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This invention relates to computers and more particu 
larly to digital computers. 
An object of the invention is to improve the organi 

zation of a large scale digital computer by providing im 
proved circuits, apparatus and methods for more reliable 
and speedier operation, for greater flexibility, and for 
greater ease and facility in operating and programming. 

Large scale computers have been constructed for per 
forming many mathematical operations and for solving 
numerous types of mathematical problems which open 
up fields of scientific investigation by taking the drudgery 
out of computations of problems known to mathema 
ticians but which have been so extensive that it was pre 
viously impossible to carry them out. These large scale 
computers have been of several types. One type employs 
mechanical apparatus, a second type employs electronic 
circuits, apparatus and equipment and a third type em 
ploys relays and other communication apparatus. Of 
these types the electronic computer is by far the speediest 
in operation while many of the relay type computers have 
been more reliable and more accurate due to the use of 
self-checking features. United States Patent 2,486,809, 
issued to G. R. Stibitz, November 1, 1949, shows funda 
mentals of an exemplary embodiment of a relay type 
computer. This patent, however, does not disclose suit 
able entry means whereby operational orders and numeri 
cal values may all be entered under control of a tape or 
other storage means so that it is impossible in this com 
puter to prepare a long series of mathematical operations 
in a program or routine whereby the computer may be 
caused to operate unattended over long periods of time. 
Computers have been devised subsequently which are 

suitable for being controlled by a long routine or pro 
gram of operations which may be devised and placed in 
the computer on the tape or other storage means and 
then the computer set into operation to perform the 
necessary operations to obtain the desired results. 

In an effort to simplify and improve the operation, cer 
tain of the computers have been arranged and devised 
so that a routine or program of operations is set forth 
or recorded in a routine or problem tape and a series 
of problem arguments set forth in another storage tape. 
In some cases additional tapes known as table tapes are 
also provided from which numerical values may be taken 
as desired when called for by orders on the recorded 
routine tape or storage apparatus. 
An object of the present invention is to arrange the 

sequencing and control functions of a computer so that 
the work of programming a computer for any of a 
wide range of types of problems and any problems in 
any of these types may be readily arranged. In an ex 
emplary embodiment of this invention the routine of 
the computer is broken up into a number of sub-routines 
each of which may be called for or ordered by the master 
or problem routine and in which each of the sub-routines 
may in turn call for other sub-routines or for repeating 
themselves. Thus, the routine or program may consist 
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of a principal or master routine which may be prepared 
for each problem or for each of a series of problems and 
this master routine may call for sub-routines which form 
a part of the principal control of the mechanism. These 
sub-routines may be placed in separate tapes so that 
when in the course of operation the master routine 
comes to a point where a sub-routine may be used further 
control of the computer is directed by a sub-routine tape 
which tape then controls the operation of the computer 
until the routine recorded on the sub-routine tape is 
completed. Thereafter, the control is restored to the 
principal or master routine tape. In this manner many 
mathematical computations in the form of exponential 
or power series may be set forth in a routine so that 
it may be performed an indefinite number of times in 
accordance with various controlling values known as 
arguments so that, for instance, a table of sines or other 
trigonometric functions may be completely produced by 
such a computer by entering into the computer through 
a problem tape the various angle values for which the 
functions are desired. 

In accordance with the present invention, in an effort 
to further simplify the programming of such a computer 
and the control and sequencing circuits thereof the com 
puter has been arranged to provide for a large plurality 
of Sub-routines called formulas which may be readily 
wired into the computer on a semipermanent basis. 
These formulas have been arranged in different groups 
which are called "levels' herein. These levels or groups 
are arranged in descending order of complexity. For 
example, the least complex group of formulas is called the 
D level formulas, the next group is called the C level 
formulas, the next the B group and the group having 
the greatest complexity is designated the A level formulas. 
Of course, still more complicated routines may be de 
vised and entered in a problem tape for controlling the 
computer from this problem tape. In addition, pro 
vision has been made for use of an additional storage 
tape or other storage mechanism in which other routines 
may be entered for controlling the computer. These 
other routines may be considered to be of a complexity 
intermediate between the A level formulas and the routine 
set up in the problem tape or they may have a complexity 
still greater than the complexity of the routines set up 
in the problem tape. 
A feature of this invention relates to the control of 

computer formulas which formulas may be called for 
by the problem tape or by any other of the formulas. 
Upon the selection of any formula the control of the 
computer is directed by the formula until the selected 
formula either selects an additional formula or com 
pletes the various operations called for by the selected 
formula after which time the computer is no longer con 
trolled by the selected formula. Instead, the computer 
control is returned to the higher level formula which se 
lected the formula in question or to the problem tape as 
may be desired. 

In accordance with the exemplary embodiment of the 
present invention described herein in detail the computing 
mechanism is controlled by orders which generally com 
prise five parts. The routine control information is 
entered into the computer by means of these orders and 
then the control of the computations and the printing or 
indicating of the results of the computations or the fur 
ther storing of these results are all controlled by the 
various orders. 
A feature of the invention relates to checking and con 

trol circuits which prevent the computer from entering 
and employing a subsequent order before a previously 
entered order has been fully executed. Other check cir 
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cuits are provided to prevent the mechanism from utiliz 
ing a fraction of an order thus causing improper operation. 
The circuits and apparatus are arranged so that it is 

necessary to enter a complete order into the mechanism 
before any portion thereof is executed by the computer 
mechanism. Upon the satisfactory completion of an 
order a signal is transmitted to the routine control and 
sequencing circuits which then causes the next succeeding 
order to be entered into the control circuits and then 
executed by the mechanism and so on. 

Routine orders in computers heretofore designed com 
prise a plurality of signals sequentially transmitted. Each 
of these portions of the order designate or indicate cer 
tain information to be acted upon by the control circuits 
and computing circuits of the computer. For example, 
such an order may comprise directions to take a value 
or number from a specified one of a large plurality of 
registers. The second portion may be employed to con 
dition the calculator to perform any one of the com 
puting functions such as addition, subtraction, multiplica 
tion, division or square foot. The third portion of the 
order may direct the computer to obtain a second number 
to be entered into the computations from a designated 
register or source. The fourth portion of the order may 
be direct disposition of the result of the computations. 
In order words, this fourth portion of the order may be 
employed to indicate or designate where the results of 
the computation are to be stored or transmitted and the 
last portion of the order may comprise directions to either 
hold or discard the numbers entering into the computa 
tion. Other control functions may also be provided for 
by different portions of different orders as will appear 
hereinafter. 

In previously constructed computers the various por 
tions of the order have been transmitted sequentially, 
thus requiring an appreciable time for the execution of 
these orders. 

In accordance with an exemplary embodiment of the 
present invention the operation of the computer has been 
materially expedited by simultaneously setting up each of 
the parts of an order and so far as practical simultane 
ously executing the various portions of the order. Such 
an arrangement materially reduces the time required for 
performing the necessary functions within the computer. 
By thus speeding the operation of the relay type computer 
its operating times may be made to compare more favor 
ably with the high speed electronic computation equip 
ment. The simultaneous entering of all of the portions 
of each order permits a more reliable and speedier check 
of the operation of the circuits employed in entering the 
orders in the computer. 
A feature of the present invention relates to the means 

for achieving said more speedier operation of a relay type 
digital computer, that is, the simultaneous transmission 
and entering of all of the portions of an order. In the 
exemplary arrangement set forth herein this means is 
electronic in nature and comprises a plurality of cold 
cathode gas discharge tubes. A tube is provided for each 
different possible instruction of each portion of the order. 
Each of these tubes has individually associated with it a 
transformer having a core in the form of a closed loop 
or configuration such as a toroid. This loop need not be 
circular as in the case of the toroid but may be elliptical, 
rectangular or of any other suitable shape. An output 
winding is wound about the core usually in a distributed 
manner around the closed loop of the core, although it 
is not necessarily so wound, and this output winding is 
employed to control the gas tube. The input circuit com 
prises a single conductor, which is threaded through the 
loop of various ones of the cores, and upon the applica 
tion of an impulse, which in the exemplary embodiment 
set forth herein is an impulse of alternating current, to 
this conductor a voltage is induced in the output wind 
ing of the cores through which said single conductor 
is threaded which voltage in turn initiates a discharge 
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4. 
through the gas tube individual thereto. The operation of 
a gas tube operates an order relay which, when a proper 
number of these relays is operated, causes the routine 
control circuits to function to execute each of the parts 
of the order. 
A feature of the invention relates to the ease and 

facility in which the conductor may be threaded through 
the core loops of the respective cores and then maintained 
through these cores on a permanent or semipermanent 
basis or else readily removed and changed. 
A feature of the invention comprises circuit arrange 

ments for threading a large plurality of said conductors 
through the loops of said coils which may be attached to 
the circuits in a permanent or semipermanent manner 
and thus the orders may readily be employed to control 
the computer repeatedly whenever called for. 
A feature of this invention relates to formula control 

equipment which equipment provides for a large number 
of formulas each of which may select a suitable number 
and sequence of orders which orders are entered into 
the computer control circuits and employed to control 
the operations performed by the computer. Such an ar 
rangement materially reduces the time and effort required 
to prepare problems for the computer. 
A feature of this invention, comprises means for main 

taining a large group of said formulas in a mechanism in 
a permanent or semipermanent basis which formula com 
prises a library of orders which are repeatedly used and 
thus checked and known to be accurate. Such an ar 
rangement, therefore, improves the reliability of operation 
of the computer. 
A feature of this invention relates to the control circuits 

and apparatus for selecting the various formulas. 
A feature of these control circuits relates to circuits and 

apparatus whereby one formula may select a formula of 
its own level or a formula of another level. 
Another feature of this invention relates to control cir 

cuits for controlling the selection of the formulas wherein 
the selection of a formula of a lower level does not cancel 
the previously selected formula of a higher level. 
Another feature of the invention relates to control cir. 

cuits and equipment interconnected between the various 
formulas of different levels in which upon the completion 
of the execution of all the orders of a formula of a lower 
level the control of the routine circuits of the computer 
is returned to the formula of a higher level which selected 
the formula of the lower level and thereafter the execu 
tion of the formula of the higher level resumed. 
Another feature of this invention relates to the pro 

vision of a signal designated herein an ENC signal, which 
signal is employed to advance the computer mechanism 
from one phase of the problem to another or from one 
problem to another. Previously, when it was desired to 
solve an equation, a series, or some mathematical func 
tion for a large plurality of values of the argument, it 
was necessary to program the computer by indicating 
the total number of said arguments and then program 
ming the control circuits to count and record or store 
within itself indicia of the number of computations per 
formed employing the various arguments. Such a pro 
gramming requires considerable time and effort. This 
time and effort is greatly reduced in accordance with the 
exemplary embodiment of the present invention set forth 
herein because as many different values of the argument 
may be entered into the mechanism as may be desired 
and the repetitions of the computations with different 
values of argument may be repeated an indefinite number 
of times until the ENC signal is reached at which time 
the repeated operation of the computer in obtaining com 
puted values of the desired function is interrupted. Such 
an arrangement in addition to materially reducing the 
same complexity required to program the computer also 
permits considerable simplification in the control circuits 
and other apparatus and equipment required to satis 
factorily control the operation of the computer and, as 
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a result, the reliability of operation of the computer is 
improved. 
A feature of the present invention relates to control 

and translating equipment for employing a number stored 
in any of the storage tapes or other storage registers of 
the computer as one of a large number of different pos 
sible formula numbers. 

Another feature of this invention is directed to con 
trol, time-out and alarm circuits. These circuits together 
with the routine control circuits are arranged so that if 
the execution of an order has not progressed beyond a 
certain point after a predetermined interval of time the 
routine circuits are all released as well as the calculator 
circuits and a second attempt is made to execute the 
order. Inasmuch as many of the difficulties and sources 
of error in a relay type computer comprise dirty con 
tacts which occur frequently and which tend to clear 
themselves up a second or subsequent operation of the 
relay, the use of the second trial feature greatly im 
proves the operation of the computer and renders the re 
sults more reliable. 

Another feature of this invention relates to the pro 
vision of means for executing a plurality of special orders 
which control various switching and routine circuits 
whereby the organization of the computer may be readily 
changed, organized or reorganized for operation upon 
different types of problems. 
Another feature of this invention relates to control cir 

cuits for employing two storage tapes to facilitate the 
solution of certain types of problems. 
Another feature of this invention relates to circuits and 

apparatus and methods controlling the computer from 
one storage tape and a problem tape. 
Another feature of this invention relates to overlap 

operation when a problem requires the use of only one 
storage tape whereby a succeeding problem may be en 
tered into the other storage tape while a first storage 
tape is employed by the computer for the solution of a 
given problem. 
Another feature of this invention relates to control 

circuits for organizing the routine circuits of the com 
puter in two different manners, one of which causes the 
problem to be solved in accordance with one set of orders 
and constituting a program and if a satisfactory solution 
is not obtained after a predetermined number of oper 
ations of the computer mechanism, the computer is ar 
ranged to attempt to solve the problem in accordance 
with another and different set of orders, thus providing 
alternative solutions. Thus, if one series employed to 
solve a problem does not converge sufficiently rapidly 
in one region, an alternative series may be automatically 
employed by the computer in these regions to obtain 
a satisfactory answer. 
Another feature of the invention relates to a manual 

control arrangement for causing the operation of the 
routine control circuits step by step under the control 
of a plurality of manual keys, thus facilitating the mainte 
nance of the mechanism. 

Another feature of the invention relates to means in 
cluding a manually operable key-set for entering both 
orders and numbers into the computer. 
Another feature of this invention relates to the pro 

vision of numerous lamps controlled by the relays of 
the various circuits of the computer to indicate the prog 
ress and position of the various computer circuits at any 
given time. 
A feature of this invention relates to circuits and ap 

paratus for causing the second trial to be made when 
certain trouble conditions are encountered. When cer 
tain operations are started, timing circuits are set into 
operation. If the operation is not completed within a 
predetermined time the time-out circuit functions and 
interrupts certain connections which release the relays 
of whatever storage they may have progressed to and 
may operate a message register lamp or other alarm or 
any or all of such devices and then at a slightly later 
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time close certain other paths for again initiating the 
operation. If the operation is successfully completed 
within a predetermined time interval the circuits advance 
in normal fashion. If the operation is not satisfactorily 
completed within the predetermined time on the second 
attempt, then the operation of the equipment is stopped 
on the problem being solved and the computer advanced 
to the next problem if another problem is waiting. How 
ever, such information as was printed as a result of the 
previous operation of the computer in solving the prob 
lem is available so that the stage at which trouble was 
encountered may be more readily determined. Inasmuch 
as many troubles are of transitory nature due perhaps 
to dirty contacts which troubles clear themselves pos 
sibly due to jarring of the relays and relay frames due 
to the operations of the various relays, the operation of 
the computer is greatly expedited by such second trial 
feature. 

Another feature of this invention relates to interlocking 
circuits, apparatus and equipment for controlling the 
advance of the computer from one stage to another and 
at the same time permits some overlap in operations. For 
example, after a number has been read into the printer 
register the computer is free to execute additional orders 
and perform other computations while the printer circuit 
is printing or perforating the number entered into the 
printing register. However, the second number cannot 
be entered in the printing register until the printing regis 
ter has been cleared after a number has been entered 
therein and recorded by the printer. Similarly, during 
resetting and hunting operations performed under con 
trol of the storage tape control circuits, other orders 
effecting the hunting circuits cannot be entered or fully 
executed until the various hunting operations have been 
completed. 
Another feature of this invention relates to control 

circuits, apparatus and equipment for controlling the 
calculator section of the computer to condition the calcu 
lator section to perform the various types of operations 
including addition, subtraction, multiplication, division 
and Square root as well as other functions related to 
recording a number such as round-off operations, shift 
operations, etc. 
Another feature of this invention relates to selective 

apparatus for responding to switching signals in the 
problem tape for directing the information entered into 
the problem tape to the proper elements or circuits of the 
computer. 

Another feature of this invention relates to switching 
equipment included in the problem tape control circuits 
for responding to the switching signals and performing 
the switching operations necessary to direct the orders, 
numbers and other information entered into the problem 
tape to the respective component circuits and apparatus 
of the computer. These switching signals comprise a 
problem start signal PS, a switch-to-routine signal SWR, 
a switch-to-printer signal SWP, a perforate A signal PFA, 
a perforate B signal PFB, a return control signal RC, an 
end-of-number check signal ENC and an end-of-tape 
signal ET. 
A feature of this invention relates to a third storage 

tape and related equipment which tape equipment in 
cluding a perforator and a transmitter thereof may be 
submitted for at least one of the other storage tapes. 
Another feature of this invention relates to a tape 

storage and transmitting equipment which may be sub 
stituted for the problem tape. - 
Another feature of this invention relates to a tape 

storage apparatus equipment and control circuits which 
may be substituted either for another storage tape or 
for a routine or problem control tape. 
Another feature of this invention relates to a storage 

tape and apparatus which may be employed as a routine 
control tape and then reset to its initial positica or any 
other predetermined position and again employed as a 
problem tape for solving the same problem with the same 
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emplary computer, said computer becomes substantially as 
easy to control, program and manipulate as numerous 
specific purpose computers in solving the specific problem 
for which the computer has been designed. 

In the following description of an exemplary general 
purpose computer embodying the present invention, only 
typical operations are described and the solution of only 
two limited types of problems is set forth in detail. It, 
however, should be obvious that a large variety of prob 
lems of the two types described herein may be solved 
with the aid of this computer as well as large varietics of 
problems of other types. 

Thus, network problems of substantially any desired 
degree of complexity and type may be solved including 
filter problems, transmission problems, equalizer prob 
lems, insertion problems, phase shift or time delay prob 
lems and many other types of network problems. As 
described herein, only one problem involving the solution 
of a polynomial of high order is described. Many other 
types of a similar equation may be solved of both high 
and lower order and described herein, the only difference 
being the time required to reach a satisfactory solution. 
Furthermore, the computer is arranged to provide alter 
nate solutions for different portions of a problem or for 
the entire problem as pointed out with respect to the solu 
tion of the polynomial of high order. While only two 
alternative solutions are programmed for this problem, it 
is to be understood that any suitable number of different 
problems providing any alternative methods of solutions 
may be programmed and the computer arranged to auto 
matically select the various alternate methods in a pre 
determined order until a satisfactory solution is obtained, 
all under control of the computer circuits. In other 
words, for each different set of arguments the computer 
will attempt to arrive at a solution and if one method 
fails to give a satisfactory solution in a predetermined 
time or after a predetermined number of attempts, then 
the next method is automatically employed without the 
attention of any attendant or operator. If this solution 
appears unsatisfactory after a predetermined time or a 
number of attempts, another alternative method may be 
automatically employed by the computer, etc. 

