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AUTOMATIC CALCULATOR

George R. Stibitz, Boonton, N. J., assignor to
Bell Telephone Laboratories, Incorporated, New
York, N. Y., a corporation of New York

Application December 26, 1944, Serial No. 569,867
(Cl 235--61.6)

13 Claims.
1

This invention relates to ealculating methods
and apparatus and particularly to systems of elec-
trical control whereby various mathematical op-
erations may be carried out under control of in-
structional data entereéd in s calculating desvice
together with and at the same time as the math-
ematical value data is entered.

An object of the invention is to provide a cal-
culating device in which partial results are cal-
culated, stored and later employed as factors in
further calculations whereby an extended ecal-
culation requiring a large number of separate
steps may be undertaken without the necessity
for constant supervision and manipulation of the
device or repeated manual entry of newly cal-
culated partial results. "

Another object of the invention is to provide
a calculating device in which instructional data
may be entered and which may be stored in a
form so that it may be used repeatedly, each time
in connection with a new set or list of mathe-
matical value data.

In accordance with the above objects a device
1is provided in which a polynomial expression
-capable of algebraic transformation into a plu-
rality of similar operations may be evaluated.
Operating instructions and mathematical data
may be entered in the device for a single or for
a plurality of such evaluations and thereafter
the device may be left to automatic operation un-
attended for an indefinite period.

In its preferred embodiment the device is op-
erated under control of a pair of indexing means,
one of which may be c¢alléd a master index and
in which the instructional data is recorded and
the other of which may be called-a factor data
index and in which preliminary factor data, par-
tial results and the final resulfs are recorded.
These indices will act as controls, the master in-
dex preparing the calculatmrr device for a par-
ticular pattern of operatxon angd controlling the
entry of factor data in the device as it is required.

In its preferred embodiment the device is op-
erated under control of indexing means in the
form of tapss which provide peculiarly convenient;
forms of record, particularly in the case of the
master control tape wherein the instructional
data recorded therein has.to be used repeated-
ly. In this case the ends of the tape are joined
to form an endless loop, an arrangement which
has many practical advantages over other me-
chanical arrangements for shifting from the end
of the record after one complete operation to the
beginning of the record before the next opera-
tion.

Again, in its pleferred embodiment the device
of the present invention employs as indexing
means, the conventional form of tape used in
the printing ‘telegraph art, punched in the same
manner and. using - similar codes 1n .;ome cases
identical codes.
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The device in general consists of a combination
with a calculating device of control means where-
by instructional data and mathematical factor
data may be recorded in the form of control tapes
and which thereafter will control the calculating
device over an indefinite period soc that tables
of mathematical data, may be caleulated and
recorded automatically.

The device in a preferred embodiruent is con-
structed of conventional elements taken from the
communication arts including a printing tele-
graph page printer, tape perforators, tape trans-
mitters and a calculator constructed of switches
used conventionally in telegraph and telephone
arts and electrical relays from the various tele-
communication arts.

In its illustrative embodiment the device is one
employing as a calculator the complex com-
puter forming the subject-matter of my applica-
tion Serial No. 564,853, filed November 23, 1944
as a continuation of my application Serial No.
389,321 filed April 19, 1941,

In outward appearance the operator’s station
includes s keyboard having some thirty keys, g
pbage printer which records the factors entered,
the partial results and the final result, a pair of
perforators and a corresponding pair of tape
transmitters. The remainder of the apparatus
including the calculating means takes the form
of apparatus mounted on racks in the conven-
tional manner and this may be located at any
convenient place near or at some distance from
the operator’s station.

A feature of the invention is a device in which
a set of general instructions and a series of spe-
cific instructions may be entered and which
thereafter will operate automatically under the
said instructions through a series of cycles, car~
rying out the general instructions completely for
each said cycle, the number of said cycles heing
equal to the number of specific instruetions in
said series of specific instructions. Thus the
general instructions may be the instructional data
and known coeflicients of a polynomial expression
representing what is known as a funection of an
unknown and the specific instructions may be a
series of trial values of the unknown. These in-
structions bheing recorded on suitable recording
media the device may be started and will there-
after function automatically over an indefinite
period until all the 1nstruct10ns entered thewm
are fully carried out.

Another feature of the invention is a calculat-
ing device arranged to compute tables of alge-
braic polynomial expressions or general func-
tions of a real or complex variable, expressible in
power series expansions, by automatically feed-
ing back into the device partial solutions at m-

‘termediate stages of the calculation,

Another feature of the invention is a calculat-
ing device capable of operating under indexed
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control having a predetermined control index and
a separate calculated control index, the first de-
termining when it shall give up control tem-
porarily to the second and automatic means for
adding to intermediate calculated results record-
ed on the second of said indices a signal for caus-
ing the first to take back control from the sec~
ond. Stated in specific form this means that
where the instructional index issues an instruc-
tion to bring the mathematical factor index into
operation the end of each mathematical factor
will be followed by a specific instructional index
which will act as a signal to again shift the con-
trol.

The drawings consist of thirty-one sheets hav-
ing thirty-eight figures as follows:

Fig. 1 is a block diagram showing how Figs. 2
and 3 may be placed to form a complete flow
chart;

Fig. 2 is a flow chart of that portion of the
present disclosure which constitutes the novel
part of the present invention. To the left of
the broken line 84 there is an outline perspective
view of the apparatus at the operator’s station
and in this portion as well as in the portion to
the right of this broken line there is a schematic
circuit diagram showing by means of arrowheads
the direction of the flow of information in the
form of electrical pulses and circuit closures;

Fig. 3 is a schematic circuit diagram of the cal-
culator shown and described in my previously
filed apvlication hereinabove mentioned;

Pig. 4 is a circuit and perspective view similar
to that to the left of line 44 in Fig. 2 and which
may be substituted therefor in order to illustrate
the emvloyment of a master tape in the form of
an endless loop;

Tig. 5 is a representation of the tapes used
showine the type of perforations conventionally
emvloyed in the printing telegraph art;

Tig. ¢ is a too view of the keyboard showing
the key designations;

Fig. 7 is a schematic circuit diagram -showing
the automatic operation of the tape transmitter
through the return of an answer-back signal after
the operation of some apparatus in response to
a transmitter overation;

Fig. 8 is a time secuence chart showing the
overation of the cireuit of Fig. 7 and exvlaining
the function of a time delay circuit used therein:

Fig. 9 is a schematic circuit diagram similar
to that of Fig. 7, showing a similar mode and se-
auence of overations after a coded key of Fig. 6
has been operated;

Tig. 10 is o schematic cirenit diagram showing

the functions of certain uncoded keys in the
group of Fiz. 6 and indicating the operation of
the coded keys;
" Fig. 11 is a schematic circuit diagram similar
to that of Fig. 10 but showing the answer-back
or satisfaction signaling means whereby the keys
are released as soon as their function is com-
pleted; .

Tig. 12 is a schematic circuit diagram showing
in simple form the circuits affected hv the trans-
mission of the codes SW XH HX SWT;

_ Pig. 13 is a similar schematic circuit diasram
showing the circuit changes brousht about
through the transmission of the codes

SW CX XH SWU =;

Tig. 14 is a reproduction of a page printed by
the printer and showing the ealculation of five
yalues corresponding
‘the unknown;

to five different values of -
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Fig. 15 is a block diagram showing how the
remaining twenty-two figures may be placed to
provide a complete circuit diagram illustrating
the invention, Figs. 16 to 27, inclusive, containing
the new circuits herein provided and Figs. 28
to 37, inclusive, being a sufficiently detailed cir-
cuit of my previously filed application disclosing
a calculator arranged to make calculations in
the mathematician’s complex numbers;

Figs. 16 and 17 show the circuits for the key-
set;

Fig. 17 shows, in addition, the printer, the mas-
ter control keys and the signal lamps;

Figs. 18, 19, 23, 24 and 25 show the various
switching relays responsive either to the keys or
to the tape transmitters;

Figs. 20 and 21 show the circuits of the trans-
lator relays;

Fig. 22 shows the two perforators and the two
tape transmitters;

Fig. 26 shows certain function relays for re-
sponse to instructional codes transmitted through
the translator;

Fig. 27 shows the printer operating circuit re-
placing a similar circuit forming part of the
complex computer, the present circuit involving
a slight modification of the original consisting
essentially of the addition of a translating func-
tion;

Figs. 28, 29, 30 and 31 show the entry registers
and the progress circuit therefor of the complex
computer;

Fig. 32 shows the multipler digit switches, the
progress circuit therefor and the counting relays
operated thereby, of the complex computer;

Fig. 33 shows the real column shift switch of
the complex computer;

Fig. 34 shows the imaginary column shift
switch, an indication of the F2--G?2 register, and
the factor entry shifting means of the complex
computer;

Figs. 35 and 36 show the printing cross bar
switch and the progress circuit therefor of the
complex computer;

g, 37 shows a sufficient portion of the master
control relays to indicate the operation of the
complex computer; and

Fig. 38 is a time seouence chart to show the
cycle of operations taking place upon the de-
pression of o coded key.

The apparatus

The apparatus used in constructing the device
of the present invention is mostly standard com-
munication apparatus, details of which may he
found in the following references.

The printing telegraph receiver is shown in
Patent 2,247,408, A. H. Reiber, July 1, 1941, and
in the Bell Laboratories Record, volume 17, No. 2,
pages 53 to 59, October 1938 and No. 8, pages
257 to 259, April 1939.

The transmitter distributor is disclosed in Pat-
ents 1.311,915, P. M. Rainey, August 5, 1919;
2,154,052, B. F. Watson, April 18, 1939; 2,055,567,
E. F. Watson, September 29, 1936, and in the Bell
ILahoratories Record, vol. 17, No. 2, pages 53 to 59,
October 1938.

The keyboard is generally of the type shown in
Patent 1,378,950 to A. D. Hargan, May 24, 1921.

The cross bar switch is shown in Patents
1.953,503, April 2, 1934, 2,021,329, November 19,
1935 and 2,040,334, May 12, 1936, all issued to J. N.
Reynolds.

The relays are shown in the following patents:

11,156,671, E, B. Craft, October 12, 1915; 1,633,576,
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C. H. Pranks, June 28, 1927: 1,652,489, E. D. Mead,
‘December 13, 1927; 1,652,490, D. D. Miller, Decem~
ber 13, 1927; 1,652,491, D. D. Miller, December 13,
1927, 2,178,656, P, W. Swenson, November 7, 1939;
2,323,961, . A. Zupa, July 13, 1943.

A tape transmitter showing the essential ele-
ments and arrangement of the parts used here-
in may be found in Patent 1,298,440, G. R. Ben-
jamin, March 25, 1919,

A perforator showing the general type of con-
struction of a dev'ce such as that used herein
is disclosed in Patent 2,252,852, Hoover, August
19, 1941,

A taut tape switch is shown in Patent 1,174,236,
A. F. Dixon, March 7, 1916.

Other apparatus is of conventional design.

The theory of calculation

The object of the present invention is to provide
a calculating device which will solve mathemat-
ical problems involving 3 large plurslity of oper-
ations and particularly where partial solutions
are reentered into the device as factors in sub-
sequent operations. More specifically the object
is to prepare the device to carry out a large plu-
rality of operations automatically.

In the applications of mathematics to engi-
neering, many problems must be left unsolved
from an eng ' neering viewpoint because of the cost
involved in the routine and tedicus computations
of the numerous solutions desired. The difficulty,
simply expressed, is that the value of the results
is often outweighed by the effort required in their
calculation. This condition is particularly true
when a required function is a polynomial ex-
pression, or a more general function of a real or
complex variable, developed into a power series
invelving a large number of terms. This poini
may be illustrated by reference to an article en-
titled “Mutual impedance of long grounded wires
when the conductivity of the earth varies expo-
nentially with depth” prepared by Marion C. Gray
and published in Physics, volume 4, No. 2, Feb-
ruary 1933. For practical purposes the expression
(16) therein may be expressed as

Z,,=P+-b'P,4+b"2P,+b"3P, . .

wherein P, P, P,, etc. and b” may be complex
numbers.

The device of the present invention is disclosed
in a form to evaluate a polynomial expression
such as:

() =a,+a,,_;,Zt+a., 2% . ..

The coefficients «, to «, are known and may be
real or complex numbers, expressed as proper
decimal fractions. The unknown z may likewise
be a real or a complex number expressed as a
decimal fraction.

The evaluation of such g polynomial by a cal-
culating device may be received algebraically into
a number of similar operat ons equal to the high-
est power of the unknown to which it is wished to
carry the calculation. Each operatlon will be
in the form

a,2(Dtg an

9 ;=0T (juq)
where § represents any of the whole numbers 1
to n and where ¢,=a,.

Thus ¢,=—a,+xa, represents the initial calcula-
tion performed and whereby the value of ¢,
.derived and held for use as a factor in the next
calculating st.ep This is
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6
Likewise the. following calculation becomes

‘Pa"‘““a‘l‘x(Pz
and eventually the ﬁnal calculatlon becomes

Pn— un+$(p n-1

A simple algebraic operation will show that this
is the full equivalent of
=0 +am_1)x ce . .’D(" Dofog xn

'I‘hus the calculation resolves itself into a series
of steps each involving first the entry and ac-
cumulation of a value representing a coeficient
and then the addition to this of the product of
the unknown and the last previously calculated
result. If it is desired-to calculate the numeri-
cal value of such a polynomial expression for a
single value of the unknown such calculation may
be performed step by step either manually or au-
tomatically. The list of coefficient being known
the solution may be approached in a series of
steps as outlined above. In the preferred embodi-
ment of the invention herein disclosed a means
is provided for entering the coefficients on one
media and the various values of the unknown on
another so that under control of instructional in-
dicia also entered of the first said media the vari-
ous values of the coefficients. and the unknown
may be entered into the calculator in accordance
with a predetermined pattern. The partial re~
sults as calculated are also entered in the second
of said media for reentry into the calculator un-
der the predetermined pattern.

In accordance with the example chosen to il-
lustrate the invention two tapes such as those
commonly used in the printing telegraph art are
employed. One of these tapes is perforated in
permutation combinations to control the opera-
tion of the calculator, to enter therein the known
coeflicients and ta cause the entry therein of pre-
determined values of the unknown and the par-
tial calculated results. .

Still more specifically a master tape is pr epaz ed
by perforation of indicia which will

i1st—Enter into the calculater the value of the
coefficient «,.

2nd—Place the calculator in condition to hold
such entered valve for the purpose of adding to
it the result of the next operation.

3rd—Place the calculator in condition to multiply
the factors next entered and add the result
thereof to the value accumulated.

4th—Transmit instructions to cause the value of
the unknown to be entered into the calculator
from an auxiliary tape and at the same time to
reperforate the value of the unknown in the
said auxiliary tape.

5th—Transmit instructions to cause the valus of
the initial coefficient «, to be entered into the
calculator without reperforating the auxiliary
tape.

6th—Transmit instructions for the partial result
representing ¢, to be perforated in the auxiliary
tape when such result is determined.’

Tth—Transmit instructions to place the caleula-
tor In non-cumulative condition so that when
this cycle is repeated the value of «, next to b2
entered will not be added to the value of o,
last previously calculated, i

8th—Repeat this cycle as-many -times as-there are
known coefficients to be used.

. 'Thus the master tape will automatically cause
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the entry into the calculator of the values as
follows:

(a,}-2.0) (a;t+2.9) (a,+2.9,) etc.

the result of each calculating operation beconi-
ing a partial results as

a,+T.0=p,

o, -T.p, =0,

ag--T.9, =0,
and so on.

The complete series of perforations in the
master tape may be repeated a number of times
equal to the number ‘of values of the unknown
which it is desired to usé or the master tape may
have this complete set of operational and nu-
merical value indicia perforated only cnce (or sev-
veral times to prevent undue wear) and then
formed into an endless tape so that the complete
cycle may be repeated indefinitely. ’

The auxiliary tape initially has only the values
of the unknown and the initial coefficient per-
forated therein as z, a,. Then during the opera-
tion of the device the values ¢, T 9, T p,, etc. will
be automatically perforated therein. If a whole
series of the unknown are to be used then the
values '

10ty Tty Tyg Tyty

and so on are perforated in the tape leaving blank
space enough between each such group for the
automatic perforation therein of the repeated
values of the unknown alternated by the partial
calculated results. At the end of the operation

the auxiliary tape would be perforated as fol- ::

lows:

Troplre1, L1902, T1403y L0201, L2223, cte.

When, as illustrated, the complex computer of
my previously filed application is employed as
the calculator of the present invention, the values
entered and the partial and final results calcu-
lated are fully recorded by the printer. The
same problem may be solved on a purely manual
basis and without the use of these master and
auxiliary tapes. However, where long tables of
values are to be derived it is of great advantage
to prepare these tapes and to then set the de-
vice in automatic operation with the assurance

that the printer will produce a record contain- :

ing the desired tabulation of values. Fig. 14 is
a reproduction of a page prepared by the printer
giving in the right-hand column a tubulation of
partial and final results for five solutions based on
the values (J4-31i2), (4-44-i2),
(4-6412) and (+7--i2) of the unknown, every
fourth value being a final value.

The device may also be operated on a semiauto~
matic basis by preparing a master tape in the
form of either a continuous loop or a tape having
the same succession of perforations repeated
therein for the total number of times such pat-
tern has to be repeated and then perforating the
auxiliary tape with only the first value of the
unknown and the initial coefficient. Then when
a complete calculation has been made a signal
will be displayed whereupon a new value of the
unknown and the initial coefficient may be per-
forated in the auxiliary tape and the apparatus
started on another cycle of operations. .This
would require the attendance of the operator and
may be preferred under some circumstances.

General operation

<. The general operation of the device may be

(+54-12),
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understood from the schematics of Figs. 2, 3 and
4, These are in the form of a flow chart. In
Fig. 2 the operator’s station is shown as a table on
which are mounted the printer, the key-set, the
two perforators and the two tape transmitters.
The lines leading to and from these compo-
nents as indicated by the arrowheads also form
a schematic circuit diagram. Fig. 2 shows the
apparatus arranged for manual or semiauto-
matic operation and Fig. 4 shows the same ap-
paratus arranged for semiautomatic or full auto-
matic operation with the master tape formed
in an endless loop.

The keyboard consists of thirty keys arranged
to be mechanically locked in operated position
and magnetically released so that after a key
has been depressed it will remain in that po-
sition until its function is completed when an
answerback or satisfaction signal! will operate
a magnet to release it. In actual operation the
operator will receive no impression of a sticking
key for in fact the completion of the function
is so fast that before the finger can be removed
the key will be released. Fig. 6 shows the desig-
nation of the various keys. Six of these keys
are known as the non-coded keys and will di-
rectly operate such relays as KP2, K12, KH2 and
KT2. The remainder of the keys operate
through a translator and are known as the coded
keys.

When it is desired to prepare a pair of tapes
so that the device may later be set in automatic
operation the operator will first depress the KI
key which will result in the operation of relay
Z12. This extends the K trunk or manual trunk
(consisting of the five code conductors) to the
I tape perforator so that the I tape may be per-
forated. At the same time the key KP may he
operated in order to connect the keys directly

to the printer for monitoring purposes so that

each character perforated in the tape will be
printed and the operator may see that his
manipulation of the keyboard is correct. After
the I tape has been completed the relays KP2
and KI2 may be released by an operation of the
KU key which unlocks such relays.

