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1

C2 946,984 :
. TAPE-TO-CARD CONVERTER CIRCUIT

Rolland N. Breed, West Caldwell, N.J., Willard B. Groth,
Tuckahoe, N.Y., Gordon C. Irwm, Fair Haven, and
Lindley -A. Kille, Momstown, N.J., and George Riggs,
Port Washington, N.Y., assignors to Bell Telephone
Laboratories, Incorporated, New York, N.Y., a corpo-

- ration of New York :

Original application Jan. 29, 1952, Ser. No. 268, 742,
now Patent No. 2,780, 410, dated Feb, 5, 1957, Dl-
- vided and this application May 31, 1956, Ser. No.
~ 588,338

4 Claims. (€. 340—168).

This is a d1v151on of the subjeot-matter of our applica-
thll Serial .No.. 268,742, filed: January 29, 1952, now
Patent No.. 2,780,410, subject: Tape-to-Card Converter
Circuit, and claim is hereby made to all eqmtable and
"legal rights’ derivable therefrom,

The original -application pertains to recording systems
and particularly to systems. in. which assembled items of
recorded data; are transferred in part directly and in part
:in‘translated form to another more readily utilizable.re-

10

20

25

cording medium.  The system may, for instance, receive

coded information from a punched tape and convert it
so that it may be punched in a card by a commercial
business machine for -accounting purposes.
- : The -present divisional: application claims checking
and progress circuit features which may advantageously
"be employed -in-such and other systems.
An object of the invention: is the improvement of re-

cording and translating systems and methods.

..Another object of the ‘invention is the improvement of

checking and progress circuits. employed in recording and

other switching systems.

. An example of an unproved recordmg system in ‘which
the invention is presently incorporated, is a system com-
prising, for instance; a tape having a number of sequential
‘lines, each line having, for instance, a plurality of items
of information, punched or embossed therein according to
a preferred code. The record of -a particular trans-

» action comprises a plurality of such successive lines. The

perforations or embossings: ‘may. be sensed:in any of a

number- of ‘manners,electrically, mechanically or photo- .

electrically.. - In-the present embodiment the sensing is
performed electrically by-:a device known as a reader,
-which: senses each: line, and all of its several items of in-
~formation, simultanecusly. and the. several - lines, ‘cor-

responding to a complete -entry of a transaction,: seqien- -

tially.. The. several:items. of information appearing in
each line of the tape are. transferred, first to a 'set of
reading relays. - Each horizontal line of the tape may,
for instance, have twenty-eight individual positions. The

first, group: of three. perforable posxuons of -the twenty-

eight is called group A, - The remaining twenty-five are
divided into. five: groups of five each, called group B,
group C, group .D, groupf E and group: F. . Similar
.nomenclature is employed in designating the reading re-
lays and the groups of the several separate lines of the
input register. as well as various signals, ‘alarms, etc.
These groups of relays may be assigned, for instance, to
record six 1terns of information per line. = Five.of the
items, for instance, may each be recorded in the five
groups each of five adjacent ‘horizontal positions. of the
tape. . The sixth item of ‘information may be recorded
in the remaining thres posmons of the tape. Thus the
full twenty-eight units in a horizontal row of the tape
may be employed to record say six items of information.
A complete transaction may comprise, for instance, five
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“code, to represent any of the ten digits.

lines of tape required for a transaction,

2 _
successive lines of tape. At times a complete record
of a different transaction may comprise a different num-
ber of successive lines, such as two, lines of tape. The
items-of information perforated or embossed in the sec-

‘tion of tape arranged in- groups of five may be, for in-

stance, in accordance “with -an additive two-out-of-five
- This ‘code: will
be explained - in- detail hereinafter. - It will suffice: at this
point to-mention that it-comprises five positions numbered
0, 1,2,74 and 7. - Two tape positions, reading pins, or
relays in each group of five will be perforated, closed
or operated, respectively, to-.indicate a number corre-
sponding to the sum of the two. Thus 1 and 2 représent
3 and 0 and 1 represent 1. There is one exception which
must be kept in mind. - According to the code 4-and 7
arbitrarily -represent ‘0, The sixth item of information
employing only three adjacent horizontal positions may
employ a code different from the additive two-out-0f-five
code ‘such as a one-out-of-three or a three-out-of-three
code to record ‘a more restricted amount of information.
It appears only in theé first line of the entry for identifica-

tion purposes and will be explained in detail hereinafter.

The code impressed in the tape, in accordance with the
present ‘arrangement is transferred through the reader,
which is a Well-known device for sensing the perforations,
to a group of reading relays. - There is a reading relay
for each of the twenty-eight positions of the tape. Each
of the twenty-eight reading relays is operated or released
depending upon the perforation or non-perforatlon of
its corresponding position of the tape. There is a separate
group of reading relays for each item of information
in a line of tape. Thus the six items of information re-
corded in a particular line are transferred individually

_to six groups of reading relays, five groups of five relays

for ‘sach line and one group of three relays for the first
line of an entry only.

The system of the invention, in addition to the read-
ing relays, has an input register. The input register is
divided into as many sections as the maximum number of
For instance,
if there are. five. lines of tape relating to the recorded
transaction requiring the largest number of lines; the.in-
put register will have five sections, . In general each
section of the input register has a relay. corresponding
to each reading relay and therefore to each of the posi-
tions . in a-horizontal row of tape. After each line of
tape is.read by the reader, and transferred to the reading
relays, .it is next transferred to-its particular line or sec-
tion of the input register, according to.its line position of
the tape in which it is perforated, each. lin¢ in sequence,
until all of the lines of tape relating to a ‘particular trans-
action have been read and recorded in the input register.

The pattern of - operation and release of -each .group
of relays in. each line section of the input register, upon
completion of input registration, will correspond with the
perforation or non-perforation of its corresponding ‘sec-
tion of the say five-line tape recording of the transaction.
Thus if, for instance, in the third line of the tape recording
a parncular transaction, of the five horizontal perforable
positions allotted to the last item of -the line, posmons
2 and 3 are perforated, relays in the correspondmg posi-
tions of the last group of relays of line three of the input
register will be operated. - In accordance with the addi-
tive two-out-of-five code, in which values 0, 1, 2,4 and
7 are assigned to the five positions, respectively, if posi-
tions 2 and 3 of the tape are perforated, the sum of the
digits 1 .and 2 assigned thereto is 3. Operation of the
corresponding relays in the third section or line of the
register, last group of relays will also indicate digit 3.
If the first and second positions are perforated the sum
of the corresponding digits 0 and 1 is 1, and so for-each.
two-tape positions of any group of five positions and for
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each two corresponding relay positions in the correspond-
ing register group of a line, except for tape positions 4
and 7 and corresponding relay positions 4 and 7 of a
‘group of five, the sum of which is arbitrarily designated
-as'0 as heretofore mentioned.

It has been stated that certain transactions may be
-recorded in fewer lines of tape and such transactions will
employ only the same fewer lines of input register. It
is pointed out however that particular tapes will have
perforated therein a uniform number of lines for each
transaction in the particular tape. Thus while tapes perfo-
.rated, for. instance, with five-line transactions are being
run, each transaction therein will have five perforated
lines per transaction. While tapes employing two lines,
for instance, for each transaction are being run, each
entry in the tape will have two perforated lines per trans-
action and each transaction will be recorded in lines 1 and
2 of the register, while the other three lines of the input
register, lines 3, 4 and 5, will not be employed.

* Before the start of registering in the input register, the

entire register is down-checked to insure that each relay
in the entire register is released, or in the down position
as this is called. This is performed by establishing a
_path from ground through a break contact, of each re-
lay in the entire input register, that is to say a contact
“which is closed only when the relay is released, as distin-
guished from a make contact which is closed only when
“the relay is opérated, and through the winding of a relay
‘known as the input register down-check relay to battery
to operate the relay which permits registering in. the
‘input register to start.

There is another check of the input register to insure
proper registration called the input register up-check.
 When the two-out-of-five code is employed, two and only

two relays of each group of five of the five groups B, C,
‘D, E and F of a line should be operated. Each group
of five relays which individually cooperate to register a
particular item of information is arranged so that if two
-relays-and two relays only of each group of five are op-
erated, a path is establishable from ground through the
"make contacts of the two operated relays and the break
_contacts of the three other relays of the group of five and
through - a corresponding path through each group of
five relays of a particular line of the register, according
‘to the particular registration in each group and through
the winding of a relay corresponding to the input register
line to battery operating the relay, This, as is apparent,
does not afford a positive check that the registration
-effected of the line is correct, but simply an indication
that it is plausible. As each line of the input register is
filled and before the reader is stepped to read the succeed-
-ing 'line of tape, the newly registered line in the input
register is up-checked and its correspondingly numbered
line up-check relay is operated.

If a tape having transactions requiring five lines is being
processed, each of five up-check relays, one for each
of lines 1 to 5 of the tape and of the register, is operated
- and, for the sake of simplicity, leaving out of consideration
for the present certain refinements, it may be said that
a path establishable from ground through a make con-
-tact of each of the five up-check relays 1 to 5 for a five-
line entry indicates a plausible registration of the entries
of each line of a five-line transaction and controls a relay
~which permits the circuit to proceed.

In the case of a transaction requiring only two lines
.of tape for a transaction, when the up-check relays for
“lines 1 and 2 of the register are operated, again neglect-
.ing certain refinements, the circuit is enabled to proceed
-with succeeding functions. . '

The present arrangement comprises thirty output
‘registers. A considerable number of the output registers
-are arranged to receive certain items of information di-
rectly as recorded in a corresponding number of groups
of relays of the input registers. That is to say, such out-
“put registers each comprises five relays designated 0, 1, 2, 4
and 7, respectively, and operate on an additive two-out-
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of-five code basis. If relays designated 1 and 2 in the
input register are operated, to identify the digit correspond-
ing to their sum, or 3, relays designated 1 and 2 in the
output register will be operated to identify the same
digit 3. T

Other information recorded in various groups of the
relays in the input registers is not transferred directly to
the output registers. It is first subjected to a process
known in the art as translation. That is to say the in-
formation as recorded in the input registers is acted upon
through the medium of the setting of certain groups of
switches and the operation of certain other groups of re-
lays to change the form of the information as recorded
in the input registers into a different form or to add an
element of information thereto before it is impressed on
the output registers, This will be described in detail here-
inafter. B

Before information is transferred to the output regis-
ters, the output registers are down-checked to insure that
they are all released. - After the information has been
transferred to the output registers the registers are. up-

‘checked to insure that the registration is plausible before

it is used to control the commercial business machine
card punch in the ultimate recording.