Likewise, many other types of problems may be solved 
by the aid of the computer which types of problems com 
prise matrix equations and problems, continued fractions, 
power series expansions, power series problems, expo 
nential and logarithmic series expansions and problems 
computing numerous tables of various mathematical 
functions including trigonometric functions, logarithms, 
etc. Continued fraction problems may be solved by the 
computer as well as any interpolation problems in which 
the interpolation may be arranged in accordance with 
any desired formula or formulas. As described herein 
the computer is arranged to solve many problems em 
ploying so-called complex quantities, complex mathe 
matics, complex arithmetic which types of computations 
are frequently encountered in physical problems. The 
computer in accordance with this invention may be ar 
ranged to compute tables of any or ail of the transcen 
dental problems. In solving network problems it has 
been found advantageous to employ subroutines to con 
sider branches of the network of different types and theim 
other routines to combine the results obtained from the 
computations of the various branches into a more com 
plicated network. In addition to computing values of 
sine, cosine tangents, values of the inverse function may 
be included as well as hyperbolic tangents, inverse hyper 
bolic tangents and other hyperbolic functions and inverse 
hyperbolic functions and numerous Bessel functions and 
the solution of other differential equations. 
Two stations 110 and 120 are shown in Fig. 1 with an 

indication in the station connector circuit 130 of connec 
tions for a third station. Of course, additional stations 
may be provided as may be desired. These computer 
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10 
stations are connected to a station connector circuit 130 
which permits only one station to be connected to the 
computer at one time. Station 110 is shown connected 
to the station connector circuit by line 111 and station 
120 by line 121. While a single line is shown intercon 
necting the stations with a station connector circuit, it 
is to be understood that this line represents numerous 
individual conductors which conductors may be arranged 
in one or more cables. The single lines interconnecting 
other components of the computer as shown in Figs. 1 
and 2 likewise represent one or more individual con 
ductors. 
The station 120 comprises a printer 122 and a problem 

tape transmitter 123. Station 110 likewise comprises a 
printer 112 and a problem tape transmitter 113. The 
printers 112 and 122 are connected over the respective 
cables of conductors 114 and 124 to the station con 
nector circuit. In addition to the printer stations 110 and 
120 and the station connector circuit 130, the exem 
plary computer described herein includes a routine con 
trol circuit 210, a formula director circuit 220, a problem 
tape control circuit 230, a printer control circuit 231, an 
A tape transmitter 160, a B tape transmitter 161, and a C 
tape transmitter 162, a storage tape control A circuit 232 
and a storage tape control B circuit 233, a reperforator A 
designated 150, a reperforator B designated 151 and 
a reperforator C designated 152. The transmitters 160, 
161, 162; the reperforators 150, 151 and 152; and the 
storage tape control A circuit and the storage tape con 
trol B circuit are provided for perforating information in 
tapes A, B or C when it is desired to store information in 
these tapes for a longer period of time than is con 
venient in various storage registers provided. The reper 
forators 150, 151 and 52 store information in paper 
tapes by perforating or punching the tape and the tape 
is then conveyed or threaded through corresponding tape 
transmitters 160, 161 and 162. These tape transmitters 
are then employed in combination with the tape storage 
control circuits A and B and the tape storage registers A, 
267, and B, 268, as described herein. 
The printers 112 and 122 in an exemplary embodiment 

of this invention comprise printing telegraph mechanisms 
of a known type such as disclosed in United States Patent 
1,904,164, granted to S. Morton et al. on April 18, 1933. 
Likewise, the tape transmitters 113, 123, 160, 161 and 
162 may be telegraph transmitters of any suitable type. 
However, transmitters 160, 161 and 162 have been ar 
ranged to move the tape both forward and backward in a 
manner similar to that set forth in the patent application 
of O. Cesareo et al., Serial No. 716,754, filed December 
17, 1946. The reperforators 50, 151 and 152 likewise 
are printing telegraph reperforators of any suitable known 
type such as disclosed in Patent 2,042,788, H. L. Krum, 
June 2, 1936. 
The printers 112, 122 and the reperforators 150, 151 

and 152 being telegraph instruments are arranged to be 
controlled over a single pair of wires. Consequently, it 
is necessary to provide a transmitter-distributor arrange 
ment for receiving information from the computer and 
translating this information into series of serially trans 
mitted pulses of the type suitable for operating of print 
ing telegraph mechanisms. The distributor 105 is pro 
vided for transmitting information to the printers 112 
and 122 of stations 110 and 120 and is connected through 
the station connector circuit 130 to the appropriate 
printer. A reperforator transmitter-distributor 106 is 
provided for transmitting suitable signals to reperforator 
A, 150, while a similar distributor 107 is provided 
for transmitting signals either to reperforator 151 or 
reperforator 152 under control of a special order switch 
ing circuit 131 of the station connector circuit. The 
special order switching circuit 131 is controlled from 
a special order circuit 212 of the routine control circuit. 

In order to facilitate the checking correcting, editing, 
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etc., of the problem and other tapes, it has been found 
desirable at times to print a record of the information in 
a problem tape and for this purpose a copy printer 170 
is provided. The distributor 171 is provided to transmit 
suitable signals to the printer 170 and the printer-dis 
tributor 171 is in turn controlled by a tape control cir 
cuit 172. 
The routine control circuit 210 comprises problem keys 

and control circuits and a start circuit 211, a progress 
circuit and a progress order circuit 213, a special order 
circuit 212, a second trial circuit and a second trial 
equipment 214. In addition, a computer control and 
alarm circuit 229 is provided for in part controlling the 
second trial operation equipment. A formula director 
220 is provided which includes selecting and control cir 
cuits 221, impulse generators 222, a group of formula A 
circuits 223, a group of formula B circuits 224, a group of 
formula C circuits 225, a group of formula D circuits 226 
and an order relay and code coil translator circuit 227. 

Furthermore, the computer comprises a calculator sec 
tion 2521 shown at the bottom of Fig. 2 and also in Fig. 
25. Furthermore, a designated "Read Formula No.' 
circuit 250 is provided for translating numbers or portions 
thereof into orders for selecting any desired one of the 
formulas. Furthermore, a group of storage register cir 
cuits A through L is provided of which the storage register 
circuit A, 251, and storage register circuit B, 252, and 
storage register circuit L, 253, are indicated in Fig. 2. 
The storage register circuits between B and L are mere 
ly indicated in Fig. 2. These circuits nevertheless are 
provided in a completely equipped computer. While 
twelve storage register circuits, A to L, are indicated and 
provided in an exemplary embodiment of this invention de 
scribed herein, any suitable number may be provided as 
may be required by the complexity of the problems to be 
solved by the mechanism. When desired, a lesser number 
of storage registers may be provided. On the other hand, 
for more complicated problems it may be desirable to add 
additional storage register circuits in similar register cir 
cuits shown and described herein. 

In addition to the storage register circuits A through 
L referred to above, a number of fixed register circuits 
is provided for storing the value of various quantities 
normally encountered in solving problems. These con 
stant register circuits include a zero storage register 254, 
a storage register for storing 1.000 . . . , 255, a storage 
register for storing the conversion factor between natural 
or Napierian logarithms and the logarithm to the base 10 
designated 256, a storage register for storing the value 
of 27, 257, a storage register for storing 0.5 designated 
258, a storage register 259 for storing the value of e, the 
base of the natural or Napierian logarithms, a storage 
register 260 for use in computing logarithms for con 
trolling or determining the value of various components 
of a logarithm, a storage register 26 for storing the 
conversion factor between the degrees and radian meas 
ure, a register 262 for storing page numbers for the A 
storage tape, a register 263 for storing page numbers 
for the B storage tape, a block register 264 for storing 
block numbers for the A tape, a block register 265 for 
storing block numbers on a B tape, a printer register 266, 
a tape storage register A, 267, and a tape storage register 
B, 268. 

Briefly, in employing the exemplary computer in 
accordance with the invention set forth herein the oper 
ator or attendant will first prepare a problem tape which 
is divided into a number of different sections. It is fre 
quently desirable to store information relative to a group 
of problems in one tape. In order to indicate and recog 
nize the beginning of each problem and the termination of 
the succeeding problem, problem start signals are entered 
in the problem tape between problems. In addition to 
the problem start signal placed in the tape between dif 
ferent problems, various orders are entered in the problem 
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tape to condition the computer for solution of the prob 
lem. In another section of the tape, information is 
entered which information is to be stored in the A tape. 
Information is entered in another section of the problem 
tape which information is to be stored in the B tape. 
This information operates to control the operations of 
the computer and also the values of the numbers or argu 
ments in the numerous equations, values of physical 
constants of problems, etc., which are employed by the 
computer in arriving at a solution of the given problem. 
Following these values, numerous control orders may also 
be inserted in the problem tape and these orders employed 
to control the operation of the computing mechanism as 
described herein. In addition, orders selecting numerous 
formillas may be also inserted in this tape as well as 
special orders as described herein. 

In addition to the orders, numbers and other informa 
tion entered in the various sections of the problem tape 
as described above the switching and control signals are 
also entered in the problem tape before and after each 
of the sections so that the information in each of these 
sections is properly directed to the proper component 
parts of the computer. These switching signals comprise 
first a problem start signal PS, a switch-to-routine SWR, 
a switch-to-printer SWP, a signal to cause perforation in 
tape A, PFA, a signal to cause completion by perforator 
B, PFB, and an end-of-number check signal ENC, a 
return control signal RC and an end-of-tape signal ET. 
Thus, when it is desired to organize the computer for a 
particular problem, a switch-to-routine signal SWR is 
entered in the tape following the problem start signal PS. 
Following the switch-to-routine signal, special orders are 
entered into the problem tape which orders control the 
switching circuits of the printer. A return control signal 
is then entered into the tape and followed by a SWP 
signal. Following this signal the printing information is 
entered into the tape which information in turn is followed 
by an RC signal and this signal followed by a PFA signal. 
The PFA signal is then followed by the section of the 
tape to be entered into the A tape by the A perforator. 
In this manner, the various sections of the problem tape 
are separated by switching signals which are employed to 
direct the subsequently entered information in the prob 
lem tape to the correct component of the computer. 
When necessary or desirable a special order or orders 

may be entered into the problem tape to substitute the 
C perforator 152 for the B perforator 15 and the trans 
mitter 162 for the transmitter 161. In order to properly 
control the circuits of the computer the SWR signal should 
present the special order or orders and an RC signal 
follow these orders. Following this RC signal the per 
forate signal PFB should be entered into the problem tape 
followed by the information desired to be entered into 
the C problem tape. Following this information an RC 
signal is entered into the problem tape and then subject 
to the switching signals, routine orders and other infor 
mation entered into the problem tape as set forth herein. 
The use of the third or C tape in this manner permits 
the use of three storage tapes to solve the problem and 
it also permits the use of this C tape as a special routine 
or formula tape which may be repeated in the solution 
of the problem as often as desired. The C tape is par 
ticularly useful where a particular routine is used infre 
quently or where the routine is more complicated than 
can be conveniently entered into the formula section of 
the computer. 

After the operator or attendant has prepared such a 
problem tape, it is inserted in the tape transmitter at 
one of the computing stations and a start key operated. 
Thereafter, when a computer becomes idle this tape 
transmitter is connected through the station connector 
circuit 130 to the problem tape control circuit 230. As 
shown in the drawing in Fig. 1 a group of make contacts 
are employed to connect the tape transmitter either to 
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the problem tape control circuit or to the printer control 
circuit. These connections are indicated by make con 
tacts in the station connectc. circuit. It is to be under 
stood that this representation is employed merely to show 
the paths over which information may be conveyed within 
the computer and that many contacts are employed for 
connecting the tape transmitter to any of the related 
circuits through the station connector circuit 130. These 
circuit paths are shown in detail in other figures of the 
drawing as described hereinafter. Upon the connection 
of a problem tape transmitter to the problem tape control 
circuit 230 the problem control circuit causes the tape 
in the transmitter to be advanced until a problem start 
signal is encountered after which the problem tape control 
circuit 230 stops the tape and seeks the first order recorded 
therein which usually is a special order for conditioning 
the computer for solving the following problem entered 
in the problem tape. Certain problems require the use 
of both the A and B storage tapes and related perforators, 
control circuits and transmitters. Other problems can be 
readily solved by the computer with the aid of only one 
tape storage transmitter. Special orders entered in the 
problem tape are employed to control and Select the 
particular type of operation desired or required for in 
the solution of any given problem. 
The problem control circuit 230 responds to Switching 

signals or information also recorded in the tape and di 
rects the information entered in the different sections of 
the problem tape to the proper portions of the com 
puter. For example, the printing instructions are di 
rected through the problem tape control circuit to the 
printer control circuit and then to the printing distributor 
A for transmission to the station connected by the sta 
tion connector circuit 130. Likewise, the problem con 
trol circuit 230 directs the information to be recorded in 
the A tape through the printer control circuit and the 
reperforator-distributor 106 to the reperforator 150. The 
problem tape control circuit 230 is employed to direct 
information to the reperforator-distributor B and then 
to the reperforator B or C in accordance with the set 
ting of the mechanism in response to special orders en 
tered in the problem tape or from some other components 
of the computer. After the necessary or desired informa 
tion has been routed from the problem tape to the proper 
tapes, printers, etc., an RC signal restores control to the 
problem tape circuit. Then a SWR signal in the tape 
switches the circuits so that the next information entered 
in the problem tape is directed to the routine control 
circuit information which causes five of the order relays 
227 to be operated at this time. 

Instead of entering all of the information and switching 
signals in the problem tape as described above, the tapes 
for the tape transmitters may be prepared by the attendant 
and then manually inserted in the transmitters when de 
sired 

If the five order relays comprise a valid order, one 
relay in each of five groups of relays will be operated. 
Thereafter, the order set up on the order relays is em 
ployed to control the computer after which another order 
from the problem tape or from some other components 
of the computer will be conveyed to the order relays 227. 
Numerous alarm and timing circuits and lamp circuits 
are provided to aid an attendant to discover the condi 
tion of the mechanism at any instant of time at which 
the trouble may occur. This computer and alarm circuit 
is designated in Fig. 2 by the number 229. 
The computer in accordance with an exemplary embodi 

ment of the present invention is controlled by orders, each 
order comprising five parts. In general, the first portion 
of the order comprises a direction or designation of a 
place to look for a number. A second portion of the 
order specifies the operation to be performed. A third 
portion frequently identifies the location of another num 
ber entering into the computation. The fourth part of 
the order indicates where the result of the computation 
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14 
is to be stored, printed or transmitted. The fifth part 
of the order indicates whether or not the numbers en 
tered into the computation are to be retained or discarded 
and whether or not certain other ancillary functions are 
performed. 

In accordance with an exemplary embodiment of this 
invention each order is simultaneously entered upon a 
group of order relays 227. By simultaneously entering 
these orders upon these relays an appreciable operating 
time is saved and in addition it is possible to readily check 
that the portions of the order are properly entered. If 
the circuits do not properly respond to the order or if 
the orders are improperly entered the equipment is ar 
ranged to time-out, actuate an alarm, and stop, make a 
second trial, or go on to another problem as will be de 
scribed herein. 

In the exemplary embodiment set forth herein means 
have been provided for entering orders upon the order 
relays 227 in different manners from different sources. 
Orders may be entered upon the order relays from the 
problem tape under control of the problem control cir 
cuit 230 and the routine circuit 210. The computer is 
also arranged so that orders may be entered upon the 
order relays from the problem keys 22i through the 
progress circuit 213 of the routine control circuit 210. 
Orders may also be entered upon the order relays 227 from 
any one of the formula levels 223, 224, 225 or 226. 

Inasmuch as it is necessary to store the orders and to 
transmit them through the circuits of the computer as 
pointed out above, it is necessary to represent the vari 
ous components of the orders by electrical signals or Sym 
bols in code form. In the tape transmitters and print 
ing and perforating equipment each portion or symbol 
of an order is represented by a plurality of perforations 
across the tape or by a plurality of pulses transmitted 
to the printer or reperforator. In order to readily check 
and thus insure proper operation of the equipment the first 
four elements of an order are represented by any three 
out of six perforations across the tape. Such codes are 
sometimes called "three out of six' codes. The final por 
tion of the order is represented by codes having four 
perforations out of six in the tape. Thus, it is easy to 
distinguish the end of each order in the tape and the cir 
cuits have been arranged to respond only to the four 
out of six perforations in the fifth position in the order. 
Numbers are likewise represented on the storage tapes 

by three out of six perforations in the tape. In other 
words, the identity of the digit or numeral of each de 
nominational order of a number is represented by a row 
of perforations across the tape in which three out of 
six different positions may be punched or perforated. 
The calculator mechanism, however, is arranged to 

employ code representations of numbers of the so-called 
biquinary code arrangements described in the Williams 
patent identified herein directed to the calculator por 
tion. It is, therefore, necessary to provide translators 
for translating codes representing a given number or sym 
bol or portion of an order from one code to another, 
both upon entering numbers from a tape transmitter to 
the tape storage registers for later transmission to the cal 
culator. Also in transmitting information from the cal 
culator and other registers to the reperforators 150, 151 
and 152 and also to the printers 112 and 122, it is neces 
Sary to again translate the biquinary representing numbers 
or other information to the codes employed by the print 
ers or reperforators. However, when the problem is ini 
tially entered into the computer from the problem tape, 
the codes employed in the problem tape transmitter are 
the same as those employed in the A storage tape and the 
B storage tape and the C storage tape so that in this 
case no translation is required between the codes rep 
resenting numbers, orders, etc. transmitted from the prob 
lem tape transmitter 113 or 123 to any of the reperfora 
tors 150, 151 and 152 and from these reperforators 
through the tapes to the corresponding storage tape trans 
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mitters 160, 161 and 162. However, when information 
from the problem tape is employed to set up orders, it is 
necessary to translate the code used in the problem tape 
to representations of the various portions of the order 
and to direct the various portions of the order to the 
proper relays of the order relays 227. 
The progress circuit 213 provides both of these trans 

lating and steering functions. Thus, orders entered in 
the problem tape transmitter 13 are transmitted over 
conductors 111 to the station connector circuit and 
through actuated relay contacts 132 to the problem tape 
control circuit 233. The problem tape control circuit 
switches the tarnsmission path from the station connec 
tor circuit to the progress circuit via the operated con 
tacts 233 where the various codes representing the elle 
mental portions of an order are translated into indica 
tions of the specific function or information of that por 
tion of the order and then the resulting translation steered 
to the proper group of order relays 227. 
The order relays 227, after having an order entered 

upon them checked, actuate numerous control contacts 
and initiate the operation of other portions of the prog 
ress circuit which complete the execution of each of the 
functions or information of each portion of the order. 
The progress circuit 213 in executing the orders makes 
numerous checks upon the various circuits employed in 
executing the order. It ascertains that the control cir. 
cuits for the various registers are all released, that the 
circuits operate properly, that the circuits are properly 
restored to their normal or idle condition and that the 
result of the computations is properly stored in the des 
ignated register or other place. 
Upon the satisfactory completion of each portion of 

the order the progress circuit then causes the problem 
tape control circuit to advance and scan the next order 
in the problem tape. If the problem tape specifies a 
formula then upon the entering of this order upon the 
order relays 227 the progress circuit is conditioned to 
execute the order and cause the proper formula of the 
formula director circuit to be selected and set up. In 
So selecting and setting up a formula, all previously se 
lected formulas of a lower level are cancelled and any 
previously selected formula in the particular level selected 
also cancelled. Upon the restoration of the selecting re 
lays of the formulas of the same and lower levels the 
circuits are advanced and the progress circuit cleared 
of the order. Thereafter, the orders called for by the 
formula circuit are entered upon the order relays 227. 

If, for example, a formula of the A formula level 223 
is selected then all of the previously selected formulas 
of levels B, C and D as well as level A are discarded 
and the various orders incorporated into the particular 
formula selected and employed to control the computer. 
Any of the formulas of the A level may select any other 
formula of any other level and if the selected formula 
is in a lower level, namely, B, C or D under the assumed 
conditions, the A formula is not discarded but the op 
eration of the A formula level circuits is merely arrested 
on the step which selected the formula of a lower level. 
Then the computer is controlled from the newly se 
lected formula which may advance through all of its 
stages or steps or it may select another formula. Upon 
the completion of all the steps of a selected formula the 
control of the computer mechanism is returned to the 
formula level which caused or ordered the selection of 
the particular formula in question and this formula will 
then advance through additional steps until the problem 
is completed. These additional steps may include a 
formula for reselecting itself or for selecting any other 
formula necessary or desirable to complete the problem. 
When the orders originate in the formula control cir 

cuits they are entered simultaneously, in part by means 
of electronic tubes and input transformers which are 
arranged so that the various orders of any given formula 
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are entered into the computer in a readily changeable 
manner but nevertheless on a semipermanent basis. 