When the operator has completed the prep-

aration of the master tape, he will depress the

KH key in order to operate the KH2 relay which
connects the K trunk from the key-set to the

H tape perforator whereby the I tape may be

prepared in like manner to the I tape.

The two tapes having been prepared and ad-
justed, if necessary, in their respective trans-
mitters at the beginning of their perforations
the device is set into automatic operation by
the actuation of the XT key. This results in
the operation of relay XT2 thereby connecting
the X (automatic) trunk to the translator. The
I tape transmitter being normally in condition
for cperation will immediately start to transmit.

‘Tt is usual to have the I tape placed in this trans-

mitter so that the first few codes encountered
will be blanks, that is, only the sprocket hole
will be perforated therein so that none of the
five code conductors of the X trunk will be
grounded. The translator will respond to this
conditicn by operating the SP rclay which in

-operating will cause the transmitter to step along

to the next code combination. Thus through
the mutually controlled circuits responsive to
the transmitter and the SP relay, the transmit-
ter will automatically advance to the first code
combination perforated in the I tape represent-
ing an operational instruction. It will be more
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fully explained heremafter in illustration of a
specific example of calculation that the first code
to be transmitted will be that for A, an opera-
tional instruction equivalent to the depression
of the key C in the complex computer. This
causes the calculator to be conditioned to re-
ceive the first two factors (the real and the
imaginary components of a ‘complex number)
and by multiplying them by one to store this
value in the accumulator. These two factors
(constituting the coefficient a,) are then entered
into the calculator by the operation of the I tape
transmitter and as they are so entered will be
printed by the printer. Next the I tape trans-
mitter will transmit operational instructions to
place the calculator in condition to add to the
value now held in the -accumulator the result of
the next calculation. This is now characterized
by the transmission of M by the I tape trans-
mitter as a problem in multiplication. The
multiplicand will be the two factors (a real and
an imaginary component) constituting the value
of the unknown xi. Therefore the I tape trans-
mitter will now transmit a series of four codes,
SW, XH, HX and SWU which will cause the
operation of relays XH2 and HX2. The relay
XH2 will extend the automatic trunk X to the
H tape perforator and the relay HX2 will render
the H tape transmitter operative. The codes SW
and SWU are for the purpose of rendering the
translator responsive to the codes XH and HX
instead of the numerical values 5 and 2 since XH
and 5 for instance :are on the same key. This
is analogous to the operation of the Figures key
on the printing telegraph keyboard so that upper
case ‘or certain figures may be printed instead
of the character forming the principal designa-
tion of the key. The code SWU is equivalent
in this respect to the operation of the Letters
key which returns the keyboard to its normal
use. .In the present case it will be realized that
following the operation of the HX2 and XH2
relays the H tape will be rendered active and
since it will send numerical codes the translator
circuit-must be returned to normal so as to avoid
mutilation of any of ‘the signals. Therefore
this group of codes SW, XH, HX, SWU must end
with the code SWU before the I-tape relinquishes
control ‘and hands it-over to the H tape.

Now the two factors comprising the unknown
1 are transmited from the H tape to the trans-
lator and thence entered in the calculator and at
the same time are perforated anew in the H tape,
beyond or behind the perforations therein rep-
resenting the initial coefficient a,. At the end of
this -operation a code CXU is encountered in the
H tape and this -operates to release the relays
HX2 and XH2 so that-control is.now relinquished
by the H tape and shifted back to the I tape.
With relay XH2 released the signals transmitted
over the X trunk are not recorded in the H tape.

At this point the calculator has entered there-
in the F and G factors (the real and the imagi-
nary components) of the unknown xri1. It is now
necessary ‘to ‘enter the value of the initial coeffi-
cient a, which will-.censist of the factors D and E
to start the .calculator in .action. -Consequently
the codes SW, HX, SWU are now transmitted by
the I tape to cause.the H tape transmitter to take
up control .and to {transmit -the -two factors con-
stituting this initial coefficient .4, This will be
followed by -the :code CXU which .as -before wiil
return control tothe Itape.

The I tape now transmits the codes for
SW CX XH-=8WU sad -will :result :in ‘the -opera-

10

15

20

25

30

35

40

60

70

75

10

tion of relays CX2 and HX2 and the entry of the
equal sign i the calculator. The relay CXU con-
nects the output of the calculator to the X trunk
and the relay HX2 extends this trunk to the H
tape perforator. The equal sign starts the calcu~
lator into operation providing the last factor en-
tered therein contained less than eight digits (in
which case calculation has already started).
Now both the I tape transmitter and the H tape
transmitter are disabled and further action
awaits the publication of the result of the calcu-
lation by the caleulator. In a problem in multipli-
cation the = sign is printed and this when it is
transmitted by the calculator acts as a signal to
the H tape perforator to make a record of the so-
lution which at the same time will be printed.
The solution is regularly followed by the codes for
carriage return and line feed and since the CR
signal is the same as the CXU signal, the CX2 and
HX2 relays will be released and the I tape trans-
mitter will again go into operation. Lastly the
code for U will be transmitted and this by re-
leasing the = relay will condition the calculator
to clear the aceumulator so that the next caleula-
tion will stand by itself and not be added to any
breviously stored values.

The calculated result just perforated in the ¥
tape constitutes the value ¢, so that the H tape is
now in a position to next transmit the values x,
and o,

Further operation is a repetition of the opera-
tion just described. These have constituted the
calculations represented by the following

a L a=g,

The following calculations will then be made
in the same manner

“2+$1¢1=¢2

a3+$1¢2=¢3
and so on for as many terms of the polynomial as
it is desired to make the calculation, the last value
obtained being the significant result. .

Now if it is desired to have a plurality of such
calculations made the values z.a, T,a, Z,a, and so
forth will have been perforated in the H tape ab
proper intervals and the corresponding results
will be ealculated and recorded by the printer.

Fig. 14 shows a page printed by the printer
comprising the complete calculation of five re-
sults using by way of example five values of the
unknown.

Now it is to be noted that the calculator here
chosen to bs shown as an example is the com-
blex computer of my previously filed application.
This invention, however, is not limited to the use
of this particular device but any other calcula-
tor may be employed. Nor is the invention
limited to calculation in complex numbers. Cal-
culation in real numbers alone may be accom-
plished on the present device by the simple ex-
pedient of writing &, for instance, as 5--4, though
if the device is to be employed for other calcula-
tions where no complex numbers are involved it
would be more expedient to use g simpler calcu-
lator than that represented by Fig. 3.

The general operation of the calculator may be
followed from the schematic circuit diagram and
flow chart of Fig. 3. This is exactly the same as
that shown in my vpreviously filed application
with the exception that the keyboard there is re-
placed by the translator (of Fig. 2) here. The
present translator is a device for translating
coded signals from the keys and the tape trans-
mitters ‘of Figs. 2 and 4 into the -same sort of
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signals as those transmited from the keys of the
original complex computer. The problem to be
solved by the calculator is entered into the fac-
tor registers through the translator in response
to either the operation of the presently shown
keys or either of the two tape transmitters. The
translator operates through the progress circuit
to register the factor values in the F, G, D and
T registers. Each of these registers transmits
the values registered therein in ccde to the print-
ing cross bar switch which by certain auxiliary
circuits, here designated the printing control cir-
cuit, controls the printer to record the problem
as it is being registered in the factor registers.
Certain of the signals also affect the control cir-
cuit so that the different operations called for
by the different algebraic operations will he per-
formed in the proper sequence.

The values registered in the ¥, G, b and B
registers likewise appear in code in the multiplier
digit switch and variously, under control of the
factor entry shifting means, the values registered
in the F and G registers and certain derived
values (F24-G?) appear in the real and the imag-
inary column shift switches. The heart of the
caleulator is in the summing means comprising
generally of a set of augend relays, a set of addend
relays and a set of summing relays. All calcula~-
tion is reduced to a series of summing operations
in which the addend relays are operated in ac-
cordance with the values entered in the column
shift switches and the values expressed by these
addend relays are added to the values accumu~
lated and expressed by the augend relays, the
sum heing registered on the sum relays. At the
completion of this summing operation the sum
now registered on the sum relays is traunslated
and transferred to the augend relays (which act
as an accumulator) ready for a new summing
operation. The final results of any calculation
are transferred to the printing cross bar switch
whereupon the printer is operated to record the
sum, the product, the quotient or the remainder
ag the case may be.

It has been said above that all calculations ¢

are reduced to a series of summing operations
and while this is true, a better picture may be
given by saying that all calculations are the re-
sult of a counted number of summing operaticns.
Thus the multiplication cf two numbers is the ad-
dition of one of the numbers to a gradually ac-
cumulating value a counted number of times,
the count being controlled by the other number.
Even in addition a first number is added to a sec-
ond number which has been aceumulated by
counting this operation one time.

An important feature of the calculator is the
counting circuit set in accordance with the values
registered on the multiplier digit switches. This
counting circuit is used in every calculating op-
eration since it is the means which controls the
cycle of operations of the summing relays.

It will be seen that the calculator consists of
the combination of computing means and con-
trol means for shifting factors for entry into the
calculating means whereby a large number of
separate calculations are automatically made
according to a predetermined sequence and a pre-
determined pattern, the final result being a grad-
ually accumulated value derived from a great
number of simple summing operations. The con-
trol circuit is in effect a steering means for it
controls the sequence and the pattern of opera-
tions, operating the factor entry shifting means
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at the proper times so that the addend relays are
fed the proper values in the proper sequence.

Sequence of operations—multiplication

As soon as the first three factors (of eight digits
each) are preperly entered on the F, G and D
registers and while the E factor is being registered
or even if it is not registered, the computing con-
trol circuit directs the multiplication of the fac-
tor F by the factor D in the real summing relays
and the multiplication of the factor G by the
factor D in the imaginary relays. As it will ap-
pear hereinafter, as the digits of the various fac-
tors are entered on the P, G, D and E entry regis-
ters, these values simultaneously appear on the
Multiplying Digit Selector Switches and on the
Printing Switch. 'The digits of the F factor also
appear on the Real Column Shift Switch and the
digits of the G factor appear on the Imaginary
Column Shift Switch. Each digit and each
algebraic symbol registered on the Entry Switches
as it simultaneously appears on the Printing
Switch is printed on the Printer hefore the Op-
erator.

When the registration of the D factor is com-~
pleted so that its appearance in the Multiplying
Digit Selector is complete then the values regis-
tered in the Column Shift Switches are added
together the number of times indicated by the
values registerad in the D multiplier switch. The
sequence of this operation is to first add to zero
(or to any value which may have been left in the
augend relays) the value registered in the lowest
level of the Column Shift Switch, repeatedly the
number of times indicated by the first digit of the
D factor. At the completion of this operation, in
a manner to be more fully described hereinafter,
the value registered in the next higher level of the
Column Shift Switch is added, to the now ac-
cumulating values in the augend relays, repeated-
1y the number of times indicated by the next digit
of the D factor. :

When the F factor and the G factor have been
thus completely multiplied by the D factor then
the connections between the Real Column Shift
Switch and the F Entry Register and the Tmagi-
nary Coumn Shiit Switch and the G Entry Regis-
ter are reversed so that the Real Column Shift
Switeh will now have a record of the values of
factor G and the Imaginary Column Shift will
now have a record of the values of factor P.
When this reversal has been made the record of
the factor E (if it has been completely registered
by now or if not as soon as it has been so regis-
tered) is employed as a multiplier. Thereupon
the accumulation in the augend relays is changed
step by step until the factors G and ¥ are now
completely multiplied by the factor . This com-
pletes the calculation.

Thereupon the record registered on the augend
relays is transferred to the printing switch and
the solution of the problem is printed before the
operator.

Sequence of operations—division

In the operations of division the calculating
operations begin earlier than in the operations of
multiplication since the first value to be deter-
mined is the sum of the squares of the values of
F and G. Therefore, as soon as the F and G
factors are both completely registered the F factor
will appear on both the F multiplier vertical of
the Multiplying Digit Selector Switch and on the
Real Column Shift Switch. Any accumulation on
the real augend relays is automatically removed
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so that the value of F2 will ri6t be mutilated.
Thereupon F is multlplied by F a5 before. When
this has been conipleted the F factor is removed
from the Real Colinin Shift Switch and the value
of G is placed thereon. Now with the value of G
also appearing on the Multiplying Digit Switch,
the multiplication of G by itself proceeds step by
step and the récord on the augend relays is
gradually increased. At the end of this opera-
tion the values of F24G? on the augend relays is
transferred to a special set of storage relays for
use at a later stage. Theé augend relays are
cleared and returned to a Zero reading in prep-
aration for the determination of the real factor
FD+GE

Now the same operations as heretofore carried
out in the problem of multiplication are repeated
until the real augend relays have the value of
FD}GE and the imaginary augend relays have
the value of —GD+FE. o

Thereafter the value of FZ4G?2 is transferred
to the Real Column Shift Switch and subtracted
(its complement is added) step by step from the
value on the augend relays until this value is
exhausted. As each digit of the quotient is thus
determined it is transmitted to the Printing
Switch and such value is printed. ‘No other rec-
ord of the digits of the quotient is made.

When the eight digits of the real factor of the
quotient have been determined then the value of
(F24-G?) which ‘also appears in the Imaginary
Column Shift ‘Switch i used to diminish the
value of the imaginary factor now recorded in
the augend relays and the digits of the quotient
are determined and recorded by the printer one
by ‘one.

In both multlpllcatlon and division, when the
last digit of the product or the guotient has been
printed the apparatus is released and the record
on the F, G, D and E Entry Switches as ‘well ‘as
elsewhere is thus automatically erased.

‘With the = relay normal ‘each problem ‘will be
solved separately. With the = relay operated the
final result of a problem in ‘multiplication will
be left recorded on the augend felays and an-
other problem in multiplication, addition or sub-
traction will be solved and the result added there-
to. A quotient cannot be détermined and added
to a previous accumulation ‘for reasons stated
hereinbefore.

Sequence of operations—addition or subtraction

Additlon and subtractlon will both be treated
under one hea,dlng since the ‘operations are ex-
actly the saine. In‘addition the signs of the fac-
tors are ‘recorded as they appear-in the problem
but in subtraction the signs of the subtrahend
are reversed.

The operation consists in first depressing the
key A (for cumulative) and then entering the
Fand G factors (as heretofore) followed by the
equal sigh. The actual operation then is one of
maultiplication—as

(F4HiG) X (13i0) =F4iG

The complex number (F4iG) ‘entered isthere-
by multiplied by one and ‘stored “in the ‘augend
relays.

Thereafter the number to be added is entered
in the same manner so that it in turn is multiplied
by one and then- added ‘to the value stored in the
augend relays—the ‘result that “is-‘printed being
the'sum (or the remamder) ‘desired to be found.
As 'many-numbers-as desired: may thus be added
togéther.
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Code représentation 6f numbérs

The code representation of numbers and opera~
tional instructions within the calculator will not
be explained in detail here since it is treated com-
prehensively in my previously fild application and
is of no particular interest here.

However the codes used herein should be noted.
These are of two varieties, one, the five place per-
mutation codes used to operatée the translator
from the keys and from the tape transmitters and
two, the five place codes transmitted from the
printing cross bar switch to operate the printer
and the H tape perforator. The codes in eachcase
are the same, that is, they may be represented
by 4 and — symbols representing in one case
grounded and non-grounded wWwires respectively
and in another case what in the printing tele-
graph art are spoken of as mark and space signals
respectively. These codes are shown in the fol-
lowing table and represent the codes sent from the
keys, the codes sent from the tape transmitters
and the codes sent from the printing cross bar
switch to the printer and to the perforator. The
codes for operating the printer are sent in the
form of sequential impulses, and the codes sent
from the printing switch to the jperforator, from
the fape transmitters and from the keys are in
the form of the simultaneous ‘groundifig of one
or more of the five condictors ‘of the manual or
the automatic trunks. All'however may be repre=
sented in the same manner, as follows:

TABLE1
Codes transmitted .
T8 : i1 Codes
from . o . "triansa
- - Codes initte
g oAl f i Hrotn ¢
Keyboard |+ 4 ¢ caleul
‘ ! L a-
andtampister} ‘tape ; | tor
0. -0 - e e = 0
1-CX 1 LT
9 HX ] ERR T
= 3 I S i s o
o : 4
5XH 5 S
6 6 |+ =~ - 4+ -1 6
7 7 = 4= = 7
8 8 | 4 =t e 8
9 S |+ Tt 9
+. B el sl e
=. ST B ol S
+i +i. L
=i UL T s e el :
L T als Rl S { B
+4 e +i
R T
= I o S L S Y B
ST
A 4+ _—; + ‘T‘ + Y
swW o S e S :
sSwWU e e e e +
z o = k7
U N Rt AR B o)
0XU | ¢exvu | - - — + — | CRr
P | - = 4 — — §gp -
B - LT S S S
Step . = - = = -

Fig. 5 shows a-part of‘the inaster tape actual~
ly perforated with the codés detailed herein-
after and which 1may ‘be checked by means of
the codes given in Table:l. The places ‘are
counted from the top downward, the first ‘and
second places being above the line of the'smaller
sprocket holes and the ‘third, fourth and fifth
prlaces being below this-line. This is a tape per-
forated in the manner common in ‘the printing
telegraph art.

“Fig. 6'shows the arrangement of the keys. The
top row contains the numerical keys 0 to 9, in~
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clusive. The second row contains the mathemati-
cal signs 4. —. 4. i, and =. It also con-
tains three keys marked M, D and ‘A standing
for multiply, divide and add, respectively.

Next there is a key marked = which transmits
an instruction through the translator which will
put the calculator in condition so that the resulb
of any calculation will be held in the augend
relays and to which the result of another calcula-
tion will be added. Directly below this key in
a third row is a key marked TU whose func-
tion is to unlock the conditicn established by
the ¥ key. The last key in the second row is
marked SW meaning switching whose function
it is to ecause a change in the translator circuit
so that when certain of the numerical keys are
depressed they will cause a different action. For
instance, the nurmerical key 1 is also marked CX.
The function of this key after the key SW has
been operated is to prepare for the operation of
the CX2 relay which will connect the output of
ihe calculator to the X trunk. Similarly numeri-
cal key % iz also marzed HX and this when
depressed after the cperation of the SW key will
cause the operation of relay HX{ which, as in-
dicated in Fig. 2, will switch the transmitters
so that the H tape transmitter becomes operative
in place of the normally operative I tape trans-
mitter. The numerical key 3 is marked XU and
the function of this is to unlock any of the re-
lays affecting the X trunk thereby clearing the
X trunk from connection to the I tape perfora-
tor and the translator. The numerical key 4 iz
marked XI and its function is to ccnnect the
X trunk to the I tape perforator. The numerical
key 5 is marked XH and its function is to con-
nect the H tape perforator to the X trunk.

Below the SW key there is in the third row a
key marked SWU. The function of this key is
to unlock the relay SW and restore the numerical
keys to their normal function. The third key
from the right in the lower row is marked CXU
and the function of this key is to disconnect the
cutput of the calculator from the X trunk. The
fourth key from the right in the lower row is
marked E for error. This key when depressed will
operate the main release relay in the calculator
and restore all of the circuits to normal.

