
for executing a second different digital computing opera-
tion and invariantly thereafter performing a complemen-
tary digital computing operation with respect to said sec-
ond operation, means for arbitrarily selecting which of
said first and second meéans shall operate, input appara-
tus supplying information signals to the foregoing com-
bination, and output apparatus responsive to the output
thereof undér the control of the active means performing
the complementary operation.

4. In combination, a fifst storage register, means for
controlling the denominational reference point in- said

register, a second storage register, means for transferring -

in a parallel mode the content of said second storage
register to said first storage register, means for transfer-
_ring in a parallel mode at least a part of the content of
said first storage register to said second storage register,
and means adjusting the denominational reference point
in said second register to a predetermined position an-
cillary to such transferrals.

5. In combination, a storage register, means for con-
trolling the position of the denominational reference
point in said register, an accumulator, means Tesponsive
to said denominational reference point position control
means for governing the position of the denominational
reference point in said accumulator, and means for trans-
ferring in a parallel mode at least a part of the content
of said accumulator to said storage register.

6. In combination, a storage register, means for con-
trolling the position of the decimal point in said register,
an accumulator, means responsive to said decimal point
position control means for governing the position of the
decimal point in said accumulator, and means for trans-
ferring in a parallel mode at least a part of the content
of said accumulator to said storage register after the
creation of a predetermined relationship between decimal
point positions.

7. In combination an accumulator for performing
arithmetic operations on electric manifestations of first
and second values, said accumulator accommodating a
predetermined number of denominational orders, a plu-

~iulity of information storage locations selectively con-
nected -to said accumulator, parallel order input means
associate&a}with said accumulator for causing the repre-
sentation of said first value from one of said information
locations into said accumulator by electric signals in ap-
propriate -ones’ of said demominational orders, counter
means for recording the location of a reference position
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86 .
of said first value relative to a reference position of said
second value prior to the entry of said second value, said
parallel order input means causing the representation of
said second value in said accumulator, a circuit develop-
ing shift controlling signals, means jointly responsive to
said shift controlling signals and said counter to shift said
first value in a parallel mode order by order prior to the
entry of said second value whereby said reference posi-
tions of said first and second values are in a chosen rela-
tionship, parallel output means associated with said ac-
cumnulator for delivering the result of said arithmetic op-
eration to an information storage location in a parallel
mode and means responsive to the completion of said
arithmetic operation for aligning the reference position
of said result relative to a chosen denominational order
of said accumulator prior to the operation of said output
means. ‘

8. In combination an accumulator accommodating a
predetermined number of denominational orders, said ac-
cumulator arranged and constructed to perform a chosen
one of a plurality of groups of sequential arithmetic op-
erations in a parallel mode on electric manifestations of
first and second values entered therein, a circuit develop-
ing shift controlling signals, a counter circuit, means for
entering into said counter circuit values representative
of the position of reference points associated with said
first and second values prior to the entry of said second
value, and means jointly responsive to said shift control-
ling signals and said counter circuit for automatically
shifting electric manifestations of said first and second
values directly from ordeér to order in said accumulator
in a parallel mode prior to the performance of said arith-
metic operations, said shifting being in the ascending di-
rection, whereby said reference positions of said first and
second values will bear a chosen relationship to one an-
other prior to the performance of said arithmetic opera-
tions. .

9. In a divider utilizing trial subtraction, a storage
register for numerical information signals embracing a
plurality of denominational orders adapted to selectively
additively and subtractively accommodate signals repre-
senting numbers, means for conditioning a plurality of
higher denominational orders for one type of said accom-
modation .and for conditioning a plurality of lower de-
nominational orders for the other type. of accommoda-
tion during trial subtraction, and means responsive to an
overdraft occurring as a result of said trial subtraction
for interchanging the type of accommodation displayed
by said groups of denominational orders.