Each of the order relays is provided with an elec 
tronic tube in combinaton with an input coil. The core 
of input coil comprises ferromagnetic material in the 
form of a toroid or has a configuration of a closed loop 
of one form or another either with or without an air 
gap. 
The secondary or input winding is connected to the 

input or control element or elements of the tube and is 
wound about the core. The actuating or input winding 
comprises a single conductor threaded through the center 
of the closed loop of the core. Upon the selecting of 
any such conductor each of which is extended through 
five of said coils to select the five elements of the order, 
a pulse of alternating current is transmitted over this 
primary or conductor threaded through the cores. As 
a result, sufficient voltage is induced in the secondaries 
of the coils through which the conductor is threaded to 
apply a sufficient voltage to the tube so as to actuate 
the relay associated therewith and thus have entered up 
on it the element of the order. 

While the control information for the computers fol 
lows the paths described above, the numerical informa 
tion is transmitted over different paths. The numerical 
information from the problem tape transmitter such as 
transmitter 113 is transmitted over conductors 111 to the 
station connector circuit 130 and operated contacts 132 
and 133 to the problem control circuit 230. As pointed 
out hereinbefore, contacts 132 and 133 as shown in 
Fig. 1 in the station connector circuit 130 actually rep 
resent a large number of contacts as is apparent from 
an examination of the detailed circuits shown herein 
after. From the problem tape control circuit, however, 
the numerical information sometimes called arguments 
and new problems or equations is transmitted differently 
from the orders. Instead of contacts 233, shown in Fig. 
2 which represent a large group of contacts directing the 
orders or information to the progress circuit 213, contacts 
234 direct the information to the printing distributor 105 
and then to the printer 112 through the operated con 
tacts 134. This information causes the printer to put 
the proper heading to the results of the problem and 
the proper heading to the various tables and any addi 
tional information which it may be desired to have the 
printer print along with the results of the computations. 
The information to be stored in the A tape by reperfora 
tor 150 is transmitted from the problem tape and through 
the problem tape control circuit through the operated 
contacts 235 to the perforator-distributor 106 and re 
perforator 150 which cause the desired information to 
be punched or perforated or otherwise stored in the 
A tape. Likewise, the information to be recorded in 
the B tape is transmitted through the operated contacts 
236 and the perforator-distributor 107 and then to the 
perforator 151 through operated contacts 135 which 
stores the information in the B tape. In case it is de 
sired to store information in the C tape from the prob 
lem tape, substantially the same path is employed except 
that contacts 136 are employed instead of contacts 135 
for connecting the reperforator 152 to the perforator 
distributor 107. As pointed out hereinbefore, the pass 
ing of the information from the tape transmitter such 
as 13 to either the A tape, the B tape or the C tape re 
quires no translation since the same code is used for re 
cording all of this information. From A to the B or the 
C tapes the numbers are transmitted through the respec 
tive tape storage control circuits 232 and 233 to the 
respective tape storage registers 267 and 268. As shown 
in Fig. 2 the various storage registers are interconnected 
among themselves and to the calculator section 2521 by 
means of two cables or sets of conductors. One set of 
conductors is designated the X multiple and the other set 
the Y multiple. Thus, when it is desired to transfer 
a number from the storage tape register A the number 
entered in this register may be transmitted to other 
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registers over either the X or Y multiple. Numbers may 
also be transmitted over either of these multiples from 
the register to the calculator section. Likewise, the 
numbers recorded in the B tape control the B transmitter 
161 which causes information to be transmitted through 
the storage tape control B circuit 233, then to the stor 
age tape register B. As pointed out herein it is necessary 
in transferring the information from either the A storage 
tape or the B storage tape to the respective tape storage 
register 267 or 268 to translate the codes employed to 
represent the information. 
While as described herein information is transmitted 

from the problem tape through the problem tape control 
circuits to the A tape storage register, the B tape storage 
register or the C tape storage register it should be noted 
that this information may be perforated in control tapes 
which are manually inserted in any of the transmitters 
160, 61 or 62 in substantially the same manner as the 
problem tape is inserted in the problem tape transmitter 
such as 113 or 123. 

In controlling the transmission or transfer of informa 
tion from any of the storage tape transmitters, provision 
is made to select the desired information. In order to 
aid and facilitate the selection of the desired storage 
information the information stored in the A tape, the 
B tape or the C tape may be given both page and block 
numbers. When it is desired to select a particular por 
tion of the tape the corresponding page and block num 
bers are entered into the respective page and block 
registers and then an order selected which establishes 
a connection from the corresponding page and block 
registers to the storage tape control circuit which causes 
the computer to advance or reverse the movement of 
tape through the transmitter in search of the proper page 
and block registers. When these are found the proper 
number is transferred to the storage tape register A, 
267 or storage tape register B, 268 depending upon 
which of the A, B, or C storage tapes is being used at 
the time. When it is desired to set any of the A, B or C 
tapes, therefore, it is only necessary to set the proper 
page and block numbers in the corresponding page and 
block registers and then order the computer to reset or 
control the movement of the tape in the transmitter 
until the corresponding page and block numbers recorded 
in the tape are found by the tape transmitting mecha 
S. 

During the computation of a problem when a number 
is obtained from either the A or the B storage tape 
registers 267 or 268 by means of an order which causes 
the corresponding register to be cleared, the register 
is cleared as directed and in addition the movement of 
the tape is initiated so that the next number stored in 
the tape is transferred through the tape storage control to 
the tape storage register A so that it will be available 
when called for by the computer circuits. In this man 
ner, the number may be transmitted from either the A 
or the B tape to the corresponding tape storage register 
while other orders are being executed and computations 
are being performed by the calculator section. 
When it is desired to either print or store any one 

of the three tapes A, B or C, the results of any of the 
calculations of the desired number to be recorded are 
entered into the printing register 266 which register then 
causes the printer control circuit 231 to be actuated. 
When the printer control circuit 231 first translates each 
of the codes of a number from a biquinary to a code em 
ployed to operate the telegraph mechanism and then trans 
mits these codes in Succession from the printer register 
circuit, it is to be noted that all of the numbers are trans 
mitted substantially simultaneously over both the X and 
Y multiples but that as stored in the various tapes each 
one of the characters or symbols must be stored sepa 
rately and in sequence. Consequently, part of the trans 
lating equipment employed for translating the various 
numbers as set forth herein must include steering cir 
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cuits for directing each of the portions of the orders 
and numbers to the appropriate relays and terminal equip 
ment. From the steering and control relays of the print 
er control circuit the desired information is transmitted 
either to the proper printer through the printer-distributor 
135 and the related contacts and the information to be 
recorded by the reperforator is likewise transmitted to 
the switching equipment of the printer control circuit 
23 to either one of the reperforators 150, 151 or 152. 
Provision has been made so that upon the entering of 
the number in the printer register 266, the printer con 
trol circuit 231 is set into operation which causes the 
proper distribution or transmission of the number element 
by element in the manner set forth herein. Meantime, 
the remainder of the computer circuits is released so 
that they may be performing other computations. If, 
however, the second order to print immediately follows or 
follows a short interval of time later before the num 
ber previously stored in the printer register has been 
recorded either by the printer or the perforators, the 
operation of the computer is stopped until the orders are 
entered in the proper positions within the computer. 

Calculator 

The exemplary computer in accordance with this in 
vention described in detail herein employs a calculator 
of the type shown in Patent 2,538,636, granted to Wil 
liams, January 16, 1951. The numerical information 
is supplied to the computer over an X multiple and a 
Y multiple and the results of the computation are re 
ceived from the calculator over the X multiple. A com 
puter in accordance with an exemplary embodiment of 
this invention provides improved arrangements for con 
trolling the Supply of information to the calculator and 
for controlling the storing of the information received 
from the calculator. Thus, while the computer in ac 
cordance with the present invention employs a calcula 
tor disclosed in said Williams patent, it does not employ 
the control, programming, and other circuits, or the 
same combinations of these circuits as disclosed in said 
above-identified Williams patent. 

In addition to supplying the numerical information to 
and receiving the numerical information from the com 
puter as set forth in the above-identified Williams pat 
ent other control leads extend to and from the computer. 
These control leads comprise means for controlling the 
calculations to be performed by the calculator which 
calculations may comprise addition, subtraction, multi 
plication, division, and extracting a square root. 
The calculator as disclosed in said Williams patent 

employs a biquinary code for representing the identity 
magnitude of the numerals in each of the denominational 
orders of the numbers employed in the computer. The 
calculator is arranged so that the numbers are all en 
tered with the decimal point before the first significant 
figure as in said patent to Williams together with the 
proper eXponent. A separate calculating section is con 
trolled by the exponent in the same manner as described 
in said above-identified Williams patent which calculat 
ing Section also controls a shift section to properly shift 
the significant figures to their proper denominational 
order prior to performing the ordered calculations. The 
use of a separate calculator controlled by the exponent 
to shift the decimal point is sometimes referred to as 
employing a floating decimal point. Thus in entering 
numbers in the calculator employed in the present com 
puter it is necessary to enter the sign of the exponent, 
the magnitude of the exponent, which magnitude is as 
Sumed to be between plus and minus 19 thus requiring 
two denominational orders, the sign of the number and 
the magnitude of each of the denominational orders. 
The calculator is arranged to record numbers having a 
maximum of ten denominational orders or positions. 

In order to reduce the time required to transfer num 
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matic operation known as the round-off takes place. This 
consists of adding 5 to the extreme right-hand digit (the 
eighth significant place) so that if the value in this is less 
than 5 no carry to the next place will occur but if the 
value in this place is 5 or more a carry 1 will increase 
the next to the last right-hand digit by this amount. In 
the present case this round-off operation will derive the 
following sum: 

12469.126 
00000005 
1246913 

It will be noted that the calculator is of that type known 
as a two-cycle calculator. The first sum having been 
taken through the contacts of the A and B relays and 
registered in the C register the sum produced on round-off 
is taken through the contacts of the A and C registers 
and registered in the B register. 
A correction in the exponent may now be made. Since 

the number registered in the exponent A register is always 
the larger, then a sum is taken in the ancillary number 
calculator adding to this number registered in the expo 
nent A register the number of places by which the first 
significant digit of the sum in the B registers is displaced 
to the right or subtracted therefrom the number of places 
by which this first significant digit is displaced to the left. 
In the example given, since the sum exactly lines up with 
the number originally placed in the A register the value 
0 will be added to the value 3 in the exponent A register 
so that the Z register will now contain the value 3 which 
will be read out along with the number derived and reg 
istered in the B register. The numbers in the B register 
and the exponent in the Z register may now be read out 
through the RD relay into the X multiple where this 
result may be transmitted to any given point. This num 
ber, by way of example, may be transmitted into the 
printer register and decimal point locator wherefrom it 
may be translated and printed or recorded. 
As another example of the correction made in the 

ancillary number register the number 1000000--03 may 
be subtracted from the number 1234567-03 whereupon 
the result derived will be 0234567-1-03 (from a mathemat 
ical standpoint). However, the number 03 will be reg 
istered in the exponent A register but since the first signi 
ficant digit of the result 2 is from a columnar standpoint 
one place to the right, 1 will be subtracted from the 
figure in the exponent A register so that the Z register 
will have the value 2 registered therein. This will be 
read out into the X multiple as the value 02 and at the 
same time the result 2345670 will be read out into the X 
multiple in such a way that the digit 2 in the B denomina 
tional order of the calculator will be read into the A 
denominational order of the X multiple to be registered 
in the A denominational order of any register into which 
it is transmitted. 

Again, if the number 9000000--03 is added to the 
number 1234567-03 the derived result is 10234567-03 
(from a mathematical standpoint). However, since a 
significant figure now appears in a column 1 to the left 
of the first significant figure of the addend then the value 
1 will be added to the value 3 in the exponent A register 
and the value transmitted from the Z register will be 
--04. In like manner, this will also control the trans 
mission of the number 10234567 from the W, A, B, C, 
D, E and F orders of the calculator into the A, B, C, D, 
E, F and G orders of the X multiple for registration in any 
register to which the X multiple may at this time be 
connected. 

Storage register 
As set forth herein a group of twelve storage registers 

A through L is provided for temporarily storing numbers 
to be used by the calculator section as well as by other 
sections of the computer. In addition, the number of 
fixed constant registers such as shown in Figs. 2 and 22 
are employed to record permanently certain constants 
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used repeatedly in the solution of the types of problems 
frequently encountered in the fields in which the cal 
culator is designed to operate. In addition, a page and 
block register for both the A and B tapes is provided as 
well as a storage tape register for each of the tapes and a 
printing register. 

inasmuch as the control circuits for the relay storage 
registers A through L are typical of each of the registers, 
the operation of one of these registers will be described 
in detail. It is to be understood that similar control 
circuits are provided for each and every one of the other 
registers and that these registers cooperate with the 
routine control circuits, the X and Y multiples and other 
circuits in substantially the same manner. The differences 
in the case of a tape storage register and the printer 
register are described herein. 

Fig. 21 shows the circuit details of a typical one of 
relay Storage registers and is assumed to be the A storage 
register. 
The storage register such as shown in Fig. 21 com 

prises four groups of relays. It comprises a group of 
contro relays such as 21A and 21B which relays are 
employed to extend circuits from the routine control 
circuit into the register circuit. The register also com 
prises a group of Switching or read relays 21-EUR and 
21-AR through 21-JR and 21-RY. The operating cir 
cuit for these relays extends through the closed contacts 
of either relay 21A or relay 2B. The operation of relays 
21-EUR, 21-AR through 21-JR is employed to connect 
the storage relays to the X multiple so that a number 
can either be read into or out of the register over the 
X multiple when these relays 21-EUR, 21-AR through 
21-JR are operated. When relay 21-RY is operated the 
number stored in the register is read out on the Y mul 
tiple. Relay 2-YR is arranged to apply ground to one 
contact of the pairs of contacts controlled by each of the 
storage relays which are employed to read out the number 
on the Y multiple. 
A group of Seven storing relays is required for storing 

the identity or magnitude of the symbol for each of the 
denominational orders of the number. In addition, a 
group of Seven relays is required to store the units or 
lowest denominational order of the exponent and a group 
of six relays employed to register the sign of the number, 
the sign of the exponent and the tens digit of the 
exponent. 

in addition, a locking relay 21-LK is provided for 
interrupting the locking path of the storing relays for 
storing the number. Thus, when it is desired to clear 
the register of a number, it is necessary to operate the 
locking relay 21-LK. As shown in the drawing the 
winding of relay 21-LK extends to the routine control 
circuits through operated contacts of either relay 21A 
or 21B. 

In addition to the above relays, circuits, and contacts 
provided in the register circuit, down-check and up-check 
circuits are provided. For example, a down-check circuit 
is provided through a break contact on relay 21A and a 
break contact on relay 21 B together with break contacts 
on each and every one of the other relays corresponding 
to relays A and B in the various registers. This circuit 
is shown at the top right-hand corner of Fig. 21. While 
all of the relay contacts for all of the registers are indi 
cated or shown in a chain circuit of contacts shown in the 
upper right-hand corner of Fig. 21, it is to be understood 
that the various relays are located in the respective register 
circuits. 
A down-check circuit shown in the left-hand portion 

of the drawing is provided for each of the register relays. 
This circuit is completed by and extends through either of 
the operated contact 2107 or contact 2120 of relay 21A 
or 21B. If any one of the relays fails to close the above 
circuit and thus fails to release, a trouble alarm is sounded 
so that the nature of the trouble can be determined. In 
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addition, an up-check circuit is provided which extends 
through make contacts in series on each relay of each of 
the groups of relays and this series circuit from one group 
of relays extends through the next so that if a proper 
number of relays in each group or subgroup is operated 
the up-check circuit is completed which up-check circuit 
extends through the operated contacts of relay 2A or 
21B to the routine control circuits as described herein. 
In this up-check circuit one of the two binary relays and 
one of the five quinary relays must operate in each denom 
inational order to complete this up-check circuit. in acidi 
tion, a group of alarm contacts is provided as shown in 
the middle column on the left-hand end of Fig. 21. These 
contacts are arranged in a circuit such that if both of the 
exponent zero and exponent tens conductors become 
grounded an alarm is sounded and the presence of the 
difficulty brought to the attention of the operator or main 
tenance people. These contacts are shown in the middle 
column of contacts in the right-hand portion of Fig. 21. 
These contacts are arranged so that if more than the re 
quired number of relays in any group or subgroup is 
operated, i. e., both binary relays or any two of the 
quinary relays of any denominational order, an alarm 
signal is sounded and the operation of the system stopped. 

Before starting the execution of any order, the release 
condition of all the A and B relays is checked and then 
in case of an idle register the release condition of each 
one of the register relays is checked. Also the response 
of a register to reading a number into it is likewise 
checked. Each one of these checks transmits a signal 
back to the routine control circuit to indicate that the 
check has been satisfactory or unsatisfactory and to 
sound an alarm when unsatisfactory and stop the entire 
computing mechanism. 

Station connector circuit 

As shown in Figs. 1 and 2 and also in Figs. 4B and 5B, 
provision has been made to operate the computer from a 
plurality of control stations. Each of these control sta 
tions is provided with a tape transmitter referred to herein 
as the problem tape transmitter and also the printer on 
which the results of the computations are printed. In 
addition, various control keys and lamps may be pro 
vided at each of the stations as may be desired. 

Inasmuch as it is desired to control the computer from 
a plurality of stations, it is necessary to provide a station 
connecting circuit for connecting the various stations to 
the computer when it is desired to enter a problem from 
the respective control stations. In general, when it is de 
sired to initiate the operation of the computer from any 
control station the problem tape is first prepared and this 
tape is then inserted in the problem tape transmitter lo 
cated at the control station and then a start key also 
located at this station operated. 

Thereafter, the circuits operate substantially auto 
matically and independent of further attention of an at 
tendant or operator at either the control station or at the 
computer. 

Since it may be attempted to enter a problem from 
each or all of the control stations substantially simul 
taneously the station connector circuit which is shown 
in Figs. 5A, 5B and 5C is arranged so that the control 
stations are connected in a fixed sequence or preference. 
For example, control station 1 is always connected if it 
has any problems awaiting solution. If station 1 has no 
problems awaiting station solution, then station 2 is con 
nected and finally with neither station 1 nor station 2 hav 
ing problems awaiting connection or awaiting solution 
and station 3 having such problems, then station 3 will 
be connected. 

While only three stations are shown or indicated in the 
drawings, it is to be understood that as many control 
stations may be provided as may be desired or convenient. 

Figs. 4A and 4B show certain of the equipment located 
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at the control stations as well as tape storage apparatus 
located at the computing station. Printer 4A-100 is lo 
cated at station 1, printer 4A-200 is located at station 2 
and printer 4A-300 is located at station 3. The prob 
lem tape transmitter 4 B-100 is also located at station 
1. The corresponding problem tape transmitters at sta 
tions 2 and 3 have not been shown in Fig. 4A or 4B but 
are further shown and indicated in Fig. 1. Likewise, 
the necessary connections to these stations are indicated 
in Fig. 5B which are similar to the connections of the 
problem tape transmitter 4B-100. In addition to the 
printer 4A-100 and the problem tape transmitter 4B-100 
a group of keys including start key 5C-01, copy key 
5C-02 and the release key 5C-03 are also provided at 
station 1. Similar keys are provided at stations 2 and 
3 to connect to corresponding relays at these stations. 
When it is desired to enter problems from station 1 

the problem tape is prepared and inserted in the trans 
mitter 4B-100 and then the start key 5C-01 is operated at 
station 1. The operation of key 5C-01 completes an ob 
vious circuit for the operation of relay 5B-STM1 from 
ground through the operated contacts of key 5C-01, the 
break contacts 5B-01 to battery through the winding of 
relay 5B-STM1. Relay 5B-STM1 in operating closes 
its locking contacts and completes circuits for maintain 
ing itself operated under control of break contacts of 
relays 5C-CT1 and 5B-INCT and under control of relay 
14-06 and release key 5C-03. If it is desired to enter 
problems from the other control stations the correspond 
ing relays 5B-STM2, 5B-STM3, etc., are likewise op 
erated. 
The sequence or preference circuits for connecting the 

various stations to the computer in predetermined order 
as described above are shown at the left-hand portion of 
Fig. 5C. 
Assume for purpose of illustration that the computer 

is normal and not operating at the time the tape is inserted 
in the problem tape transmitter 4B-100 and that the key 
5C-01 is operated. Under these circumstances, relays 
14-96, 14-06B and relay 8-RCN are released with the 
result that ground is applied to the PG lead which extends 
from Fig. 14 through Figs. 13, 10, 9, 8, 7, 5B to 5C and 
then through the operated contacts 5C-01 of relay 
5B-STM1, the break contacts 5C-02 of relay 5C-CT2, 
contacts 5C-03 of relay 5C-CT3 to battery through the 
winding of relay 5C-CT. Relay 5C-CT1 in operating 
closes an obvious locking circuit for maintaining itself 
operated under control of contacts of relay 5B-STM1 
and opens contacts 5B-03 of relay 5C-CT1, thus inter 
rupting one of the locking circuits for relay 5B-STM1. 