The other six keys in the lower row are known
as the uncoded keys. Their function is to oper-
ate corresponding relays directly. Counting from
the left, the first key marked KI will operate the
KI relay to connect the K trunk to the I tape
perforator so that the perforator may be op-
erated directly by the key-set. Likewise the next
key marked KH will connect the key-set through
the K trunk to the H tape perforator. The key
marked XT will connect the X trunk to the trans-
lator and start the automatic operation of the
device. The key marked KT will connect the K
trunk to the translator so that the device may
be operated on a purely manual basis from the
keyboard. The key marked KP connects the XK
{runk to the printer so that the printer may be
directly operated from the keyboard. This is
useful as hereinbefore indicated for monitoring
purposes so that the printer may be used while
perforating a tape to make a record of the keys
depressed. The key KU operates the KU relay
which controls the master ground to the circuit
of Figs. 16 to 26 thus returning this eircuit to
normal. By the operation of this key these cir-
cuits may be restored without affecting any of
the registrations established within the calcula-
tor. - - -
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Fig, 7 is a schematic circuit diagram to illus-
trate and explain the automatic action of the
transmitters. Fach such transmitter is provided
with g set of five sensing fingers which will nor-
mally push through perforations in the tape or
be prevented from doing so to set up a code com-
bination of operated translator relays. Normal-
ly, therefore, when the translator is not in use
these fingers are drawn away from the tape by
the operation of the magnet controlled by the
relay HX2, When in a manner to be described
hereinafter the H tape transmitter is to be placed
in operation the relay HX: will be released. Prior
to relay HX:2 being released relay X6 is in re-
leased position so that its companion relay X6’
is operated. With relay HX2 operated the H
transmitter magnet 2211 is also operated which
holds the tape sensing fingers retracted and out
of contact with the tape. When it is desired to
employ the H transmitier to control the com-
puter, relay HX{ is operated which interrupts
the holding circuit for maintaining relay HX2
operated. Relay HX| in operating transfers the
winding of relay HX2 to a stepping circuit so that
relay HX2 releases and in turn releases a step-
ping magnst of the H transmiflter 2211 allowing
this magnet to release and in turn release the
sensing fingers so that they will sense the per-
forations in the tape. When a perforation in
the tape is positioned in the path of one of these
fingers the corresponding contact is closed.
When the perforation in the tape is not so posi-
tioned the corresponding contact remains open.
When it is desired to advance the tape the relay
HX2? is operated which in turn causes the mag-
net 2211 of the H transmitter to be reoperated.
The operation of this magnet causes the tape
sensing pins or fingers to be withdrawn from the
tape and the tape advanced. The withdrawal of
these fingers from the tape causes the previously
closed contacts controlled by them to open and
when the circuits have advanced a locking cir-
cuit for relay HX2 is interrupted thus allowing
this relay to release and again permit the sensing
fingers to sense the next row of perforations in
the tape. The above operation then continues
so long as it is desired to employ the H transmit-
ter to enter numbers into the calculator. When
it is desired to interrupt the operation of the H
transmitter, relay HX|( is released which relay
completes an obvicus circuit for the operation
of relay HX2. Relay HX2 in turn causes mag-
net 2211 of the H transmitter to be maintainad
operated, thus maintaining the H transmitter in-
active with sensing pins retracted from the tape
and the contacts controlled by these pins are
held open,

Fig. 8 is a time sequence chart which will help
to make this action clear. Thus the chart shows
the release of relay HX2 being followed a short
interval thereafter by the energization of relay
X6 and practically simultaneously therewith by
the selection of the entry register lead. A short
interval after the energization of relay X6 the
winding of relay X&' is opened and X6’ is free
to retract its armatures. However, this relay is
arranged to be slow to release and fast to oper-
ate so there is a slight delay after the opening of
the winding of relay X6’ and the closing of its
back contacts, this delay being provided to make
sure that the translator relays have been prop-
erly operated and to insure that when the ground
is applied to the selected entry register lead it
will be applied to such g lead which has been
firmly established. Now the circuit conditions
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established will be maxntamed until an answer-
back or satlsfactlon swnal is-received over the
EM lead “Thus time is given for the propet op-
eratmn of the ‘entry register for it is'not until
a proper operatmn therein ‘has ‘taken ‘place that
& ground will sppear-on lead KM: Thus'a ground
on the‘entry register lea\l will be chainedthrough
the “armatures ang fr ont contacts ‘of ‘the pre-
viously ‘operated progress relays Fl and F2, by
way' ‘of example, and ‘lnally cause the opelamon

of a hold magnet M. Maenet oM extends the
ground ‘for‘its own operation to the progress re-
lay F3 hut since this relay has a ground connzc-
tlon' it w1ll ‘ot operate at pi esent: Magnet HM
also places 8 ‘ground o lead KM ‘which now
causes tne operaticn of relay HXZ. "This in 4
short 1nterval w111 operate ‘and 10ck o the ¥ ‘elease
relay X6’ contacts 50 that relay HXZ may he
held operated until the actron caused by’ tms
operatron has been assu red "Thus as 4 result of
the ‘answer- back swnal over lead KM the entry
reg1ster lead is opened and now magnet-KM is
left ina o1rcu1t in series with relay F3 so that
at th1s pomt relay F3 operates and magnet HM

is' mamtaxned operated;’ “The ‘operation of relay 2

F3 termindtes the answer-back si ignal over lead
KM.” Shortly after the contacts of X§' have
a.galn become operated -and barring the closure
of some other c1rcu1t for mamtammg HX2 oper-
ate
ey’ eycle of’ operatrons ‘Throughout’ thé de-
tailed descnptmn it will be noted that there are
several ways ‘in wh1ch the answer—oack signal
may be applied to the KM lead.

Another example of thls oberation may be ssen 3

thrs relay will release and thus initiate a *
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by conmderatibh of the operatlons of the key res

‘lease circult shown'in Flg ‘Here' wheh any
o_n ‘of the coded keys is operated the lead KsA
Is- gro" [ed and this” grouzndmfT is extended
through ‘a back contact of 1elay KMZ to tha
wmdlng of Telay~ KG Relay Kb operates and
releases relay K6’ which plices’a ground on the
18ad to the" translator However, 1elay Hi is
dlow to release so that this sround’cannct be-

come’ éffectiveé until the txanslator rerays have 1

‘been ﬁlmly opezated by the operajed coded key.
Thereafter and whethe1 ‘the lead outﬂomg froin
the transiator is an entry regxster lead or some
functlonal lead stich &s that'to’ ope‘ ate relay SW

nothmg else W111 happon untﬂ ‘the " answer- bacx b

operatlon of relay sW, relay KMI is ooerftted and
locks to tiie’ ground provided’ by the opelated

key ‘over lead K6A: Relay KM2 operates from :

relay KMi ahd" locks to the released contact of
relay K6’. At the same tlme a’ circuit is estab-
Tished' through™ the ‘contacts of ‘relay KMI and
relay KM2 to operate the key release mapnet
KM3.” Thls reledses the key and restores ‘the
‘eirchit to normal cond1tron leaving the opérated
Telay SW locked to a back contact of its con-
tinuatmn 1elay SWU.

' F‘lg 10 is & schematlc circuit diagram indicat-
ing"“the ‘manner ' in “Jhrch thie uncoded keéys op-
‘erate. This figure is p10v1ded to niake the op-
eration ‘of eertain rélays easily undelstocd withw
-out the necessity for t1 acmg thr ouvh comphcafed
‘eireuits.

Thus key KI in operating extends a circuit

from “a “back ‘contact controlled by rélay XTI e

through & back contact controlled by relay Xif
to d cont1nu1ty contact controlled by the mlay
'KIl. Relay KII will operate and Iock tc a
master ground controlled by’ the relay KU p' 0-
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viding that neither one of the relays Xii nor
XT1°is opbrated at this time.  Similarly, key K
will control the relay KHi providing the inter~
locking circuit relays XHi and XTI are in fior-
mal condition. The key XT operates through a
back contact controlled By réiay E'C4 to cause
the operatlon of relay XTH. It 'will thus appear
that'if the rélay KT| iz operated the relay XTi
c¢anhoi hecote operated. The relay WTH is op-
¢rated directly from the key T over the ground
cirguil provided by the relay XTi so that here
again the XT key. will be ineffective to operate
relay KT if the relay XTi is in operation.. This
intéiideking civculit iy provided so 'thal the trans-
1avor cannot be connected s1multaneou<ly to the
K and X trunks.

Tha relay Pl is operated by the relay KP
provided the relay XKT{ is hormal. All of these
velays lock to the master ground provided by the
relay KU so that wheri the key KU is operated
the relay KU will respond and release any one
of the relays locked thereto.

“E#ch 6nie” of the relays designated with a 1
such as KIi is in thé nature of a ‘preparation,
thé actudl function being carried out By a com-
panicnt ‘relay having the numeral 2,.such as
relay KI2! Thus after relay KIi has been op=-
erated by the key KI the reiay KI2 is included
in & circuit conirolled by the left-hand coniacts
of relay KIi dnd extending to the back contactof
the slow release relay K$'. In Fig; 11 it will be
shown that the relay Kb' will be released after
the operation of any onhe of the uncoded keys so
that upon the operation of reiay KIl a ground
will' be momentarily established to the winding
of relay KI2 at the same time that the B xlead
1§ operated to reledse the depressed key. “he
relay KI2 ‘it will ‘bé noted i§in‘an mtelloomng
circuit conirolled by relay IRI. -~ Likewise ‘relay
Kz is in an interlocking cireuit conirolled by
relay MR dnd relay XTZ is in an mterlockmg
circuit controlled by relay CX2.

Fig. 11 indicates the manner in which the un-
coded. and ‘coded keys ‘are released through the
application of-a ground to the KM lead. Thus
key KH when operated causes the operation of
relay KIl, The ground extended to the winding
-of reldy KIi through the operation of this relay
will now be extended over the front contact and
armature- of ‘relay~KIi; the back' contaci and
armature | of relay KPi, the back-contact and
armature { of relay KMZ, the normal conitacts
and armature i of relay KM! to the winding of
relay KMi. Reldy KM causes the operation of
relay KM2 and at the same time sstablishes a
circuit from ground and armature of relay Xii,
from -contact and armature £ of relay KMz to
iead KM thereby opelatmg the key 1°lease mag-
nets KM3.

“In like manner when any one of the coded keys
is'operated ground is placed on the lead K8A and
58 indieated in Fig. 16 will extend through s back
‘contact’ of relay-KM2 to relay K§ therehy 0p-
erating  this relay  and releasing the relay XK§'.
‘Relay K6’ as indicated also in Fig. & will operate
‘through’thie’ translator to render the code set’ up
by this ‘coded key “effective When thie answer-
back: mgnal is sent” over lead KM. 'The relay

:KMI is: operated and thug ths ektension of this
'lead t6 the key 1elease magnet B3 is grounded.

It may be noted ‘that’ when the uricoded kéy BU
is’ depressed thé circuit for tha opelatzo:o of the
key reléase maghet KM3 depenos upon ‘a chain
extendlng through the contagts of 1elays con-

This is
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to insure that the operation of the KU relay has
been effective in releasing all these other relays
to normal. Thus when key KU is operating and
the master ground relay KU has responded, the
ground at its back contact causes the release of
all the other relays such as KIt, KHi, XT{, KT!
and KP{. Thereupcn a circuit is established
from ground, the armature and front contact of
relay KU, the back contact and armature 4 of
relay KTi, the back contact and armature #
of relay XT1, the back contact and armature
of relay KHiI, the back contact and armature 3
of relay KIi, the back contact and armature 2
of relay KP! and thence through the back con-

tact and armature of relay KM2 to operate relay

KMI{ resulting finally in the application of
ground to the KM lead extending to the key re-
lease magnets KM3.

Pig. 12 is a schematic circuit diagram intended
to render the operation of the complete circuit
clearer. This circuit illustrates the circuit
changes brought about by the transmission of the
codes SW, XH, HX and SWU in sequence from
the I tape or from the key-set. At the left and
within the large circle is indicated a key marked
SW and below it the sensing fingers of a trans-
mitter with the fingers 1, 2, 4 and 5 extending
through the tape and the finger 3 heing pre-
vented from movement in that direction by the
tape. This indicates that either the key or a
tape transmitter may send into the translator
the code SW. This code will set up the five trans-
lator relays and place a ground on the eonductor
leading to the relay SW. This relay will there-
upon be operated.

Next the code XH will be sent, Here the means
for sending this code is indicated by a small cir-
cle having the designation XH drawn therein
and represents the same sort of arrangement as
that for sending the code SW. Therefore at
this time a ground will be applied through the
proper operation of the translator to a conductor
leading to the front contact and armature ¥ of
relay SW thence extending to the XHP (P for
preparation) relay. This relay XHP is now op-
erated. In like manner the code HX is now sent
and this places a ground on the conductor ex-
tending through the front contact and armature
1 of relay SW thence over the armature and back
contact of relay CXP to the winding of relay HXP
whereby relay HXP becomes operated if relay
CXP is in normal condition. Thereafter the code
SWU is transmitted and this operating through
the translator causes the operation of relay SWU.
Relay SWU now through the movement of its
armature 2 opens the holding ground for relay
SW and causes this relay to release. Thereupon
the ground extending from the translator to the
winding of relay SWU is extended over the front
contact and armature i of relay SWU, the back
contact and armature i of relay SW, the arma-
ture i and front contact of relay XHP, the normal
_contacts of armature § of relay XHW, the wind-
ing of relay XHW to ground. This ground is
also extended through the armature and back
contact of relay XHI so that relay XHI is held
short-circuited as long as the ground is applied
to the winding of relay SWU. The ground ex-
tended over the armature i and front contact of
relay XHP is now also extended over the front
contact and armature 2 of relay XHW, the nor-
mal contacts of relay XIf, the armature { and
front contact of relay EXP to the winding of re-
lay HXW. Thus relays XEW and HXW (W for
waiting) are both operated and both locked to

L
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ground supplied through the back contacts of re=
lays CXU. Now in & manner hereinbefore noted
the operation of relay SWU will be followed by the
operation of the key release magnet or the trans-
mitter release relay and the ground extended to
the winding of relay SWU will ke removed.
Thereupon the short circuit akout the windings
of relays HX|( and X¥i will be removed and these
relays will become operated in parallel with their
companion waiting relays.

Tt will appear hereinafter that the code com-
hination SW, XH, HX and SWU is one frequent-
ly used and transmitted from the masier tape.
This particular combination is designed to cause
the connection of the H tape perforator to the
X trunk and the H tape transmitter also to the X
trunk for the purpose of transmitting a numerical
factor previously perforated in the H tape to the
ealculator and at the same time perforating this
same numerical value again in the H tape. Thus
these code combinations sent by the I tape will
cause the operation of the relays as above de-
scribed and become fully effective upon the re-
lesse of the I tape sensing fingers from the code

5 BWTU to render the I tape transmitter thereafter

ineffective and the H tape transmitter effective
until some further instruction has been received.
This further instruction will come from the H
tape ab the end of its numerical transmission.
Fig. 13 is a similar schematic circuit diagram
and shows the circuit changes which take place
upon the transmission of the codes SW, CX, XH,
SWTU from the I tape and later the transmission
of the code for == from the calculator. In the
manner now familiar the code SW will operate
the relay SW thereupon the code CX through
armature § of relay SW will extend the ground
through armature 2 of relay HXP to operate re-
lay CXP. Pollowing this through armature 5 of

y relay SW a circuit will be established to operate

relay XHP. Now upcn the transmission of the
code SWU relay SWU will operate and by releas-
ing relay SW will extend the ground over the
back contact of armature | of relay SW to arma-
ture | of relay XHP causing the operation of the

" waiting relay XEW. This ground will also be ex-

75

tended over the front contact and armature 2 of
relay XHW, the contacts controlled by relay XIl,
the armature | and back contact of relay HXP,

. the armature | and front contact or relay CXP to

cause the operation of relay CXW. The opera-
tion of relay SWU causes the sending of the ans-
wer-back or satisfaction signal which will result
in the release of the key SWU or the trans-
mitter sending this code combination whereupon
ground for the operation of SWU will be released
and this ground, in the manner hereinbefore de-
scribed, will allow the operation of relay XHI and
relay CX!. If this series of code combinations
has been sent by the I tape then the I tape trans-
mitter will be taken out of service by the cpera-
tion of relay CXI in the manner to be more fully
described hereinafter and the circuit will await
the sending of the code for = by the calculator.
It will appear hereinafter that this combination
of codes is transmitted immediately following the
entry in the calculator of a problem in multipli-
cation. Actually the calculator may be in process
of operation during the sending of these codes
but it cannot complete its calculation before these
four codes have been transmitted and have be-
come effective. It will arpear that shortly after
the operations just described, the calculator will
reach that point in its operation where the code
for = is transmitted. Thereupon a ground will
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‘be extended as indicated in Fig. 13 from the
printer control circuit and thence over the front
contact and armature | of relay CX/ to cause the
operation of CXW2. As this code completes its
function then the short circuit about the winding
of relay CX2 will be removed.and relay CX2 will
operate. At this time therefore the output of the
calculator will be connacted to the X trunk so
that the next series of codes sent to the printer
will also be perforated in the H tape.

Fig. 14 is a reproduction of a page produced hy
the printer. It will hereinafter appear that nons
of the figures in what may generally be termed
the first four columns are perforated in the tapes
but only those figures following the = sign and
appearing in the fifth and the sixth columns.
The printer therefore reproduces the entry of
the problem but only causes the perforation in
the tape of the final result. The actual figures

in this Fig. 14 will be mcve fully explained here- g;

inafter.

- By way of example:

“In order to illustrate the use of the present
invention by a concrete example we may con-

sider a solution of the hypergeometric series :

usually denoted F (a, b; c, 2).
written as
ab ,alat+1)b(b+1)
4t Taceryy =1
ala+1)(a+2)b(b+1)(b+2)
1:.2-3c(c+1)(c+2)
a, b, ¢ and 2 may be complex numbers and the
series may be written as

a,+a,2+ agzz + a,23

This may be

LI

where

Q=

e+ 1)+
PICES S

o (a+2)(b+2)
e 3(c+2)

(a+3)(b+3)

o;=qay 4(C+3) -

As an illustrative example let us assume the
tollowing values:

=

a=2+13 b=4-+15 c=6-+17
a+1=3+13 b+1=5+15 c+1=7+417
a4+2=4-+43 b+2=6+15 c4+2=8+17
a+8=5-+13 b+3=7+15 c+3=0+17

Calculation will show the coefficients to be as
follows:
a,=1
@,=1.31764709+4-i2.12941189
a,=—0.86974999--i3.69327999
a,;=—3.40279060-i3.06406779
o, =—4.98641440411.11757200

By wdy of example the first four terms of this
series may then be calculated for values of 2
from 2=0-i2 to 9+i2 and the following table of
- yalues derived:
0-+i2— 35.372—i 31181
14i2— 44.746—i 67.414
2442— 166.799—1 10.685
3412~ 209.0724-i 172.801
. 4412~ 372,920+ 750.815
54-i2- 296.438+i1235,133
6424 46.281+12226.533
7424 705.144-}-13605.789
8-+i2-+-2114.062+5433.682
94-i2+44180.917-+i7770.984
‘The calculation of five of these values is shown
in Fig. 14, the results being the fourth, eighth,
twelfth, sixteenth and twentieth values in the
two right-hand columns of figures.
In order to prepare the device for making this
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calculation a master tape and an auxiliary tape
are perforated and then the deyice is set into
automatie operation.