In the present arrangement the information received
from the different kinds of tape, that is to say, for in-
stance, five line entries and two line entries, employ dif-
ferent sets of output registers, certain of which registers

-are common to both and others of which are individual

thereto. The directing of the information into the proper

‘registers  is performed. by relays under the control of

switches which are operated to particular positions before
the running of the tape begins. Each tape at its head end
has certain identifying perforations which are automati-
cally checked against the switch settings to insure that
the type of tape being run conforms to the tape expected
and the manual settings of the switches.

The operation of the output registers in turn controls
the punches of a commercial business machine card
punch. Card punching machines well known in the art
suitable for use with the present arrangement are the
International Business Machines or IBM, as it will here-
inafter be identified, No. 514 and No. 523 Summary
Punch. The present system thus converts recordings on
tape to recordings on .a punched business machine card

‘which is adapted to be processed by other commercial
-accounting machines. .

The punched tapes which are employed in the input
of the present arrangement may be prepared in any

-desired manner to produce the recorded information in

the form of a plurality of coded items per line and a

‘plurality of successive lines per tramsaction. There are

presently known in the art a number of arrangements
which prepare a record in this form. For instance, in
communication systems and particularly in modern tele-
phone systems which are arranged for automatic message
accounting there are a number of automatic message
accounting or AMA, as it will hereinafter be called,
arrangements, well known in the art, with which the
present arrangement is designed to cooperate. That is
to say ‘it will accept punched tapes produced by.these
other well known AMA systems -and convert them so

‘that  through the agency of a connected commercial
“accounting punch card machine, the IBM 514 or 523

summary punch, for instance, a punched record is pro-
duced su_itable for further processing, such as the actual
preparation of a telephone subscriber’s bill or statement

‘or for other purposes such as for service observing or

service operation or maintenance purposes.
As Vyill_ become apparent from the detailed disclosure,
the principles of the present system are not limited in

‘application in the communications industry nor to use

with AMA prepared tapes in its input. Any tape having

‘a plurality of groups of coded punchings arranged trans-
‘versely and in which a plurality of successive transverse
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lines are grouped in succession longitudinally to form a
record ‘of a_single transaction may be employed.. Of
«course. it is to be understood that the particular switch-
ing -devices ‘employed. in: the present converter to effect
the translation .to supply additional items of information
or to change its. form for the ultimate punched commer-
cial record will depend upon the particular requirements
of the input record..” A knowledge of the detailed opera-
tion -of .the. various AMA or other devices employed to
prepare-the input.tape is not required for an understand-
ing of the present invention.  The tape, if desired, could
be prepared by a hand operated perforator.

‘When a perforated tape is employed as the input record
it is necessary to splice successive sections together. - Such
sections . will be ‘perforated in accordance with the codes
of . a plurality of preselected multiple. digit numbers,
081010 for instance, arranged in sequence. The present
circuit is arranged so -that upon encountering a section
of tape so punched, that is to say punched with the codes
of the multiple digit number assigned to identify a section
of tape containing a splice, the present circuit recognizes
the number and instead of directing it into_the input reg-
ister and: through the circuit to control a punching oper-
ation, the present circuit responds to a succession of codes
-of 'such numbers perforated in the tape by operating the
machine to as it were skip ‘over the splice section.

There -are-other multlple digit: numbers, the perforated
codes: of which appear in the tape for ‘special purposes.
They are employed not:for controlling the punching of
a card, but for checking and control purposes and are not
transferred to the ‘registers. . Such codes at the leading
.end of a‘tape. containing transactions as well as-at the
trailing end of a tape are characterized by a succession
of nine lines each having the punched code of a different
assigned six digit number, the first three digits of each of
which six digits number. are preassigned, such-as. 289,
followed by three other identifying digits which though
preassigned vary from line to line to. afford a necessary
check of various items: to identify the tape as.containing
entries of a particular description, such-as the number of
lines -to a tranmsaction, -or, as-coming. from-a particular
source. - During their reception. they are checked-against
the settings of the preset manual switches to insure that
the present circuit has been properly .adjusted-to receive
the particular. transactions - appearing in the tape.. - The
section of punched tape containing these identifying en-
‘tries -appearing at -the leading end of atape is .called
herein the leading tape .identity. In a similar manner
:the nine lines following a succession of codéd transac-

tions, called herein after trailing tape.identity, each have .

preassigned six - digit ‘numbers, .the first three digits of
‘which are the same three digits -as - assigned -for leading
tape.identity, such as 289, followed by three other iden-
-tifying digifs..

Leading tape: 1dent1ty entnes and tra111ng tape 1dent1ty :

‘entries are not directed into the registers. - As.each line
of the nine lines is received in each instance, if it is
properly coded in the tape and:if it corresponds with the
- settings of the switches, it operates one of nine line relays,
line relays 1 to 9, in sequence, meanwhile stepping the
reader after each line has been found to: be: correct, - If
the entire nine line punched. code for leading or trailing
- tape identity is found to.be correct and the nine line relays
1 to 9 are_operated in proper sequence, the circuit-is
conditioned to perform a succeeding function such as to
direct the codes. of the first line of a’transaction into the
input register in the case of leading tape:identity. °

- The present arrangement will punch either one card
or two cards for a single entry of a transaction recorded
in an input tape depending upon the perforations in the:
tape and the setting of the control switches. - That is to
sy the present circuit may be set up so as to control the
connected commercial accounting card punching machine
so that, instead of producing the usualsingle punched
card, an’ extra-punched card is produced from the single

10

15

20

25

30

35

40

63

10

15

(]
input record of the transaction 1f an extra card is desired
for any purpose. .

These and other features of the invention may . be
learned from. the following description' when read ‘with
reference to the following drawings which taken together
disclose a preferred embodiment-in which the 1nventlon
is presently incorporated. -

- Figs.. 1 to 83.inclusive and Figs. A to H J.and K all
arranged as in Flg 84 disclose the overall circuit of the

invention.:

Fig. 85 is a dlagrammatlc sketch showing by means of
designated rectangles the relationship of the. principal

units-of the overall circiut-of this invention; Fig. 86 is a

diagrammatic sketch showing by means of designated rec-
tangles the relationship; of the-output circuit particularly
the output registers and the:IBM:summary punch, por-
tions -of the latter being shown in perspectlve St

Fig. 87 is a diagram of -a card which is employed in
the IBM summary punch; which diagram is used in ex-
plaining a full punching cycle as an aid in understanding

the operation of the present circuit; Figs. 88A; 88B, 88C

and 88D are diagrams showing the successive stages in
the movement of a card during a card feed-cycle of the.

-IBM stimmary punch -as an-aid to understandmg the op-

eration. of the present circuit:

Fig. 89 is a diagram of a.plan view of an IBM sum-
mary-punch card, with demgnatnons, used to explam the
invention,
~ With respect to the overall circuit, Fxgs 1 to 83 it is
pointed out that it is, taken together, a single circuit
unit, which although certain of its individual figures or

‘groups of figures may be separately identifiable by. func-

tion, the separation inte individual figures has been dic-
tated in ‘general by the ‘necessity for. dividing the unitary
circuit into units of patént drawing size. - For this rea-
son, at this point in the text, instead of describing each
individual drawing figure, in- numerical sequence, it is
considered that it will be more helpful if the figures are
described, with reference to the overall block diagram
of Fig. 84, some individually but most in groups in rela-
tion to the most important separable functions.

Fig. 1 shows the timing and alarm circuits;

‘Figs. 2 and 3 show the input register lamp and the

‘lamp to register connecting. relays;
456

- Figs. 4 and 5 show the startmg and stoppmg and other
control keys and relays; -

Fig. 6 shows the reader;

Fig. 7 shows the five up-check relays, the 6th line first
group check relay and the single down-check relay for

‘the input register, the input register ground supply re-
‘1ay and other control relays;

Figs.- 8, 9, 10,11 and 12 show the interconnecting
relays between the reader relay circuit and lines 1, 2, 3,
4 and 5, respectively of the input register;

Fig. 13 shows the input register lamp keys and the out-

‘put register lamp- keys circuit;

Fig. 14 shows the skip splice control (;1rcu1t

Fig. 15 shows the reader line step check circuit;

Figs. 16, 26 and 36 show the twenty-eight reading re-
lays comprising a first group A of .three relays and five
groups B, C, D, E and F each of five relays;

- Figs. 17, 27 and 37; 18, 28 and 38; 19, 29 and 39;
20, 30 and 40; and 21, 31 and 41 show lines 1 to 5

‘of the input register respectively; the two relays at the

left in Fig. 17 are called the entry type register;

Figs. 22 and 23 show the tape-selection register;

Fig. 24 shows the output:register control circuit in-
cluding the output reglster up-check and down-check re-
lays;

Figs. 25 and 47 show the tape 1ndex register;

Figs. 32, 33, 42 and 43 show the set-up switch circuit;

Figs. 34 and 44 show the set-up checking circuit;

Figs. 35 and 45 show the tape 1dent1ty reading progress
circuit;
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Fig. 46 shows the circuit for controlling the punching
of one card or two cards or the card count circuit;
" Fig. 48 shows the start time translator;

Figs. 49 and 50 show the office index and office trans-
lator circuit; , )

Fig. 51 shows the class translator;

Figs. 52, 53, 54, 55, 56, 57, 58,59, 60, 61 and 62 show
the- output - register lamp connector ‘circuit and the out-
put register relay connector circuit;

Figs, 63, 64, 65, 66, 67, 68, 69 70, 71 and 72 to-
gether with Figs. A, B, C, D, E, F, G H Y and K show
the output register circuit;

Figs. 73 and 82 show the punch sequence contro! cir-
cuit. -

Figs. 74 and 83 show the interconnections of the
‘present circuit and the IBM summary punch, the details
of which latter are well known in the art. Only such
details of the IBM punch as are required for intercon-
nections thereto are necessary to an understanding of
the present inventions;

Figs. 75, 76, 71, 78, 79, 80 and 81 show the punch
control circuit.

‘The ' exemplified embodiment of the present invention
as disclosed herein comprises apparatus mounted in prac-
tice in or upon a cabinet or cabinets, a control panel and
a relay rack. The relays and other circuit elements and
the mechanical details of mounting, cabling or other wir-
ing interconnecting the elements are generally of a type
well known in the art and would readily be devised by
those skilled in the art in accordance with known in-
formation.