If relay 5B-STM2 had been operated instead of relay 
5B-STM1 then relay 5C-CT2 would operate providing, 
of course, that relay 5B-STM1 is released. If both 
relays 5B-STM1 and 5B-STM2 are released and relay 
3 B-STM3 operated, then relay 5C-CT3 would operate. 
In other words, relays 5C-CT1, 5C-CT2 and 5C-CT3 
are operated in the above order when a plurality of the 
relays 5B-STM1, 5B-STM2, 5B-STM3 are operated. 
Likewise, suitable interlocking circuits are shown so that 
it case any one of the relays 5C-CT1, 5C-CT2 or 
5C-CT3 is operated the operation of these relays inter 
rupts locking circuits for the other relays, thus insuring 
that the other relays release so that any one of the relays 
5C-CT1, 5C-CT2, 5C-CT3, etc., may remain operated. 
Furthermore, the operating circuits of each of these re 
lays go through break contacts of others of these relays 
and so long as any one of them is operated the others 
of these relays cannot operate. 
Assuming now that relay 5C-CT1 operates and actu 

ates contacts 5C-04 which interrupt the locking circuits 
for relays 5C-CT2 and 5C-CT3. In addition, the op 
eration of relay 5C-CT1 closes contacts 5B-01 which 
contacts complete an obvious circuit for operating relay 
5B-1A. Relay 5B-1A in operating closes contacts 
4A-01 which contacts connect the printing distributor 
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4A-02 to the printer 4A-100 at station 1. The opera 
tion of relay 5B-1A also actuates contacts 4A-03 which 
contacts remove a short-circuit or holding ground from 
the printer, thus permitting the printer to receive signals 
transmitted to it from the printing transmitter-distributor 
4A-02 under control of the printer control circuit as de 
scribed herein. Likewise, the operation of relay 5B-01 
causes the left-hand group of contacts in the center of 
Fig. 5B to be operated which contacts connect the various 
leads extending from the problem tape transmitter 4B-100 
to the conductors 5B-02 which conductors extend to the 
problem control circuit. In a similar manner, had one of 
the other relays 5C-CT2 or 5C-CT3 been operated, then 
the respective relays 5B-2A or 5B-3A would operate and 
connect the corresponding printer and tape transmitters, 
respectively, to the printing distributor 4A-02 and the 
tape transmitter to the problem tape control circuits. 
When it is desired to release the connection from a con 
trol station either the release key 5C-03 is operated or 
relay 14-06 is operated. The operation of either the 
key 5C-03 or relay 14-06 interrupts the locking circuit 
of relay 5B-STM1, thus permitting this relay to release 
and in turn release relay 5C-CT1 and relay 5B-1A, thus 
restoring the station control circuit to its normal or 
idle condition. Thereafter, the station control circuit 
works as described above and connects any of the other 
stations in predetermined order which have problems 
awaiting solution entered into them. 

Problem control circuit 

The operation of relay 5C-CT1 in the station connector 
circuit as described above or the operation of either of 
the other connecting relays 5C-CT2 or 5C-CT3 in the 
sequence circuit shown in Fig. 5C will close one of the 
respective contacts 6A-01, 6A-02 or 6A-03 and then 
complete an obvious circuit for the operation of the 
start relay 6A-STA. 
The operation of the 6A-STA relay completes an obvi 

ous circuit for the operation of the 8-ST relay and the 
8-ST1 relay shown in Fig. 8 from battery through the 
windings of these relays and the operated contacts of the 
6A-STA relay to ground through the break contacts 801 
of the 14-TRCY relay. 
As set forth herein, numerous "down-check” circuits 

are provided to insure that the various relays are released 
and the equipment is in its normal condition before the 
computer will accept and compute a new problem or 
new functions or steps within a given problem or solu 
tion. The machine is first set into operation as assumed 
above when the start key 5C-01 is operated and the 
6A-STA relay is operated. If the relays are all normal 
and the equipment is in condition to accept the instruc 
tions and numerous numbers required in the solution of 
a problem, numerous relays are operated by the down 
check circuits. For example, if there is no alarm con 
dition registered in the alarm circuit, the alarm check 
relay 8-ALN will be operated to the operated contacts 
802 of the 8–ST relay to ground through a down-check 
circuit of numerous relays in the alarm circuit indicating 
that no alarm is registered in the alarm circuit. Like 
wise, if the storage tape control circuits are normal, the 
relay 8-TCBN will be operated in a similar circuit ex 
tending through normal contacts in the storage tape con 
trol circuit. Likewise, a relay 8-PTN will be operated 
in a similar down-check circuit extending through the 
contacts of relays of the printer control circuit. Simi 
larly, relays 8-PCN, 8-CCN and 8-TCAN will be oper 
ated in similar down-check circuits extending respec 
tively through the problem tape control circuit, the cal 
culator circuit and the storage tape control circuit. 
A typical down-check circuit for at least a portion of 

the routine control circuit is shown in detail in Figs. 8 
and 12 for the operation of relay 8-RCN which circuit 
extends from battery through the winding of the 8-RCN 
relay to ground through the operated contacts 803 of the 
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8-ST1 relay, the normal contacts 804 of the 8-ST4 relay 
and through a series circuit extending through break con 
tacts of each of the relays 1-UP5, 11-UP4, 11-UP3, 
11-UP2, 11-UP1, 12-CT1, a2-CT2, 12-CT4, 11-STE1, 
11-STE2, 11-STE3, 11-STE4 and 11-STE5. If all of 
the above relays are normal or unoperated, then relay 
8-RCN operates in the above-described circuit indicating 
that at least a portion of the routine control circuit is 
in its normal condition. The operation of the above 
described relays in their respective down-check circuits 
completes a circuit for the operation of relays 8-ST3 and 
8-ST4 which circuit extends from battery through the 
windings of these relays to ground through operated con 
tacts 805 through 812, inclusive, and the operated con 
tacts 813 of start relay 8-ST. The operation of relay 
8-ST3 completes a circuit for the operation of relays 
7-RG and 7-RG from battery through the winding of 
relay 7-RG, through the break contacts 704, contacts of 
relay 1409 and also from battery through the winding of 
relay 7-RG1 and then through the operated contacts 701 
of the 8-ST3 relay, through the break contacts 702 of 
the 7-RCY1 relay to ground through the operated con 
tacts 703 of the 8-ST1 relay. 
Assume further for purpose of illustration that the 

computer had previously been turned off so that relays 
17-1 and 17-13 are released. Consequently, upon the 
operation of relay 8-ST1, contacts 1704 will close and 
complete circuits from ground through contacts 1704 and 
normal contacts of relays 17-11 and 17-13 over the re 
spective conductors PCI and SCI which conductors ex 
tend to Fig. 5B and cause the operation of relays 5B-SCI 
and 5B-PCI. The operation of relay 5B-PCI closes the 
contacts shown in the middle row across Fig. 6A which 
contacts extend the conductors of cable SB-02 which con 
ductors are connected through the operated contacts of 
relay 5B-1A to the conductors from the problem tape 
transmitter 45-100 to the control relays shown across the 
lower portion of Fig. 6A. 

Relay 5B-SCI likewise connects the conductors ex 
tending from the B storage tape transmitter 4C-200 to 
conductors extending to the B tape control circuit. 
The operation of relay 8-ST4 as described above closes 

contacts 8-15 which contacts complete a circuit for the 
operation of a high speed hunting relay 6A-HSH from 
battery through the winding of relay 6A-HSH, the break 
contacts 6A-01 of relay 6A-SSC, the break contacts 
6A-02 of relay 6A-AC3 to ground through the operated 
contacts 8-15 of relay 8-ST4. The operation of relay 
6A-HSH connects the contacts of the problem tape trans 
mitter 4B-100 to scan the tape at high speed and also 
prepares circuits for operating the start or clutch magnet 
of this transmitter. 
The composition of the problem tape inserted in the 

problem tape transmitter 4B-100 usually includes the 
following sections which take the following form: 

(A) A section of blank tape, i. e., unperforated tape 
sufficiently long to permit the tape to be readily inserted 
in the problem tape transmitter without any perforations 
other than feed perforations appearing over the sensing 
pins of the tape transmitter. 

(B) Several PS symbols. These symbols are prob 
lem start symbols and a sufficient number of these sym 
bols is usually punched or perforated in the tape to per 
mit problem identification symbols to be written on the 
tape alongside or adjacent these perforations. The prob 
lem start signal PS comprises a code in which a zero posi 
tion is perforated or punched. 

(C) An SWR signal which signal is employed to 
switch the problem tape to control the routine control 
circuits. This symbol has perforations in every position 
except in No. 4 position. 

(D) Control data usually in the form of orders for 
conditioning the computer for different types of routine 
control codes for use with different types of problems, 



2,797,862 
27 

Orders may also be inserted in this section of the tape 
for resetting the storage tapes and otherwise condition 
ing the computer for solving the following problem. 

(E) An RC code which is employed to restore con 
trol of the problem tape transmitter to the problem tape 5 
control circuits and disconnect the connection between 
the problem tape transmitter and the routine control cir 
cuits previously established by the SWR signal. The RC 
signal comprises perforations in all of the positions of 
the tape except in No. 1. 

(F) An SWP symbol which is employed to Switch the 
problem tape transmitter to control the printer. 

(G) Data to be printed including the heading of the 
problem, the heading of any columns to be printed as lis 
well as any other data desired to be printed with the 
solution of the various steps of the problem. 

(H) Another RC symbol to interrupt the connection 
between the problem tape and the printer control circuit. 
This symbol employs the same code as the RC signal 
described above. 

(I) The PFA symbol which is employed to connect 
the problem tape to the printing contro circuit for trans 
fer of data from the problem control tape to a storage A 
tape. The PFA symbol or code comprises a perforation 
in all of the positions except in No. 3. 

(J) Information and data to be employed by the con 
puter which is to be stored in the storage A tape for the 
solution of a given problem. The first data entered into 30 
the problem tape at this time and transferred to the A 
storage tape is usually the formula number required to 
solve the problem or a portion thereof. 
A “tape argument check" signal TAC is employed after 

page and hock numbers. 35 
A number check code NC is employed after each num 

her to indicate the end of the number. 
The ENC code is employed to advancs the computer 

from one group or type of computaticns to another gro in 40 
or type of computations or from one phase of the solution 
of a problem to the next phase of the Solution. 

(K) Another RC symboli as above fo interrtipi the 
connection between the problem tape transmitter and 
the printing control circuit. 45 

(L.) A PiB symbol which is employed to connect 
the problem tape transmitter to the printer control cir 
cuit for conveying data from the problem tape to the 
B storage tape. The code of this symbol comprises a 5) 
perforation in every position across the tape except the 
No. 2 position. This code is used in the above-described 
manner only in case two storage tapes are employed to 
solve the problem. 
(M) Data to be transmitted to the B tape which is 

similar to the data which may be transmitted to the A 
tape aid includes the values of the arguments and other 
numericai information required to solve the problem. 
The information transmitted to both the A and B 

tapes may be divided up into sections separated by either 60 
or both page and block numbers to aid in the hunting 
and finding various sections and information recorded 
in the respective tapes. 

By use of special Ciders as described herein the C tape 
and related equipment may be substituted for the 3 tape 
and informaticii similarly recorded in the C tape in : 
mainiatër similiai te the mani?ers inforrinašion is entered ii 
the A aid the B tipes. 

(N) Another RC signal to interrupt the connection 
between the problem tape transmitter and the printer con- 0 
trol circuit. 

(O) Another SWR signal to switch the problem tape 
transmitter to the routine control circuit. 

(P) Frequently computer orders to start the opera- M 
tion of the computation of the problem are included in 
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the tape. Additional orders may also be included to 
specify suitable formula when desired. 

(Q) Another RC signal to interrupt the above con 
nection between the problem tape transmitter and the 
routine control circuits. 

(R) A group of PS signals to indicate the start of a 
new problem. 

(S) The above series of symbols are entered into the 
tape as required by the next problem. Many problems 
may be entered into a tape as may be desired. 
The tape control readers or transmitters Such as 

4B-100 are so arranged that they come to rest with the 
clutch magnets such as 4B-CH released. In the rest or 
stop position, all of the pins are permitted to rise and 
sense any tape that may be in the transmitter. In addi 
tion, hoth the auxiliary contacts 4B-62 and the universal 
contacts 4B-01 are closed. The transmitter is released 
by operating the clutch magnet and upon operation of 
the clutch magnet the transmitter shaft is released and 
rotated by means of a motor, not shown. During the 
first portion of the rotation of this shaft the auxiliary coin 
tacts open, then the universal contacts open and then 
the fingers are withdrawn from the tape causing the tape 
controlled contacts to be all actuated to their spacing 
position. Thereafter, the tape advances and then the 
fingers are again permitted to rise and sense the next row 
across the tape. The auxiliary confacts reclose at about 
the same time that any of the contacts () through 5 close 
when permitted to do so by a perforation or punch in 
the tape. At a little later interval of time the universal 
contacts close and then the transmitter comes to rest. 

Thus, when the tape is inserted as described above, the 
pins are depressed since a blank section of tape is in. 
Serted over the pins. Consequently, when the higli speed 
hunting relay 6A-HSH operates, the circuit for the clutch 
magnet 4B-CH is completed from battery through the 
clutch magnet winding 4B-CH over lead 22 which ex 
tends through the station connector circuit and in par 
ficular through contacts of relays SB-A and through 
contacts of relay 5B-PCI, contacts 6A-06 of relay 
6A-HSH. conductor 29 to the tape transmitter, through 
the auxiliary contacts 4B-02 of the tape reader 4 - 84), 
over conductor 30, through contacts 6A-7 of rely 
6A-HSH, break contacts 6A-08 of relay 6A-AC3, oper 
ated contacts 6A-09 of relay SA-HS and over lead 
to the tape transmitter and then through the normal celin 
tacts of the zero reading pin and hern (3Y, er e di 24, 
through the operated contacts 6A-E of relay GA-HSH 
and then to ground through the operated contacts 8-5 
of relay 8-ST4. Ground is also connected freyrin cron 
ductor 24 through the universal contacts 4 3-6} to con. 
ductor 23 which causes relay 6A-UC to operate at is 
time. 
The operation of the clutch magnet 4B-CH at this 

time releases the tape reader or transmitter which in turn 
causes, first, the auxiliary contacts 4B-02 to release and 
release the clutch magnet 4B-CH. Next, the universal 
contacts 4B-01 release and then the tape pins are with 
drawn. However, since all of the tape control contacts 
were maintained in the spacing position the circuits re 
main in the above-described condition. Then the tape 
is advanced one position or one row and the sensing 
fingers released and permitted to rise and sense the per 
forations in the tape. So long as no perforations appear 
over the sensing fingers all of the tape contro contacts 
remain in their spacing or normal condition as shown in 
the drawing. Consequently, as the auxiliary contacts fol 
lowed by the universal contacts close the above-described 
circuit for operating the clutch magnet 4B-CH is com 
pleted causing this magnet to operate and release the 
transmitter shaft for further rotation. With the high 
Speed hunting relay 6A-HSH operated, the circuits are 
arranged to hunt for a PS code. In other words, a code 
having a perforation only in the Zero position. In order 
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to by-pass all other codes, contacts 6A-11 of relay 6A 
HSH connect the armature of the No. 5 tape control con 
tact with the back or break contact of the No. 4 tape 
control contacts. Similarly, contacts 6A-12, 6A-13, and 
6A-14 of relay 6A-HSH connect the break or spring 
contact of each of the tape control contacts with the arma 
ture of the next high number tape control contacts. 
Contacts 6A-15 of relay 6A-HSH connected the front or 
marking contact of the 0 tape control contacts with the 
armature of the 1 tape control contacts. Consequently, 
so long as or when a no perforation is found in the Zero 
position in the tape the circuits are operated as de 
scribed above. If a perforation is encountered in the 
zero position in the tape and a perforation is present in 
another position in the tape, then upon the closure of the 
universal contacts as the reader or transmitter approaches 
the stop position a circuit is again completed for the 
operation of the clutch magnet 4B-CH. Under these 
circumstances, the circuit extends from ground through 
the operated contacts 8-15 of relay 8-ST4, the operated 
contacts 6A-10 of relay 6A-HSH and lead 24 through 
the universal contacts 4B-01, the operated Zero tape 
control contacts and then over conductor 1 and through 
contacts 6A-15 of relay 6A-HSH, back over conductor 
14 to the armature of the No. 1 tape control contacts. 
If this contact is operated to its marking position due to 
a contact finger arising through a perforation or a punch 
in the tape, ground will be connected to the No. 2 lead 
and then through contacts 6A-16 of relay 6A-HSH and 
then through the break contacts 6A-08 of relay 6A 
AC3, operated contacts 6A-07 of relay 6A-HSH, conduc 
tor 30 to the tape transmitter, through the auxiliary 
contacts 40-02, conductor 29, the operated contacts 6A 
06 of relay 6A-HSH and then over conductor 22 to 
battery through the winding of the clutch magnet 4B-CH, 
thus causing the operation of this magnet under these 
circumstances. If the tape control contact 1 is normal 
but some other one or ones of these contacts is operated, 
then the circuit for operating the clutch magnet 4B-CH 
will extend from the armature and break contact of each 
of these normal contacts through the above enumerated 
contacts of relay 6A-HSH to the first one of these tape 
contacts which are operated and then over conductor 2 
and over the above-described circuit. Thus, each time the 
universal contacts close as the transmitter approaches 
the rest or stop position, the clutch magnet is reoperated 
if there is no zero perforation in the tape over the sensing 
fingers when they are releaased prior to the stop position. 
Likewise, the circuit for the clutch magnet is closed when 
the universal contacts close if there is a perforation in 
the zero position in the tape and also a perforation in 
any other position of the tape over the reading pins. 
Under all of these circumstances the clutch magnet is 
again operated and the tape advanced to the next posi 
tion. 
Under the assumed conditions after all of the blank 

portion of the tape has been thus by-passed and passed 
out of the transmitter, the sensing pins will sense the 
first of the PS codes with the result that the zero pin 
will pass through a perforation in the tape and actuate 
its armature to its marking position while each of the 
remaining tape sensing contacts 1 through 5 is maintained 
in its spacing position by the unperforated tape above 
the corresponding tape sensing pins. Under these cir 
cumstances with the tape control contacts 1 through 5 
maintained in their spacing position as shown in the 
drawing and the Zero control contact actuated to its mark 
ing position as the tape transmitter 4B-100 approaches 
its rest position and the universal contacts 4B-01 close, a 
circuit will be completed for the operation of relay 6A 
AC2 which circuit extends from battery through the wind 
ing of relay 6A-AC2, back contacts 6A-17 of relay 6A 
AC3, conductor 12 and then through a series circuit of 
the break contact of the tape control contacts 5, contacts 
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6A-11 of relay 6A-HSH, normal tape control contacts 4, 
contacts 6A-12 of relay 6A-HSH, normal contacts 3 of 
the tape reader, contacts 6A-13 of relay 6A-HSH, nor 
mal contacts 2 of the tape reader 4B-100, operated con 
tacts 6A-14 of relay 6A-HSH, normal contacts 1 of the 
tape reader 4B-100, contacts 6A-15 of relay 6A-HSH, 
the operated contacts of the tape reader 4B-i(00, over 
lead 24 and the operated contacts 6A-10 of relay 6A 
HSH to ground through the operated contacts 8-15 of 
relay 8-ST4. 
The operation of relay 6A-AC2 closes contacts 6A-18 

and 6A-19. The closure of contacts 6A-18 connects 
ground to the right-hand winding of terminal of relay 
6A-AC3, thus providing a locking circuit for relay 6A 
AC2. However, relay 6A-AC3 does not operate at this 
time because it has ground connected to both of its wind 
ing terminals. 
The closure of contacts 6A-19 applies ground from 

contacts 8-15 of relay 8-ST4 through break contacts 
6A-28 of relay 6A-AC3 and operated contacts 6A-07 
of relay 6A-HSH to lead 30 and then over the above 
described circuit extending to the clutch magnet 4B-CH. 
The clutch magnet operates in the above circuit causing 
the reader to advance and advance the tape. Under the 
assumed conditions, additional problem start signals or 
codes PS will be encountered in the tape with the next 
rotation of the tape distributor 4 B-100. Shortly after 
the beginning of the rotation of the reader mechanism at 
this time the universal contacts open and remove the 
ground connected to conductor 24 from the above 
described operating path of relay 6A-AC2 with the 
result that relay 6A-AC2 remains operated and relay 
6A-AC3 operates in series with relay 6A-AC2. 
The operation of relay 6A-AC3 actuates a number 

of contacts including contacts 6A-05. The actuation of 
contacts 6A-05 interrupts the circuit of the high speed 
hunting relay 6A-HSH, thus permitting this relay to re 
lease and the release of relay 6A-HSH opens the numer 
ous contacts controlled by this relay and described herein 
and thus interrupts the above-described circuits for op 
erating the clutch magnet 4B-CH. 