The complete sequence of key operations for
preparing the two tapes is as follows. For a
complete explanation this is detailed in four
columns, the first giving the operation number
as counted by the operator, the second giving the
designation of the key which is: depressed, the
third giving the  designation of the code per-
forated in the tape and the last giving a short
explanation of the function (that is the effect
which such perforated code will produce when
the tape is used in automatic caleulation).

The preparation cof the I tape may be preceded
by the operation of the stepping key which oper-
ates the IR -trip magnet to cause the I tape to
issue from its perforator with only the sprocket
holes punehed. 'When the operator deems a
sufficient length of tape thus prepared the STP
key will be released and the following keys de-
pressed in order.

Code 1
perfo- |
rated

Opera-
tion
number

Key de-

pressed Function

Causes operation of relay KI2
resulting in connection of X tape
perforator to key set.

| Equivalent to depression of key
C of complex computer which
conditions - the caleulator to
accumulate a real and an imagi-
nary component on the augend
relays.

This and the operations to and
including operation number 20
enters the coefficient e into the
calculater.

KI

A

) mwwmwﬂwoi\xmm\rww»—off‘
R iks o O 8 0 1k &~ e T

This operation is not actually
necessery when 8 numerical Keys
have been depressed” following
the +i. (or the —i.) key for the
purpose of starting the caleals-
tion but is useful at this poing
to stop the movement of the I
tape {ransmitter. ST

Bquivalent to operation of key
NC of complex computer, In-
structs device {0 add the result
of the next calculation to the
yalue§ now accumulated therein
(namely the coefficient ay).

Operates the MR relay in (]
calculator to arrange the eircuits
for a preblem in multiplication,

Operatés the switching relay SW
0 prepare for a switching opera-
tion. e

Operates relay XHP to prepare
for the operation of relay XH2
which ‘will connect_the H' tape
perforptor to the X trumk so
that what is- thereafter trans-
mitted over the X trunk will be
perfarated in the H tape as well
as transmitted tc the caleulator.

Operatesrelay HXP to prepare for
the " operation” of relay HX2.
Wwhich. will substitute the H
tape transmitter for the normally
operative 1 tape transmitter, ~

| Switching unlock. * This operates

relay SWU which unlocks relay

SW  which on’ release - closés

gircuit for thé waiting relays

XHW and HXW. Upon reledss

of relay SWU (or the fingers ¢f

the I tape transmitter under
autometic operation) relays X H2
and HX2 operate to copy on the

H tdpe the codes which will

now ‘be transmitted  from the

‘H tape. )

M M

SW SW

XH XH

HX HX

: SWU

SWU
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Opera- Key d Code Opera- hie Code
tion Y 481 perfo- Funetion tion ey de- | norfo- Function
number | Pressed | ateq number | Pressed | gted
28 - SW SwW Operates the switching relay SW, O 82 ... 0 0
as before. |- SRR 0 0
20 - HX HX Operates relay HXP to prepare for 84 0 0
the operation of relay HX2 which 85 eens 3 3
will substitute the H tape trans- 86._ .. 0 0
mitter for the normally operative 87 s 6 (]
I tape transmitter. 88 .- 4 4
80 sSWU SWU Completes operation of relay HX2 10 89.. ... 1 I
by releasing relay SW. The 9% ..o = =
release of relay SW also insures 91 . = =
that the numerical codes now to 92 ... M M
be transmitted from the H tape |2 R SW SW
will not be converted into 94 ... XH XH
operational signals. 95... HX HX
sSw SwW Operates switching relay SW. 15 96--- SWU SWU
OX CX Operates relay CXP to prepare for 97... SW sSwW
operation of relay CXI which in 98___ HX HX
turn will wateh for a predeter- 9. __ SWU SWU
mined signel from the calculator 100.. SW SW
to place the H tape perforator 101._ CX CX
under control of the calculator. 102.. XH XH
33 e XH XH Operates relay XHP to prepare for 103.. SWU SWU
operation of relay XH2 to place 20 104._ U U
H tape perforator under control 105._ A A Operations 105 through and inelud-
of X trunk. 106 - - ing 136 follow the same pattern as
34 s = = The equal sign now signals the 107 0 0 operations 2 to 36, inclusive with
caleulator to fill in the full 8 108 0 0 the exception that a new value
places of the last factor and 109._ 0 0 (105 to 123, inclusive) represent-
proceed with the calculation) of 110 0 0 ing coeflicient o4 is substituted
X times ap and the addition of 95 111__ 4 4 for the value (3 to 20, inclusive)
this product to the value a; now 112_. 9 9 representing coefficient «.
in the accumulator), 113.. 8 8
.1 T SWU SWU Releases relay SW and completes 114, 6 6
operation of relays CX1 and 115 +i. +i.
XH2. Upon the operation of 116.. 0 0
relay CX1 the I tape transmitter 117, 0 1}
is disabled so that transmission 118.. 0 0
from the I tape cannot be re- 80 119__ 0 0
sumed until the caleulator output 120 1 1
is disconnected from _the 121 1 1
trunk. When the caleulator has 122.. 1 1
completely recorded the 4 factors 123.. 8 8
F, G, D and E the code for (=) 124 - =
is transmitted and this results in 125_. z P>}
operation of relay CX2 which g5 126.. M M
connects output of caleulator to 127.. sw SW
X trunk so that the result as 128._ HX HX Following this polnt it Is not
transmitted may be perforated 129_. SWU SWU necessary to operate key XH
in H tape. Relay XT2 is 130_. SW SW since the value of the argument
released during this operation to 131, HX HX need not again be perforated in
prevent the calculator output 132. sSwWU SWU the H tape.
from reaching the translator 133. SwW SwW
relays. 40 131 CX CX Following this point it is nof
1 . zU U This causes the unlocking of the 2 135. SWU SWU necessary to operate key XH
relay and is equivalent to oper- 136 .- U U since the final calculation need
ating the NC key of the complex not be perforated in the H tape.
computer to the position whers 137 ... KU |- This unlocks the XI2 relay and
the entry of a new problem will thereby breaks the connection
wipe out any accumulation hetween the manual keyboard
heretofore made. 45 and the I tape perforator.

w 2] ’
imwm»mooc}}giég%iﬁg%éé%gMnwmwo@wooiqummoooj>

wm
<imww»woooj}g%gg%iaggaﬁggMﬂmmwo@mcoimqw@mooo}>

Operations 37 through and includ-
ing operation 70 follow the same
pattern as operations 2 to 36 in-
clusive with the exception that a
new value (38 to 55 inclusive)
representing coefficient e is sub-
stituted for the value (3 to 20 in-
clusive) representing coefficient

ol

Nore.—It is not necessary for the
operator to record = on operation
69 since the output of the cal-
culator always contains a full 8
digits (22A to 29A inclusive).

Operations 71 through and includ-
ing operation 104 follow the same
pattern as operations 2 to 36 in-
clusive with the exception that a
new value (72 to 89 inclusive)
representing coefficient s is sub-
stituted for the value (3 to 20 in-
clusive) representing coefficient
ol

50

b5

60

65

-1
(=1

76

It may now be noted that the I tape has been
completely perforated and may be formed into
a closed loop running through the I tape trans-
mitter alone.
I tape transmitter with a number of steps to be
taken before the code for operation 2 is encoun-
tered may be used to copy itself several times by
the following operations. :

Alternately the I fape, now in the

Opera- | wevd Code
tion ¥ e 1 perfo- Function
number | Pressed | Tareq

136%. oo XU XU This releases I tape perforator from
X trunk and operates signal EC,

137%. ... KU |ecceaoe

138* .. KT ... T%lii connects X trunk to trans-
ator.

139* ... SW |- This operates relay SW.

140%. ... XTI - This causes operation of relay XIP.
On release of key XI relay XI1
is operated so that all the signals
transmitted by the I tape trans-
mitter are copied in the I tape by
the I tape perforator, thus pre-
paring a new master tape for a
new evaluation of the polynomial
with a new value of the argu-
ment. When the signal EC
appears the operator may then
perforate a new value of the
unknown in the H tape and then
repeat operations 133* to 138*
inclusive.

141% KU |eccceeeees Releases relay KT2.

142¢______ XT
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Let it be assumed that the I tape is to be made
into an endless loop. Operation 130 therefore
ends the preparation of the I tape.

At this point the operator depresses the ST
(stepping) key to cause the IR ftrip magnet to
operate. This will cause the I tape to issue from
the I tape perforator with only the sprociet per-
forations cut therein.  When a sufficient measure
of I tape is thus prepared the pressure on the &
key is released and the tape iz now ready to be
perforated: again or to have its ends joined te
form an endless loop. In a manner to be ex-
plained hereinafter the perforations in the T
tape may ke automatically repeated a. number of
times equivalent to the number of values of the
arsument (the unknown) which it is wisheg to
compute. This will make the automatic opera-
tions strictly equivalent to the use of an endless
loop. The operator now prepares the H tape by
depressing the following lzeys in order.

Code
perfo~
- rated

Key de- :
pressed

Opera~
tion
fiumber

Function

187 KH Operates the reldy KHI resnlting
in' connection of the H tape
nerforator to the key set.

' This and the operations to aud
ineluding operation namber 139
enters the particular value of the
argument for which the solution
is songht.

Since these 2 factors constitute
factors ¥ and G in & problers in
multinlication it'is not riecessary
to record more thon 1. digit of
the factor G (i.2 Lierelu) ds the
entry of the: next sign will cause
7 ciphers: to be automatically
eéntered in the caleulator,

This will operate relay CXU which
will result, in the release of relays
XH1 and HX1 theéreby again
rendering-the I tape transmitter

. effective;

CThis and the operations to and

- including operation number 147
enters the coefficient e (which
éqials Tin the present illastrative
examiple). Simoe this completely
enters-the-factor iu the caleulator
the operatxon of ‘thie calculator is
wow . suspended. - perding. the
entry of either 7 more. digits or
the equal (=) sign, This delsy
i§ used to retutn: the: deviee to
control . of the. I. tape for the
transifssion of iostruetions to
‘pladethe H tape petforator under
control of the: caleulator output

CXU" } Thig

inthe releas&of relay HX1 sothat
the I tape fransmitter is now
réadeted: opemt Ve.

wt

~f XU | CXU

Oi‘ e
c:'i' r—t‘f‘

oxu |

b7

It-wi 11 be: mted that‘ in general on the cample—
tion of ar SWU signal from the I tape as at the
énd of a gronp of signals such gs SW, XH, HX,
SWU or SW, HX, SWU, or 8W, CX, XH, =, SWU,
the éotitrol is shiffed from the I tape to the B
taps and where the signal CXU oceurs i the H
tape the coiitrol is shifted back to the I tape.

The following codes are perforated in the H
t4pe, not by the operator in preparing the tape
but by automatic operationi. The ohly other per-
foratiohs Made by the operator will be new values

6f the argument and the coefficient «; as follows.
Fa=4 112 a=1-440
355492 a,=1-10
Li=6412  a=1-i0
Bae=T1i2 =110

Each.of these values will ke perforated in the H
tape leaving sufficient space between the groups
for the dutomatic perforation of the derived re-
§ults.” The B tape Will theh be perforateq (in
timie) ag follows, the operation numbers now be-

'r'atés relay CX U resultfog |

10 i

30
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40
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ing changed to 1A, 2A etc. to denote automatic
operation. '

Opera- | raoqa. | Code
tion vKl.eeS;S%g perfo- Function
number | P rated
4. B Operations IA. to 5& inclusive
3 . 3 represent to recording of the.fac-
+i. +i. tor X, while it is being trans-
2 2 mitted to the. calculator.
CXUs CX U
sP SP Operations 6A to and including
4= -+ i operation. 30A counstitute the re-
0 0 cording.of the first derived result,
. . the factor ®1.
] 0
4 4.
3 3
b 1
7 7
[} [)
4 4
7 7
SP SP
44 +i
0 0
[} 0
4. 4
T 1
2 2
9 9
4 4
1 1
2 2 3
CR CXU | The carriage return signal sent by
the ealeulator is.the'same code-as
CX U and results in the opera-
tion of relay CXU thereby re-
leasing relays. CX1, CX2, XH2
and allowing relay X'F2 to re-
operate. While the calculator
also sendsout the code for LF this
is: not recorded in the H tape
since the relay CX2 reledses be-
fore it can be transmitted over
the X trunk.

It should be noted that the signal for-line feed
(LF) is also sent out by the printer eontrol cir-
cuit, but this is not perforated in the tape as the
relay CXU has caused the release of relay CX2,

Operations A to 30A inclusive are given by
way of example. Other like operations will take
place so that the H tape, during the progress
of the automatic ecalculation, will have perfo-
rated therein all the derived results with the
exception of the last (the fourth, eighth, twelfth,
sixteenth and twentieth as shown in Fig. 14)
since that result is not used in any further ca;cu-
lation.

Detailed description

In the following description the system of des-
ignating individual elements of the circuit is
based primarily on the engineering specifica-
tions for the device. In this specification the

5 various reiays are designated by both letters and

numerals which have come to have certain sig-
nificance to the engineers. Thus the fwo main
elements in the present .arrcangement are the
trunks, the K trunk consisting of five code con-
ductors leading from the keys of Figs. 16 and
17 and extending in Fig. 18 through the arma-
tures of relays KP2, K12 and XKH2 to other points
in the circuit and in Fig. 19 through the arma-
tures of relay KT2 to the translator relays of
Figs. 20 and 21. This set of five conductors is
designated the K trunk since it extends from
the key-set. Likewise a similar set of five code
conductors extends Irom the two tape trans-
mitters shown in the lower part of Fig. 22 which
are known as the X trunk, generally understood
as the designation for automatic. Thus the
gutomatic frunk extends intc ¥Fig. 24 where
through the contacts of relay CX2 it may be con-
nected to the printing transmitier-distributor
relays and in ¥Fig, 19 through the contacts of
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relay XT3 to the translator relays. In a simi-
lay manner relay KT2 indicates a means for
connecting the ¥ trunk to the translator and
the relay XT% indicates a means for connsoting
the X tank to the translator relays. In order
10 render the specification easisr to read by the
engineers these designations are used. Where
conduetors are designated by numerals the num-
ber used will be a four-digit number the first
two digits of which will be the number of the fig~
ure in which the tracing of the conductor was
started. For instance, conductor 1789 is a con-
ductor which is grounded at the operator’s sta-
tion in order to place the device as 2 whole in
service. 'This conductor may be traced through
Figs. 18, 22, 24, 25, 26 and 27 to the power relay
PWR. The connection of this relay will be de-
scribed heresinafter,

The apparatus shown in Figs. 16, 17 and 22
represents that vart of the device which is lo-
cated at the cperator’s station. The remainder
of the appraratus and the circuits may be located
at any convenient place. This operator’s sbta-
tion apparatus consists of a key-set shown in
great detail in Figs. 16 and 17, a printer of con-
ventional design indicated by the broken line
rectangle 1781, a master switch {%82, a pair of
stepping keys 1768 and 1788, a pair of signal
lamps {785 and (788, two tape perforators of
conventional design indicated schematically in
Hig. 22 and two fape transmifters also of con-
ventional design and alse indicated schemai-
ically in Fig. 22,

The keys of the key-set are of a variety which
will become locked in operated position under
control of a key release magneb which will be
energized to restore the operated key to normal
position. In the operation .,f the device the
operator in depressing the key will he practically
unaware of this locking feature since the action
is so swift that the key release magnet whl gen
erally be operated hefore the pressure applied to
the key is relieved so that the impression gatn—
ered by the operator will he that the key is of
the non-locking varisty.

[ siel]

The master switch {782 is employed for plac-
ing the device as a whole in operation and is of
conventional design. The signal lamp {7905 is in

the nature of a pilot lamp and will indicate
its glowing that the device is in operative con-
dition. This signal lamp 7886 is a special ar
ratus signal to indicate that a2 certain vycie
operations has been completed. This will b
scribed more in detail hereinafter. The m";o
keys $788 and 4 are non-locking ksys of the
button vaviety e:i for stepping the perforators
along and causing them to perfcrate in the tape
only the line of sprocket holes,

in general the pezforatcx consists of a punch
plate 2288 oarverx to cooperate with five
vunchas such as the punch 2281,
punchses is cont rolled by o magnet such as 2242

ey
&
(*]
=
]

i7
us

... (D

which ?nterpwe 1 its energization an element
2223 generally spoken of as an ianterponent in
the path of an elenent 2284 which will cause the
punch 828{ to perforate the tap The
perforator is controlled by a velay which
upon energization will cause the element 2233

to move pariodically towargd the punches. Fur-
ther details of the perforator will not be given
here since thess de s gnd thsir mode of op-
eration are wsll known. I% \viﬁ only be indi-
cated that the orator I 1» controlied hy
five selector magnets, such 2 42, and one mag-
ter magnet, such as 2258, anrj tnan the action of
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“digits 0 to 9 inclusive.
‘the numerical keys will cperate the translator

1}3
these magnets is sequential, the selector magnets
operating first and the master or frip magnet
operating subsequently.

The tape transmitters are also of conventvionsal
design. These consist of a set of five sensing
fingers such as the finger 2227 which, when it
extends through a perferation in the tape 2283,
will close a contfact, such as 2228 {o ground one
of the conductors of the X trunk, When the
transmitter is to hecome active its raagnet 2285
is released at which time the sensing fingers will
operate to ground the conducters of the X trunk.
When the function provided by this ovperation
has been completed the magnet 2285 i be op-~
erated whereuponn the sensing fingers will be
withdrawn from the fape, all of the contacts
controlled thereby opened and the taps advanced
to its next code position.

The tape perforator controlled by the magnet
2296 and the tape fransmitter controlled by the
magneb 223% are herve known as the I tape pelIo—
rator and I tave transmiiter. A switch 2248 is
known as a taut tape switch and is arran gocl to
close its contact and there Q‘:c"um‘ the winding

of magnet 2245 when the slack in the tape be-
tween the perforator snd the fransmitter has
been taken up. Thus if the transzmitier is in
operation and it begins to exhaust the slack in
the tape between itself and its associatzd perfo-
rator the smtuh 2218 will be closed and by
grounding magunet & the tape in the perforator
will be issued with only the sprocket holes per-
forated therein.

A similar arrangerent of perforator and trans~
mitter iz shown in the right-hand portion of
g, 22. This perforator and transmitter is as-
sociated with the & or auxiliary tape.

In Figs. 18, 18, 23, 24 and 25 there are shown
a number of switching relays. These are gener-
ally in pairs such as the relays KP{ and KF2.
In other instances where interlocking means are
provided and timing functions are to be per-
formed such as those hereinbeiore described in
connection with the schematics a larger number
of relays is employed. Thus the relay XI12 which
is employed to connect the X trunk to the I tape
perforator has associated with it the relays XIi,
XIW and XIP. Reiay XIP is g preparation relay.
Relay XIW is a waiting relay and the relay XIi
is that which controls the circuit of relay XI2.
The general manner of operation of these relays
has been described hereinbefore.