The operative apparatus includes a tape reader which
may be such as is disclosed in Carpenter United States
patent application Serial No. 662,280, filed May 1, 1946;
obviously other devices of similar function may be em-
ployed.

Reference to Patent 2,263,291, T. L. Dowey, November
18, 1941, will disclose a punch generally correspondmg
to the card punch used herein.

The exemplary system disclosed herein is a further
development of a system of machinery and equipment
for antomatic message accounting disclosed in a number
of copending applications and granted patents. This ex-
emplary embodiment is more particularly related to two
of that group, first, United States patent to Giroud-Irwin-
Kille-Retallack-Riggs-Strickler No. = 2,572,132, granted
October 23, 1951, which discloses means for producing a
message unit summary tape capable of being processed

by the presently described equipment; such tape is dis-
-closed diagrammatically in Fig. 73 of said patent with
the exceptions, as stated in column 6, line 44, of said
patent, that no single line entries are normally present,
and that certain index digits are different. Such a mes-
sage unit summary tape will control the present equip-
.ment, however, regardless of the source from: which it
originated; citation of this specific tape is exemplary and
not by way of limitation. ,

Toll tapes, message unit tapes, and service observing
tapes, suitable for controlling the herein-described equip-
ment may be and are produced as a part of the output
product of another disclosure of the group, i.e., an equip-
ment known as a computer and sometimes more specifi-
-cally designated.as a .computer-sorter, because it may
accomplish certain sorting functions, such as is described
in the application of A. E. Joel, Jr., Serial No. 101,087,
filed June 24, 1949; again this citation is exemplary as
similar tapes produced by any means or derived from any
source function in a similar manner and the principles
“of the invention extend to equivalent variants thereof.

Before proceeding with the description of the detailed
operation of the circuit of the tape to card converter

"certain related matters will first be described.

The card which is punched by the IBM summary punch
“under control of the tape to card convérter is represented
in Fig. 89, The card provides 80 vertical columns and
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12 horizontal rows.. In the present arrangement only
34 of the 80 vertical columns are employed. An indi-
‘vidual punch magnet is assigned to each vertical column
used. Each of the vertical columns may be employed
to represent a particular kind of information such, for
instance, as the month of the year, the tens or units digit
of the day of the month, the thousands digit of the
calling number, the hundreds digit of the calling number,
the tens digit of the calling number, the units digit of the
calling number, etc.; a separate vertical column being
assigned for each separate item of information. The
quantity of the information, for instance, relating to any
particular vertical column may be represented by the
horizontal position of the punched area in the vertical
column. For example, there are twelve months in a
year and twelve horizontal rows on a card. Therefore, a
punch in any particular horizontal position of the vertical
month row will represent a particular month on a pre-
‘assigned basis. In Fig. 89 the second vertical row is
assigned to represent the month and a punch perfora-
tion in a particular one of the 12 horizontal rows repre-
sents a particular month according to a predetermined
‘assignment. As another example consider called office
code. Three vertical columns are assigned to convey this
information which appears on the card as a three digit
number, the hundreds, tens and units digits of which ap-
pear in columns 25, 26 and 27. Reference to these verti-
cal columns and to the horizontal level or row number
discloses that the number of the called office code as
punched in the card is 243, the 2 appearing in vertical
column'25, the 4 in vertical column 26 and the 3 in ver-
cal column 27. The calling office code number is arbi-
trarily assigned to a particular telephone central exchange
office. According to the arbitrary assignment each office
is identified by a particular three digit number. The
number 243 may be assigned for instance to one of the
‘central switching offices of the Chelsea, New York, office.

The values or information indicated by the position
of. the punch perforation in a particular vertical column
hasa certain flexibility. Any of the ten digits from 0 to

"9 may be represented in-a particular vertical column by

a punching in-a horizontal row opposite the correspond-
-ingly numbered row. In such cases horizontal rows 11
and 12 would not be used. As mentioned above, each
of the twelve horizontal rows may be assigned to a differ-
-ent-month. According to another practice the quantity
or the number represented in a partlcu]ar vertical column
“may -be in accordance with a code in which the spemﬁc
-quantity is indicated by a combination of punchings in
two horizontal positions in a single vertical column, ‘ac-
cording to an asmgned ‘code. TFor instance, a combmatlon
- of two punchmgs in the same vertical column consisting
-of a punching in either horizontal row 11 or 12, called
an overpunch, combined with a punching in some one
- of ‘the horizontal rows 0 to 9; called an underpunch, may
be used to indicate a particular item of information such
“as a letter of the alphabet. This method has been
‘employed in IBM practice. A variation of this is em-
ployed herein in that the overpunch is omitted and par-
‘ticular digits of the group 0 to 9 are assigned arbitrarily

“to represent station party letters on a party telephone

line, such as the letter M, for instance, in a station iden-
tified as' 2431M. A numeral may be assigned to the
“letter M and other numerals to other party letters. There
might be, for - mstance, only four letters ordinarily
-assigned to party lines and each of these would be iden-
tified by a punching in a different one-of four arbitrarily
: assigned horizontal rows in the vertical row assigned to
party. . In such case, the other horizontal rows would
not be used since they would not be required.. " A fifth
“number corresponding to another horizontal row could, if
desired, be assigned to 1dent1fy a subscriber station which
had no. party letter, and in general the multi-vertical

“columned card arranged to be punched at any of a num-
~ber’ of - horizontal levels with one.or more punches lends
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itself .to the recording of data according to a number
of codes-and convenmons to meet a wide variety of needs
and conditions.

The present converter transforms and regroups the in-
formation received from the tape by the reader to the
form required on the punched cards which cards are
arranged to expedite further processing by conventional
business machines and practices.

Reference to Fig. 86 shows diagrammatically the rela-
tionship of the output registers and certain of the im-
portant elements of the well known IBM Summary Punch
Models 514 or 523 indicated also in Figs. 73 and 83.

The IBM summary punch has a punch for each vertical
column. - In-the present arrangement -all of the vertical
columns. are: not required.: There is a punch provided
therefore - only - for. each column:that is required. The
punch itself is. controlled: by a- rotary interrupter called
an emitter which controls the punching of the twelve
-rows in succession in discrete steps. The card is stepped
.into position so- that each horizontal row is presented to
the punches in turn. - The punches are controlled by the
emitter and the various output registers..

Let it be assumed that when a particular. horizontal
. TOW, say row 5, is presented to the punch, the informa-
tion in the ouftput registers requires that-three vertical
columns are required to be punched and that therefore
three of the punches are:to be operated.. It may be that
the called party tens digit is 5. It may be that the month
.10 be indicated is May to which- the numeral 5 may be
assigned and it may that ‘the numeral assigned to a sub-
scriber telephone party letter such as J is 5.. The output

10

‘10
13 and 14 which are passed through between punching
positions on successive cards. No punching is performed
while the emitter or card-is in positions 13 and 14. In
general, except in certain special registers, such as the
month register, there are ten leads extending from each
reglster called the emitter leads and designated EO®, El,
E2, E3, Ed4, E5, E6, E7, E8 and E9. . These connect
to a sequence counting circuit the advance of whrch is
controlled by the emitter. As the sequence countrng cir-
cuit is advanced into each position, such as position 5,
it will establish a circuit through the correspondingly
numbered E lead to all registers in which it is possible

_to register a 5. Each of the output registers will previ-
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registers and punching relays under control of the emitter -

will therefore condition the individual punch in align-
ment. with each of the vertical rows assigned. to these

three particular items.of information so that the vertical:

column assigned to the called: party tens digit, the vertical
-column assigned to the month and the vertical column

- assigned to the called party letter will: be perforated in.

: horizontal row 5. "All of the perforations to be made
in:a particular horizontal row :are made simultaneously.
Therefore. each. of the .punch magnets in the particular
vertical. columns ‘which is to be perforated will be ener-
gized by its -associated output regrster, under control of
the emitter, when the emiiter is in position corresponding
to horizontal row 5 of the card, so that the punch acti-

_vates an individual element . called an -interposer in- align-"

~ment with -a smgle common punch, bail so.that when
the bail is operated. through an eccesntric cam it activates
each of the three interposers, in the example-under con-
sideration to perforate each of the three mentioned verti-
cal columns in horizontal row 5.

As the card progresses in-horizontal steps through the
punching mechanism, the different punches individual to

each vertical column will be actuated at the. proper time,

undér control of the- output. registers and punch relays
which are connected to partrcular punches :and under

control also of the rofary. 1nterrupter or emitter which.

closés a path through:a register to operate the punch at
“any horizontal level ‘of the card as determined. by the
position ‘in which the output register has been set by the
dnformatlon fed iito it.

“Reference to Fig. 86 indicates the output reglsters in
a vertical column at the left. “Thirty such registers, four
_indicated. individually by rectangles and twenty-six by a
single rectangle at the bottom of the ¢olurhn, are con-
nected through the piunch control and punch sequence

control circuit, “indicated by a rectangle, and through-

“a cross connection field, so that any register may be flex-
ibly connected to any punch magnet. As a general prop-
osition each register will be connected to a single punch
though a certain few registers are connected to .two
‘or three punches, for instance. A drive motor drives
the punch bail eccentric’ and the emitter, which is a
rotary interrupter having 14 positions in a cycle, 12 for
the 12 horizontal positions and two indicated as positions
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- isters:
-the registers such -as the month register - réquire more

ously have been set according to its particular code
such as the additive two-out-of-five. code. Certain of
these registers may be set to record the number 5. One
or more or none may be so set. Each one in which a
five is registered will close a path through its particular
register, and through an individual path through the punch
control and sequence circuit to operate an individual relay
therein for each closed path through a register recording
the numeral 5. -Each punch control and sequence cir-
cuit controls an individual path through the cross con-
nection field to an individual punch magnet. If it is
assumed that three such paths are closed when the emitter
is in position 5, three punch magnets will be energized
and three individual interposers will be drawn into align-
ment with their respective punches. The punch will be
driven through the interposer by the punch bail unidér ¢on-
trol of the single common eccentric and the punch drive

-motor. The card will-thén be stepped into the next posi-

tion ‘where the processes  will bé repeated. - Thus each
card will be stepped to present the twelve horizontal rows
of each column to the punches in turn, to be perforated.
in particular positions as :controlled -by the output reg-
It is to be understood, of course, that certain of

than ten connections and thus show also an 11E and a
12E lead connections to the emitter, Certain others such
as the subscriber station party: register which records the
numeral identifying the party letter will require only
four leads from the emitter one assigned arbitrarily to
each of  four numbers to 1dent1fy each of four party
letters :

Processing -of  Tapes

General—The manner in which tapes are processed in

7»the present tape-to-card convertér, in dutomatic message -

accountmg in a telephone system ‘will now be described,
in*“general,- before procéeding with the detailed circuit
description.. The tape-to:card converter processes’ sev-
eral kinds of tape produced in other automatic message
accounting circuits. ' “The-tapes are the product of two
other automatic message accountmg circuits known as the
computer and the summarlzer The kinds of tape are:

(a) From the computer.
' Toll tapes
Message unit tapes
Service observing tapes
_-These are all 5-line call enfries.
(b) ‘From the summarizer:
Message unit summary tapes
. - These are 2-line entries.