In addition, the release of relay 6A-HSH closes con 
tacts 6A-20 which contacts together with the actuation 
of contacts 6A-05 complete circuits for the operation 
of relay 6A-SSC and 6A-STG which circuits extend from 
battery through the windings of these relays, the normal 
contacts 6A-20 of relay 6A-HSH, the operated contacts 
6A-05 of relay 6A-AC3 to ground through the operated 
contacts 8-15 of relay 8-ST4. Thus, the release of the 
high speed hunting relay and the operation of the slow 
speed control relay as described above interrupt the above 
described circuits for high speed hunting for PS or prob 
lem start signals and rearranges the circuits for testing 
and reading each row of perforations in the tape which 
perforations may be used to control the circuits described 
herein. 
As the shaft of the transmitter-distributor continues 

to rotate after the universal contacts 4B-01 open as de 
scribed above the tape sensing pins are withdrawn and 
the tape advanced and these pins released. Under the 
assumed conditions there will now be entered over the 
sensing pins a second problem start code. Consequently, 
as the tape reader approaches a stop position, the zero 
tape control contact will be actuated while the remaining 
contacts are maintained in their normal or spacing con 
dition. In addition, the auxiliary contacts and the uni 
versal contacts also close. 

Relay 6A-SCC in operating, for example, closes con 
tacts 6A-30 through 6A-36, inclusive, which connect the 
operating windings of relays 6A-0 through 6A-5 and 
6A-NO to the tape control contacts of the tape reader 
or transmitter 4B-100. The operating winding of relay 
6A-0 is connected to the armature of the zero contact 
of the tape reader while relays 6A-1 through 6A-5 are 
connected to the front contacts of the No. 1 to No 5 tape 
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control contacts and the operating winding of relay 
6A-NO is connected to the back contact of the zero tape 
control contact of the tape reader 4B-100. In addition, 
relay 6A-UC is connected to one terminal of the aux 
iliary contacts 4B-01. The operation of relay 6A-SCC 
also closes numerous other contacts for interconnecting 
the circuits from the tape reader or transmitter 4B-100 
with the relays of the problem control circuit shown in 
Figs. 6A, 6B and 6C as described herein. 
The operation of relay 6A-SCC also closes contacts 

6A-27 which contacts connect the winding of relay 6A-AC 
through contacts 6A-26 of relay 6A-AC1 to conductor 
29 extending through the auxiliary contacts 4B-02 to the 
station connector circuit as described herein. 
The operation of relay 6A-STG as described above 

in response to the operation of relay 6A-AC3 closes con 
tacts 6B-0 which contacts apply ground to a down 
check circuit through break contacts on each of the code 
relays 6A-5’ through 6A-0', and on relay 6B-ALM, and 
on relays 6A-AC and 6B-RC and through two sets of : 
break contacts of relay 6B-STP to battery through the 
winding of relay 6B-DW. Relay 6B-DW operates in 
the above-described circuit and applies locking ground 
from the operated contacts 6A-22 of relay 6A-STG to 
the locking contacts of the code relays 6A-0 through 
6A-5 and 6A-NO. The operation of relay 6B-DW also 
actuates contacts 6A-21 which contacts apply ground 
to a number of the contacts of a number of the relays 
as shown in Fig. 6A. For example, the actuation of 
contacts 6A-21 completes a locking circuit for maintain- 3 
ing relay 6B-DW operated under control of relays 
6B-STP and 6A-STG independent of the contacts in the 
above-described chain or down-check circuit. 

In addition, the operation of contacts 6A-21 of relay 
6B-DW applies ground from contacts 6A-22 of relay 
6A-STG through the operated contacts 6A-21 and break 
contacts 6A-23 of relay 6A-AC1 through the operated 
contacts 6A-24 of relay 6A-SSC to the conductor 24 
extending through the universal contacts 4B-01 of the 
tape reader 4B-100. 
The circuits now remain in this condition until the 

tape reader or transmitter 4.B-100 approaches a rest po 
sition. Of course, if the transmitter should arrive at its 
rest position prior to the operation of relays 6A-SSC and 
6B-DW, the circuits will operate as described hereinafter 
as soon as the relays 6A-SSC and 6B-DW operate. 

However, assuming that these relays operate prior to 
the tape transmitter or reader 4.B-100 reaching a stop 
position, as the transmitter mechanism 4B-100 ap 
proaches the stop position the tape control contacts are 
first positioned in accordance with the perforations over 
the sensing or reading fingers at that time and then the 
auxiliary contacts close at about the same time. The 
closure of the auxiliary contacts at this time completes 
a circuit for the operation of relay 6A-AC from battery 
thrcugh the winding of relay 6A-AC, the break con 
tacts 6A-25 of relay 6A-AC, the operated contacts 
6A-27 of relay 6A-SSC, conductor 29, auxiliary contacts 
4B-02, conductor 30, contacts 6A-28 of relay 6A-SSC 
to ground through the operated contacts 6A-21 of relay 
6B-3W and the operated contacts 6A-22 of relay 
6A-STQ. Relay 6A-AC in operating closes contacts 
6A-37 which contacts prepare an operating circuit for 
relay 6A-ACE and a locking circuit for relay 6A-AC. 
Relay 6A-ACA, however, does not operate at this time 
because it has ground connected to both of its winding 
terminais. A short interval of time later the universal 
contacts 4B-thi close and complete circuits for the oper 
ation of relays 6A-6 through 6A-5 and 6A-NO under 
control of the setting of the tape control contacts and 
also for the operation of relay 6A-UC. A circuit for 
the operation of relay 6A-UC extends from battery 
through the winding of relay 6A-UC, conductor 23 ex 
fending through the station connector circuit and the 
closed universal contacts 4B-01, conductor 24 and then 
through the operated contacts 6A-24 of relay 6A-SSC, 
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the break contacts 6A-23 of relay 6A-AC1 to ground 
through the operated contacts of relay 6A-2 of relay 
6B-DW and contacts 6A-22 of relay 6A-STG. 
Under the assumed conditions no problem start signal 

PS will be over the reading or sensing pins at this time 
which signal has a perforation in the zero position. 
Consequently, the zero tape control contacts will be 
actuated to a marking position while the remaining tape 
control contacts 1 through 5 will be maintained in the 
unoperated or spacing condition. Consequently, the oper 
lation of the auxiliary contacts as described above com 
pletes a circuit for the operation of relay 6A-0. The re 
maining code relays 6A-1 through 6A-5 remain re 
leased. The circuit for operating relay 6A-0 at this 
time extends from battery through the left-hand oper 
ated winding of relay 6A-0 through the operated con 
tacts 6A-30 of relay 6A-SSC and over conductor 1 
through the operated 0 tape control contacts to ground 
through the operated universal contacts 4B-0 over con 
ductor 24 of the circuit path traced above. At this time, 
ground from conductor 23 extending to the winding of 
relay 6A-UC as described above which causes the oper 
ation of relay 6A-UC also extends through the oper 
ated contacts 6A-25 and over lead 2 to the front con 
tacts of the tape control contacts 6A-1 through 6A-5. 
Since none of these contacts are closed under the assumed 
conditions this ground does not extend to any of the 
other code relays 6A-1 through 6A-5. 

Relay 6A-0 in operating closes its locking contact 
for maintaining itself operated under control of relays 
6B-DW and 6A-STG to the respective contacts 6A-38 
and 6A-22. The operation of relay 6A-0 also closes 
contacts 6A-39 which contacts complete a circuit for 
the operation of relay 6A-0'. 
The operation of relay 6A-UC closes contacts 6A-40 

which contacts complete a circuit for the operation of 
the clutch magnet 4B-CH in a circuit extending from 
battery through the winding of the clutch magnet 4B-CH, 
over lead 22 extending to the station connector circuit, 
the operated contacts 6A-4 of relay 6A-AC, break 
contacts 6A-42 of relay 6A-AC1, operated contacts 
6A-40 of relay 6A-UC, operated contacts 6A-21 of 
relay 6B-DW and contacts 6A-22 of relay 6A-STG. The 
operation of the clutch magnet 4B-CH releases the dis 
tributor mechanism which then rotates and first causes 
the auxiliary contacts 4B-02 to open and remove the 
short-circuit from around the winding of relay 6A-AC1 
which relay operates and locks operated in series with 
relay 6A-AC. Relay 6A-AC1 in operating opens con 
tacts 6A-42 thus releasing the clutch magnet. Relay 
6A-AC1 in operating also opens contacts 6A-23 which 
contacts partly open the circuit applying ground to con 
ductor 24. A short time interval later when universal 
contacts 4B-01 open, relay 6C-UC releases and removes 
ground from conductor 24, thus removing ground from 
the universal contacts and also the tape control contacts. 
The tape transmitter nevertheless advances to the next 
stop position. In advancing to the stop position the tape 
fingers are first retracted and then the tape advanced and 
the fingers then released to sense the next row of perfora 
tions in the tape. As the transmitter approaches the stop 
position, both the auxiliary and universal contacts close 
as well as the tape control contacts. However, due to 
the operation of rðlay 6A-AC1 as described above the 
closure of these contacts does not cause any of the 
other relays to operate or the circuits to function unless 
and until additional relays function as will now be de 
scribed. 

In response to the closure of contacts of relay 6A-0' 
as described above, a circuit is completed through con 
tacts 60-4 of relay 6B-RTC, contacts 6C-02 of relay 
6B-RB, contacts 6C-03 of relay 6B-RA, contacts 6C-04 
of relay 6B-PRT, contacts 6B-05 of relay 6A-1, contacts 
6C-06 of relay 6A-2', contacts 6C-07 of relay 6A-3”, 
contacts GC-08 of relay 6A-4, contacts 6C-09 of relay 
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6A-5, contacts 6C-10 of relay 6A-NO and operated 
contacts 6C-11 of relay 6A-0 through the break con 
tacts 6B-05 of relay 5B-INT C, contacts 6C-04 of relay 
6B-SPD to battery through the winding of relay 6C-STP. 
Relay 6B-STP operates in the above-described circuit 
and interrupts the operating and locking circuits for re 
lay 6B-DW with the result that relay 6B-DW releases 
and releases relays 6A-AC, 6A-AC1 if operated and 
6A-UC and removes the locking ground from the wind 
ing of relay 6A-0. The release of relay 6A-0 in re 
sponse to the release of relay 6A-0 as described above 
interrupts the above-described circuit for the operation 
of relay 6B-STP with the result that this relay releases 
and again completes the above-described down-check 
circuit for the operation of relay 6B-DW which circuit 
extends from ground through contacts 6B-01 through 
the down-check circuit above-described to the winding 
of relay 6B-DW. 
The reoperation of relay 6B-DW again completes a 

circuit for maintaining itself operated as described above 
and also completes a circuit for applying ground to the 
conductor 24 extending to the tape control transmitter 
contacts. Thus, when these contacts reclose and when 
the universal contacts close, the above-described cir 
cuits for operating these various relays are again com 
pleted with the result that the clutch magnet is reoper 
ated and the above cycle of operations repeated. This 
cycle of operations is again repeated each time a problem 
start signal is sensed over the sensing pins of the tape 
transmitter. 
Assume now that all of the problem start signals PS 

have been discarded in the above-described manner. 
Upon the sensing of the last one of these signals the 
operation of the tape clutch magnet and the operation of 
relay 6B-STP, the release of relay 6B-DW and the re 
operation of relay 6B-DW, the circuits are conditioned 
as described above with ground applied to the conductor 
24 extending through the universal contacts 4B-01 of 
the tape reader or transmitter 4B-100 and the winding 
of relay 6A-AC connected to conductor 29 extending 
through the auxiliary contacts 4B-02 of the tape reader 
or transmitter 4 B-100. At this time the tape transmitter 
in advancing will retract the sensing pins as described 
above and then advance the tape to the next perforation 
which is assumed to be an SWR signal. Thereafter, 
the tape reading or sensing pins are released and they 
are actuated against the tape. In this case the perforation 
will appear on each of the pins except pin No. 4 with 
the result that the tape control contacts 0 through 3, in 
clusive, and 5 are actuated to their marking position 
while the No. 4 contact is maintained in its spacing posi 
tion. A short time later the auxiliary contacts 4B-02 
close and complete the above-described circuit for oper 
ating relay 6A-AC, Thereafter, the universal contacts 
4B-01 close and apply ground to the armature of the 
zero tape control contacts and to the front contacts of 
the 1 through 5 tape control contacts. The circuits for 
applying ground to these contacts are the same as de 
scribed above with reference to sensing the PS codes. 
Consequently, circuits are completed for operating relays 
6A-0, 6A-1, 6A-2, 6A-3 and 6A-5 which relays in turn 
complete their locking circuits for maintaining them 
selves operated under control of contacts 6A-38 and 
6A-22 of the respective relays 6B-DW and 6A-STG. 
The operation of these relays in turn completes obvious 
circuits for the operation of relays 6A-0" through 6A-3”, 
inclusive, and 6A-5'. 
The operation of the universal contacts 4B-01 also 

completes the above-described circuit for operating relay 
6A-UC. The operation of relay 6A-UC closes contacts 
6A-40 which contacts complete the above-described cir 
cuit for operating the transmitter clutch magnet 4B-CH, 
thus releasing the transmitter or reader 4B-100. As a 
result, the transmitter is set into operation and the auxil 
iary contacts 4B-02 open, first removing a short-circuit 
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from around the winding of relay 6A-AC1 as described 
and permitting this relay to operate and lock in Series 
with relay 6A-AC. The operation of relay 6A-AC1 
actuates contacts 6A-42 and interrupts the operating 
circuit of the clutch magnet 4B-CH with the result that 
the transmitter mechanism stops when it comes to the 
next stop position. 
A short interval of time after the auxiliary contacts 

4B-02 open, the universal contacts 4B-01 open and re 
move ground from the tape control contacts and thus 
interrupt the operating circuits of relays 6A-0 through 
6A-3, inclusive, and 6A-5. These relays do not release 
at this time, however, because they are maintained op 
erated due to ground flowing through their locking 
winding and contacts as described herein. When the 
universal contacts 4B-01 open they also interrupt the 
operating circuit of relay 6A-UC which relay opens 
contacts 6A-43 and removes ground frfom the conduc 
tor 24 extending to the universal contacts 4B-01. 
A short interval of time after the universal contacts 

4B-01 open, the tape sensing pins are withdrawn from 
the tape, the tape is advanced and the sensing pins again 
released to sense the tape. Shortly thereafter the 
auxiliary contacts reclose and then the universal contacts 
reclose after which the transmitter or reader is stopped 
in a stop position. At this time the code in the tape 
following the SWR code is sensed by these contacts. 
However, until the circuits operate as described herein 
the SWR code remains entered upon the code relay 6A-0 
through relays 6A-5, 6A-0' and 6A-5'. 
The operation of relay 6A-AC1 together with the re 

lease of relay 6A-UC as described above when the 
transmitter advances after having sensed the SWR code 
completes a circuit for the operation of relay 6B-RTC 
which circuit extends from battery through the winding 
of relay 6B-RTC to the break contacts 6B-06 of relay 
6B-ALS and then through operated contacts 6B-07 of 
relay 6A-5' and then through operated contacts of relays 
6A-3' 6A-2', 6A-1' and 6A-0' to the GI lead and then 
through the break contacts 6B-08 of relay 6A-4 which 
relay is normal at this time since no perforation appears 
in the fourth position for the SWR code, through the 
break contacts 6B-09 of relay 6B-RC, the break contacts 
6B-10 of relay 6A-UC, contacts 6B-11 of relay 6A-AC1 
to ground. Relay 6B-RTC in operating closes contacts 
6B-12 which contacts connect ground through the break 
contacts 6B-13 of relay 6B-RC1 to the upper winding 
of terminal of relay 6B-RTC1. Relay 6B-RTC1, how 
ever, does not operate at this time because ground is 
connected to both of its winding terminals. 
The operation of relay 6B-RTC completes a circuit 

for the operation of relay 6B-STP which circuit extends 
from battery to the winding of relay 6B-STP through 
the break contacts 6B-04 of relay 6B-SPD, the operated 
contacts 6B-14 of relay 6B-RTC, the break contacts 
6B-15 of relay 6B-RTC1 to ground through the operated 
contacts 6B-16 of relay 6A-0' which relay is operated at 
the present time because a perforation is present in the 
Zero position for the SWR code. Relay 6B-STP in op 
erating interrupts the operating and locking circuits of 
relay 6B-DW, thus permitting this relay to release which 
relay in turn interrupts the locking circuits for relays 
6A-AC and 6A-AC1 which relays thereupon release. 
The release of relay 6B-DW also opens contacts 6A-38 
which contacts interrupt the locking circuit for relays 
6A-0 through 6A-3 and 6A-5, thus permitting these re 
lays to release and in turn release relays 6A-0 through 
6A-3' and 6A-5". These release of relays 6A-0 through 
6A-3' and 6A-5’ interrupts the above-described operat 
ing circuit for relay 6B-RTC. Consequently, the 
ground is removed from the center or common connec 
tion between the windings of relays 6B-RTC and 6B 
RTC1 with the result that relay 6B-RTC1 operates in 
series with relay 6B-RTC and maintains relay 6B-RTC 
operated. 
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The operation of relay 6B-RTC1 closes contacts 6B-17 
and completes an obvious circuit for the operation of 
relay 6B-RTC2. Relay 6B-RTC2 in operating in turn 
closes contacts 6B-18 and completes an obvious circuit 
for the operation of relay 6B-ALS. The operation of 
relay 6B-ALS transfers all of the code leads SWR, SWP, 
PFA and PFB to the winding of relay 6B-ALM. Con 
sequently, if a second switching code such as PS, SWR, 
SWP, PFA or PFB is received before a restore code 
RC is received the alarm relay 6B-ALM is operated in 
dicating a trouble condition which also causes the com 
puter to stop until the trouble is cleared. 
The operation of relay 6B-RTC1 closes contacts 6C-12 

through 6C-17 and connects the contacts 6B-20 through 
6B-25, inclusive of the code relays 6A-0 through 6A-5", 
inclusive, of the code relays 900 through 905 of the 
translating and steering circuit of the routine control 
circuits. 
The operation of relay 6B-RTC1 also closes contacts 

1120 for the operation of relay 11-STG. A circuit 
for the operation of relay 11-STG extends from battery 
to the winding of relay 11-STG, the break contacts 1104 
and 1103 of relay 8-MF, the operated contacts 1120 of 
relay 6B-RTC1, the operated contacts 804 of relay 8-ST4 
to ground through the series down-check circuit which 
comprises a break contact on each one of the relays of 
the steering circuit shown in Figs. 8, 9, 11 and 12. When 
these relays are all normal indicating that the equip 
ment is in condition to respond to signals, relay 11-STG 
operates and closes contacts 1201. The closure of con 
tacts 1201 completes a circuit for the operation of relay 
12-CT1 from battery through the winding of relay 
12-CT1, the normal contacts 1202 of relay 11-UP1, the 
operated contacts 1201 of relay 11-STG to ground 
through the series down-check circuit comprising a break 
contact on each one of the code relays 900 through 905. 
The operation of relay 12-CT1 completes a circuit 
through its locking contacts 1203 for maintaining itself 
operated under control of contacts 1205 and 1204 of 
relays 11-UP1 and 11-STG, respectively. Relay 2 
CT1 in operating completes an obvious circuit for the 
operation of relay 11-STE1 which relay extends the 
translating contacts of relays 900 through 905 to the 
first column of order relays of Fig. 46. The operation 
of relay 12-CT1 also closes contacts 906 which apply 
ground to the translating contacts of relays 900 through 
905 so that upon the operation of these relays one of 
the relays of the first column in Fig. 46 will be operated. 
The operation of relay 6B-RTC1 as described above 

also actuates contacts 65-15 which contacts interrupt the 
operating circuit of relay 6B-STP, thus permitting relay 
6B-STP to release and restore the operating circuit of 
relay 6B-DW to the down-check circuit through the code 
relays 6A-0 through 6A-5'. If all of these relays are 
released in response to the above-described operation of 
relay 6B-DW, relay 6B-DW will again be operated at 
this time. It should be noted that if the relays 6A-0 
through 6A-5' are released the relays 900 through 905 
will also be released so that both the down-check circuit 
for operating relay 6B-DW and the down-check circuit 
for operating relay 12-CT1 as described above will be 
completed, thus indicating that all of the equipment is 
now in condition to record a first portion of an order. 
The operation of relay 6B-DW at this time again com 
pletes a circuit for maintaining itself operated as de 
scribed above and also applies ground to conductor 24 
extending through the universal contacts of the tape reader 
and connects ground to lead 30 extending through the 
auxiliary contacts of the tape reader 4B-100. 