The translator shown in Figs. 20 and 21 con-~
sists generally of five relays responsive to the
five conductors of either the K {runk or the X
trunk. Thus relay TRI will respond to a ground
on the first place code conductor and in like
manner relay TRS will respond to a ground on
the fifth place code conductor. By means of this
translator a coded signal from either the keys

 or the tape transmitters will be transiated into

a ground on a single eonductor for the purpose
of simulating the operation of the complex com-
puter used herein as a calculator. As fully dis-
closed in my previously filed application the entry
of instructional oy numerical matter into the
calculator is done by means of a key-set each
key of which has a particular conductor to cause
a particular action in the calculator. 'Thus in
general there are ten conductors entering the
calculator for the registration therein of the
In the present application

relays and as a result will ground some one of
the ten conductors grouped at the extreme right
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portion -of Fig. 21 and entering the'calculator
through the group conductor 2100.. Other func-
ttonal leads are grounded in a similar manner.

Pig: 26 shows certain relays which would also
be classed :as part of the translator since they
respond to paths set up by the translator and
eventually ground-.certain: functional leads ex-
tending into the calculator itself:

The device is placed-in operation through:the

movement of the power switch 1102 to its closed

position. This power switch will close a circuit
including & source of local power {101 to the
motor within the printer 1701, The power switch
will also: ground conductor #7008 which, as pre-
viously mentioned, extends to the power relay
PWR 1in Fig. 27. It will be understood that
throughout the drawings the battery connections
to the various relays and banks is supplied -ac-
tually over lead 2700 from the source shown in
broken line rectangle 270f. Thus through the
operation of the power switch 1702 the:device as
& whole is enabled.. A branch of conductor 2700
‘extends to the signal-lamp {105 and causes: this
lamp to glow continuously as an indication that
the power is properly connected to the apparatus.

Operation of non-coded key

Let it be assumed that the device will be oper-
ated in the manner hereinbefore outlined. The

first act of the operator after placing the device ¢

in operation is to depress the key KI (Fig. 16).
This will close the circuit from ground, hack con-
tact and-armature 6 of relay XT! (Fig. 19),
conductor 1900, contact.of key KI conductor 1600,
armature 4 and back contact. of relay-XI1 to the
normal contacts of armature 4 of relay KIi and
thence through the winding of relay KIi to bat-
tery. This will cause the operation of relay KIi{
which will immediately lock through its front
contact. and armature 4 to conductor 2300 which
may -be traced to ground at -the back contact
and armature 2 of the master ground relay KU
(Fig. 19). The ground from the back contact of
armature 4 of relay XIf supplied through the
key K| is now extended through the-front con-
tact. and-armature § of relay KIi to a branch
of the KT conductor and which may-be traced
through Fig. 18 through-armature 5 and back
contact: of relay KPI. to the back contact and
as¥mature. | of relay: KM2, thence through -the
nBormal -contacts of -armature | of relay KM,
the winding of relay KM{ to battery. Relay KM
now locks' through- its front contact and arma-
ture: | to conductor K6A which is common to all
the thirty keys of the key-set and which -at this
time is grounded ‘through the -operation of the
key KIi. With-relay XM operated a circuit is
extablished from ground, front coritact and arma-
ture 2 of relay KMI, winding of relay KM2 to
battery. - Another circuit is established from
ground; front contact and armature 3 of relay
KMI{, armature 4 and front-contaet -of relay
EKM2, conductor 1804 which may. be traced
through: Figs. 18, 17 and 16 to the windings of
the three key release magnets KM3. This will
release the key Ki to normal thereby removing
the ground fromconductor K6A and releasing
relays KM{ and: KM?2 and thereby in turn the
release magnet. KM3 and- removing the ground
from -conductor 1600 used for the original en-
ergization of relay KIf. Thus the depression of
the non-eoded key KI results in the' operation
snd loeking.of relay KIt and this i turn places
relay: KI2 in condition: to respond. ‘momentarily

each time a coded key is operated to transfer the -
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code set up:. by such key to the selector magnets,
such as 2202, of the perforator.

Operation of coded keys

It will be remembered in the example given as
an jllustration -that the first: .coded key to be
operated was the key A. The operation of this
key will ground the.conductor K6A and-also the
KI, K3 and: Kb coded conductors leading to the

front contacts and armatures {, 3 and 5§ of relay

KI2. The operation now to be described may also
be follawed through the' time  sequence: chart,
Fig. 38.  In this the top. line represents the. de-
pression of key A and it will be noted that this
is for :a comparatively long period. of time rep-
resenting the actual depression: by -the operator
which generally extends beyond the point in
time where the key release magnet KM3 is oper-
ated.:

As a result of the grounding of conductor XK6A
a cireuil: is fraced over armature 2 and back con-
tact:-of relay KM2, conductor K6A to the winding
of relay K6, -Relay K8 operates as represented
on.the time sequence chart: slightly .after -the
application of ground to conductor X8A, this
small delay representing the-time which elapses
hetween the application of current to the winding
of the relay and the response. of its armature.
As 'the result of the operation of relay K6 the
winding of the normally operated relay Kb’ is
opened but due to the characteristics. of -this
relay its armatures do not apply ground to con-
ductors. K8 ‘and:- 1902 for a short period. - Upon
the application of .ground: to .conduetor 1902 a
circuit-is established over armature 8 and front
contact of .relay KI{, the:normal. contacts-.of
armature - of relay IRi, the front-contact.and
armature 2 of relay KII wmdmg of relay K;[2
sllghtly after the armatures of relay,KE’_ haye
become- released. - Upon the operation of relay
K12 the code set: up by the key ‘A is transferred
to the selector magnets of the'perforator through
the armatures [, 3 and 5 of relay KI2. At this

time- relay KI2 -also. establishes: a circuit from

ground; its front contact: and-armature: 6, arma-
ture 1 and: front contact of relay KII, the wind-
ing of relay IR to battery and ground, . Relay
IR I operates and lacks oyer its front contact and
armature | to the ground on the eonduetor 1962
supplied by armature 2 and-back contact of relay
K&, Through the action of this relay also the
circuit for relay KT2 is opened so that this relay
now. becomes, deenergized. When. its armatures

are restored to their nermal position a eircuit is

therefore established from: the ground which is
being:supplied. from conductor 1802 to hold: relay
IRY operated:over the front contact and arma-
ture: i-of reiay KT, armature 6 and back contact

of rainy-KI2, normal: contacts of armature 3 -of

relay IR3: to conductor 2302.leading in -parallel
through the winding of relay IR2 and the wind-
ing of frip magones 2296 -of the perforator. - The
trip-masgnet of the perforator will cause the.code
Just: previously signaled-to this perforator to be
punghed in the I tape in the conventional man-
ner.- The operation. of relay IRZ in parallel with
the trip magnet 2265 will cause the operation of
relay: IJR3 and IR3 will open the cireuit for the
cperation -of relay IR2--and magnet 2248, relay
IR3-locking to the: ground: heretofore supplisd
Tor the purpose. Relay IR2? therefore beeomes
deenengized shortly: after the operation of- relay
IR3. Upon the release of relay IR2 g gireuit-will
be . established. from. ground, armature 2 and
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front contact of relay IRI, front contact and
armature § of relay KI{, back contact and arma-
ture 4 of relay IR2, front contact and armature 4
of relay IR2, conductor K7, back contact and
armature | of relay KM2, normal contacts of the
armature | of relay EMI, winding of relay XMl
to battery. Relay KM operates and locks over
its armature i and front contact to the ground
on conductor K8A. TUpon the operation of relay
KMI, relay KM2 will operate and lock to the
ground supplied by the armature 2 and front con-
tact of relay IR!. With relays EMi and KME
operated a circuit will be established from
ground, front contact and armature § of relay
KM/, armature 4 and front contact of relay KM2,
conductor {881 to the key release magnets KM3
to battery so that these magnets now operate to
release the key and the release of the key were
it not still under pressure by the operator would
open the holding circuit of relay KMI. It is
assumed, however, that the key is held manually
depressed by the operator beyond this time so
that although the IR relays may now restore, the
KM relays will be held operated under control
of the K8A lead.

From the chart of Fig. 38 it will be noted that
shortly after the operation of relay XM2 relay
K6 will be released due to the fact that its circuit
will be opened at the armature 2 of relay KM2.

‘"Therefore shortly after the release of relay X§ 3

relay K5’ will again become operated and iis
armatures being fast to operate will very shortly
remove ground from conductors K3 and i302.
Upon the removal of ground from conductor {582
relay IR{ will release and by so doing will re-
‘move the ground from the front contact of arma-
ture 3 of relay IR3 and this relay also will
release. The release of relay IRI will remove
the ground from conductors K7 which caused
the original operation of relay EM! but this
relay is still held operated under control of the
depressed key so that XMI{ will not release uniil
the key is released. KM2 releases upon the re-
lease of relay KM! and the key release magnets

KMS3 are also released at this time thus restoring .

the circuit to normal shortly after the relief of
the pressure on this key by the operator. In the
chart of Fig. 38 it will therefore appear that the
actual sequence of operations is completed at
the time indicated for the release of relays IRI
and IR3 and that at any time thereafter when
the operated coded key is released the circuit will
restore to normal.

On the other hand, if it were possible for an
operator to operate one of these coded keys and
get her finger off prior to the release of IRI then
the release of the KM relays would follow im-
mediately after the release of relays IRf and IRS.
* It should he noted that this. time sequence
chart will hold good for any operation by any
one of the coded keys hereafter during the prep-
aration of the I tape as well as during the later
preparation of the H tape. In this manner the
tape may be perforated as outlined hereinbefore
through the various operations to and including
operation No. 133. At the end of this series of
operations which constitute the preparation of
the I or master tape the key KU is operated.
This wili result in the operation of relay KU and
hence the release of ground from conductor 2280
whereby the relay KIf is released and returned
to-normal. :

Upon the operation of reiay KU a connection
ig established from ground, armature 2 and front

contact of relay KU, back contact and arina-
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tvue of relay XTH, back coniac
7 of relay KTH, conductor 1888, back contact
and armature 3 of relay ¥/, back contact and
armature 3 of relay XIf, conductor 2333, arma-
ture 3 and back contact of relay KP# to conductor
¥7 whenee it causes the operation of relay KMi
to stert the chain of evenis hereinbefore de-
scribed to relesse the operated key KU and re-
turn the circuit entirely to normal.

in the same manner the key XH may now be
operated to cause the operation of relay KHI so
that relay XH2 will thereaiter respond momen-
tarily to the depression of each one of the coded
kevs to transfer the code established thereby to
the magnets of the right-hand or H tape perfo-
rator. At the end of this operation the key KU
is depressed as before and this results in the
release of relay KHI.

t and armature

Automatic operation

Assuming that the master tape and the auxil-
iary tape have now been properly prepared and
that it is desived to place the device in automatic
operation, the ends of the I tape may be joined
to form an endless loop operating now merely
through the I tape transmitter. When the
master tape has been prepared and adjusted so
that the sensing fingers are associated with blank
codes before the first perforated code, the device
iz started by the operation of the key XT.

Key T places a ground on conductor 1601
which may be traced through Figs. 17, 18 and 19,
the back contact and armature & of relay KTI,
the normal coniacts of the armature 4 of relay
X'Tt through the winding of relay XT1{ to bat-
tery and ground. Relay XTI operates and
through its front contact and armature 3, places

a ground on conductor 1283 which may be traced
thxouﬁn Figs. 24 and 25 to the back contact and
armature 3 of relay KHIi, the back contact and
armature 3 of relay KIi, conductor 2383, arma-
ture 3 and back contact of relay KPI, conductor
K7, the back contact and armature { of relay
KM2Z, the normal contacts of armature i of relay
EMI through the winding of relay EM{ to bat-
tery thereby starting the chain of events here-
tofore deseribed which will result in the release
of the key XT to normal.

The operation of relay XTI is now followed by
the operation of relay XT2 assuming relay CX?2
to be released. If relay IX3 is normal, then
ground from its armature and back contact will
maintain the operation of relay X6 and there-
fore the release of relay X&' whereby ground is
held on conductor 13845 and extended therefrom
over the front contact and armature 2 of relay
XT4, the back contact and armature {8 of relay
X2, the winding of relay XT2 to battery.
Therefere, relay XT2 wiil become operated and

; remadn in this condition as leng as relay XTH is

operated and ground is not removed from con-
ductor 1804 by relay X38'. Relay XT?2 connects
the X trunk fo the t\ anslator and since the

‘transmitter magnet 2249 is released at this time

the sensing fingers will be in contact with the
tape. However, it has been pointed out that the I

-tape is placed in the transmitter so that the

first few codes will be blanks and hence no one
of the conductors going through the first five
armatures of the relay X7T2 will ground any one
of the five conductors going into the translator.
Therefore at that time ground will be extended
from conductor 1854 through the front contact
and armature 5 of relay XT?2 to the signal trans-
mitting lead 2668.
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It is-arranged that with all five of ‘the trans<
lator relays in their normal positions the spac-
ing relay SP in Fig. 26 will be operated: The
circuit for this relay may be traced from battery,
the winding of relay SP, the back contact and
armature | of relay Z, conductor 2609, back con-
tact and armature 5 of relay TR2; back contact
and armature 8§ of relay TR4, back contach and
armature T of relay TR3, back contact and ax-
mature 3 of relay TR{, back contact and srma-
ture | of relay TR2, conductor 2000 and thence
through armature 6 and front contact of relay
XT2 to the ground supplied by armature 2 and
back contact of relay X§'. Relay SP operates
and through its armature 3 placss a ground en
the KM lead which may now be traced through
Figs. 26, 21, 20 and 19 to armature 1 and front
contact of relay X T1, conductor {985, armature 3
and back contact-of relay XHI, armature 2-and
back contact of relay Xii, conductor 2304, back
contact and armature i of relay HXI, back con-
tact and armature { of relay CXI, conductor 2568,
normal contacts of armature 3 of relay CXUW,
winding of relay IX2 to battery.

Relay IX2 operates and places ground on con-
ductor 2400 which besides operating relay. IX3
also extends to the winding of the transmitter
magnet 2208 thus operating this magnet and
lifting the sensing fingers off the tape and at
the same time advancing the tape to the next
position.. The operation of relay IX3 releases
relay. X6 so that this relay in turn causes the
operation of relay X6’ and relay X5’ removes
ground from conductor 1334 thereby releasing

the spacing relay SP. Relay SP restores its ap- -

matures and removes the ground from the KN
conductor and this in turn releases relay IX2 and
opens. the circuit for the transmitter magnet
2209. In this manner the tape in the transmitter

will. be automatically stepped along until the .

sensing fingers encounter a perforated code.
The first actual code transmitted from the I
tape transmitter wiil be that for A: This as
heretofore pointed out will ground the Nos. 1,3
and 5 conductors of the X trunk and therefore
will cause the operaticn in the translator of re-
lays TRI, TR3 and TRY. After the magnet 22089
is released as above described the sensing fingers
of the transmitter will therefore cause the clos-
ing of contacts to ground in these conductors 1,
3 and § with the result that through' the-opera-
tion of relay XT2 the transiator relays just men-
tioned will be operated. Thereupon a circuit
will be established upon the deenergization of
relay X6’ from ground, back contact and arma-
ture 2 of relay X6’, front contact and armature
6 of relay XT2, conductor 2006, armature: I- ang
front contact of relay TRS, front contact and
armature { of relay TRI; armature 2 and front
contaci of relay TR3, armature 3 and back con-
tact of relay TR4, armature 2 and back contact
of relay TRZ, conductor 2101, winding of relay
A to batitery and ground. Relay A will ground
conductors 28661 and 2602 and will establish: a
connection between conductors 2503 and 2604.
Conductor 2602 may be traced into the circuit
of the F factor entry register in Pig. 28 where it
will be extended through armature 18 and back
contact of the multicontact relay FM2 and
thence through the winding of relay #Mi to bat-
tery. Relay FMI becomes operated in this. cir-
cuit and therefore establisheg a cireuit irom the
master ground of conducior 2702 through the
armature 4 and front contact of reiay FMI, ar-
mature 3 and back contact of relay Fi, conduc-
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tor 2604 through the front contact and armature
{ of relay A to conductor 2693.

Upon. the energization of relay FM/{ this relay
in accordance with the fully detailed circuits
shown in my copending application referred to
will become locked at this time. The effort here-
in is to show a general cutline of the cperation
oi the computer without cenfusion through the
inclusion of all the details of the calculator.
Therefore, it is sufficient to show the manner in
which the relay FMI is operated. Hence upon
the operation of relay FMI the ground found on
the master ground lead 2702 is extended through
the armature 2 and front contact of relay FM! to
the winding of the multicontact relay FM3.
Thereupor: a circuit is established from the
ground on conductor 2702 through the armature
% and front coutact of relay ¥MI, armature 8 and
back contact of relay ¥!, conductor 2584, front
contact and-armature { of relay A, conductor
2643 to the No. { numerical conductor forming
a part of the group 2183 and leading in orderly
manner through the No. | armature of relay FM2
to the No. [ select magnet of the factor ¥ regisier
cross bar switch. Therefore, this No. i select
magnet will operate and will close a contact simi-
lar to those controlled by the select magnets &
and § shown which may be traced from the
ground on conductor 2662 through the srmature
it and front contact of relay FM2, back contact
and armature § of relay P, front contact and
armature 5 of relay FMI, conductor 2864, the con-
tact controlled by the No. [ select magnetl, con-
ductor 288{, the winding of relay ¥FT to battery
and ground. Relay FT becomes operaied in this
circuit and by closing its lower contaet extends
a circuit from ground on conductor 2743 through
armature 2 and front contact of relay ¥7, arma-
ture 2 and back contact of relay P, the hold mag-
net 2802 to battery. Relay Fl is one of the re-
lays in the progress circuit and hold magnet 3852
will now extend a circuit from ground on con-
ductor 2702 through its front contact and arma-
ture, the back contact and armature i of relay
1, the front contact and armature 3 of relay FM
to the KM conductor. Through the operation of
the select magnet { ang the hold magnet 2842 a
particular set of contacts in the F register cross
bar switch will be operated to register therein the
information that the problem now %o be under~
taken by the-calculator is one in addition (indi-
cated by the letter A for add).

Conductor 2631 also grounded by the relay A
may be traced through Figs. 32, 33, 34 and 37 to
the winding of relay CO and thence to batiery.
Relay CO, as fuily explained in my copending ap-
plication, operates and locks to a contro] ground
to condition the calculator circuits for perform-
ing a problem in addition.

The ground placed on conductor KM may ke
traced through Figs. 26, 32, 35, 27 and 25 to the
back contact and armature 3 of the spacing relay
SP and thence through Figs. 26, 21, 20 and 18 to
armature T and front contact of relay XTI,
thence over conductor 1843 through armature §
and.back contact of reiay X&Hf, armature § and
back contact of relay Z1i, conductor 2384, back
contact and armature | of relay HXI, back con~
tact and armature § of reiay CX{, conduetor 2568,
normal contacts of armature 2 of relay CXU, the
winding of relay IX2. to battery. Relay IX2, as
heretofore described, causes the operation of re-
lay IX3 and this relay in turn releases relay X§.
Relay X5 upon release closes the circuit for relay
X8’ which now removes the ground from conduc-
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tor 2008 and thus releases relay &. Relay IX2 in
addition o operating relay IX3 also grounds con-
ductor 2688 extending to the winding of the trans-
mitter magnet 2289 and thus moves the sensing
fingers of contact with the tape to release the
translator relays TR{, TR3 and TRS.