The operations for a typical call (5-11ne entry) from
a toll tape are first described; thén the operations for
2-line entries from summary tapes-are covered.

_The description is divided into four stages:

1. Reading and registering in the Input Regrsters

2. Translation.
3. Transfer to the Qutput Registers.
4. Punching of the card.

Stages 1, 2.and 3 are shown in block dlagram form on

Fig. 85. Stage 4 is shown on Fig. 86.



2,046,084

11

- For discussion purposes the followmg call is assumed.
- On May 22, a subscriber whose directory number is CRan-
-ford 2-1234 in New Jersey called CHelsea 3-1000 in New
“York, a different basic numbermg plan area. The CRan-
-ford, calling, office index is 1. The call was answered at
1:25 p.m. and the duration of the call was five mmutes
“The. CHelsea 3 aréa index is 1.
“The entry for this call perforated in code on the toll
«tape is:

Al'B | o |p e F
Callmg .
Office Calling Line Numericals
. Index :
_First Line.oceameens 11| 1 2| 3 4
o Start Time Line
Becond Line.......... 0 ’ 2| 7 20l 8 5
Called ) ,
. Called Office Code
- . Area In- Index
Third Line.........._ 0] dex1. 2 4 "3
: oo YCalled Line Numericals -
“ Fourth Line._....... 0 1} 0 0l o 0
. Msg. . : ot
’ Unit- | Chargeable Time Msg. Units
- : Index . .
. Fifth Lin’e..t--..._.'.- 0 0. 0 .8 -0 (]

‘Had we chosen as'an example an entry from a message
~unit detail tape, digits representmg the number. of .mes-
‘sage units ‘would appear.in the E and F colurnns of the

-fifth line of the entry, instead of 00 as shown above.

. 'Had we chosen as an example an entry for a completed
<call from an observmg tape, the arrangement and- digits

-would be the.same as shown above. ‘However; had- the

“entry been for an unanswered call, the differences would
be as follows the A digit of the first line would be a3 in-

stead of the 1 shown; and the- fifth -line ‘would contain

- zeros in all digits since there is o chargeable time for an
unanswered call,

In Fig. 85 the tape is shown stopped on the ﬁrst line
“of the second call entry; therefore, the first call has been
read and is being processed. The characters read are
shown in their proper places in the input and output
reglsters

It is to be understood that the tape will be perforated
‘in accordance with the code to represent the numerals
shown and the. register relays will be operated to corre-
_spond.” _

Before- describng how this call is processed, the proce-
fdure for starting the machine is. explained.

Starting -the tape-to-card _converter -and summary
punch.—Either the tape-to-card converter or the summary
punch may be started independently of the other; how-
ever, it is preferable to start the punch first. . A descrxptlon
of the starting procedure for each machlne is given below.

{a) Start of Summary Punch:

Make proper cross connections Fig, 83 for tape
being processed. ° )

Fill punch feed hopper with blank cards.

Empty punch stacker of cards frorn prevxous
processing.

Operate power switch.

: Operate start key

The summary punch may remain in this condltron
until the tape-to-card converter is started.

(b) Start of Tape-to-Card Converter:
Set the set-up switches in accordance with the
information on the accounting center assign-
ment form for the tape.

12

"The settings of the various switches assumed for the

“illustrative call are shown below. 'These switches afe
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shown in detail in Figs. 32 and 42,

Switeh Position

o

. .'.I‘oll B
| Tens j Units
0l 0

T'ape typé. .
Marker group.

Qentral oﬁice. .
ousands
Month

d4o Off-

;2| Tens ‘ Units
0 5

Last day tens S i .

Last day units. .. ... : 4

Followmg the settmg of the swrtches, the. tape is fed
into the reader.. Operation of the motor start key. gives
ground to down-check paths of both the input and output
registers, If this check is satisfied, operation of the ma-

" chine start key is effective and tape processing begins.

The first tape entry read. is that for splice pattern for
which number 081010 is punched in.code in the tape.
This is transfererd . in code. to ‘the reading relays. The

" reading relays receive a two-out-of-five up-check After

this, the:two-out-of-five up-check of the remaining splice
entries is canceled; this prevents stoppage of the machine
because of mutrlatron of the C and D digits by a window
splice. * This. cancellation’ continues until an éntry éthér
than 08XX10 is read. .

Tape identity follows the splice pattern; -When the first
line of tape identity is read, the two-out-of-five check is
restored. The tape 1dent1ty assumed in this description
is shown on the tape of Flg 85.

Line 1 of tape identity is read, checked by a two-out-

-of-five up-check, passed through the tape type switch of

the converter, and then through the cross connection field
of the summary punch, This tells the machine that the

. tape, the converter, and the punch are in agreement. The

reader then advances the tape to the second line of tape
identity which is checked on a two-out-of-five basis and
compared with the marker group set-up switch, Lines
5,8 and 9 are also checked on a two-out-of-five basis

“and compared with their set-up switches. Tape identity

" lines 3,4, 6 and 7 are checked for a two-out-of ﬁve check
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I'input reglsters on a two-out-of-five basis. .

_one-out-of-two basis.
only one type of record, A dlglt 2, the entry type register

only
" Processing of detail tapes —The processmg of the first

~:call'entry of a tape differs in some respects from that of

the succeeding call “entries. For' this reason, and also
because of an overlap in processing, the first call entry
is- discussed separately from the succeeding call entries
and the differences in processmg are explamed

F zrst call entry

Readmg and registering.—When the last lme of the
tape ‘identity has beén read and checked, the reader ad-
vances the tape to the first line of the first call entry. The
machine has already found the input registers normal
and therefore ready to receive the record of the first call.

To regrster the content of the first line of the first call
entry inthe line 1 input registers, the operated readmg
relays are conneécted to the line 1 input registers, 'This is
done by the line 1 input register- connectors, which operate

_under control of the first line steering relay, if the A digit

of the first line is 1,2 or 3.

. When these connectors operate, the B to F dlglts of the
reading relays aré registered in the B'to F digits of the line
If the A. digit
isalor3,itis registered in the entry type register on a
(Since for summary tapes there is

is not used.)
An A digit of 1 indicates a toll message, a completed
service observing call, or a message unit-detail message.

- A3 indicates a non-answered observing call.

Satlsfactory operation of the line 1 input register relays
and the entry type register operates the line 1 input up-
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check relay. - At the same time, the reader step circuit of
line 1 operates to advance the tape to the second line of
the entry; the. line. 1 steering relay then releases and . the
second line steering. relay -operates.

‘When the tape advances to the second. 11ne of the entry,
the connectors to the line 2 input registers operate if .the
. A.digit of this line is 0. . The B to F digits of the reading
relays are registered in the same way as for line 1.

The A digits of all supplementary lines are not regis-
‘tered but are. used only to control the operation. of the
connectors for each line.. Advancing the tape, and steer-
ing and connectmg the reading relays to the input regis-
ters’ of . the- remaining lmes are done in the same way as
for line 2.

After the fifth line of the entry has been registered and
up-checked, the tape advances to the next line. .The ma-
ichine expects-this line to be the first of a new entry. If
the reader recognizes-an. A digit of 1,2 or 3, depending on
the type of call being processed, the sixth line check relay
-operates.:
the first call has been registered and the first line of a new
call has been read. :

The sixth line check relay completes- the up- check cir-
cuit of the input registers. The up-check circuit then

- tiotifies ‘the ' trafisfer. control that the input: registers are
ready to-transfer their content.to the output. registers.

The tape is not advanced until the input registers are ready

to accept the record of the second call.
Translatzon )

: General =Since certain ‘digits of the tape mformatlon
“are in index, or abbreviated, form and registered as such
in the input registers, translation is provided to convert
the index to a more useful form before: recording it on
“the punched card.  For example, a calling office index,
B digit of first line, of 1" may mean CR 2, Cranford 2,
on a tape from marker group 00, but on a tape from
marker group C1 a calling office index of 1 may mean
‘RO 4, Roselle 4. As such entries are read and registered,

and before they ‘are transferred to the output registers,

these digits are ‘passed to translating: circuits..  Listed
below are the digits of 5-line call entries that-require
translating, together with the nanes of the circuits whlch
perform this function.”

. Digits | From |  Digits Indleate . | _ Transiating Circuit
1 Line _ o )
......... 1°} Qalling office indeX....| Calling office translator.
Band C.. 2 |'Tens of a start time._.| Start time translator. . .
_________ 5 | Message unit'index....| Class translator. =~ "~

Tape index register—The tape index register has vari-
ous functions, some of which ‘are described below; the
- rest are.described at appropriate points in the text.
..In. the processing of detail tapes, that is toll, message
.unit. detail, or- MUD as abbreviated herein, or service
observmg tapes, part. of the information in the input
registers. is translated. before transfer to the ouput Teg-
isters.
summary tapes. - The tape index register is provided to
~allow. the input registers to -either be connected -to, or
to by-pass, the translators. The tape index register is
controlled by the set-up switches and gives the signal for
the type of control needed.

Purniched cards from toll tapes are used for subscriber
blllmg, punched ‘cards - from -message - unit: detail and
service observing tapes are used for record and statistical
purposes. To: prevent a subscribér from being billed
twice for the same call, each card is punched for either
charge, for toll calls, or no charge, for message unit detail
and service observing calls,

Calling office translator.—To allow the punched cards
to- be read directly, the calling office index,. that is the
B digit, line 1, is translated into the A, B and C digits of

Operation-of this relay tells. the machine that .

However, translation is not used when processing .
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- digits, tens and units, making a total of six digits.

14

the calling office code. The calling office translator and

‘the marker group set-up. switches control this translation.

The calling office index of the illustrative call is 1 and

‘the marker group set-up. switches are set at. 0, 0. The

B digit, in combination with this position of the set-up
switches, results in an office code ABC of 272, represent-
ing CR 2, Cranford 2, which is the calling: office.