If the tape reader has not reached its stop position or 
has not closed the universal and auxiliary contacts and 
the tape control contacts by the time relay 6B-DW op 
erates, the circuits wait until this reader closes these 
contacts. If, however, the reader or transmitter 4B-100 
has reached its stop position then the operation of relay 
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6B-DW causes the circuits to operate as described here 
inafter. In either event the combined operation of relay 
6B-DW and the closure of the auxiliary contacts 4B-02 
complete a circuit described herein for the operation of 
relay 6A-AC which relay partially prepares a circuit for 
the operation of the clutch magnet 4B-CH and also pre 
pares a circuit for maintaining itself operated and for 
the operation of relay 6A-AC1 when the auxiliary con 
teats 4B-02 open as described hereinafter. 
The combined operation of relay 6B-DW and the op 

eration of the universal contacts 4B-01 apply ground to 
the tape control contacts of the reader or transmitter 
4B-100 and thus complete circuits for the operation of 
the code relays 6A-0 through 6A-5 in accordance with 
the perforations in the tape over the sensing fingers. At 
this time the code over these sensing fingers will be the 
code following the SWR code. For purpose of descrip 
tion, assume that the order T F 0 7 HH is the order 
next in the problem tape following the SWR signal. This 
order would not normally immediately follow an SWR 
signal but assume that it does, for purpose of describing 
the operation of the system. If the above order is as 
sumed to follow the SWR signal or code in the tape then 
the T symbol or code with a perforation in the 0, the 4 
and the 5 positions will be above the sensing pins of the 
tape reader 4B-100. Consequently, relays 6A-0 and 
6A-4 and 6A-5 will operate at this time upon the ap 
plication of ground to the tape control contacts through 
the universal contacts 4B-0. These relays lock operated 
under control of relay 6B-DW and complete circuits for 
the operation of relays 6A-0', 6A-4' and 6A-5'. 
The combined operation of relay 6B-DW as described 

above and the closure of the universal contacts 4B-01 also 
complete a circuit for the operation of relay 6A-UC 
which relay closes contacts 6A-40 and completes the 
above-described circuit over conductor 22 for the opera 
tion of the clutch magnet 4B-CH with the result that the 
tape reading mechanism is again set into operation. The 
operation of this mechanism first causes the auxiliary 
contacts 4B-02 to open and remove the short-circuit from 
around the winding of relay 6A-AC1, thus permitting 
this relay to operate in series with relay 6A-AC. Relay 
6A-AC1 in operating opens contacts 6A-42 and inter 
rupts the operating circuit of the clutch magnet 6B-CH, 
thus causing the transmitter to come to rest at its next 
stop position. Continued operation of the reading mech 
anism causes the universal contacts to open, the tape 
sensing fingers to be retracted which in turn restore the 
tape control contacts to their spacing positions, causes the 
tape to be advanced, the tape sensing pins to be re 
leased and the contacts controlled by them to be op 
erated in accordance with the next set of perforations in 
the tape which under the assumed conditions will be in 
positions 1, 4 and 5 representing the symbol or character 
F, as shown in Fig. 47, to cause the auxiliary contacts 
to reclose and then the universal contacts to reclose 
after which the transmitter will come to rest in a stop 
position. At this time the T symbol is still recorded upon 
the code relays of Fig. 6 while the tape control contacts 
are positioned in accordance with the F symbol. How 
ever, inasmuch as relay 6A-AC1 has operated and relay 
6A-UC released, ground is removed from the universal 
contacts 4B-01 over conductor 24 so that the setting 
of the contacts of the tape transmitter is ineffective to 
actuate any of the relays or circuits at this time. 
As described above when the reading mechanism on 

transmitter 4B-100 is advanced after reading the perfora 
tions in the tape representing symbol T and actuating 
code relays 6A-0 through 6A-5 and 6A-0' through 
6A-5’ to represent the code or symbol T the auxiliary 
contacts 4B-02 open and remove the short-circuit from 
around the winding of relay 6A-AC1 and allowing this 
relay to operate in series with relay 6A-AC. A short 
time later the universal contacts 4B-01 open and release 
relay 6A-UC. The opening of the universal contacts 
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4B-01 also removes ground from the tape control con 
tacts of the reader 4B-100 which interrupts the operating 
circuit of the code relays 6A-0 through 6A-5, inclusive, 
but the relays previously operated in this group remain 
locked operated under control of relay 6B-DW. 
The operation of relay 6A-AC1 closes contacts 6B-11 

and the release of relay 6A-UC closes contacts 6B-10 
which contacts apply ground to the break contacts 6B-09 
of relay 6B-RC to the G1 lead. This ground then ex 
tends through contacts 6B-26 and 6B-27 in parallel to 
the G1 lead. Under the assumed conditions relays 6A-2 
and 6A-3 are released. From the G1 lead, ground ex 
tends through contacts 6B-30 of relay 6A-0, contacts 
6B-34 of relay 6A-4 and contacts 6B-35 of relay 6A-5' 
all in parallel and then through the operated contacts 
6B-36 of relay 6B-TRC1 to the code contacts 6B-20 
through contacts 6B-25 of the respective relays 6A-0' 
through 6A-5'. Inasmuch as relays 6A-0', 6A-4' and 
6A-5' are operated at this time ground then extends 
through contacts 6B-20, 6B-24 and 6B-25 to the leads 
1, 4 and 5 which leads now extend through the oper 
ated contacts 6C-12 through 6C-17 of relay 6B-RTC1 
to the windings of the code relays 900 through 905. 
Under the assumed conditions, relays 900, 904 and 905 
are operated. The operation of these relays completes 
a circuit from ground through contacts 906 of relay 
12-CT1 over the T lead to operate relay 46-1T of the 
order relays. As described herein the operation of relay 
46-1T completes a circuit for the operation of relay 
45-1RC. When one and one only of the relays in the 
first column, Fig. 46, operate they complete a circuit 
for the operation of relay 45-1RC. The operation of 
relay 45-1RC closes contacts 1107 which contacts com 
plete an obvious circuit for the operation of relay 
11-UP1. Relay 11-UP1 in operating interrupts the 
operating the locking circuit of relay 12-CT1, thus per 
mitting this relay to release and relay 12-CT1 in releas 
ing releases relays 12-CT1 and 11-STE1, interrupting 
the operating circuit of relay 46-1T. Relay 46-1T does 
not release at this time because it is held operated under 
control of its locking circuit as described herein. 
The operation of relay 11-UP1 completes a circuit for 

maintaining itself operated under control of contacts 1204 
of relay 11-STG and closes contacts 1109. The actu 
atoin of contacts 1109 completes a circuit for the opera- - 
tion of relay 6B-STP from battery through the winding 
of relay 6B-STP, the normal contacts 6B-04 of relay 
6B-SPD, the break contacts 6B-02 of relay 6B-RC1, 
contacts 6B-03 of relay 6B-ALM and then over the 
STP conductor extending from Fig. 6B through Figs. 
8, 11, 12 and 13 and through contacts 1310 of relay 
6A-FMY, normal contacts 1301 of relay 10-ROK and 
then over a conductor back through Figs. 13, 12 and 
11 through the break contacts 1110 of relay 12-CT2, 
the operated contacts 1109 of relay 11-UP1, the break 
contacts 1112 of relay 11-UP2 and through similar 
break contacts of relays 11-UP3, 11-UP4 and 11-UP5 
to ground through the break contacts 1105 of relay 
18-CTR1 and contacts 1106 of relay 7-RG1. Relay 
6B-STP in operating in the above-described circuit inter 
rupts both the operating and locking circuits of relay 
6B-DW which relay thereupon releases and interrupts 
the locking circuit of relays 6A-AC1 and 6A-AC, allow 
ing these relays to release. The release of relay 6B-DW 
also interrupts the locking circuit for the previously oper 
ated code relays which code relays 6A-0, 6A-4 and 6A-5 
release. The release of these relays in turn releases the 
relays 6A-0', 6A-4' and 6A-5'. The release of relays 
6A-0, 6A-4' and 6A-5' causes contacts 6B-20 to open 
and contacts 6B-24 and 6B-25 to open and release the 
corresponding relays 900, 904 and 905. The release of 
the relays 6A-0, 6A-4 and 6A-5 also recompletes 
the down-check circuit through break contacts of these 
relays which circuit is employed later to reoperate relay 
6B-DW as will be described. The release of relays 900, 
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904 and 905 will complete a down-check circuit through 
the code relays 900 through 905 and the operated con 
tacts 1201 of relay 11-STG, the operated contacts 1202 
of relay 11-UP1, the break contacts 1207 of relay 
11-UP2 to battery through the winding of relay 12-CT2. 
Relay 12-CT2 in operating completes a circuit for main 
taining itself operated under control of contacts 1209 
of relay 11-UP2 and the operated contacts 1204 of 
relay 11-STG. Relay 12-CT2 in operating operates the 
steering relay 11-ST2 which relay in turn connects the 
translator or code contacts from relays 900 through 905 
to the relays of the second column of the order relays 
of Fig. 46. The operation of relay 12-CT2 also closes 
contacts 930 which contacts apply ground to the trans 
lating and code contacts of the code relays 900 through 
905. Thus, the steering circuit of the routine control 
circuit has now been advanced one step so that the code 
relays 900 through 905 have their contacts connected to 
the second column of relays of Fig. 46. 
The operation of relay 12-CT2 also interrupts con 

tacts 1110 which contacts interrupt the operating circuit 
of relay 6B-STP and cause this relay to release and again 
complete the operating circuit of relay 6B-DW. 

Thus, the T code has been transferred from the stor 
5 age tape to the first column of relays of Fig. 46 and the 
tape transmitter advanced so that it is sensed in the next 
or F code and the steering relays of Figs. 8, 9, 11 and 
12 are actuated so that the F code when it is transferred 
to the code relays of Fig. 6A will likewise be transferred 
through the code relays 900 through 905 to one of the 
relays of the second column of the order relays of Fig. 46. 
The combined operation of relay 6B-DW together with 

the closure of the auxiliary contacts 4B-01 and trans 
mitter 4B-100 again complete a circuit for the opera 
tion of relay 6A-AC and the combined operation of 
relay 6B-DW and the closure of the universal contacts 
4B-01 of the tape reader 4B-100 apply ground to the 
tape control contacts and also cause the operation of 
relay 6A-UC. As a result, the code relays 6A-0 
through 6A-5 and 6A-NO operate in accordance with 
or under control of perforations or other storage mani 
festations in the tape or record medium and lock oper 
ated and cause the operation of relays 6A-0 through 
6A-5'. These relays in turn cause contacts 6A-20 
through 6A-25 to be operated in accordance with the 
relays operated in accordance with the perforations in 
the tape and under the assumed conditions represent con 
tacts 6B-21, 6B-24 and 6B-25 since perforation will be 
in the first, fourth and fifth positions in the tape to rep 
resent the letter F. In this case, since relay 6A-0 is 
not operated, relay 6A-NO will be operated. 
The operation of relay 6A-UC again closes clutch 

magnet 6B-CH and releases the transmitter or reader so 
that it will advance to its next stop position. In so ad 
vancing, the auxiliary contacts 4B-02 first open and per 
mit relay 6A-AC1 to operate and then the universal con 
tacts open and remove ground from the tape control con 
tacts and also permit relay 6A-UC to release. As a re 
Sult, ground is again applied through contacts 6B-11 of 
relay 6A-AC1, contacts 6B-10 of relay 6A-UC, con 
tacts 6B-09 of relay 6B-RC, contacts 6B-26 of relay 
6A-2 in parallel with contacts 6B-27 of relay 6A-3 and 
then through a parallel group of contacts 6B31 of relay 
6A-1, contacts 6B-34 of relay 6A-4 and contacts 6B-35 
of relay 6A-5", contacts 6B-36 of relay 6B-RTC1 and 
then through the contacts 6B-21, 6B-24 and 6B-25 of 
the corresponding relays 6A-1, 6A-4 and 6A-5'. This 
ground then extends to the windings of relays 900 through 
905 causing relays 900, 904 and 905 to operate with the 
result that a circuit is completed for the operation of 
relay 46-2F. This relay locks operated under control 
of relay 18-CTR1 and in turn causes the operation of 
relay 45-2RC. Thus, the second portion of the order is 
transferred to the second column order relays of Fig. 
46. The circuits then continue to function in the manner 
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described above and cause each of the succeeding portions 
of the order to be stored in the succeeding columns of 
relays of Fig. 46. 
Upon storing of the fifth portion of the order and 

the operation of relay 11-5 UP, ground is not applied to 
the stepping lead to operate the stepping relay 6B-STP 
as was the case upon the operation of the previous relays 
11-1UP through 1-4UP indicating the registration of 
the corresponding portion of the order. At this time the 
tape reader will be advanced so that the succeeding sym 
bol entered in the tape will be over the sensing pins. 
However, the code relays 6A-0 through 6A-5 are not 
operated. Instead, the operation of the problem tape 
reading mechanism 4.B-00 as well as the circuits con 
trolled by the relays described above is stopped until 
the routine control circuits execute each of the portions 
of the order as described herein. Upon the completion 
of the execution of this order which causes the opera 
tion of relay 14-37, relay i8-CTR is operated in the 
manner described herein which relay actuates contacts 
4653 and releases the order relays of Fig. 46 and also 
actuates contacts it:5 and ii.16. Contacts 1116 in open 
ing interrupt locking circuits of relay 45-5UP and cause 
the control circuits for the order relays to be restored to 
normal or their initial condition where they will be ready 
to control the entering of another number. The actua 
tion of contacts 1105 interrupts the locking circuit of 
relay -STG, thus permitting relay 11-STG to release. 
The release of relay -STG opens contacts 1201 and 
1234 which contacts in turn permit relays 11-UP1 througn 
11-UPS and relay -STE5 to release with the result 
that the steering circuit of relays of Figs. 8, 9, 11 and 
12 are restored to normal. Consequently, the chain cir 
cuit through break contacts of these relays checking the 
down-check condition of the relays is completed. Upon 
the restoration of the relays of the control circuits for 
the order relays of Fig. 46 and in particular upon the 
release of relays 45-1 RC, 45—2RC, 45-3RC, 45–4RC, 
45-5RC and 45-CO, relay 18-CTR1 also releases and 
closes contacts 1105, 1116 and 4653. 
The completion of the down-check circuit through 

the relays of the steering and control circuits of Figs. 8, 
9, 11 and 12 as described above again completes a cir 
cuit for the operation of relay 11-STR which relay op 
erates and closes contacts 120 and 1264 and thus con 
ditions the steering circuits for responding to the next 
order. 
The operation of relay 11-STG closes contacts 2 

which contacts apply ground to the stepping lead from 
the operated contacts iO6 of relay 7-RG1, the break 
contacts 65 of relay 18-CTR1 and the break contacts 
16 and 15 of relays 11-UP5 and 11-UP4, respec 
tively, and through break contacts over relays 11-UP3, 
1-UP2 and 11-UP1, the break contacts 119 of relay 
2-CT; and the operated contacts 1121. The applica 

tion of ground to this lead again causes relay 6B-STP 
to cperate and in turn release relay 6B-DW. The re 
lease of relay 6B-DW permits the code relays 6A-0 
through 6A-5 and 6A-NO to release which relays in turn 
permit relays 900 through 905 to release and complete the 
down-check circuit described herein for operating relay 
12-CT1. Relay 2-CTi in operating actuates contacts 
is which contacts interrupt the ground applied to the 

stepping lead and thus permit relay 6B-STP to release. 
The release of relay 6B-STP at this time again closes the 
operating circuit for relay 6B-DW through the down 
check circuit described herein and causes the tape trans 
mitter or reader to transfer the code above these sensing 
pins to the first column of relays of Fig. 46 in the man 
ner described herein. In this manner, each one of the 
succeeding elements and portions of each of the succeed 
ing orders recorded in the problem tape is transferred to 
the order relays of Fig. 46 step by step and these orders 
executed whereupon the elements of the next order are 
similarly transferred to the order relays and then this 
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order is executed, etc. The above cycles of operation 
of the problem control circuit in the problem tape trans 
mitter or reader and the steering circuits and other cir 
cuits of the routine order circuits continue so long as 
additional orders are entered into the problem tape. At 
the end of this section of the problem tape an RC code is 
entered into the tape. The RC code comprises a perfora 
tion in each and every position except the No. 1 position. 
As described above, after the complete order preceding 

the RC code is entered upon the order relays, the op 
eration of the tape reader and the problem control cir 
cuit as well as the steering portion of the routine control 
circuits is Suspended until this order is executed. Upon 
the execution of each of the portions of the order as de 
Scribed herein, relay 18-CTR1 operates and permits relay 
i-STG to release which relay restores the control and 
Steering relays of the routine control circuits shown in 
Figs. 8, 9, 11 and 12 and conditions these circuits for 
responding to the elements of another order. The re 
lease of these relays completes the down-check circuit 
for reoperating relay 11-STG which relay then reoperates 
and closes contacts 1121. Meantime, the order relays 
of Fig. 46 as well as the control relays of Figs. 44 and 
45 are also released and upon the release of these relays, 
relay 18-CTRs releases and recloses contacts 1105, 
i 16 and 4653. The reclosure of contacts 1105 together 