Through the release of relay A the ground is
removed from conductor 2683 thus releasing the
No. | select magnet and allowing relay FT to re-
lease. Relay FT upon release removes the
ground from the progress circuit whereupon the
relay Fi will become operated in series with the
holding msagnet 2892 in accordance with the full
description in my prior application and in accord-
ance with the description of the schematic Fig. 7
herein. Through the operaticn of relay Fl the
ground is removed from the conductor KM to al-
low the release of the transmitter magnet 2289.

Thus through the sending of the code for A the
caleulator is conditioned to perform a problem
in addition.

The next code which will be encountered by the
T tape transmitter will be that for the numerical
slgn +-.. This will cause the grounding of code
conductors 2, & and 4 whereupon the translator
relays TR2, TR4 and TR5 will be operated. It
will be r\oted at this time that in the absence of
the operation of relay SW that two cther relays
are operated in parallel with relay TR2, viz., TR2’
and TR2"’. Therefore upon the release of relay
X§’ o circuit will be established from ground, back
contact and armature 2 of relay X§€’, front con-
tact and armature § of relay XT2, conductor 28568,
armature 6 and front contact of relay TR2, arma-~
ture 2 and back contact of relay TR, arma’rme
{ and front contact of relay TR4, armature { and
front contact of relay TR3, almatule 2 and back
contact of relay TRS, conductor 2801, armature
16 and front contact of relay TRZ'/, upper wind-
ing of the 4 relay (Fig. 26) to battery. The +
relay will now ground conductor 2803 and will
connect conductor 25608 to conductors 2607 and
2608. A circuit may now be traced from ground
on conductor 2792, through armature 4 and front
contact of relay FMI, armature 3 and front con-
tact of relay Fi, armature 3 and back contact of
relay 72, conductor 288§ thence back over con-
ductor 2887, back contact and armature § of re-
lay P2, front contact and armature 4 of relay F!,

front contact and armature 5 of relay FMI to con- ;

ductor 2888. This ground will also extend over
conductor 2688 which, it will be seen from Fig.
21, connects with the No. § numerical conductor
included in the group 2189 and this ground will
therefore be extended over the No. 3 armature of
relay FPM2 to the No. 3 select magnet of the F
factor register cross bar switch. This select mag~
net now operating closes a contact to extend con~
ductor 2830 through to conductor 288{ and thus
operate relay FT. In this manner the sign of
the first factor may be registered in the manner
hereinbefore described and particularly in the
manner fully described in my copending applica-
tion. In like manner, the hold magnet associated
with the relay F2 will become operated and
through its contact will ground the KM lead with
the same effect as heretofore, that is, the opera-
tion of the transmitter magnet 2209, the operation
of the relay X8 and the release of relay X§’
whereby the translator relays are returned to nor-
mal and the ground is removed from the control
conductor 2558.

Upon the release of the transmitter magnet

2209 the sensing fingers will now encounter a per-
foration for the eode for the numeral 1 which,
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according to Table 1, will ground only the fifth
code conductor X5. In the manner hereinbefors

described the translator relay TRE only will be
operated whereby a connection may De t; aced
from ground cn the common conducior 2 with-

in the computer, through armature t‘é anq front
contact of relay FMI, armature & and front con-
tact of relay P, armature 3 and front contact of
relay F2, conductor 2833, front contact and arma-
ture I8 of relay TR2’, armatu“ﬂ 2 and back con-
tact of relay TR1{, armature | and hack contact of
relay TRE, armature T and front contact of velay
TRS, normal contacts of armature § of relay T5R3,
armature ( of relay TR2’ to the MNo. { numerical

conductor of the group rspresented by the num-
ber 2108 going through the armatur :s of the

multicontact relay FM2 and thence to the Mo, |
select magnet of the factor F register cros,; bav
switech. At the same time this ground coming
in over conductor 2883 may be traced through the
back contact and armature i{ of relay TREZ', back
contact and armature 2 of relay SW, armature 4
and back contact of relay TR{, armature § and
front contact of relay TRE, conductor 2632 which
may be traced through Figs. 21 and 28 to the
front contact and armature 4 of relay 2, the
front contact and armature 4 of relay ¥f, the
front contact and armature 5 of relay FMi tu con-
ductor 23888 whereby it is connected by the nsw
operated No. § select magnet to conductor 2581
and thence through the winding of relay FT (o
battery. Thus the code for the numeral 1 will
cause the registration of the numeral 1 oun the
third vertical of the ¥ factor cross bar swtm
This will be followed in the usual manxer by the
grounding of the KM lead when the hold mag-
net for this third vertical operates whereby the
chain of events hereinbefore descrined will take
place culminating in the operation of the trans-
mitter masnet 2288 and the operaticn in thelr
cycle of the relays IX2, IX3, X¢ and X&', In this
example, however, there is a slight difference.
Heretofore the removal of ground from the signal
translating lead 2098 was the means by which the
ground was taken from the progress civeulb lead-
ing through armature 2 and iront contact of
relay P2 and the corresponding armature and
back contact of relay F3 whereby the circuit is
caused to progress. In this instance this func-
tion is performed by the lfting of the sensing fin-
gers from the top in the tape transmitter so thas
now the ground is broken from the progress c11—
cuit through the release of TRS whereby the
ground coming in on the conducto 2883 and again
going out on the No. | conductor is interrupted
at armature 7 of TRI when this armature leaves
its front contact. In the same manner the
ground coming in on conductor 2883 is interr upt-
ed through the movement of armature § of reiay
TRS as well 2s at an armature of relay F&.

In a similar manner the two factors of ihe co-
efficient which are now in process of being regis-
tered are entered in the P and G registers of the
calculator shown in Figs. 28 and 29. In sccord-
ance with the full and complete disclosure in my
previously filed application and through the op-
eration of the CO relay in Fig. 37 hereof, the
calculator action will now take place to register
the value of these factors set forth in detail as
operations 3 to 19, inclusive, in the augand relays.

Short description of calculator
The calculator chosen as one which is suitable

to use in the present system is shown in Figs. 27
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to'37 inclusive: Figs. 28 to 31, inclusive, show the
four factor registers and their progress. circuit.
Each register consists of a conventionsal cross bar
switch having one hundred sets of contacts co-
ordinately arranged in ten vertical rows and ten
horizontal rows. In the P factor register shown
in Fig. 28 all ten verticals are used. Vertical No.
1 is used to register therein the fact that the prob-
lem will b2 cne in addition, multiplication or di-
vision. The vertical No. 2 is used to register
the eign of the I factor and verticals 3.to 10, in-
clusive, are used to register eight numerical values
of the factor. The three other registers shown
in Pigs. 29, 30 and 31 use only verticalz 2:to 19,
inclusive. In each case No. 2 vertical is used to
register the sign of the factor and verticals 3 fo
10, inclusive, are used to register the eight nu-
merical values of the factor.

Each register is equipped with a multicontact
relay such as FM2, GM2, etc. which becomes op-
erated during the registration of the valiues there-
in to extend the ten numerical conductors to the
ten select magnets of the switch. Each factor
is. also provided with the progress circuit consist-
ing essentially of the relays such as Fi to Fif.in
the F factor register and relays Gi to Gi0.in the
G factor register. Upon the completien .and the
registration of the value in each vertical the
corresponding F relay becomes operated and ex-
tends the progress circuit to the next relay.

Each set of contacts comprises four contacts
which will electrically characterize four corre-
sponding conductors to transmit the value regis-
tered therein in code to cther parts of the cal-
culator. In the F factor register by way of ex-
ample the group conductor: 2884 will transmit the
infcrmation regarding the type of problem regis-~
tered therein to the printing cross bar switch
shown in Fig. 35 so that when the problem reg-
istered is printed the proper numerical operation
sign X or \ will be printed at the appropriate
place. This may be seen. in Fig. 14 where the X
sign appears in each case between the second and
third factors in the second line of each calcula~
tion. In like manner the particular sign of the
factor and the numerical values thereof are trans-~
mitted over the group of conductors 2863 to the
multiplier digit switch shown as the first vertical
of the cross bar switch in Fig. 32, to the factor
shift switching device consisting of relays M and
Dt shown in Fig. 24 and to the printing switch
shown in Fig. 35. Through the factor register
shifting means consisting of the relays M and
Dl in Fig. 34 the factors are extended to the col-
umn shift switches in Pigs. 33 and 34. The col-
umn shift switch of Fig. 33 is for the real com-
ponent and the eolumn shift switch of Fig, 34 is
for the imaginary component of the values en-
tering into the calculation. In accordance with
the description of the invention up te this poing
the relay CO in Fig. 37 has been coperated and
locked to indicate that the problem now to be
calculated is one in addition. In accordance
with this established condition the factor T will
he placed on the real eolumn shift switch of Fig. 33
and the factor G will be placed on the imaginary
column shift switch in Pig, 34,

Beneathh' the vertical of each column shift
switch there is shown in broken line rectangles
a schematic representation of the summing re-
lays. The values are now transmitsted from the
column shift switch verticals to the addend re-
lays of the summing relays and at the same time
the set of contacts in the multiplier digit.switch
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of Fig. 32 controlled by the select magnet No. {
and the hold magnet of No. 2 vertical is operated.
The operation of this particular set of contacts
now transmits the code for 1 to the counting re-
lays herein represented by the relays BSeq, BSbh,
BSc¢ and BSd. These counting relays will cause
the summing cyecle control to opserate once
whereby the values in the addend relays are
added to the value 0§ represented by the augend
relays to operate the summing relays and through
the summing cycle control to reoperate the au-
gend relays in accordance with this sum so that
the factors entered in the registers of Figs. 28
and 29 are now multiplied by 1 and registered
on the augend relays. Thereupon these values
will be transferred over the group conductors 3300
and 3400 to the printing switch shown in Fig. 36.
. In accordance with the full description of this
caleulator printing of the problem will com-
mence as soon as the first digit of the first hu-
merical factor has been preperly registerad. This
is indicated by thie conductors leading from- the
arrasture 4 and contact of relay 3 shown in
Fig. 28 and indicated therein as extending to
Pig. 3b. This contact made at this tixe is indi-
cated in Fig. 35 as an armature in broken lines
marked 3 between the winding of relay FP{ and
a back contact of relay F£2 angd this indicates
that as soon as the frst digit of the factor I
hasg been properly registered the circuit of FPI
is. completed so that the progress circuit of the
printing switch is enabled. In accordance with
the full description of this caleulator the con-
ductor 2603 will now be grounded through the
action of a hold magnet 3538 which controls the
first vertical of the printing switch (not shown)
and one of whose sets of contacts is operated for
each printing operation. The ground of con-
ductor §808 will extend through the contaets
of certain relays in Fig. 27 and be extended to
the conductor 2784 which leads into the relay
circuits in Fig. 24 and returns over conductor
2481 to operate the PTT relay. The PT? relay
operates and extends & ground from the arma-
ture 2 and back contact of relay PT6 io the
clutch magnet CL. This allows the distributor
armr of the transmitter to maks one complete
revolution during which the code taken from the
first operated set of contacts in vertical 2 of
the printing cross bar switch is transmitted to
the printer. In like manner and as each digit of
the factor becomes registered it will be trans-
ferred to the printing switch and thereafter for-
warded by the distributor transmitter of Fig, 27
to the printer. In this manner a record such as
that contained in the first line of figures in Fig.
14 will be printed, the first two columns being
the factors as registered and the factors of the
third and fourth columns being the result at-
tained. Of course in this case since these factors
have been multiplied by 1 the result will be iden-
tical with the factors as registered. This means
that the coeficient a1 has heen properly placed
in the accumulator of the calculator. I% may
be noted at this point that since the relay =
(Fig. 28) has been left deenergized during the
registration of these factors, the caleulator will
have been cleared of any previous accumulation
$0 that only the factor now registered will be
held in the accumulator.

We will return to the calculator hereinafter
to make certain explanations with regard to a
problem in multiplication and at this point we
will turn to the operation of the taps transmitter,
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Further operation of the automaitic control
circuit

During the registration of the factor a1 in
the calculator comprising operations 1 to 26, in-
clusive, the printer will record the problem with
the exception of the numerical sign = which
is not printed in a problem of addition. It should
be noted that as the fransmitter transmits the
code for — the result of this in the calculator
will be to operate a relay such as G0:. This re-
lay is the fnal relay in the progress circuit of
the factor & register to be operated and in case
less than eight digits have heen registered will
function to fill in the missing places with ciphers,
In case eight digits have heen registered then
the registration of the — sign is without any
effect. It must be pointed out here, however,
that following the registration of the eight digits
and therefore the starting of the calculating
operation within the calculator, the registration
of the code for — will only tend to operate an
already operated relay and will therefore not
interfere with the operation of the ecalculator.
The transmission of the code for equals (=)
after the last digit of the factor a1 recorded in
the I taps will stop the operation of the I tape
transmitter since there is no way at the present
time to ground the KM lead for the purpose of
operating the magnet 2289 of the tape trans-
mitter. Therefore, further operation of the
transmitter will be held up until the calculator
has caused the complete printing of the problem
and the RR relay, Fig. 27, has become operated.
At this time the RR relay in operating will close
a cireuit from ground, its armature 4 and front
contact to the KM lead so that now in ac-
cordance with the descriptions previously given
the ground on the €M lead will be extended over
armature 7 and front contact of relay XTI, con-
ductor 1885, armature 2 and back contact of
relay XH{, armature 3 and back contact of re-
lay X1, conductor 2384, back contact and arma-
ture { of relay HXI, back contact and armature
{ of relay CCXi, conductor 25090, the normal con-
tact of armature 3 of conductor CXUW, wind-
ing of relay IXZ2 to battery. Relay IX2 starts
the train of operations resulting in the opera-
ticn of the I tape transmitter magnet 2289 where~

by the sensing fingers are lifted from the tape ¢

angd the tape advanced to the next code.

In accordance with the example hereinbefore
given, the next code will be that of =. This will
operste the T relay in Fig. 26 through the send-
ing of the propor code by the operation of trans-
lator relays TR2 and TRE. In this case the cir-
cuit may be traced fromm the winding of the =
relay through the normal contacts of armature 2
therect, conductor 2608, front contact and arma-
ture & of relay TR2’’ (now operated in parallel
with relay TR2), normal contacts of armature 8
and relay TRS, front contact and armature 7 of
relay TRS, back contact and armature | of relay
TRE, back contact and armature 2 of relay TR,
front contact and armature § of relay TR2 to
the signal transmitting lead 2805 which A_is
erounded at this time through armature § and
front contact of relay XT2 and the armature 2
and back centact of relay X§’. Upon the opera-
tien of the I relay this relay will lock through
its armature 2 to the ground supplied over the
armature of the =U relay. At the same time the
ground extended through the translator relays
to conductor 2889 will be further extended
through armature 3 and front contact of the 2
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relay to the XM conductor whereby the chain
of events heretofore described will be repeated.
This will result in the operaticn of relay IXZ,
the consequent operation of the transmitier
magnet 2289, the release of relay X§ and the
operation of relay X% whereby the ground on
the signal transmitting lead 2888 is removed 0
terminate this operation. The 2 relay by its
armature 4 now changes the condition in the
calculator by switching conductor 2546 from its
normal connection to conductor 2¢1{ to an alter-
nate connection to conductor 28{2. With con-
ductor 2818 now connecied to conductor 2612
the calculator will be in a condition to retain
the value now registered in the augend relays
(accumulator) and to add theretc the solution
to the next problem entered therein.

Now the codes perforated in the I tape through
operations 22 to 27, inclusive, will be trans-
mitted so as to operate relays M, SW, i, 8X|
and then the relay SWU. The operaticn of this
relay will follow the general pattern heretofors
set ocut. The operation of relays and HX
will be in accordance with the description here-
inbefore given in connection with the schematic
Fig. 12, 1In accordance with Table 1 the code for
SW will result in the operation of the trans-
lator relays TR, TR2, TRE and TRY. A circuit
may therefore be traced from ground, hack con~
tact and armature 2 of relay Xg§’, front contact
and armature § of relay ZXY2, signal transmitiing
lead 2888, armature { and front contact of relay
TRS, ivont contact and armaturs { of relay TRI,
armature 2 and back contact of relay TR3, arma-
ture € and front contact of relay TR4, armature
{ and front contact of relay TR2, the normal con-
tacts of armature & of relay SW and thence
through the winding of relay SW to battery. Re-
lay SW responds and prepares the translator for
operating the X& and HX relays by codes which
would otherwise cause the registration of the
digits 5 and 2 (see Table 1). Armature § of reiay
SW controls continuity contacts and therefore
during its movement there is ng break in the
circuit for the winding of relay SW which in-
volves the transier from the original operating
ground to a holding ground supplicd over the
armature and back contact cf relay SWU.

The original operating ground for relay SW is
now extended to the front contact and armature
3 of relay SW and thence to the XM conductor
where it causes the I tape transmitier to step
forward and cause the transmission of the code
for XH. This in accerdance with Table 1 will
cause tie operation of translator relay TRI only.
Therefore a circuit may be traged from ground
on the signal transmitting lead 2868 through
the front contact and armature £ of relay SW,
armature 2 and front contact of relay TRI, arma-
ture 4 and back contact of relay TRS, armature 8
and back contact of relay TR3, armature 4 and
back contact of relay TRE, the front contact and
armature § of relay SW, from whence it wiil be
extended to the winding of relay X&P as will be
described hereinafter.

In like manner the code for HX in accordance
with Table 1 will result in the operation of relays
TRA4 and TR5. Therefore a circuit may be traced
from ground on the signal transmititing lead 2838,
through the front contact and armature 2 of re-
lay 8W, armature 2 and back contact of relay
TR, armature { and front contact of relay TRA4,
armature | and back contact of relay TRS, front
contact and armature 3 of relay TRS, the front
contact and armature 8 of relay SW from whence
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it will be extended to the winding of relay HXP
as will be described hereinafter.

PFurther, the code for SWU in accordance with
Table 1 will result in the operation of all five
translator relays, so that & circuit may be traced
from the signal transmitting lead 2808, through
armaturs i and front contact of relay TRSE, front
contact and armature { of relay TR{, armature 2
and front contact of relay TR3, armature 3 and
front contact of relay TR4, armature 3 and front
contact of relay TR2 to the winding of relay SWU.

Returning now to the fransmission of the code
for XH, a circuit may be traced from armaturs
5 of relay SW to the normal contacts of arma-
ture 3 of relay XHP and thence o the winding of
this relay. Relay XHP operates and locks 1o
the ground, supplied over armature 4 and bacik
contact of relay CXU. Following this, relsy HXP
is operated in g similar ranner upon the trans-
mission of the code HX and this relgy likewise
locks to the ground supplied over armature 3 and
back contact of relay CXU. Now when relay
SWU is operated from the code SWU the relay
SW is unlocked and the ground for the opera-
tion of SWU is extended over the back contact
and armature | of relay SW, armature { and
front contact of relay ZXHP, normal contacis of
armature 3 of relay XHW and the winding of
relay XHW to battery. This groungd slso extends
through the back contact and armature 5 of relay
XH! to the battery side of the winding of relay
XHIi so that this relay is effectively shori-cir-
cuited until this ground is removed. Relay XHW
cperates and locks over the ground from the
back contact and armature 4 of relay CXU and
this ground is extended to the winding of relay
XHI, where however it is ineffective at present.