Start time translator—The start time line contains
three parts, day, hour and minute, derived by the com-
puter from the calendar day (from tape identity), the
last recorded hour, and the answer time entry of the
assembler output tape. Each of these items need-two
Since
the A digit of a supplementary line must be 0, the six

'dlglts of  the start time line must be fitted to the five

remaining. spaces. - A 2-digit code is used for the tens
digit of the three parts. The 2-digit, B and C, code and
the units digits, D, E and F, of the day, hour and minute
are the 5-digit entry of the start time line. These-are
shown in the second line of the input registers. -The start
time translator translates the 2-digit code into the tens
digit of the day, hour and minute. ’
The start time line of the illustrative call is

B C DEF
2. 7.2 35

The 2-digit code BC is 27. When translated, the three
tens digits are 2, 1 .and 2, which with the units digits,
DEF, form the 22nd day, the 13th hour and the 25th
minute,

Class translator —Since many - types of calls are proc-
essed by the tape-to-card converter, each card is marked
by the class translator with an. AMA class number.
This number indicates the type of tape from which the
cards were derived, and the class of treatment: required

“in:the card processing. A list of the AMA class numbers

. and the correspondmg types of deta11 tapes is glven below.

40‘ »

AMA Olass Numiber Type of Detail Tape.

Toll
_Obserying, Answered (Toll or MUD)
Observing, Not Answered:

Observing, Cancel Charge (Toll or MUD)
Message Unit Detail.

Since toll and MUD tapes each contain only one type

--of call, the class translator is controlled directly by the
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tape index register. However, when service observing
tapes, which' contain three types of calls, are processed,

-‘the class translator is controlled by the combination of

the A digit of the first line of the eniry, the B digit of
the fifth line, and the tape index register.

Transfer. of information to output registers. -——When
the reader finds a good registration in the first line of
the: next entry, the sixth line check circuit operates. This
circuit-tells the output register control circuit to go.ahead -
and transfer the information in the input registers and
translators to -the output registers. - The transfer takes
‘place as soon as the input registers and translators are
filled and the output registérs are cleared of the previous

.call. The-two sets of registers, including the translators,
keep the information registered in them until a check
- circuit tells the input side to release.

The 30 sets of output registers are shown.in Figs. 63
to 72. Not all of these registers are used for all detail
calls. Some of the registers are-never used when sum-
mary calls are processed.

Description of output registers.—A brief description
of the output registers and the information they rece1ve
for a 5-line entry follows.

Calling office code registers—The callmg oﬁ’ice mdex
goes through the tape index register to the calling office
translator. The.marker group from the marker group
set-up switches joins the calling office mdex in the calling
office translator. These two, after translation, form the
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three digits A, B and C of the calling office code, whlch
“Is then reglstered in the ealling office code output reg-
isters:
"The calling officé mdex for the exaiiipie is 1 This
finbet and the marker group inforfmation - froi thie
“inarker group set—up switches ate translated into 372.
These three digits ate now registetéd in the calling office
cbde output registers; and représent CR 2.
" Calling line numericals registers.—The calling fine 1iu-
mericals input registers give their information to the cail-
"line numericals output registers, as shown in Fig, 85.
Start time registers—~The B and C digits of the start

time registers are translated into three digits by the
start time translator. These three then go to the answer
day 'tens, answer hour tems, and answer minute tens
of the start time output registers. The D, E and F digits
.of the start time input registers are passed unchanged
_to the answer. day units,” answer hour units and answer
minute units of the start time output registers. .

. Fig. 85 shows the. start time input registers contain-
ing, for the illustrative call, 27235. The B and C digits,
27, are translated and registered in the output registers
as 212; meanwhils the D, E and F digits 235 are trans-
feired w1thout chaiige to the output registers. Thus, the

start time is registered as 212235, This represénts ai’

afiswér day of 22, an answer, hour of 13 and an answer
mintite of 25.

Area index and called oﬁ‘ice code regtsters —Both the
‘area index and the called office code output Tegisters
_receive their information from similarly named mput
registers.

As shown in Fig. 85, the area 1ndex for the example is
assumed to be 1. The called office code is 243 for CH3.

-Called line numericals and station registers—The
called line numericals may be transferred as three digits,
four digits with or without a station party letter, or as
five digits.” The called number index in the input register
tells the output registers which it shall be, by controlling
(in the output register control) the output register con-
nectors. The table below shows the called number index
and the corresponding operated output regrsters for the
different kinds of called line numericals,

Called Called Line Numeriesls
" Kind of Called Line | Num-<|__— -~~~ ~=~ = ~-— - - o
Numericals ber .
Index | STA [ TTH ([TH |EN|T| U
-3 Digits. o eeeieecaae 0 0 0| -0 XIX| X
.4 Diglts, No Station... ! .0 0 -X XXX
4 Digits with Station.. 1 X 0 X XX X
& DIgits el . 2 0 X X X|X| X

m}t{hindicates an operated register whose output will result in a punch
0 h‘;di?:f;%es either an unoperated register or one that will not cause a
card punch.
The sample call, Fig. 85, has a called number index
of 1 and called line numericals of 1000 without a
party station letter in the input registers. This informa-
“tion is transferred to the called line numericals output
registers as 1000 and the no station relay is operated in
the station register.
AMA class register—~—The AMA class regrster gets its

" information from either the tape index register, the class

translator, or both. The table below shows the AMA
class numbers and the corresponding types of detail tape.

AMA Class Number Type of Detail Tape

Toll.

Observing, Answered.

.{ Observing, Not Answered.
Observing, Cancel Charge.
Message Unit Detall.

The tape type switch, for the example shown in Fig. 85,
is set on toll, - The tape index register now knows that .
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class. reg15ter fo reglster a O—the class number for a
toll tape, -

~*Chargeable time registers—The chargeable time regis-
ters get the time from similarly named -input registers.
The time registered is punched for a.ll detail calls, even
when the time is 00.

" The titie of the sample call is five ‘minutes.
Fig. 85 shows 05 minutes in these registers. -
" -Messagé tnits registers.—The message units regrsters
gét the niimber 6f mnéssage dnits from input registers of
If the Inpiit registers have 00 message
“units, the output registérs remain empty. -

- Fig. 85 shows that the message -units output registers
.are empty because the input registers have 00 message
units, so for: this call the message units columns of the
“card will not be punched. :

Month register~~The month is passed from the month
‘set-up switches to the month register. -The month in the
register may be the same month as that shown on the
-switch settings,- or the following month.. The latter: is
registered for calls that are made after midnight of the
last day of the period. Except for this interval, the same
‘month as that shown on the set-up switches is reglstered
in the month register. -

The sample call was made on May 22. Therefore the
set-up switches are set for a month tens of 0.and a month

Therefore

“units ‘of 5. When this 1nformauon is passed ‘the month

May appears in thé registei:

Overpunch register—The tape mdex reglster tells the
overpunch register to register either 11X or 12Y. 11X
indicates *“charge” for a toll tape, while 12Y indicates
“no charge” for message unit detail and observing tapes.

The sample call of Fig. 85 is a toll call; therefore 11X
is registered in the overpunch register.

Unused output registers—An up-check of all output
registers is needed before processing can continue. Since
the: information transferred from input to output does
not necessarily fill all output registers,. grouping relays
are used to take the place of those output registers not
operated. The grouping relays ‘provide an alternate path
for: the . up-check - circuit. through the unused output

_registers. -

46.

‘In Fig. 85, the ‘sample call leaves’ the message units
output reglsters empty. To complete the up-check path
through these registers the no message ‘units grouplng
relay, designated NMU in Fig. 62, is operated. " This
relay directs the up-check path over the normal down-

- check path of the message units registers, and then bac

50

to the regular up-check path to provide a continuous cir-
cuit to operate the output register up-check relay RUC

_ Fig. 24.

" different.

55

The case of the station and ten thousands Tegisters is
Here, one relay operated in the station register
and none in the ten thousands register, or none in the
station' register and two-out-of-five in the tenthousands
register, will provide a path for the up-check. The sam-
ple. call ‘shows the station register filled by the no sta-

" tion relay, which has no output to the IBM punches.
The ten thousand register is empty. These conditions

60

“are needed to provide the up-check path. -

Operation  of olitput ‘registers—As previously  de-

~scribed, the output registers are filted from the input reg-

. isters and translators.

65

This transfer of mformatron ‘takes
place when the output register connectors operate. How-
ever, before the output reglster ‘control can tell the con-

" nectors to operate, the input side must be ﬁlled and the

70

output side empty.

After the transfer the output registers -are up-checked
Then they tell the output register control to release the
connections between the . input and’ output sides. . But
the input register relays do mot release immediately.
They wait about 75 milliseconds to make sure that the
output registers have locked up. If after’ this interval

a toll tape is being processed; therefore it tells the AMA 75 all the output registers are still locked -up, the input reg-
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isters are ‘told that the transfer was successful and they
release. R

The input registers never get the signal to release if any
_output registers release during the timing cycle. ~Instead,
the machine stops and an alarm sounds. -

The output register up-check tells the punch sequence
control to start punching a card when the output reg-
isters are filled. The card is punched—a row at
time—until all twelve rows are punched. When this
is finished, the output registers are told of release and
be ready for the next transfer.

- Card punching

General—When processing. toll, MUD, and observ-
ing tapes a separate catd is punched for each recorded
message: when- processing summary tapes a separate
card is punched for each summary entry. These cards

10

15

are punched by the IBM summary punch from the in-

formation in the output registers of the tape-to-card
_converter. Fig. 89 shows one of these cards punched
for the typical call previously described.

Card column assignment.—The assignment of the sep-

arate items to columns is controlled by cross connections -

_on the cross connection field Fig. 83 of the IBM sum-
mary punch; a typical assignment for use in processing

recorded messages follows:

Card Column Number Toll, Miid, and Obiserving Tapes

*1 Colate Month.

2. weewen) Month, .,

3 8 . Answer Day 'Tens. .

4 Answer Day Units.

5 Called Line Numerical Ten Thousands.
_6. Called Line Numerical Thousands. -
*7. Oﬁlle\gALme Numerical Hundreds Plus
8. QCalled Line Numerical Tens.

9. Called Line Numerical Units,

:}0 Check Punch. :

}‘; +Calling Office Code.

15 Calling Line Numerieal Thousands.

*16 Calling Line Numerical Hundreds Plus

Non-Billing,

b i S Calling Line Numerical Tens.