With the operation of contacts 121 apply ground to the 
STP lead for operating relay 6B-STP. Relay 6B-STP 
in operating again releases relay 6B-DW which relay 
releases and interrupts the locking circuit of the code 
relays 6A-8 through 6A-5 and 6A-NO, thus permitting 
these relays to release and release the corresponding 
code relayS 6A-0' through 6A-5' and relays 900 through 
905. The release of relay 6B-DW also causes relays 
6A-ACE and 6A-AC to release. The release of relays 
900 through 905 completes a down-check circuit de 
scribed above for operating relay 12-CT1 which relay 
operates and causes relay 11-STE1 to operate and con 
dition the steering circuit to respond to the first portion 
of an order. The operation of relay 12-CT1 actuates 
contacts 11 i9 which contacts remove ground from the 
stepping lead and thus permit relay 6B-STP to release. 
The release of relay 6B-STP together with the closure 
of the down-check circuit through relays 6A-01’ through 
5A-5 again completes a circuit for the operation of 
relay 6B-DW. At this time under the assumed condi 
tions, the RC code will be positioned above the tape 
Sensing pins and the transmitter or tape reader at least 
in one of its stop positions. If the tape reader has 
not reached the stop position, then the circuits will wait 
until the various contacts for the transmitter are actuated 
as it approaches the stop position as described herein. 
if, however, the transmitter or tape reader 4B-100 has 
reached its stop position, then the closure of the contacts 
of relay 6B-DW as described herein completes a circuit 
for operating relay 6A-AC, applies ground to the lock 
ing contacts of relays 6A-0 through 6A-5 and 6A-NO 
and also completes a circuit described hereinbefore for 
operating relay 6A-UC. The operation of relay 6A-UC 
advances the tape transmitter as described above. In 
addition, the operation of relay 6B-DW also applies 
ground to the tape control contacts which cause relay 
6A-6) through 6A-5 and 6A-NO to operate in accord 
ance with the setting of the tape control contacts which 
contacts are set in accordance with the perforations in 
the tape over the sensing fingers at this time. Under 
the assumed conditions, therefore, with an RC code 
over the sensing pins, relays 6A-0, 6A-2 through 6A-5 
are operated. Likewise, the corresponding relays 6A-6' 
and 6A-2' through 6A-5' are also operated. Upon the 
advance of the tape reader 4B-60, the auxiliary con 
tacts open and the universal contacts open with the re 
Sult that relay 6A-AC1 operates and closes contacts 
6B-10 applying ground to the G lead through the break 
contacts 6B-09 of relay 6B-RC. Ground applied to 
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the G lead at this time, however, does not extend to the 
G1 lead or to the code contacts 6B-20 through 6B-25 
because all of the contacts 6B-26, 6B-27, 6B-08 and 
6B-26 are actuated because the respective relays 6A-2 
through 6A-5 are operated in response to perforations in 
the tape over the tape sensing pins 2 through 5 of the RC 
code assumed to be over the sensing pins. Instead, this 
ground is transmitted through the operated contacts 
6B-37 of relay 6A-0 which is operated in response to 
the 0 perforation of the RC code, then through break 
contacts 6B-41, the operated contacts 68-42 through 
6B-45 to battery through the winding of relay 6B-RC. 
Relay 6B-RC in operating closes contacts 6B-46 which 
contacts complete an obvious circuit for the operation of 
relay 6B-RC1. Relay 6B-RC1 in operating actuates con 
tacts 6B-13 which contacts together with the operated 
contacts 6B-47 of relay 6B-RC complete a circuit for 
maintaining relay 6B-RC operated under control of con 
tacts 6B-12 of relay 6B-RTC and contacts 8-16 of 
relay 8-ST4. 

It should thus be noted that under these circumstances 
the RC code is not transferred to the code relays 900 
through 905 but instead is employed to operate relays 
6B-RC and 6B-RC1 as described above. 
The operation of relay 6B-RC1 actuates contacts 6B-02 

which contacts complete a circuit for the operation of 
relay 6B-STP from battery through the winding of relay 
6B-STP, the break contacts 6B-04 of relay 6B-SPD to 
ground through the operated contacts 6B-02 of relay 
6B-RC1. Relay 6B-STP interrupts the operating and 
locking circuits of relay 6B-DW as described herein 
before and which causes relay 6B-DW to release and 
release the code relays which have stored upon them 
the RC code. Relays 6A-AC and 6A-AC1 are also re 
leased at this time. 
The actuation of contacts 6B-13 of relay 6B-RC1 

interrupts the locking circuit of relays 6B-RTC and 
6B-RTC1. Consequently, the operating circuit of relay 
6B-ALS is released which restores the switching code 
contacts to their normal circuits. The release of relay 
6B-RTC1 also opens contacts 6A-12 through contacts 
6C-17 and thus disconnects the windings of relays 900 
through 905 from the code contacts 6B-20 through 
6B-25 of the code relays 6A-0' through 6A-5. The 
release of relay 6B-RTC opens contacts 6B-12 which 
contacts interrupt the locking circuit of relays 6B-RC 
and 6B-RC1, thus permitting these relays to release and 
restore the switching circuits of the problem control cir 
cuit shown in Figs. 6A, 6B and 6C to their normal con 
dition. The release of relay 6B-RC1 interrupts the above 
described operating circuit of relay 6B-STP and per 
mits this relay to release and restore the operating cir 
cuit of relay 6B-DW and the down-check circuit includ 
ing contacts of the code relays 6O-0' through 6A-5". 
Relay 6B-DW in operating together with the closure 
of the auxiliary contacts and the universal contacts of 
the tape reader 4.B-100 cause the circuits to respond to 
the next order entered into the problem tape. Assume, 
for example, that this code comprises an SWP signal 
for directing the succeeding codes entered in the problem 
tape to the printer through the printer control circuit. 
The SWP code comprises a perforation in the tape in 

each one of the positions 0 through 4 but no perforation 
in the No. 5 position. Consequently, when the tape trans 
mitter senses this code the tape control contacts 0 
through 4 are actuated to their spacing position. Then 
when the auxiliary contacts close, relay 6A-AC operates 
as described above and when the universal contacts 4B-01 
close, assuming, of course, that relay 6B-DW is operated 
as described above, the code relays 6A-0 through 6A-4 
operate and relay 6A-UC operates. As a result, relays 
6A-0' through 6A-4 also operate. 
The operation of relay 6A-UP causes the clutch mag 

net 4B-CH to operate and advance the transmitter or 
tape reading mechanism 4B-100. This mechanism will 

O 

s 

20 

25 

30 

40 

45 

50 

55 

60 

65 

70 

75 

42 
thereupon advance to the next stop position and in so 
advancing opens the auxiliary contacts 4B-02 and the 
universal contacts 4B-0 retract the sensing pins and 
restore the tape control contacts, advance the tape and 
then release the sensing pins which are positioned in 
accordance with the succeeding row of perforations in 
the tape. As the transmitter approaches its rest position 
the auxiliary contacts will close and then the universal 
contacts will close as described herein. Upon the ad 
vance of this transmitter and the opening of the auxiliary 
contacts as described above, relay 6A-AC1 operates and 
then the universal contacts 4B-01 open and cause relay 
6A-UC to release as well as interrupt the operating 
circuit of the code relays 6A-0 through 6A-4 which are 
set to represent the printer code SWP. The operation 
of relay 6A-AC1 and the release of relay 6A-UC causes 
the respective contacts 6B-11 and 6B-10 to close and 
apply ground to the G1 lead which now extends through 
contacts 6B-28 of relay 6A-5 which relay is not operated 
by the SWP code and then through operated contacts of 
relays 6A-0' through 6A-4 to the SWP lead and then 
through the normal contacts 6B-49 of the 6B-LS relay, 
then over the SWP lead to the printer control circuit. If 
the printer control circuit is busy employed printing 
information from the printer register or perforating in 
formation from the printer register or busy for any other 
reason the SWP lead is open in the printer control circuit. 
Consequently, the circuits will remain in the above 
described condition as the tape reader advances to the 
next row of perforations in the tape but the SWP lead 
is locked upon the code relays 6A-0 through 6A-4 as 
described above. When and if the printer becomes idle, 
the SWP lead is completed through the printer control 
circuit back to the junction between the windings of the 
6B-PTR and 6B-PTR1 relays causing the operation of 
relay 6B-PTR. The operation of relay 6B-PTR closes 
contacts 6B-38. The operation of these contacts to 
gether with the operated contacts 6B-16 of relay 6A-0' 
in response to the 0 perforation in the problem tape of 
the SWP code complete a circuit for the operation of 
relay 6B-STP which relay causes relay 6B-DW to release 
and the release of relay 6B-DW interrupts the locking 
circuit of relays 6A-AC and 6A-AC1 and also inter 
rupts the locking circuit of the code relays 6A-0 through 
6A-4, thus permitting these relays to release. In turn, 
relays 6A-0' through 6A-4 release and interrupt the 
connection described above to the junction between the 
windings of relays 6B-PRT and 6B-PRT1, thus permit 
ting relay 6B-PRT1 to operate and maintain relay 
6B-PRT operated. The operation of relay 6B-PRT1 
causes relay 6B-PRT to operate and this relay in turn 
causes relay 6B-ALS to operate. The operation of relay 
6B-PRT1 also causes contacts 6C-21 through 6C-25 to 
operate and connects the code contacts 6B-21 through 
6B-25 to the printer control circuit for transmitting the 
succeeding codes entered in the problem tape to the 
printer through the printer control circuit. The opera 
tion of relay 6B-ALS described above again transfers 
all of the switching code leads to the 6B-ALM relay so 
that is another Switching code is received before a restore 
or release code RC is received an alarm is indicated and 
the operation of the computer stopped. The operation 
of relay 6B-ALS also closes contacts 6B-48 which con 
tacts together with the operated contacts 6B-39 of relay 
6B-PRT2 connect the winding of the stepping relay 
6B-STP to the EP lead extending to the printer control 
circuit. Thus, when the printer control circuit is ready to 
receive a code it will apply ground to this lead to operate 
the stepping relay and advance the problem control cir 
cuit as set forth herein. The circuits are now in condi 
tion for transmitting information entered into the problem 
tape directly to the printer circuit for printing the problem 
heading, headings of columns to be printed by the printer 
and such other matter as may be desired to enter in the 
printer. 
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After the desired information has been printed, an RC 
code is entered in the problem tape which causes the 
circuits to be restored as described above. The other 
switching codes PFA and PFB operate in substantially 
the same manner as described above causing the corre 
sponding switching relays to operate. In this case the 
switching leads also extend through the printer control 
circuit and the storage tape control circuit to insure that 
both of these circuits are idle when it is desired to transfer 
information to the A storage tape and to the B storage 
tape. After the information entered into the problem 
tape in each of these sections of the tape has been trans 
mitted to the respective storage tapes, then an RC code 
is entered into the problem tape which interrupts the 
previously established paths and thereafter the next Switch 
ing code establishes the next desired path. Under the 
assumed conditions this path will be another SWR code 
followed by an order selecting a desired routine or other 
functions. The control of the computations may be 
wholly from the problem tape if desired. In case a 
formula is selected, then relay 8-MF is operated which 
relay causes relay 6A-FMY to operate and to actuate 
contacts 1103 and i04 with the result that the relay 
11-STG is released releasing the previously operated re 
lays 12-CT1 and 11-STE1 of the steering circuits in the 
routine control circuit. 

Key set 
Provision is made for operating the computer from a 

set of keys associated therewith. An entire problem may 
be set up on these keys or they may be employed to cor 
rect errors discovered by the computer in the problem 
tape cr errors otherwise noted or detected. The key-set 
is shown in Fig. 10 and comprises two groups of ten keys 
and a group of six keys. The keys of the key-set are non 
interfering and locking. When any one of the keys is de 
pressed it is locked down and prevents the operation of 
any other key of the key-set. The depressed key is then 
released by the operation of a release magnet. 
These keys may be employed to set up orders in the 

computer, they may be employed to select formulas in 
corporated in the computer, they may be employed to 
select special orders, and they may be employed to record 
numbers in the various storage elements of the machine. 
These keys may likewise be employed to correct any of 
the above instructions, numbers or orders already stored 
or entered into the computer. 
For the purpose of illustration, it is assumed that it is 

desired to clear the number stored in register A by opera 
tion of the key-set. In order to clear register A it is 
necessary to enter the order A T TT CH. It is, of 
course, assumed that the computer has been put into op 
eration by suitable orders from a problem tape as de 
scribed herein and that it is desired to correct a number 
or other information or to supply additional information. 
Under these circumstances, the various start relays 
6A-STA, 8-ST, 8-ST, 8-ST3, 8-ST4, 7-RG1, 7-RG, 
etc. are all operated. Relay 7-RG1 in operating also 
completes a circuit for the operation of relay 45-STP 
from ground through the operated contacts 1106 of relay 
7-RG1 through the break contacts of relays 31-TST, 
45-4RC through 45-1RC, 11-KEY and 13-DCP to bat 
tery through the winding of relay 45-STP. Relay 45-STP 
in turn, completes a circuit for operating relay 45-FR 
which relay then locks operated under control of relays 
7-RC1 and 45-5UP and prepares circuits for operating 
other relays as will be described herein. In addition, nu 
merous down-check circuits operate. These circuits are 
described herein when involved in the various operations 
discussed herein. 
When it is desired to employ the key-set to enter in 

formation into the computer the 10-ROK key will be 
operated by the attendant. The operation of the 10-ROK 
key completes an obvious operating circuit for the 
10-ROK relay. 
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The 10-ROK relay in operating transfers the STP lead 

at contacts 1301 from the problem control circuit of Figs. 
4, 5, and 6 to a path extending to the 13-CIS relay. 
The operation of the 10-ROK relay also completes an 
obvious circuit for the operation of the 10-ROK1 relay 
extending from battery through the winding of the 
0-ROK1 relay, the operated contacts 1002 to ground 

through the left-hand break contacts of the 13-RNK key. 
The operation of the 10-ROK relay disconnects the 

windings of relays 900, 901, 902, 903, 904 and 905 from 
the contacts in the problem control circuit controlled by 
the problem tape at contacts 910 through 915 and connects 
the windings of these relays to the contacts of the keys 
shown in Fig. 10 at the respective contacts 920 and 925. 
The operation of the 10-ROK relay as described above 

also completes an obvious circuit for the operation of the 
Si-KEY relay. The operation of relay 10-ROK com 
pletes a circuit for the operation of relay 11-STG which 
circuit extends from battery through the winding of relay 
5 -STG, the operated contacts 110 of the 1-KEY relay, 
contacts 1102 of the 10-ROK relay, the operated contacts 
804 of the 8-ST4 relay to ground through the down-check 
circuit comprising the break contacts of relays 11-UP5 
through 11-UP1, 12-CT1 through 12-CT4 and 11-STE4 
through 11-STE and 11-STE5. The -STG relay in 
operating completes a locking circuit for maintaining itself 
operated from battery through its winding and the op 
erated contacts 1101 of the 11-KEY relay, the break 
contacts 1103 of the MF relay and operated contacts 1104 
of the 11-STG relay, the break contacts i05 of the 
18–CTR1 relay to ground through the operated contacts 
1106 of the 7-RG1 relay. The operation of the 11-STG 
relay completes a circuit for the operation of the 12-CT 
relay from battery through the winding of the 12-CT1 
relay, the break contacts 1202 of the 1-UP relay, the 
operated contacts 1201 of the 11-STG relay to ground 
through the break contacts of relays 905 through 900. 
Relay 12-CT1 in operating completes a circuit for main 
taining itself operated under control of relay 11-UP1 
from battery through its winding and its operated contact 
1203 to ground, through the break contacts 1205 of relay 
11-UP and the operated contacts 1294 of relay -STG. 

Relay 12-CT1 completes an obvious circuit for the op 
eration of relay 11-STE1 and relay 11—STE in operating 
closes numerous contacts shown in Fig. 12 between the 
contacts of relays 900 to 905 of Fig. 9 and the Secondary 
or locking windings of relays 46-1A through 46-2T 
shown in Fig. 46. The contacts of relays 900 through 
905 are employed for translating the code employed in 
wiring the keys shown in Fig. 10, and also the code em 
ployed in the problem tape as described herein, which 
code comprises grounding a plurality of the six leads from 
the keys or the tape-controlled contacts. The contacts of 
relays 900 through 905 are employed to ground one of 
twenty or one of six leads extending to the twenty relays 
46-1A through 46-1T in response to the codes from the 
keys or tape. 
The circuits are now prepared for entering orders from 

the key-set comprising keys of Fig. 10. The circuits will 
remain in the above-described condition until some one of 
the keys shown in Fig. 10 is operated by the attendant of 
the computing mechanism. 

For the purpose of illustration it is assumed that the 
order A T TT CH is written on the key-set and entered 

This order will cause the computer to 
clear register A. In other words this order will rejease 
register A and restore this register to its normal condition 
with nothing stored in it. 
As pointed out herein each one of the various orders 

comprises five parts. The various component parts and 
the various possible orders are set forth in the table shown 
in Fig. 47. The A entered in the first position causes the 
control circuits to select the A register. The T entered 
in the next three positions or the columns indicates a 
dummy or by-pass and is employed when the particular 
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order in question does not require information in that 
particular position or column to be supplied to the com 
puter. The CH entered in the fifth position of the order 
will cause the mechanism to clear the register identified 
in the first position of the order and hold or not clear 
other registers of the computer. 
Under the assumed conditions, the key designated 1011 

in Fig. 10 is depressed. All of the keys of Fig. 10 are 
provided with a locking arrangement which, when the key 
is actuated, causes that key to remain actuated until re 
leased in the manner described hereinafter and prevents 
the actuation of any of the other keys of Fig. 10 until the 
actuated key is released. It should also be noted that the 
first twenty keys, that is, the keys in the first two rows 
designated by the letters and symbols shown in the first 
four columns in the code chart of Fig. 47, the last row 
of keys, bears the designations in the fifth column of the 
code chart. Thus, it is essential that one of the first 
twenty keys be operated for each of the first four columns 
and one key in the last row be operated for the fifth part 
of the order. When the various keys are not properly op 
erated, that is, if the key in the third row is operated for 
one of the first four parts of the order, the order is not 
properly entered or recorded in the mechanism, thus in 
dicating an error in operating the keys. 
When key 1011 is depressed a circuit is completed for 

the operation of relay 10-KA-J which circuit extends 
from battery through the winding of relay 10-KA-J and 
through the break contacts 1012 of the RNKA relay to 
ground through the right-hand operated contacts of key 
101. 
The operation of relay 10-KA-J completes a circuit 

for the operation of relay 10-ROK-2 extending from 
battery through the winding of relay 10-ROK-2 to 
ground, through the operated contacts of relay 10-KA-J. 
Relay 10-ROK-2 in operating completes a circuit for 
maintaining itself operated from battery through its 
winding and its operated contacts 1005 to ground through 
the operated contacts 1001 of relay 10-ROK-2. 

Relay 10-ROK-2 in operating applies ground through 
contacts 1006 of the 10-ROK-2 relay and contacts 1007 
of the 10-CIS1 relay to the code contacts of the key 
set shown in Fig. 10. As a result, with key 1011 de 
pressed ground is applied to circuits extending through 
the K1 lead, K2 lead and K3 lead extending to Fig. 9 
and then through contacts 921, 922 and 923 to the wind 
ings of relays 901, 902 and 903, thus completing the 
operation of these relays. The operation of the three 
relays 901, 902 and 903 completes a circuit from ground 
through the operated contacts 906 of the 12–CT1 relay 
to contacts 909 of relay 901, contacts 908 of relay 902 
and contacts 907 of relay 903 to the A conductor extend 
ing to the secondary or locking winding of relay 46-1A. 