Upon the operation of relay XEW, the ground
extended from armature { of relay 8W to arma-
ture i of relay XHP may be traced through front
contact and armature i of relay XXTW, normal
contacts of armature § of relay XIf, armature
f and front contact of relay HXP, normal con-
tacts of armature | of relay EXW the winding
of relay HXW to battery. In a similar manner
this ground is also extended to armature 3 and
back contact of reiay FIX{ to the battery side of
the winding of relay HX|{ so that this relay like
relay XH{ will not oparate until the ground on
its back contact is removed. Relays XHEP, HXP,
XHW, and HXW are now cperated and are all
lecked to the grounds supplied by relay CXU.

Now upon the cperation of relay HEXW the
ground for its opsration is extended over the
front conbact and armature 2 of relay HTXW,
armature { and back contact of relay CXP to
the XM conductor and since the XM conductor
is at thiz time extended to relay IX2 the magnet
2293 will cause the I tape to advance and o thus
release the SWU relay.

When relay SWU releases the ground extend-
ed over the back contact and armature § of relay
HX| and over the back contact and armature 3
cirelay X3! is removed and therefore these two
relars operate at once. Upon the epsration of
relay WU the I tape fran will be dis-
abled and the H tape transmitier will be enabled.
Uron the operation of relay
2383, heretofore exte
and srmature

i T

P
ivLer

21 the conductor
jed over the back contact
i ¢f rvelay HXI, the back contacth
and armature { of relay CXI, conductor 2560,
normal contacts of armature $ of relay CXUW
to the winding of relay IX2 is transforred over
armature 4 and front conbact of relay HXI o
the winding of relay HX2. Thus relay HXKT is
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freed to control the H tape transmitter and relay
IX2 is firmly locked at the front contact and
armature | of relay HXi to prevent the opera-
tion of the I tape transmitter. The circuits will
now be arranged so that the value of the un-
known X placed on the H tepe in accordance
with operations #38 through 42 will be simul-
taneously transmitted to the calculator and re-
perforated in the H tape through the cperation
i the ¥ tape perforator.

A certain interlocking arrangement must now
be noted. The operation of relay XHZ to con-
nect the five conductors of the X trunk through
its contacts to the H tape perforafor select mag-
nets will be similar to the operation of the relay
Ki2 heretofore described.  Relay XHZ is now
operated over a circuit from ground back con-
tact and armature of relay X8§’, conductor 1864,
armature ‘8 and front centact of relay XH{,
armature 4 and front contact of relay XHW, nor-
rnal contacis of armature {: of relay IR{, front
contact and armature 2 of relay X®i, winding
of relay XH2 {o batiery. Relay X2 operates
and connects the H tape perforatcr magnets to
the five conductors of the X frunk and sets this
perforator to the same cede as that sensed by
the fingers of the I tape transmitter. Upon
the operation of relay XH2 a civcuit is established
from ground front contact and armature 5 of
relay XH2, armature { and front contact of relay
XHi, winding of relay HR I to battery and ground.
Relay BRI cperates and locks through its arma-
ture and front contact, the front contact and
armature 4 of relay XHW, the front contast and
armature § of relay XHi to conductor 1834 which
is grounded at fhe armature of relay X8’. Now
when relay XH2 releases because its circuit has
been copened by the operation of relay HRI it
will establish a eivcuit from ground, just traced
for holding HRI, the front coniact and arma-
ture of relay HRI, the front contact and arma-
ture { of relay X, armature & and back con-
tact of relay XH2, the normal contacts of arma-
ture 3 of relay HR3 and thence in paraliel to the
winding of relay HR2 and the perforator magnet
22£%. The perforator magnet will cause the H
tape to be perforated with the same code now
heing transmitted therefrom by the I tape trans-
mitter. TRelay IXR2 will operate and cause the
operation of relay ¥R3 which will lock to the
ground. just used 1o cause the operation of HR2
and the perforator magnet 8242, Reolay HR2
opens this latter circuit and relay HR2 and mag-
net 22i2 release. Upon the releass of relay ¥RE
a circuit is established from the KM conductor
through: armature 7 and froni confact of relay
XT, conductor 1485, front contact and arma-
ture i of relay. HR3, back contact and armsiure
2 of relay HRE, armature -3 and back contant of
relay ZI4, conductor 2384, armature % and front
contact of relay HX! to the winding of relay
HX2, so that when the code now being frans-
mitted over the X trunk is properly registered
in the calculator and the KM signal is refurned
the relay HX2 will be operated. This results in
the operation of the transmitter magnet 8944
wheresupon the tape is advaneed.

Upon the cperation of relay HX2 relay X3
will operate and this will remove ground from the
winding of relay X6 allowing this relay to re-
lease mamentarily. . Relay is therefors oper-
ated momentarily to remove ground from condue-
tor 1864, thus releasing relay HRY{ and in turn re-
12y HRS so that the civeuis is now restored and
ready for amother cycle during which the next

X8
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code to which the I tape transmitter has moved
the I tape. The KM signal

71l be perforated in

ing from the calculator which indicates that
the sign or digital value has been properly reg-
istered therein will follow the path heretofore
described including conductor 1985 but this path
through the armature 3 and back contact of relay
X4 will ke opened so that the XM signal can-
not be forwarded except through some alternate
route. This alternate route is provided by the
relays HR3 and HRE so that when these relays
of the group HR! to HR3 have operated in the
same manner as the group IR! to IRS hereto~
fore described then the ground on conductor
{905 will be extended through the front contact
and armature { of relay HR3, the back contact
and armature 2 of relay FR2 o armature 3 of re-
lay XI{ where it will be extended over the back
contact thereof, conductor 2304, now through
armsture 4 and front contact of relay HXI to
relay HX2 so that in this case it will be the relays
HX2 and %3 which operate instead of the relays
IX2 and IX8 as heretofore. 'The operation of
relays HXE st this time grounds the lead 258
which may be traced to magunet 22i{ of the H
tape transmitter therehy momentarily operating
this transmitter to lift the sensing fingers from
the E tape and to advance the tape to ils next
transmitting position. The trip magnet 2212 con-
trolling the H tape perforator will have been op-
erated during the cycle of operation of the relays
HR1{, HR2 and HR3 in the usual manner so that
it is upon the return of the KM signal from the
calculator that the transmitter is caussd to step
forward but this cannot happen until atfter the
pevforator has previously made its forward step.

At the end of the registration in the calculator
of the numerical value of the factor X the H tape
will transmit the code CXU (operation No. 142).
The code for CXU will result in the operation of
only the translator code relay TR4. Therefore a
ground may be traced from the signal transmit-
ting lead 2808 through armature { and back
contact of relay TRS, back contact and armature

3 of relay TRI, armature T and back contact of 4

relay TRE, armature 8§ and front contact of relay
TR4E, armature ¢ and back contact of relay TR2,
conductor 2182, the normal contacts of armature
t of relay CXUW and the winding of this relay

to battery. Relay CUW will operate in this cir- ¢

cuit and lock to a ground supplied to conductor
2882 by the armature § and front contact of relay
HXI. A ground on conductor 2582 will be ex-
tended to the winding of relay XU but since the
ground cn conductor 2162 also is connected to the
sther side of the winding of relay CXU this relay
will not immediately operate. However, relay
CXUW in operating will cause the operation of
relay IX2 and this relay in turn will, by causing
the operation of relay IX2, open the circuit for
relay X§ whereby this relay releases and causes
the operation of relay X8’ to take the ground off
the signal transmitting lead 2882. Therefore re-
lay CXU now becomes operated to release the X
and XH relays. It may be noted that the BEX
relays are controlled by armature 3 of relay CXU
and the XH relays are likewise controlied by
armature 4 of this relay. With the X and XK
relays released the H tape transmifter and the
¥ tape perforator will be disengaged from the X
trunk and the I tapge perforator will again come
into operation. Therefore upon the operation of
relay IX?2 just described the I tape transmitter
magnet 2208 will be operated to step the tape off
the code SWU (cperation No. 21) and to step it
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forward to the next code. This in accordance with
operation 28 is the code for SW and this will he
followed by the code for HX and then SWU again
so that now the H tape transmitter will again be
enabled to transmit over the X trunk but the H
tape perforator will not ncw be rendered op-
erative.

It should be noted that upon the energization of
relay HX{ upon the transmission of the code SWU
of the I tape transmitter, the relay 132 is ener-
gized and held in this eondition throughout the
ensuing operation of the ¥ tape transmitter.
The circuit for this operation may he traced from
ground, the front contact and armature { of re-
lay HXI, the back contact and armature { of re~
lay CXI, conductor 2388, the normal contacts of
armature 3 of relay CXUW t{c the winding of
relay IZ2. Relay IXZ2 in operating causes the
operation of the magnet 2285 and this is held op-
erated thereafter. It should also be noted in this
connection that means ars provided whenever the
device as a whole is energized through the opera-
tion of the master switch 1782 to hold either mag-
net 2209 or magnet 2241 energized. Magnet 2211
for the H tape transmitier, as well ag its control-
ling relay HX2, the circuit for which may he
traced to the normal ceontacts of armature 4 of
relay HXI1, is shown as norraally energized. Thus,
as the H tape transmitter is enabled, the I tape
transmitter magnet is energized and lifts its
sensing fingers off the tape ready upon its de-
energization to transmit the next code perforated
therein. '

Therefore, the factor o, will be transmitted to
the calculator in accordance with operations 143
to {47, inclusive. The energization of relay HEXI
transfers the connection of relay HX2 from
ground to conductor 2384 so that now the relay
H¥?2 is placed under control of the XM con-
ductor. The last code perforated in the H tape
after the numerical values of the factor «, is
the code for CXU which will have the same ef-
fect as that heretofore described, that is, it will
terminate the operation of the H taps transmitter
and transfer the control back tc the I tape trans-
mitter.

The I tape will now transmit the codes SW,
CX, XH, = and SWU. This will result in the
operation of relay CXP followed by relay CXW
and later by relay CZ{. The operation of relay
CXI1 will connect conductor 2768 coming from
the printer relays PT1i to PTBE, inclusive, through
the front contact and armature 2 of relay CXH{, to
the winding of relay CXIW, resulting in the op-
eration of relay CX2W, so that relay CX2 is pub
in condition to respond at the proper time and
connect the X trunk to the X tape perforator.
Relay CX2 is likewise made ready to operate and
connect the output of the printer o the X {runk
so that the printer control circuit may cause the
H tape to be perforated with the result of the
problem now entered into the calculator. Upon
the operation of relay CXi, the relay IX2 is
operated so that now both the tape transmitter
magnets 2289 and 22i{ are held operated, thus
{reeing the X trunk from any code connections
through the tapes. At this time, the I tape will
be ready upon resuiming operations to send the
code for =U operation No. 25, and the H tape
transmitter will be on & blank code one or more
steps before the first code for the unknown X.
The H tape perforator will be ready to perforate
the value ¢, now being calculated by the ealcu-
lator.

In this last series of codes transmitted by the I
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tape there was one for the = sign. .If the last
set’ of numerical values for the coefficient o, had
had eight digits transmitted into the entry regis-
ter, then the calculator would have been operat-
ing during the sending of the.codes 8W, CX, XH,
= 'and SWU by the I tape transmitter but could
not have completed the .calculation kefore the I
tape transmitter could have sent these codes. If,
on the other hand, the last factor entry into the
calculator had had less than eight digits, its op-
eration would have been held usn untii the = sign
was entered therein. Therefore, the entry of the
= Slgn at this time will operate to cause the cal-
culator to automatically insert a sufficient num-
ber of ciphers to make up the eight places of the
last factor. ‘When these eight places are filled
then the KM signal will he sent back to advance
the I.tape transmitter so that it will then go on
to transmit the code SWU. As.this cods is then
transmitted the relay sxtion just described will
take place and the davice will he ready for the
perforation of the H taps with the result of the
calculation representing the factor o,.

The problem as entered into the -calculator
will:be printed by the printer but it is not until
the code for the = sign is transmitted from the
printing cross bar switch of Pigs. 35 and 36 that
any action in the automatic control relay cir-
cuit will take place. Now upon the sending of
the code.for == it will be noted that relays PTi,
PT2, PT3 and PT5 will be oprerated (in accord-
ance with the code for = shown in Table 1) so
that a -circuit iz established from the ground
which will at this time appear on conductor 2784

through the armatures 3 and front contacts of ~

each of the printing relays PT{ to P78, con-
ductor 2795, front contact and armature 2 of
relay CXI, normal contacts of armature ¢ of re-
lay .CX2W, winding of relay CX2W to hattery.
Relay CX2W will now operate and lock throuegh
its armature 2 and front contact to the ground
provided at armature § and back contact of re-
lay-CXU. The ground for the energization of
relay. CX2W will also be extended to the wind-

ing of relay CXR?, but sinece this ground for the *

original energization of relay CX2W is now also
extended to armature & and back contact of re-
lay CX2, then relay CX2 will not become en-
ergized until the ground from conductor 2784 is
eliminated. Thus, after the transmitter distrib-
utor arm of ‘Fig. 27 has made its revolution and
come bhack to ifs stop contact, so that the code
for the = sign .has been properly transmitted
to the printer, the printing relays PTI to PT5
will become: desnergized awaiting their connec-
tion to another printing switeh contact set. At
this time, relay CX2 becomes energized. Relay
XT? is now .desnergized since its cireuit passes
through armature {0.and back contact of relay
CX2. This is an interlocking measure 0 insure
that the codes for the factor ¢, now about to he
transmitted from the calculator to the & tape
perforator, will not: be transmitted through the
translator and sent back to the calculator.

We. may now return for a -short time to the
operation of the calculator.

Operation of calculator for problem in
multiplication

‘It may be noted that by :operation No. 23 the
code for M was sent by the I tape transmitter
just. prior to the entry into the caleulator of the
factors I and G representing the unknown X and
D and E representing the first coefficient 2.
These -four . factors now being- completely en-
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tered. into:the four entry registers of the caleu-
lator and ‘the relay MR having been operated
through the.code M, the calculator will eperaie
in accordance with -the full and complete de-
scription given in my previously filed applica-
tion. "With the = relay now operated so that
conductor 2610 is. now connected to conductor
2812, the value accumulated in the augend re-
lays will be left undisturbed so that the value
now being calculated will be added thereto.

The mode ‘of operation of the calculator will
now ke to transmit the factor ¥ through the con-
tacts of the relays M .and DI, Fig. 34, to the real
column shift switch of Fig. 33, and the factor
G through the contacts of relays M and DI,
Fig. 34, into the imaginary column shift switch of
Fig. 84, and to multiply these factors by the fac-
tor .. The progress ecircuit of the multiplier
digit switch will under control of relay MR be
entered so.as to operate the hold magnst of the
third vertical thus using the factor D as a mul-
tiplier. Therefore, the complete set of sum-
ming relays will be operated & number of times
corresponding to the varicus digits of the factor
D under control of the counting relays BSz to
B3d, inclusive. Thus, the values held by the
augend relays will be subject to a gradual ac-
cumulation of further values until the cperation
of multiplying factors F and G by the factor D
iz completed. At this time, the progress circuit
of ‘the multiplier digit switch will be advanced
and the relay M in the factor shifting means of
Pig. 34 will be operated so that now the factor
¥ will be transferred to the imaginary column
shift switch and the factor G will be transferred
te the real column shift switch. Throush cer-
tain sign control, not shown, cireuit changes will
be made whereby the values now accumulated
and added to the accumulation on the augend
relays will be —EG in the real part of the ac-
cumulator.and +EF in the imaginary operstion
thus conforming to the algebraic operaticn in
multiplying . together two complex numbers.
‘When the fourth vertical of the multiplier gigit
switch: of Fig. 32 has been completely used, thus
indicating the completion of the multinlication
of the factors in the real and imaginary column
shift switches by the factor E, the caleulation
will be complete and the values now held by the
augend relays will be transmitted to the pring-
ing cross bar switch of Fig. 836. Upon this trans-
fer of values the progress circuit of the printing
cross bar switeh will be advanced and the print-
ing of the result will how begin.

it-may be noted by an ingg

e as 4.131, =o@
leulator o
us, there are two I
the sign 4, one with a decimal !
without & decimal poin
the one:without a decim ¢
from the caleulator, it will
whole number. Since invariably in the §
problem which it is now preposed o solve Ly i
sutomatic acticn of the present device this whole
numbper will be 9, it must be eiiminated so that
when the fastor is transmitted 45 ths calenlator,
this 0-will'not dispiace the factor entersd tow ard
the right. The means for doing this will be ex-

plained shortly  hereinafter. A5 the wresent
time, it is.50 be noted thal the = s havin:
been fransmitted by the-calculator the relay ac-

bions-described as faking vlace in ths 1T tape per~

forator.are ready to perforate the codss now
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transmitted by the calculator. These codes, by
way of exarnple, will be for the factors --0.1617470,
4-i0.23284117. While nct shown in this exam-
ple, several other codes will also be periorated
in the tape. For instance, a space code consist~
ing of one mark signal in the third place will
be perforated before the code for + and again
before the code for -4i. After the last digit of
the second component of this complex number
is perforated in the taps, there will be perforated
therein also the code for carriage return which,
it will be seen from the Table 1, is the samse as
the code for CXU. This code will immediately
release the CX and XE relays so as to return
the X trunk tc connection with the I tape {rans-
mitter, since the operstion of relay CXU removes
the holding grounds for the various relays here-
tofore operated such as XiHP, XHW, XH{, HXP,
HXW, HXA and so forth. Previcusly, the opera-
tion of relays CXU was controlled over the con-
ductor 2182 coming from the transiator, but now
it will be found that a branch of this conductor
2182 extends into the printing centrol circuit
and is controlled over the No. 4 armatures of the
printing relays PT4 to PTE so that in accordance
with this code a mark signal in the fourth place
is set up. One circuit for the operation of relay
CXU may be traced from ground on the signal
transmitting lead %Z8%8, through armature | and
back contact of relay TRE bhack countact and
armature 3 of relay TR, armature 7 and back
contact of relay TR3, armature 8 and front con-
tact of relay TRA, armature & and back contact
of relay TR2, conductor 2{82, normal contacts of
armature | of relay CXUW and thence through
the winding of relay CXUW to kattery. This re-
sults in the operation of relay CXUW which then
locks in to a ground on conductor 2452 which
may be derived from any ons of several relays,
such as CZI, CXW, HX{, HEW, CXi, HIXP,
XHEW or X¥i, some cne of which will he in op-
erated condition when the H fape transmitter is
operating. This ground will be extended to the
winding of relay CXU, kut since the ground on
conductor 2142 now extends through armature 2
and back contact of reiay CXU to the cther side
of this winding, relay CXU is efectively short-
circuited and it will not operate. Asrelay CXUW
operates the ground on conductor 2182 is ex-
tended through the armature 2 and front con-
tact of relay CEUW, conductor 2402, armature
2 and back contact of relay XIP to the KM con-~
ductor, resulting in the stepping of the IZ tape
and conssguently the removal of ground from
conductor 2182, As ground is thus removed from
conductor 262, the shert cireuit is removed from
apbout the winding of relay CXU and this relay
now operates whereupon the holding grounds
supplied over its armatures 3, § and § are openad
with the result that control is shifted back to the
I tape. In like manner as set forth above when
the calculator has compieted a calculation one
of the last acts is the automatic transmission o
the printer of the code for carriage return and
this being the same code as that for CXU a cir-
cuit is established from ground armature { and
front contact cf relay PT, armature 4 and back
contact of relay PTH, armature £ and front con-
tact of relay P74, armature 4 and back contact
of relay PT2, armature 4 and back contact of
relay PT2, armature £ and back contact of re-
lay PTI to conductor 2{82 with the same results
as hereinbefore set forth. Then upon the opera-
tion of the printing relay PTI, the conductor
2102 will be grounded and relay CXU will be op-
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erated as before. The relay CX2 will thersfore
e released before the code for LF is sent oub
from the printing control circuit so that this last
code transmitted by the calculator will not be
perforated in the H tape.