18 Calling Line Numerical Units.

*19. Called Station Letter.

20 Answer Hour Tens.

21 ‘Angwer Hour Units. -

22 Answer Minute Tens.

23. Answer Minute Units,

;g Area Index.

g? Called Office Code.

42 ‘Chargeable Time Tens.

4 | Chargeable Time Units.

Class.
| Billing, -
| Message Unit Tens.
Message Unit Units.

In the above table the items not marked with an asterisk

use the single punch decimal code. The items marked
with -an asterisk items (¥) 4re special and are -described
below. .

#J—Collate month~—This column is used with the month
column to permit month sorting to agree with IBM meth-
ods. January to June are punched 1 to 6 respective-
ly. Punches for July through December are not re-
.quired in the collate month column for sorting—a punch
is made in the zero row for these months for checking.
 *2—Month—This column is punched on 2 modified
decimal basis. It differs from other one-punch decimal
columns in having two additional rows—12 for January
and 11 for February. March to December are punched
0to 9. .

#7__Called line numerical hundred plus AMA.—This
isa split column. A punch is made in row 11 for cards

originating in an AMA accounting center to distinguish

-them from ‘cards-‘made from operator tickets, for ex-
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gmple. The ¢alled line numerical hundreds is punched
0'to 9. -

*10—Check punch.—Only row 9 of this' column is
‘used. This punch position is in the last horizontal row
and is made when a satisfactory check has been ‘made
that all punch relays have operated. ‘This checking .op-
eration and a sensing check will be explained later.

*16—Calling line numerical hundreds plus non-bill-
ing—This is a split colimn. A punch in row 12 is
made on the cards not to be used for billing—as in
service observing records, for example. Each card has
either this punch to indicate non-billing or a punch to
indicate billing in row 11 of column 49, as mentioned
below. The calling line numerical hundreds is punched

0.to 9.

#]9_Called station letter—Positions 1, 4, 9 and 6
represent station letters J, N, R and W respectively.
Note that these assignments do not correspond to the
dial letter plate. They are chosen to correspond to the
IBM code for printing letters. o

%49__Billing—Only row 11 of this column is used
and, 'as. indicated under column 16 above, each card has
either a 12 punch in column 16 or an 11 punch in col-
umn 49. All “billing” cards are punched 11 in column
49, ‘

Each punch relay P, Figs. 75 to 81, has a check punch
relay CP in series with it. 'The contacts of the check
punch relays are grouped through cross connections in
the cross connection field to cause a check punch in
column 10 of the last position, that is row 9. An un-
operated - check -punch relay which should be- operate!
thus prevents the theck punch being made. Check punch
relays which are unoperated because the corresponding
output registers are not used are shunted by ‘other felays.

“The check punch is an indication of a satisfactorily -

.punched card. Without it, the card cycle is not com-
pleted and the output registers cannot release. This
punch in row 9 is a check that all the proper punch

relays are operated. It is not a check that the proper
punches are made in the card.

Succeeding call entries=—Whereas the converter checks
to be sure that both input and output registers are empty
before the processing of the first entry of a tape can begin,

.the processing of the succeeding entries is done differently.

It is performed as an overlapping action. The reason for
overlapping is that the reader can read 5-line entries faster
or at 180 per minute than the punch can punch cards or
at 100 per minute. Therefore the output register control
inust delay the transfer of a new entry just registered in
the input until the output registers have cleared the previ-

- ous entry.,

For all but the first entry, the processing is as follows.
As soon as the transfer of information to the output Teg-
isters is suceessful, the input registers release. The output
registers go ahead and send the information from this
entry to the summary punch to be punched on a card.
Before the. card is completely punched, the input registers
take the next entry from the reader and wait with it until

. the output registers release after finishing with the old

entry, Then the next transfer takes place and when it is
complete, the input registers are told to release and get
ready for another new entry. Meanwhile the output regis-
ters go ahead with the processing as befote. The process-
ing of two different entries at the same time in the input
and output registers on an overlap basis continues until
the trailing end of tape pattern is reached. ’

Window pattern.— When a window entry, that is
287020, is read, a two-out-of-five check is made. on the
B to F digits and a one-out-of-three check on the A digit.
After the checks are made, the tape advances to the next
line which is splice pattern. Splice pattern is read,
checked, and causes skipping of the splice entries that fol-

low. = Another window entry, 287020 follows the last

splice entry of the window pattern. This stops the skip-
ping action and advances the tape to the next line.
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Trailing end of tape pattern

Tape identity —The trailing end tape identity is checked
in substantially the same way as the leading end tape
identity.

Skip splice and splice pattern—Skip splice, 2860XX,
follows the last line of trailing end tape identity. The B
to F digits of this line are checked on a two-out-of-five
basis and the A digit on a one-out-of-three basis. The
tape then advances to the next line which is splice pattern,
and again skips through the reader. .

When the reader comes to the end of a tape it finds
mutilations of the digits caused by tape cutting. These
mutilations bring in the short alarm and stop the reader
meter. Operation of the alarm cut-off key stops the
alarm. The motor start key is then operated and the tape
is stepped out of the reader by either the tape feed or the
reader step key. Operation of the end of tape key releases
the converter circuit.

When the last call entry is punched on a card, the sum-
mary punch stops. The last card and the card preceding
it remain in the punch unit mechanism. These cards are
discharged into the punch stacker by operating the sum-
mary punch start key for two card cycles. Following this,
the power switch of the summary punch is moved to the
off position, causing release of the circuit.

Reading and registering—When summary tapes are
processed, only the first and second line input registers are
used. The position of the tape type switch prevents the
third, fourth and fifth line input register connectors from
operating.

As previously mentioned, the A digit of the first line
of a summary entry is not registered. The B to F digits of
.this line, however, are registered in the same way as for
detail type entries.

The up-check of the first line of the summary entry
is through the B to F digits recorded in the input regis-
ters and a summary tape relay. From this point on, steer-
ing, recording and up-check of the second line are done
in the same way as for the second line of a detail type
entry. .

Operation of the up-check relays of lines 1 and 2 sig-
nals the transfer control that the input registers are ready
to transfer their content to the output registers, The

tape advances to the first line of the next entry and re- ,

mains there until the input registers are again released.
Translation

1Tap‘e index register.—The same as described for detail
calls.

Calling office translator—The calling office code is de-
termined by the positions of the marker group and central
office set-up switches. Since the records of a summary
tape represent one central office, the code does not change
during processing.

Transfer of information to output registers—The trans-
fer of a summary entry from input to output registers is
similar to that of a 5-line entry but simpler. When the
two lines of the entry are registered in the input registers,
and the output registers are cleared of the previous call,
the output register control circuit goes ahead and trans-
fers the information to the output registers.

Some of the registers record different information when
processing summary tapes than they do when precessing
S-line entries. In addition, some of the output registers
are not used at all.

Description of output registers~—A description of the

output registers which are used and the information they
receive for a summary entry follows, :
: Calling office code registers.—The entire tape originates
in the same central office, so the central office set-up switch
18 set to correspond to the calling office index, This con-
trols the calling office translator to form the calling office
code as described for detail calls.
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Calling line numericals registers—The same as de-
scribed for detail calls.

Summary registers—The answer minute tens, answer
day units, answer hour units and answer minute units of
the start time registers are used to register the summary
message units. The registers when thus used are called
summary thousands, summary hundreds, suramary tens
and summary units. These registers get their informa-
tion directly from the C, D, E and F digits of the second
line of the input registers.

Last day registers.—The last day tens and the last day
units registers are employed. These registers are used
as chargeable time tens and chargeable time units when 5-
line entries are being processed.

The registers are filled from the seiting of the last day
tens and last day units switches.

Month register—The month is passed from the month
set-up switches. For summary tapes the month regis-
tered is always the same as that on the month set-up
switches.

Overpunch register—The message unit index, B digit
of the second line of a summary entry, tells the over-
punch register whether to register 11X orl2Y. 11X is
registered for exactly 1000 message units, while 12Y is
registered for less than 1000 message units.

Unused output registers—As in the processing of 5-
line entries, a summary entry cannot be completely proc-
essed until all output registers are up-checked. In this
case the tape index register relay which is in the operate
condition by-passes the output registers that are never
used for summary entries.

Card column assignment.—A separate cross connection
arrangement is used for summary entries. A typical as-
sighment of the items to columns for summary eniries
follows:

Card Column Number

Summary Tapes

Collate Month,
Month.

Sumznary Hundreds.
Chedk Punch,

Calling Office Code.

Calling Line Numerical Thousands.

Calling Line Numerical Hundreds Plus
Under 1000 Message Units.

Calling Line Numerical Tens.

Calling Line Numerical Units.

Summary Tens,

-| Summary Thousands.

Summary Units.

Last Day Tens.

Last Day Units.

1000 Message Units.

In the above table the items not marked with an asterisk
use the single punch decimal code. The items marked
with an asterisk are described below.

*1—Collate month and *2—Month.—The use of these
columns is the same as for recorded messages.

*7—AMA —The punch in position 11, for cards origi-
nating in an AMA accounting center to distinguish them
from cards made from operator tickets, is the only punch
in this column. The underpunch portion is unassigned.

*10~—Check punch.—The use of ‘this column is the
same as for recorded messages. :

*16.—Calling line numerical hundreds plus under 1000
message units—This is a split column. The calling line
numerical hundreds is punched 0 to 9 in the underpunch
position. The overpunch position 12 indicates that the
summary is under 1000 message units. Each summary
card has either a 12 position punch in column 16 or an
11 position punch in column 49. ’

*49—1000 message units.—A punch in position 11 of
this column is used to indicate exactly 1000 message
units. The underpunch positions are not used.

The functions of certain of the important keys shown



in the converter circuit,
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which will ‘be described in detail

hereinafter, are presented ‘here for ready reference.

; Fu.nctton

"End of Tape
‘Miachine Release. -0 ..

“Maichine ‘Start. ...; __________
Reader StoP. . ccciumsiannmnad J

Input REGRLS. .
‘Qutput REGRLS
“Tape Feed
'Tape Section Releas:

Tape Section Reset_...c.....
Master Release...... [

Emerg. Motor 8top.ccvcienan

Emerg. Rosetoceicmammmnuaian

Retires eéxternal slarin,

Starts reader motor,

“Restores Cirguit tonormal after’ tape Fing
'out of reader following skipping of last
splice pattern,

Temporarily shuts ‘down machine "but
alll%wg calls being processed to be com-
ple

Starts maching processing.