Relay 46-1A in operating completes a circuit for main 
taining itself operated from battery through its left-hand 
winding and operated contacts 4652, the break contacts 
4651 of relay 45-CO1, break contacts 4650 and 4653 
to ground through the operated contacts 4501 of the 
7-RG1 relay. 
A group of contacts on each of the relays 46-1A 

through 46-1T are connected in a chain circuit for con 
trolling the operation of relay 45-1RC. Likewise, each 
of the relays 46-2A through 46-2T as well as of the relays 
46-3A through 46–3T, 46-4A through 46-4T and 46-5A 
through 46-5F are likewise connected in chain circuits 
for controlling the operation of the respective relays 
45-2RC, 45-3RC, 45-4RC and 45-5RC. The chain cir 
cuit of the contacts controlling relay 45-1RC is arranged 
so that a circuit is completed through the winding of 
relay 45-1RC when and only when one and only one of 
the relays 46-1A through 46-1T is operated. Likewise, 
a circuit is completed through the winding of relays 
45-2RC when and only when one and only one of the 
relays 46-2A through 46-2T is operated. The other 
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ated when and only when one and only one of the corre 
sponding series of the relays 3, 4 and 5 of Fig. 46 is 
operated. These chain cir, its are provided to insure 
proper operation of the system because each and every 
order comprises the operation of one and only one of the 
relays in the respective columns or series of relays 1 
through 5 of Fig. 46 as described herein. 
Upon the operation of relay 46-1A a circuit will be 

completed for the operation of relay 45-1RC which cir 
cuit extends from battery through the winding of this 
relay and the normal or break contacts of each of the 
relays 46-1T through 46-B and then through the oper 
ated contacts of relay 46-1A to ground. 
The operation of relay 45-1RC closes contacts 107 

shown in Fig. 11. These contacts, of course, are associ 
ated with and controlled by relay 45-1RC. The closure 
of contacts 1107 of relay 45-1RC completes a circuit for 
the operation of relay 11-UP1 indicating that the first 
part of the order has been entered and registered by one 
of the relays 46-1A through 46-1T, i. e., relay 46-1A 
under the assumed conditions. A circuit for the opera 
tion of relay 11-UP may be traced from battery through 
the winding of relay 11-UP1 through the operated con 
tacts 1108 of relay 12-CT to ground through the oper 
ated contacts 1107 of relay 45-RC. 
The operation of relay 11-UP1 completes a circuit for 

maintaining itself operated from battery through its wind 
ing and its operated contacts 1206 to ground through the 
operated contacts 1204 of relay 11-STG. The operation 
of relay 11-UP1 also interrupts the locking circuit de 
scribed herein for maintaining relay 12–CT1 operated 
which circuit extends through contacts 1205 of relay 
11-UP1, thus permitting relay 12-CT to release. Relay 
12-CT1 in releasing in turn causes relay 11-STE1 to 
release thereby interrupting the above-described operat 
ing circuit extending through the left-hand winding of 
relay 46-1A. Relay 46-1A, however, does not release 
at this time because it is maintained operated by the lock 
ing circuit described above. 

Relay 11-UP1 in operating actuates contacts 1202 
which contacts, in addition to releasing relay 12-CT1 as 
described above, also prepare a circuit for the operation 
of relay 12-CT2 which circuit extends from battery 
through the winding of relay 12-CT2, the break contacts 
1207 of relay 11-UP2, the operated contacts 1202 of 
relay 11-UP1 to ground through the operated contacts 
1201 of relay 11-STG and the normal or break contacts 
of each of the relays 900 through 905, inclusive, when 
these relays are all released as described hereinafter. 

Relay 11-UP1 closes contacts 1109 which contacts in 
turn complete a circuit for the operation of relay 13–CIS 
which circuit extends from battery through the winding 
of relay 13-CIS through the operated contacts of relay 
10-KA-J, which relay was previously operated due to 
the operation of key 1011, the operated contacts 1302 of 
relay 10-ROK-2, the operated contacts 1301 of relay 
10-ROK, the normal contacts 1110 of relay 12-CT2, the 
operated contacts 1109 of relay 11-UPI, the break con 
tacts of relays 11-UP2 through 11-UP5 to ground through 
the break contacts 1105 of relay 18-CTR1 and the oper 
ated contacts 1106 of relay 7-RG1. 
The operation of relay 13-CIS completes an obvious 

circuit for the operation of relay 10-CIS1. Relay 
10-CIS1 in operating completes a circuit for maintaining 
itself operated from battery through its winding and its 
operated contacts 1008 and the operated contacts 1013 of 
relay 10-KA-J to ground. 
The operation of relay 10–CIS1 opens contacts 1007 

and interrupts the ground supplied to the code contacts 
of the keys of Fig. 10. 
Removal of this ground by the contacts 1006 of relay 

10-ROK2 at the open contacts 1007 of relay 10–CIS 
causes these relays 900 through 905, inclusive, to all 
release, i. e., in a specific example described herein relays 

relays 45-3RC, 45-4RC and 45-5RC are similarly oper- 75 901, 902 and 904 will release and the remaining relays 
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900, 904 and 905 will remain released. The release of 
these relays completes a checking circuit for the opera 
tion of relay 12-CT2 as described above. 

Relay 12CT2 in operating completes a circuit for main 
taining itself operated from battery through its winding 
and operated contacts 208 and the break contacts 1209 
of relay -UP2 to ground through the operated contacts 
1204 of relay i-STG. Relay 12–CT2 in operating com 
pieties an obvious circuit for the operation of relay 11 
STE2 which relay in operating closes numerous contacts 
of Fig. 12 and connects the translating contacts of relays 
960 to 95, inclusive, to the left-hand windings of relays 
46-2A through 46-2T. 

Relay 12-CT2 in operating opens contacts 1110 which 
contacts interrupt the operating circuit described above 
for operating relay 3–CIS. Relay 13-CIS in releasing 
closes the break contacts 1010 which contacts complete 
a circuit for the operation of the release magnet 10-A-J 
for the set of keys A through J, i. e., the first row of keys 
of Fig. 10. The release of the key 1011 under the as 
sumed conditions interrupts the above-described operating 
circuit of relay 10-KA-J which relay releases and inter 
rupts the locking circuit of relay 10–CIS1 which relay in 
turn releases and interrupts the operating circuit of the 
release magnet 10-A-J which magnet releases and re 
stores the keys to their normal condition where they are 
ready for the operator or attendant to actuate another 
key. 
The release of the key 1011 interrupts the operating 

circuit of relay 10-KK-T which relay releases and in 
terrupts the locking circuit of relay 10-CIS1. Relay 
10-CIS in releasing closes contacts 1007 and reapplies 
a code ground to the code keys so that the relays 900 
through 995 will respond to the next key depressed. 

Thus, the circuits are arranged so that a path is pro 
vided from the keys through the relays 900 through 905 
to the order relays of Fig. 46 and upon the operation of 
gne of the order relays and only one of the order relays 
in response to the operation of a key which circuits are 
advanced step by step first to release the path from con 
tacts of reiays 900 through 905 to the order relays then 
to release relays 900 through 905 and thereupon estab 
lishing other paths from these contacts to a second or 
succeeding set of the order relays of Fig. 46, to then re 
lease the keys and then restore the key-set to its normal 
condition, thus indicating to the operator or attendant 
that a second key may be depressed. 

Under the assumed conditions the operator or attend 
ant will now depress key 1003 since T is assumed to be 
the second part of the order in the second column of the 
code sheet of Fig. 47. The operation of this key causes 
the operation of relay 10-KK-T. Inasmuch as relay 
e-ROK-2 is locked operated at this time the operation 

of relay 9-KK-T merely prepares a locking circuit for 
the GCS:1 relay as described herein. The operation 
of key 1003 causes relays 939, 994 and 905 to operate 
which relays in turn cause relay 46-2T to operate at this 
time since the second steering relay 11-STE2 is now oper 
ated instead of the first steering relay 11-STE1 as de 
scribed above when key 1011 was depressed. Relay 
46-2T in operating completes a circuit for maintaining 
itself operated from battery through its left-hand wind 
ing and its operated contact 4654, the normal contacts 
465, of relay 45-CO1, the normal contacts 4650 of the 
test relay 31- TST, and normal contacts 4653 of relay 
18 CTRs to ground through the operated contacts 4501 
of relay 7-R.G. 
The operation of relay 46-2T completes a circuit for 

the operation of relay 45-2RC providing this is the only 
one of the relays 46-2A through 46-2T to be operated. 
The operation of relay 45-2RC causes contacts 1110 to 
close and complete a circuit for the operation of relay 
1-UP2 since the contacts 111 of relay 12-CT2 are al 

ready closed. The operation of relay 11-UP2 causes con 
tacts 1209 to be actuated, thus interrupting the locking 
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circuit of relay 12-CT2 which relay thereupon releases 
and releases relay 11-STE2 disconnecting the windings 
of relays 46-2A through 46-2T from the contacts of the 
code relays 900 through 905, inclusive. Relay 46-2T 
does not release at this time because it is held operated 
by its locking circuit described above. The operation of 
relay 11-UP2 also completes a circuit for maintaining it 
self operated from battery through its winding and oper 
ated contacts 1209 to ground through the operated con 
tacts 1204 of relay 11-STG. Relay 11-UP2 in operating 
causes contacts 112 to be actuated which contacts com 
plete a circuit for the operation of relay 13–CIS from 
ground through the operated contacts 1106 of relay 
7-RG1, contacts 1105 of relay 18-CTR1 and the break 
contacts of relay 11-UP5, 11-UP4, 11-UP3, the oper 
ated contacts of relay 11-UP2 and break contacts of re 
lay 12-CT3 and through the operated contacts 1301 of 
relay 10-ROK and contacts 1302 of relay 10-ROK-2 to 
the winding of relay 13-CIS through the operated con 
tacts of relay 10-KK-T. Relay 13-CIS in operating com 
pletes a circuit for the operation of relay 13-CIS1 as de 
scribed hereinbefore. Relay 10-CIS in operating re 
moves the operating ground from the code contacts of 
keys of Fig. 10, thus causing relays 900, 904 and 905 to 
release. The release of relays 900, 904 and 905 together 
with the released relays 901, 902 and 903 completes a 
circuit for the operation of relay 12–CT3 extending from 
battery through the Winding of relay 12-CT3 and the 
break contacts of relay 11-UP3, the operated contacts 
of relay 11-UP2, 11-UP11, the operated contacts of relay 
11-STG to ground through the break contacts on each 
of the relays 900 through 905, inclusive. Relay 12-CT3 
in operating closes locking contacts 1210 which contacts 
complete a circuit for maintaining relay 12–CT3 oper 
ated under control of relay 11-UP3 to ground through 
the operated contacts 1204 of relay 11-STG. Relay 
12-CT3 in operating completes an obvious circuit for the 
operation of the steering relay 11-STE3 which relay con 
nects the contacts of the code relays 900 through 905 to 
the left-hand windings of relays 146-3A through 46-3T, 
inclusive. The operation of relay 12-CT3 also actuates 
contacts 1113 which contacts interrupt the operating cir 
cuit of relay 13–CIS. Relay 13–CIS, in turn, releases and 
completes a circuit for the operation of the release mag 
net 10-K-T which magnet restores the key 1003 to normal 
and conditions the circuit for receiving the third portion 
of the order. The release of key 1093 interrupts the 
operating circuit of relay 10-KK-T which relay releases 
and interrupts the locking circuit of relay 10–CIS1 which 
relay also releases and in turn reapplies operating ground 
to the code contacts of the code keys of Fig. 10 thus pre 
paring a circuit for recording the third digit. 
The circuit responds in substantially the same manner 

as described above when the third key, which again will 
be key 1003 under the conditions assumed above, was 
operated the second time except that a third set of steer 
ing relays, code relays and the like are operated. Like 
wise, when key 1003 is actuated the third time to record 
the fourth portion of the order, a circuit responds in 
substantially the same manner and causes relay 46-4T 
to operate and then key 1003 is released for the third 
time and the circuits prepared for receiving the fifth por 
tion of the order. 

After the operation of key 1003 the third time which 
records the fourth portion of the order, relay 11-UP4 
operates in response to the operation of relay 46-4T. 
The operation of relay 11-UP4 interrupts the locking 
circuit of relay 12-CT4 which relay in turn releases 
and releases relay 11-STE4. Relay 11-STE4 in releas 
ing interrupts the connections between the contacts of 
the code relays 900 through 905 in the fourth column of 
the order relays 46-4A through 46-4T. Relay 46-4T, 
however, does not release at this time because it is locked 
up in its locking circuit extending from battery through 
its left-hand winding and locking contacts and through 
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the break contacts 4651, 4650 and 4653 to ground 
through the operated contacts 4501 and the 7-RG1 relay. 

Relay 11-UP4 also completes a circuit for maintaining 
itself operated under control of contacts 1204 of relay 
11-STG. Relay 11-UP4 in operating also completes a 
circuit for the operation of relay 13-CIS from battery 
through the winding of relay 13-CIS, contacts 1305 of 
relay 10-KK-T, operated contacts 1302, 1301 and break 
contacts 1114 of relay 11-STE5, the operated contacts 
1115 of relay 11-UP4, the break contacts 1116 of relay 
11-UP5, the break contacts 1105 of the 8-CTR1 relay 
to ground through contacts 1106 of the 7-RG1 relay. 
Relay 13-CIS in operating completes an obvious circuit 
for the operation of relay 10-CIS1 which relay locks 
operated under control of relay 10-KK-T. 

Relay 10-CIS in operating opens contacts 1007 and 
removes ground from the code contacts of the keys of 
Fig. 10, thus permitting the operated ones of the relays 
900 through 905 to release. In releasing, all of the 
relays 900 through 905 complete a circuit for operating 
relay 11-STE5, said circuit extending from battery 
through the winding of relay 11-STE5, the break con 
tacts 1212 of the 11-UP5 relay, the operated contacts 
1211 of relay 11-UP4, the operated contacts of relays 
11-UP3, 11-UP2, 11-UP1, the operated contacts 120 
of relay 11-STG to ground through a set of break con 
tacts on each of the relays 900 through 905. The oper 
ation of relay 11-STE5 completes circuit paths between 
the contacts of relays 900 through 905, inclusive, to the 
left-hand windings of relays 46-5A through 46-5F, in 
clusive, and also at contacts 1213 applies an operating 
ground to these contacts for operating some one of the 
relays 46-5A through 46-5F, inclusive. 

Relay 11-STE5 in operating also completes a circuit 
path for maintaining itself operated under control of relay 
11-UP5 which locking circuit extends from battery 
through the winding of relay 11-STE5, the operated con 
tacts 1214 of relay 11-STE5, break contacts of relay 
11-UP5 to ground through the operated contacts 1204 
of relay 11-STG. The operation of relay 11-STE5 also 
opens contacts 1114 thus interrupting the operating cir 
cuit described above for relay 13–CIS which relay re 
leases and completes a circuit for the operation of the 
release magnet i0-K-T which magnet thereupon re 
leases key 1003. The release of key 1003 interrupts 
the operating circuit of relay 10-KK-T thus permitting 
this relay to release which in turn releases relay 10-CIS1. 
Relay 10-CIS in releasing reapplies ground through the 
operated contacts 1006 of the operated relay 10-ROK-2, 
the released contacts 1007 of relay 10-CIS1 to the code 
contacts of the keys of the key-set shown in Fig. 10. At 
this time the circuits are conditioned for receiving and 
enter the fifth element of the order. Under the assumed 
conditions, a fifth part of the order comprises a CH so 
that key 1012 will be operated which key when operated 
locks operated and thus prevents further operation of 
the keys of the key-set until this key is released as will be 
described hereinafter. 
The operation of the key 1012 completes an obvious 

circuit for the operation of relay 10-FHC1 which relay 
applies ground through contacts 1012 to the operating 
winding of relay 901. The operation of key 1012 com 
pletes a circuit for operating three other relays 900 
through 905 causing the operation of the four relays in 
response to the operation of key 1012. By causing the 
operation of any three of the relays 900 through 905 in 
response to the operation of any one of the first twenty 
keys of the key-set for entering the first four parts of an 
order and causing the operation of four of the relays 
900 through 905 in response to the operation of any 
one of the third row of keys for entering the fifth part 
of the order the circuits are arranged to check the proper 
operation of the keys. Thus, if one part of an order is 
omitted this fact will become more apparent since the 
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circuits are arranged to operate satisfactorily in re 
sponse to and only in response to four successive opera 
tions of any one at a time of the first twenty keys fol 
lowed by the operation of Cne of the keys shown in the 
last row in Fig. 10. If four or more relays 900 through 
905 are operated for any of the first four parts of the 
order, then two or more of the order relays in a column 
in Fig. 46 will be operated and as a result the corre 
sponding relay 45-1RC, 45-2RC, 45-3RC, or 45-4RC 
will not be operated. Consequently, the circuit will not 
advance. Also, if more than four relays 900 through 
905 are operated by the fifth part of the order then two 
or more of relays 46-5A through 46-5F will be operated 
and prevent the operation of relay 45-5RC. If less than 
three of the relays 900 through 905 are operated for 
any of the first parts of the order or less than four of 
these relays for the fifth part of the order, then a relay 
will not be operated in the corresponding column of or 
der relay of Fig. 46 with the result that the circuit will 
not advance. The operation of relay 45-5RC together 
with the operation of each of the other relays 45-1RC 
through 45-4RC, in response to the operation of one 
and only one of the code relays in each of the columns of 
Fig. 46, completes a circuit for the operation of relay 
45-5UP which circuit extends from battery through the 
winding of relay 45-5UP, operated contacts on each of 
the relays 45-1RC through 45-5RC, the break contacts 
4502 of the test relay 31-TST to locking ground through 
the break contacts 1116 of relay 18-CTR1 and the op 
erated contacts 1106 of relay 7-RG1. 
The operation of relay 45-5UP causes contacts 1117 

to close and complete a circuit for the operation of re 
lay 11-UP5 from ground through the operated contacts 
1117, the break contacts 1118 of relay 31-TST, the oper 
ated contacts of relay 11-STE5 and through the wind 
ing of relay 11-UP5 to battery. The operation of relay 
1-UP5 completes a circuit for maintaining itself oper 

ated under control of relay 11-ST6. 
The operation of relay 11-UP5 interrupts both the 

operating and locking circuits for relay 11-STE5 thus 
permitting this relay to release and interrupt a connection 
between the contacts of relays 900 through 905 and the 
left-hand windings of relays 46-5A through 46-5F. The 
operation of relay 11-UPS also operates contacts 1116 
whch contacts prevent the further operation of relay 
13-CIS at this time. Consequently, the key-set shown 
in Fig. 10 will remain locked with key 1012 depressed 
until released as described hereinafter. 
The operation of relay 45-5UP indicated that all five 

parts of an order have been received and properly entered 
on order relays of Fig. 46. Inasmuch as there is only 
one set of these order relays provided, it is necessary that 
the order be executed before another order may be en 
tered from the key-set. Consequently the key-set is 
maintained locked during the time the computing mech 
anism executes the order entered on the order relays of 
Fig. 46. Under the assumed conditions the order entered 
upon the order relays comprises A-T-T-T-CH. Con 
sequently, relays 46-1A, 46-2T, 46-3T, 46-4T and 
46-5B are all operated at this time. 
The operation of relay 45-UP indicates that a com 

plete order has been set on the order relays. Inasmuch 
as the order relays must be operated from tubes under 
conditions described elsewhere herein and in addition it 
is desirable to control a number of circuits from various 
of the order relays additional relays are operated from 
contacts of certain of these order relays as soon as cer 
tain of the specific order relays are operated in order to 
provide supplementary contacts. In addition, inasmuch 
as certain of the order relays do not require the comput 
ing mechanism to perform any functions in response to 
the operation of these relays, these relays may be oper 
ated at once. Thus, for example, relay 44-4T1 operates 
as soon as relay 46-4T operates. Relay 44-TR1 op 
erates as soon as relay 46-5B operates. Likewise, the 






































































