Through the release of the CX and XH
the I tape transmitter now goes into action again
and this time the code for U is transmitied.
The code for 3U causes relay TR2 to operste so
that a circuit may be traced from the signal
transmitting lead 26£2 over armaturs { and hack
contact of relay TRS, back contach and arma-
ture & of relay TRI, armature ¥ and back con-
tact of relay TRS, armature § and back contact
of relay TR4E, armature 3§ and front contact of
relay TR2, winding of relay ZU to batiery and
ground. This causes the urlocking of the =
lay and is equivalent to operating the NT key
of the complex computer to the position where
the entry of a new problem will wipe out any
accumulation heretofore made. That is, con-
ductor 28i¢ will now be disconnected from con-
ductor 2512 and connected instead to conductor
#5141 so that upcn the entry of the cocfiicient e,
as shown in the first line of the second group in
Fig. 14, this coefiicient will be added to 0 rather
than to the value ¢, just caleulated. This forms
a complete cycle of operation so that the com-
vlete operation of the device may nocw be fol-
lowed by repeating these various operations any
number of times desirsd.

elays

re-

Elimination of the whole number of the calcy-
lated result

For the purpose of eliminating the whole num-
ber 0 of the calculated result, it should be noted
that conductor 26080 connected to armature ¢ of
relay 2 may be grounded under three diffierent
conditions, that is, when the code for “step” con-
sisting of five spacing signeals is sent, second,
when the code for “period” consisting of mark
signals in the second and fourth places is sent,
and third, whan the code for “space” consisting
of a mark signal in the third place is transmit-
ted. Therefore, after the receipt of the signal
set up by the = sign, the H tape transmitter will
begin to operate. The first signal which it sends
out is the code for space and this will momen-~
tarily ground conductior 2§88 with the result
that the spacing relay 8P is operatsd and through
its armature 3 places a ground on the KM lead
to cause the H tape transmitter to advance.

Thereupon, the @ tape transmitter will trans-
mit the code for 4, the first numerical sign in
the calculated factor ¢, Each of the four sign
relays in the upper part of Fig. 26 is provided
with two windiungs, the top winding being marked
with the sign followed by the decimal point and
the bottom winding being marked with the sign
without the decimal point. In the example

ereinbefore given, the -+ relay was energizsd
over its top winding and therefore cng particu-
lar type of circuit change was produced. It will
he noted that the code sent from the keys and
the code sent from the I tape transmivter which
has been perforated hy the keys will be one to
operate the sign relay through its tocp winding.
However, the sigh being perforated in the H
tape through the action of the calculator will
be the sign without the decimal point and there-
fore of a different code. This different code will
operate the lower winding of the relay. For in-
stance, when the code for 4 has been perforated
in the E tape and then transmitted therefrom
to the translator, it will, in accordance with



Tahle 1, copsist. of - mark s

nals-in the first; sec-.

ond.and fourth, places and spage signals in the.
third and fifth places. Therefare the translator;
relays.l, 2.and 4. will be operated and henee upon.

the. release.of. relay X8’ a,circuit, may be traced-
f.the - relay.through.

from. the lower -winding
the fromt,contact and ar

mature-4.of relay TR2”,

front cpntact, and armature 4:0f relay TR4, back.

coptact and armature. 3

3 of.relay TR3, back.con-.
tagt and armature.4.of relay TRS, front contact.

and.armature. 2. of relay TR/, front contact-and,

armature.§ of relay TR2 to.the signal transmit-

ting lead 2000, then through the armature.§ and

frpnt. contact of relay XT2 to armature. 2. and
bagly contach of relay X6'. Thuys the +- relay will

operate. ta, enter, the. 1 sign in the, caloulator.

In the same.manner as.hefore. However, the

ground, for operating. the.lower -winding. of . the,
+.ITelay will alsa be extended. over the.front.con-.

tact. and armature 4.of the + relay through.the.

normal contacts of armature 2 of relay Z to ba-.

tery. whereby.. relay . Z. becomes operated. and

locked . through the.armature. |- and back: con-.

tact. of  the, spacing relay. SP. Now, in.sccord-

ance. with the codes perforated. in the H.tape,

the codes; for. 0 and then the period .will next be,

transmitted. The code for 0. in, accordance -with
preyious. descriptions. will ground the .conductor.

2103 leading from. the front contact and arma-

ture.0.of relay TR2’ and. eventually connect to

the, 0, conductor within. the.group 2108, How-.

ever, since, conductor 2103.leads. through arma-
ture. 8 of relay,Z, its cirenit, toward. the caleu-

lator, will now be open. In place of- this, how-

ever, the ground on this, canductor: will be. ex-~
- tepded. over, armature.3 and frons, contact of.
relay 2 to the winding of the, spacing, relay SP.
Relay. SP, will now.become operated and by mov-

Ing its armature. | will open’ the holding eircuit.

for.relay. Z allowing this relay: to .release. Dur- 4

ing_ the. short operation of relay.SP, the release .

copductor, KM will. be grounded to advance the

H tape transmitter. Th’isﬁransmitte;; will now-

transmit the code for.period and since relay =
is now_released, this. action,will result in the
operation of relay SP again. No action will take
place in the computer but the.H tape transmit-
ter will be. advanced by this. momentary. opera-
tion of relay SP,’

~ Thereafter. the numerical values of the. real

.50

component of the coefficient o, will be, transmit-.

ted.from the H tape. to.the . calculator-in.the
regular manner, When the,imaginary compo-

nent Is approached, the first.code to be, sent. will .

be that for space which will result in .the. op-
eration of the spacing relay SP. as before, thus
advancing the H tape transmitter. Then the
sign, of the imaginary component will. be trans-
mitted and this being in the form of 41 with-

out any decimal point, the lower winding of the.

-+i relay will be operated and.the relay Z.will
respond’ in the. same manner as hereinbefore
described. Therefore when the next code for .0

GO

is transmitted, it will not be sent_into the caj-.

culator since. the conductor 2103 is now .open af.

the armature 3. and back contact of .relay. 7.

Instead, the relay SP will be operated to advance. .
the H tape. transmitter. This .device now sends.
out the code for period and,_,the.spgcing,.vrelay‘ sP.

is again operated. The operation -of the spacing
relay upon the transmission of the.code for. o

70

releases the relay Z and therefore when, the codes.

for the digits following the .decimal.point are

transmitted, they will be properly- entereg in the.

calculator,

75
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Ab:the-end.of the.entry of the factorso, in the:

cal tor; the.H:tape:transmitter: will transmit-,
the:code:CXU, which-it: will be remembered was..

perforated.in.this;tape.in- response.to the car-.
riage.return- signal sent out by.the printer.con-.
trol . switch. The:transmission  of: this code will:
cause;the translator relay. TRA:to cperaie where-.
by-conductor: 2102, is-grounded. and:this, in-the:
manner. hereinbefore; described; will cause relay:
CXUW to operate. This relay operating: will
maintain relay I¥?2 operated and prepare for.the

ough armature. 2. and :front:

f T W, conductor 2492 armature:
2 and.back centaet of relay XIP:tg the KM lead:
with, the:usual result. The.H-tape transmitter -

hereunpn relay .- CXU:rbecomes.
-and-therefore.releases the X and HX:
iously. operated through the. trans-

L, =.snd SWU-

relays; preyiously
mission of the codes-SW, CX;
by.thel fape transmitter;.

- The contrel: is-now -shifted back to .the. T stape:
and the.I. tape-transmitter -will thereupon pro-..

P23

to sendout.the code.for. 5T .and will there-.
after proceed to carry out operations. 3§; ete, -

which are practically a.repetition of.the. opera-

ceed

. tiong-hereinbefore.describeds Th:is. helieved that:

further. description: of ; these:. operations . is. un-.
necessary, as- they, all. follow: the pattern. de-.
seribed so far.

Sumpary:

It. will thus be-seen that: through the use of a
master -tape -prepared- with - a pattern of opera-
tions and by the use of an auxiliary tape in which
bartial caleulated results may be perforated dur-
ing: the automatic-operation that extensive cal-

i culations may be-carried on automatically, The

caleulations shown in-Fig: 14 -are given as a short
example-of what-may be done, but it will be
realized -that- this pattern s mueh simpler than .
one-which- might actually be used-in the em-.
While the calculation
of*a result through the use-of-only four coeffi=
cients.-is entirely- sufiicient to render a .descrip-
tion .of-the -operation; it will be realized that a
larger number. of- coeficients: will' be used to
produce the highly securate results which a de-

viee of-thisnature will allow.

What-is-claimed is:

L In a- caleuwlating: device; a caleulator, a
master index- containing operational and- nu-

-merical ‘factor- indicia, an- auxiliary -index  con-

taining - numerical: factor- indicia; said indices
being-removable and- replaceable by-other in-
dices. containing . different  indicia- representing
different patterns. of- operation- and - different-
nuraerical.factors, means- under control-of said
master -index- for-entering numerical factor sig-
nals.from said-master-index and from. said -aux-
iliary.-index.into said caleulator, and a-recorder
for recording.the result:calculated: by -said:cal-

5. culator - in- said auxiliary. index as additional

numerical factor . indieia.

2: In. a- calculating device, a calculator, a-
master. index  containing operational and nu-
merical factor indicia, an auxiliary -index con-

. taining - sets- of numerical factor indicia, said

indices being:removable and replaceable by other
indices containing different indicia representing
different patterns of operation and different nu-
merical -factors, means under control. of said:

-master-index for -selectively entering numerical
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factor signals from said master index and from
said auxiliary index into said calculator, means
for recording the result calculated by said cal-
culator in said auxiliary index as additional nu-
merical factor indicia in a next succeeding set of
said factor indicia, means for using said master
index to control said calculator repeatedly a
number of times corresponding to the number
of sets of indicia originally recorded in said
auxiliary index.

3. In a calculating device, a calculator, a
master index containing operational and nu-
merical factor indicia consisting of a tape hav-
ing said indicia punched therein in code, an
auxiliary index contaning numerical factor in-
dicia consisting of a tape having said indicia
punched therein in code, said indices being re-
movable and replaceable by other indices con-
taining different indicia representing different
patterns of operation and different numerical
factors, means responsive to said operational in-
dicia in said master index for entering signals
representing numerical factor data in said cal-
culator in response to said numerical factor in-
dicia in both of said index tapes and a punching
device responsive to said calculator for recording
calculated results in said auxiliary tape as addi-
tional indicia.

4, In a ecalculating device, a calculator, a
master index containing operational and nu-
merical factor indicia consisting of a tape per-
forated in the manner common in the printing
telegraph art in permutation codes each code
representing an indicium, an auxiliary index
consisting of a similarly perforated tape con-
taining numericsl factor indicia, said tapes be-
ing removable and replaceable by other tapes
containing different indicia representing differ-
ent patterns of operation and different numeri-
cal factors, code responsive means responsive to
said numerical indicia in said tapes for selec-
tively entering signals representing numerical
factor data in said calculator, other code respon-
sive means controlled by said operational in-
dicia for selectively subjecting said first code
responsive means to the numerical indicia of said
tapes and perforating means under control of
said calculator for perforating code representa-
tions of calculated results in said auxiliary tape
as additional numerical factor indicia.

5. In a calculating device, a calculator, a
master index containing operational and nu-
merical factor indicia, an auxiliary index con-
taining numerical factor indicia, means con-
trolled by said operational indicia in said master
index for controlling the time and sequence for
entering numerical factors into said ecalculator
in response to indicia contained in both of said
indices, a first means controiled by said opera-
tional indicia for controlling the recording of
indicia in said auxiliary index responsive to in-
dicia. in said auxiliary index whereby numerical
factors may be copied in said index while being
transmitted for control of said calculator and
a second means controlled by said operational
indicia for controlling the recording of indicia
in said auxiliary index responsive to said calcu-
lator whereby the results of calculations made
thereby may be recorded in said auxiliary index.

6. In a calculating device, & calculator, a
master index containing operational and nu-
merical factor indicia counsisting of a tape per-
forated in the manner common in the printing
telegraph art in permutation codes each code
representing an indicium, an auxiliary index
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consisting of a similarly perforated tape con-
taining numerical factor indicia, said indices
being removable and replaceable by other in-
dices containing different indicia representing
different patterns of operation and different nu-
merical factors, a tape perforator for perforat-
ing indicia in said auxiliary tape, a first trans-
mitter for transmitting code signals from said
auxiliary tape, a second transmitter for trans-
mitting code signals from said master tape, a
translator for translating coded signals from said
transmitters to signals suitable for operating
said calculator and for entering numerical fac-
tors therein, said calculator being constructed
and arranged and having means for translating
calculated resulis into coded signals and means
for recording indicia in said auxiliary tape com-
prising switching means for alternatively and
selectively placing said tape perforator under
control of said first transmitter and said calcu-
lator.

7. In a calculating device, a calculator, a trans-
lator for translating coded signals into calcu-
lator operating signals and for entering said op-
erating signals representing operating and nu-
merical factor information into said calculator,
a coded signal circuif incoming to said trans-
jator, a master tape transmitter, an auxiliary
tape transmitter, means for alternatively and
operatively connecting said master tape trans-
mitter, and said auxiliary tape transmitter to
said translator incoming circuit, a master tape
perforated in the manner common in the print-
ing telegraph art by permutation codes repre-
senting operational and numerical factor indicia,
said means for alternatively and operatively
connecting being controlled by said master tape,
and an auxiliary tape similarly perfcrated by
permutation codes representing numerical factor
indicia, whereby said calculator is responsive to
signals representing numerical factor informa-
tion, and partly from said master tape, partly
from said auxiliary tape.

8. In a calculating device, a calculator, a
translator for translating coded sighals into cal~
culator operating signais and for entering op-
erating and numerical factor information into
said calculator, a coded signa] circuit incoming
to said translator, a master tape transmitter, an
auxiliary tape transmitter and an output circuit
from said calculator, means for alternatively
transmitting electrical signals from said master
tape transmitter, and said auxiliary tape trans-
mifjter to said translator incoming circuit, a mag-
ter tape perforated in the manner common in
the printing telegraph art by permutation codes
representing operational and numerical factor
indicia, said means for alternatively transmit-
ting being under control of said master type,
an auxiliary tape similarly pevforated by per-
mutation codes representing numerical facior in-
dicia, means for isolating said coded signal cir-
cuit for said translator, said means being also
under control of said master tape, and a per-
forator for perforating additicnal indicia in said
auxiliary tape whereby said coded signal circuit
may be isolated from said translator while said
perforator is operated cver said coded signal cir-
cuit from said calculator output circuit.

9. In a calculating device, a calculator, a trans-
lator for fransiating coded signals inte caleulator
operating signals and for entering operating and
numerical factor infermation into said calcu-
lator, said translator having an incoming cir-
cuit and an outgoing circuit, said outgoing cir-
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cuit constituting s permanent connection to said
calculator, a first and a second coded signal cir-
cuit, means for alternatively connecting said cir-
cuits to the said translator incoming circuit, a set
of keys connected to said first coded signal cir-
cuit for transmitting coded signals thereover, a
master tape transmitter, an auxiliary tape trans-
mitter and an output circuit for said calculator,
means for alternatively connecting said master
tape transmitter, said auxiliary tape transmitter
and said calculator output circuit to said second
coded signal circuif, a master tape perforated by
permutation codes representing operational and
numerical factor indicia, an auxiliary tape ver-
forated by permutation codes representing nu-
merical factor indicia, a perforator for perforat-
ing indicia in said master tape, a perforator for
perforating indicia in said auxiliary tape and
means for allernatively connecting said per-
forators to said coded signal circuits.

10. In a calculating device, a caleulator having
an input circuit and an output circuit, a first
and a second input signal circuit, means for al-
ternatively and selectively connecting said sig-
nal circuits to said calculator input circuit, a set
of keys connected to said first signal circuit for
transmitting operational and numerical factor
signals thereover, a master tape transmitter, an
auxiliary tape transmitter, means for alterna-
tively and selectively operatively connecting said
transmitters and said caleculator output circuit
to said second signal circuit, a master tape hav-
ing recorded thereon indicia representing opera-
tional and numerical factor signals, an auxil-
lary tape having recorded thereon indicia rep-
resenting numerical factor signals, an indicia re-
corder for recording signals in one of said tapes,
& second indicia recorder for recording signals
in the other of said tapes, and means for alter-
natively and selectively connecting said recorders
to said signal circuits.

11. In a calculating device, a calculator, a mas-
ter index containing operational and numerical
factor indicia consisting of a tape having said
indicia punched therein in code, an auxiliary in-
dex containing numerical factor indicia consist-
ing of a tape having said indicia punched there-
in in code, said tapes being removable and re-
blaceable by similar tapes having different opera~
tional and numerical factor indicia for perform-
ing different patterns of operation with different,
numerical factors, means for scanning said tapes
forwardly step-by-step for transmitting signals
to said calculator one code at a time, means re-
sponsive to signals corresponding to said opera-
tional indicia in sald master index for entering
numerical factor data in said calculator by sig-
nals corresponding to said numerical factor in-
dicia in both of said tapes and a punching device
responsive to said calculator for recording cal-
culated results in said auxiliary tape as addi-
tiona] indicia.
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12, In a calculating device, g caleulator, a mas-
ter tape perforated in codes for operational and
numerical factor signals, g tape transmitter for
scanning said master tape one code at a time
and for transmitting into said calculator signals
corresponding thereto, an auxiliary tape perfo-
rated in codes representing numerical factor sig-
nals, & tape transmitter for scanming sald aux-
iliary tape one cede at a time and for transmit-
ting into said caleculator signals corresponding
thereto, means responsive to numerical factor gig-
nals for entering numerical factors into said cal-
culator, means responsive to operaticnal signals
for controlling the operation of said tape trans-
mitters and gerforating means under eontrol of
said calculator for perforating numerical factor
codes in said auxiliary tape at a loeation there-
on belore entrance into said auxiliary tape irans-
mitter, whereby calculsted results may be reen-
tered into said caleulator as additional numeri-
cal factors.

13. In a calculating device, a calculator, o mas-
ter index containing indicia representing the op-
erations of said device for the pattern of one com-
plete cycle of opsrations, said index consisting of
an endless loop of tape having said indicia
punched therein in code, an auxiliary index con-
taining sets of indicia representing sets of nu-
merical factors, one set for each complets cycle
of operations, and consisting of a tape having
said indicia punched therein in code, said indices
being removable and replaceable by other indices
containing different indicia representing gifferent
patterns of operation and different numerical
factors, means for scanning said tapes and irans-
mitting signals to said calculator corresponding
to said indicia for the control thereof and for the
entry therein of numerical factor signals in ac-
cordance with the pattern of operstions repre-
sented by said master index, and a punching de-
vice responsive to said calculator for recording
calculated results in said auxiliary tape as addi-
tional sets of said indicia.

GEORGE R. STIBITZ.
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