Advances tape. to the next line.. It.is
offective -only. when start circuit is
released  and  reader lamps key 1is
operated. o

Removes lock from input registers.

Removes:lock from output legxsters

‘Feeds tape into reader,.

.| Release tape section register by restoring

‘tape section ‘selector to normal. This
key is -operative only when circuit is
stopped or in-an alarm condition.

Advances tape section selector one step
for each key operation,

Restores entire circuit to normal when
operated in conjunction with Machine
Release key.

In an emergency, stops 1eader motor and
removes battery supply from reader
step magnet.,

Allows processing to continue upon
restoration of power after faflure.

Tape indent ................. Permits machine to continue processing
after a tape identity check failure.
"BUMMATY - aeem s vmmmaimmm e Lights the Thousands, Hundreds, Tens,

and Units indicating lamps for sumrna-
ry entries. In addition, the Under 1000
MU Y lamp will light if there‘are under
‘1000 message units in the summary or
the 1000 MU X lamp will light if thers
“are 1000 message unitsin the summary.
On detail -calls, lights the -indieating
lamps for AMA Class, mintite tens
and units of chargeable "time and tens
and units of message units, In addi-
tion the Charge X lamp will light for
-calls on whieh charges apply or the No
O{xlarge Y lamp will light for-no charge
calls,

‘Chargeable ’i‘lme MU 'and
Class Key.

Fig. 87 shows portions .of three cards arranged to
indicate a punching cycle. The ‘cycle is separated into
14 discrete time units, numbered 14, which is a nnit in-
‘terval between successive cards, 12. which is the first
interval on a card, followed by 11; then 0.t0 9 and then
13. Interval 13 is the last interval during: which the
card is moving out of the machine and like interval 14
is not a punching interval.

The cycle time for a single horizontal row may be,
for instance; 43 milliseconds. The cards are stationary
“during the punching -operation and move one-quarter
inch between punch positions. Positions 13 and 14 are
for providing clearance between cards. It may require,
for instance, 600 milliseconds for moving the card
through the 14 positions.

Refer now to Figs. 88A, 88B, 88C and 88D. Four
feed cycles are required for one card to progress from
the card hopper through the punch, positions into the
_stacker of the IBM machine. "The positions of the cards
at the end of each one of the cycles one to four are
indicated in Figs. 88A, 88B, 838C and 88D, respectively.
In Fig. 88B card 1 closes a pair of contacts, not shown,
which control the continuous operation of the machine.
The first two cards, card 1 and card 2, must be manually
controlled by a double operation of the start key until
the cards are in the positions shown in Fig. 88B." When
the first card leaves its position an electrical check is
made that there is at least one hole in each employed
“vertical column and that none is double punched This
check does not detect a punching in a wrong position of
a column. The summary punch is- equipped to check
thirty columns for double punch on blank columns. In
the tape-to-card converter columns 76 and 77 assigned to
message unit tens and message unit units are not checked
for ‘double . punch and blank columns. These columns
are used only in servicé observing and do not affect
billing. - Columns 5, 6 ‘and 19 assigned to “called line
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‘numerical ten thousands, called line furmerical thousands

and called station letter are not checked for blank col-
umns s ceftain tape entries do not contain these pamcu-
lars -and fhus <certain cards would not be punched in
these columns.

The normal speed of the convérter is .3 second per
¢ard and the maximum speed of the punch is .6 second
per card. Therefore the converter cifcuit must hoifrally
wait for the completion of the card feed cycle. “The
punch signals when the card feed cycle is completed.

The tape to <¢ard converter c1rcu1t i§ designed to ac-
cept the following. tapes.

(1) A toll tape from a computer.

(2) A message unit detail tape from a compuiter.

(3) An observing tape from a computer.

(4) A detail tape from an assembler-computer.

(5) A summary tape from a summarizer. v

The circuit is designed to punch a-card for each call
in tapes 1,2, 3 and 4 and in addition on tapé 4 to punch
an additional card, on toll and message unif detail mes-
sages which are marked.for observing. When processing

summary tapes, listed as number 5 above, a card is
punched for each summary entry.

Functions

To read line of the input tape:

To. check -each line for one or three perforatio’ns in
the ‘A digit, and two in each of the B, C, D, E and F
digits.

To check the advance of the reader drum.

To recogmze -and skip splice pattern.

To recognize ‘and check the tape identity on the lead-
ing end ‘of -each section of the tape.

To recognize and check the - tape identity ‘on the trail-
ing-end of each section of the tape.

To check for consecutiveness and count the sectlons
of the summary tape.

To accept detail tapes from the computer or assembler
computer, observing or message unit detail tapes from

computer, or summary tapes from the summarizer.

To aceept summary tapes on 2 flexible processmg pe-
nod basis.

To check that the set—up switches are not changed
after processing of tape has started.

To steer each line of either the five line entries or two
line entries to the corresponding input register.

To connect and register -on a two-out-of-five basis all
lines of any one good call eiitry in:the input registers.

To- check that all input registers are released before
steering to them. To check that one or three of the A
digit register relays are .operated and that two-out-of-
five relays of the B, C, D, E and F digit registers of all
lines are operated before allowing the circuit to' procteed.

To translate calling office information from office index
and marker group to an arbitrary flexible three-digit ‘code.

To translate information from two tape digits to three
digits of start time.

To derive, from tape and set-up switches, a distinguish-
ing number for each type of detail call to punch on
cards.

To punch two similar cards from the. same call in-
formation in tertain cases.

To punch the next month: .on the card for a call made
after midnight on the last day of the month.

To translate from the tape information the called
station or party.

To transfer information from input registers and trais-
Tators to output registers between IBM punch cycles.

To check that output registers remain operated before
releasing input registers, and ‘to prevent passing the
same input information to output registers a setond time

.unless two cards are required.

To check that the correct output register"s are oper-
ated and that the correct number of- relays m each regls-
ter ate operated.
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- To check that all output registers are released before
filling them.

To store complete information in output registers be-
fore attempting to punch a card and to provide registers
for the following information:

(1) Calling number. )

(2) Answer time, day, hour and minute or summary.

(3) Called area.

(4) AMA class.

(5) Called office and number.

(6) Charge time or round or last day.

(7) Message units. .

(8) Month.

(9) X and Y punches.

To check that the circuit advances within a required
time limit.

To control an IBM machine so as to perforate a
series of IBM cards in accordance with information set
up for each card in an output relay register, at a speed
of approximately one hundred cards per minute.

During the punching of each IBM card, to check that
the right circuit paths for the functioning of the punch
magnets of the IBM machine have been closed at the
proper time to insure complete perforation on the IBM
card of all information set up for that card on the output
register relays. ‘ _

To provide for directing twelve equally spaced circuit
breaker pulses from the IBM machine so as to cause the
punching, one row at a time, of the correct punched hole
information for a multiplicity of columns of the IBM
card.

For the punching of each row of holes, to complete the
connection of the circuit breaker lead to the correct
punch magnet windings before the circuit breaker of the
IBM machine closes to operate the punch magnets.

To check that the circuit breaker pulses of the IBM
machine are in synchronism with the circuit breaker pulse
directing circuits of the converter.

To prevent checking the first line of tape identity, and
in so doing stop the machine and operate the alarm if an
attempt is made to process a summary tape using the
IBM cross connection field or plug board as it is called
wired for detail calls and vice versa.

To stop the machine after punching of the card in
progress and to operate the alarm when any of the fol-
lowing trouble conditions occur.

The non-completion of any of the operations and checks
mentioned in the above functions.

The stacker becomes filled. .

Any one of the fuses of the IBM machine is operated.

The Stop key of the IBM machine is operated.

To stop without an alarm but with an indicating lamp
when the punch blank card feed hopper is empty.

To stop without an alarm but with an indicating lamp
when double punch, or blank column, or comparison
stoppages of the punch occur.

Description of operation

General description—The following is a general de-
scription of the circuit operation when processing a de-
tail tape, assuming that toll entries are being processed.

The set-up switches are set for processing a detail tape,
with the marker group, month and last day switches set
to agree with the identity of the tape to be processed.

The reader is started by the operation of the Motor
Start key. The tape is fed into the reader and cards
into the punch. The Machine Start key is operated. The
tape identity is checked with the setting of the set-up
switches. .

The five lines of each call entry are read successively
and the B, C, D, E and F digit of each line is recorded
in an input register exactly as read.

The information recorded on the set-up switches and
_on the input registers is used to control the operation of
the output registers. Some of these output registers are
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operated. directly under control of the input registers,
these include the registers for recording the calling num-
ber, the called.area, the called office, the called number,
the elapsed time and the units digits of the day, hour and
minute. Other output registers are operated under con-
trol of translators which inturn are controlled by the
set-up switches and input registers, these include the
month, the calling office, the called station (party letter),
and the tens digit of the day, hour and minute.

As soon as the output registers are operated they lock
up and are ready to control the punching of a card.  The
input registers are then released and are ready to receive
the next entry on the AMA tape. The output registers
control the punching of a card and while this is in progress,
the AMA tape is advanced and the five lines of the next
call entry are read and recorded in the input registers. As
soon as a card is punched, the output registers are re-
leased and are ready for operation on the next entry.
This overlapping process continues to the end of the
AMA tape with the punch operating at its maximum
speed of one hundred cards per minute and the AMA
tape advancing in spurts of five lines at a time.

The circuit operation when processing a summary tape
is somewhat simpler than that described for processing a
detail tape in that each AMA tape entry consists of only
two lines and much less information is punched on the
card.

In case an entry for a toll or message unit detail mes-
sage on a detail tape is marked for observing, two cards
instead of one are punched, the second card being for the
service observing record. This requires a second punch-
ing cycle for the second card with a consequent delay
in releasing the input registers and recording the next
entry.

Checks are made for the proper number of relays
operated for each digit of the reading relays and input
and output registers, for the proper number of lines in
an entry and for the locking up of the output registers.
When the input or output registers are released, checks
are made that all relays are normal. While a card is
being punched, a check is made that the circuit is closed
to the punch control relay of each column that is sup-
posed to be punched. A check punch is made on a card
only if all of the above checks are satisfied. If any
checks are not satisfied the circuit blocks and brings in
an alarm.

The reader

General—The function of the reader is to read the
perforated information on the AMA tape, to control
the advance of the tape, and to provide various closures
for controlling the circuit.