10. In combination, an eléctronic accumulator com-
prising a plurality of denominational orders, shift means
for shifting electric manifestations of numbers registered
in the orders of the accumulator directly from order to
order in a parallel mode, storage means for storing elec-
tric manifestations of numbers to be transferred to the
accumulator, registration means for registering data rep-
resentative of the location of denominational reference
points of electric manifestations of numbers stored in the
storage means, and shift controlling means comprising
a counter operatively coupled with and jointly responsive
to the registration means and the shift means for control-
ling the shifting of electric manifestations of numbers
registered in the accumulator in a parallel mode.

11. In digital computing apparatus, means for dividing
a first electric manifestation of a number by another elec-
tric manifestation of a number and storing the result in
a register of finite capacity wherein the most significant
digits arc stored and the least significant digits are dis-
carded when the capacity of said register is exceeded,
means for invariantly thereafter multiplying the stored
quotient. by one of said electric manifestations of num-
bers, and subtractively combining the product so derived
and the other of said electric manifestations of numbers,
and means responsive to the departure of the result of
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said subtractive combination from zero as a consequence
of the discarding of the least significant digits of said re-
sult for adding a unit quantity to. the.least signified de-
nominational order of the result of sald subtracted com-
bination.

12. Tn a computing apparatus, data processing means,
means for providing static potentials representmg input
data in a parallel mode to said ‘data processing means,
means for receiving static potentials representmg output
data in a parallel mode from said data processing measns,
said data processing' means including an accurmulator,
means for translating said parallel input static potentials
to parallel pulse sequences in-a chosen code and for ap-
plying said pulse sequences as parallel mputs to said ac-
cumulator, result storage means, means for translation
parallel output static potentials from-said accumulator
in a chosen code to static potentials in another code and
for applying said last named static potentials as a paral-
lel-input to said result storage means, means for provid-
ing a program of operational: steps, each of said: steps
comprising -the performing of an arithmetic operation,
checking the result of said operation by executing a com-
plementary computation on said result, transferring said
result to said result storage means and initiating a next

step, and means responsive to said program means for -

enabling data transfer in a parallel mode from said stor-
age means to said input translating means and means for
transferring data contained in said result storage means
to- said output data receiving means in a parallel mode
at the completion of said program.

13. In a computing apparatus, data processing means,
means for providing static ‘potentials representing input
data to said data processing-means, means for receiving
static potentials representing output data from said data
processing means, said data processing means including
an accumulator, means for translatmg said input static
potentials to pulse sequences in-a chosen code and for
applying said pulse sequenices. as.an: input to said:-accu-
mulator; result storage means; means-for translatmg out-
put pulse sequences from said-accumulator in a chosen
code to static potentials and for applying said static po-
tentials as an-input to said result storage ‘means, means
for: providing a program of operational steps, each of
said steps comprising the performing of an arithmetic
operation; checking the result of said operatlon, trans-
ferring the result to said result storage means, and ini-
tiating a next step, means for storing an électric manifes-
tation of an arithmetic operation, enabling means respon-
sive to said program means for causing said -electric
manifestation of said operations to appear as combina-
tions of static potentials at said input translating means,
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means for shifting the contents of said accumulator in
accordance with chosen decimal point location data,
means -associated with -said storage means for setting the
decimal point location therein and means for transferring
the -data contained. in said result storage means 1o said
output data receiving ‘means- -at the completlon of said
program.

14. In a computing apparatus as defined in claim 13
wherein said enabling means includes ‘means for supply-
1ng chosen pulse groups to said input translating means
in- response  to actuatmg 51gnals from . said program
means.

15.-In-a computmg apparatus as deﬁned in claim 13
wherein there is further included means: responsive to
said. program means - for condmomng said accumulator
to add or subtract.

16. In a computing apparatus as defined in claim 13
and further including means for- zeromng said - result
storage means.

17. In a computmg apparatus as deﬁned in claim.13
where there is further included means for the halting of
a calculation at a predetermined point therein.

18..In a computmg apparatus as defined in claim 13
wherein there is included means associated with said pro-
gram means for sequentlally enab]mg each step in an op-
eration. ) .
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