The reader assembly is positioned on the guide tracks
of the reader mounting and pushed into place so that
the multicontact plug on the reader assembly makes con-
tact with the multicontact jack on the reader mounting.
This grounds the common side of all of the contacts and
extends the individual contacts into other parts of the
circuit. The winding of the Step magnet of the reader
is also connected into the circuit. The alfernating-cur-
rent supply is connected to the reader motor by means
of a cord. .

The AMA tape is about three inches wide., The in-
formation on the tape is represented by embossed perfo-
rations. - There are twenty-eight positions across the tape
in which perforations may occur. These positions are
spaced approximately 0.1 inch center to center both trans-
versely and longitudinally. The twenty-eight positions
are divided into six groups constituting the A, B, C, D,
E and F digits. Looking at the smooth side of the tape,
with the leading end down, the A digit is at the left. The
A digit group contains three positions, and the B, C, D,
E and F digit groups each contain five positions. The
positions in the A group are designated 0, 1 and 2, from
left to right. -The positions in the B, C, D, B and F
groups -are designated 0, 1, 2, 4 and 7 from left to right.
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IFor méchanical reasohs, each line of perforatlons, as
perforated 'and as read, instead of occupying a stralght
horizontal line, occupies a zigzag line. The grouping and
designations of this zigzag line arrangement are. as
follows: -

A B C | D E r
012 0124710 01247101247) 01247
0 0.0 0 00 0-0 0 0 0 0.0 0
00 1 0 0 0 0 0 090 0| 00

On the tapes read, each line of perforations contains
one or three perforations in the A digit group, three
perforations representing the number 3, ‘and two perfora-
tions in each of the B, C, D, E and F digit groups. - The
information contained in each of the B, C, D, E and F
digits is in accordance with the additive two-out-of-five
code, in which the sum of the two perforation position
designations 0, 1, 2, 4 and 7 (with the exception of the
combination of 4 and'7) equals the numeral represented,
according to the following table:

Perforated
Positions

‘Numeral

5
.
e =L T O X

The reader is equipped with twenty—eight reading pins
arranged to line up with the holes in the drum and with
the perforation positions on the tape. These pins are
operated with a reciprocating motion from ‘a motor-
driven cam and are arranged to make contacts when
registering with perforations in the tape. The reciprocat-
ing motion of the reading pins is dependent only upon
the running of the reader drive motor, and is entirely
independent -of the rotation of the reader drum and the
advance of the tape. Thus if the advance of the drum
is stopped, the same line on the tape is read repeatedly.
The reader drum advance takes place while the reading
‘pins are withdrawn from the drum.

The reader runs at the nominal rate of sixteen read-
ing operatlons per second, and if the rotation of the
drum is not stopped it will be advanced at the rate of
sixteen steps per second, resultmg in reading sixteen lmes
"per second,

Reader (Fig. 6).—~The reader F1g 6 may be powered,
for instance, by a directly geared 3/20 horse-power split
phase induction motor.

The AMA tape is inserted in a tape guide, not shown,
.on the upper front of the unit with the embossed side
of the perforations facing down and the A digit to the
right,
- meshed with- an exposed portion of the drum and insures
proper tracking before the tape is advanced to the read-
ing position. The tape is fed around the drum continu-
ing out the bottom of the reader. The fitting of the em-
bossed ‘portion of the perforations in the tape into the
holes in the drum holds the ‘tape in alignment and pro-
vides traction so that when the drum is rotated the tape
is advanced through the reader.

A mechanical stepping- mechanism is-used to advance
the tape in the reader. Drum advance takes place
through the square motion action of a step rack in as-
sociation with the step gear attached to the drum. The
drum advance is controlled by a step magnet which
permits advance when operated and prevents advance

wheit released. In order to prevent the reader shaft -

from being turned back, a ratchef has been incorporated

The embossed portion of the perforations are
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in the flywheel assembly This ratchet is of the cent-
trifugal throw-out type so that it is operative only at

low shaft speeds. It limits the amount of back rotatlon to
something less than two degrees.

There are thirty-six lines of holes on ‘the drum so
that each step of advance is ten degrees. At one end of
the drum, clear of the tape, two additional holes are
provided on alternate lines of holes, Two sensing pins,
designated G1 and G2 are arranged to register with
these holes and have the same in and out motions as
These pins are arranged in a staggered
setting -so that in one position of the drum the G1 pin
will enter a hole and close its contact while the G2 pin
will not enter, and on the next position of the drum the
G2 pin will enter a hole and close its contact while the
Gi 'pm will not enter. The G1 and G2 contacts are
used in the reader step check circuit and described in a
following paragraph. »

The control contacts are actuated by motor-driven
cams and close and open independently of the tape

‘pattern. All of the reading contacts and the G, P, H and

K contacts, except H3, H4, HS8, H9, K3 and K4 contacts
make and break in synchronism, the make period being
approximately twice the break period. These contacts
are called make contacts. The H3, H4, H8, H9, K3
and K4 contacts are closed when the reading contacts
are open and open when the reading contacts are closed.
They are called break contacts.. The J contacts, except
J9, ‘make and break about nine milliseconds after the
reading contacts. They are called late make contacts.
The J9 contact is closed when the JO contact is open
and open when the JO contact is closed. It is called
a late break contact.

A non-locking key, Tape Feed, is shown in Fig. 4.
With the motor running the operation of the Tape Feed
key operates the step magnet thus permitting the reader
This key is used when feeding a tape

Set-up switches and key operations

Setting of set-up switches.—Before processing is started
the set-up switches shown in Figs. 4 and 13 are set .man-
ually in accordance with the information accompanymg

‘the tape being processed.

The following information is set up on these sw1tches‘
(1) Tape type.
(2) Marker group.
(3) Central office.
(4) First and last thousands.
~(5) Month.
(6) Round or last day.

Motor start key operation (Fig. 4).~—~When tape proc-
essing is begun, the Reader Motor Fig. 6 is started by
the operation of the Motor Start key. ‘The Motor Start
key-operated closes ground through its contact 1 and the
winding of relay RLM to battery, to operate relay RLM
and at the same time closes ground through the emer-
gency motor stop, EM Motor Stop, key normal, con-
tact 1 of relay AL released in Fig. 1, and the winding
of relay MST to battery to operate relay MST in Fig. 4.
The operation of relay MST closes battery through its
tontact 1 to the step magnet STP in Fig. 6 dnd closes
ground through its contact 6 and the winding of relay
MOT to battery to operate relay MOT. Operation of
relay MOT supplies alternating current from source AC
in Fig. 4 through switch SW in Fig. 6 to the Reader
Motor. Operation of relay MST also closes ground -
through its contact 2 from contact 2 of key. End of

‘Tape normal in Fig. 4 or contact 1 of relay EOT released

in Fig. 23 and Master Release key normal or Machine
Release key contact 2, both keys in Fig. 4, to operate
relay MON, in Fig. 5, which locks through its contact
7 fo operating grotind around contact 2 of relay MST.
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Relay MON contact 1 provides locking ground for relay
RLM through contact of relay RLM, contact 1 of relay
TCM, Fig. 5, and Machine Release key contact'3. Re-
lay MON also provides a locking path for relay MST.
The path may be traced from battery through contact
1 of relay MST, contact 1 of relay AL, contact of EM
Motor Stop key, contact 3 of relay MST, contact 1 of
relay RLM and contact 2 of relay MON to ground.

Machine start key operation (Fig. 4) —After the input
tape is inserted into the reader, and the set-up switches
Figs. 32 and 42 set, the tape is ready for processing.
The Machine Start key Fig. 4 is then operated. When
the H break contact 4 in Fig. 6 closes, a ground is closed
through contact 4 of relay MST operated in Fig. 4, con-
tact 1 of relay NDC operated in Fig. 7, contact 1 of
relay RDC operated in Fig. 24, contact 1 of Machine
Start key operated in Fig. 4, break contact 1 of relay
STZ released in Fig. 5, contact 2 of relay RLS released
in Fig. 5 and contact 5 of relay RLM operated in Fig. 4
through the winding of relay ST1 in Fig. 5 to battery to
operate relay ST1. The requirement that relays NDC
and RDC be operated prevents ever operating the start
circuit if any relay is operated in the input or output
register. The registers must be normal to be able to
start with one exception as described in a following
paragraph.  Operation of relay ST1 operates relays
RCC and RCD in Fig. 6. The path for relay RCC ex-
tends from ground through contact 1 of relay ST1 and
the winding of relay RCC to battery. The path for
relay RCD extends from ground on contact 2 of relay
ST1 through contact 5 of relay MST and the winding
of relay RCD to battery. When H break contact 4
opens, relay ST2 operates in series with relay ST1 from
ground through contact 4 of relay ST1 operated through
relay ST2 winding, contact 2 of relay RLS released, con-
tact 5 of relay RLM operated and relay ST1 winding
to battery. When H break contact 4 recloses, a ground
is closed through contact 4 of relay MST operated, con-
tact 1 of relay NDC operated in Fig. 7, contact 1 of relay
RDC operated in Fig. 24, contact 3 of relay ST1 op-
erated, make contact 1 of relay ST2 operated and the
winding of relay ST3 to battery to operate relay ST3
which locks through its contact 5 and contact 3 of relay
RLS to ground through contact 3 of relay MON.

Reader step key operation (Fig. 4) —Operation of
the Reader Step key, Fig. 4, steps the tape to the next
line and is effective only when the start circuit is re-
leased and the Reader Lamps key is operated.

When the Reader Step key, Fig. 4, is operated and H
break contact 8 closes, a ground is closed from H break
contact 8, through contact 6 of relay ST1 released,
Reader Step key operated, contact 2 of relay SSR re-
leased and the winding of relay SS to operate relay SS.
On the following make period of the reader relay SS
locks through contact 4 of relay MON operated to H
make contact 5. At the same time, a ground is closed
from H make contact 2 closed through contact 3 of relay
5SS operated and the winding of relay SSR to battery to
operate relay SSR which locks through its contacts 7
to Reader Step key operated and contact 1 of relay SSR
operated to ground. The operation of relay SSR closes
ground from contact 6 of relay RLA operated through
contact 8 of relay LPG, contact 4 of relay SS, contact
4 of relay SSR operated and the winding of relay RS
to operate relay RS which locks to H break contact
3. Relay RS operates the step magnet STP of the
reader over a circuit from ground through comtact 1 of
relay RS, contact 1 of relay RSF, winding of magnet
STP and contact 1 of relay MST to battery, which steps
the tape to the next line. When H make contact 5
opens, relay SS releases. Relay SSR remains operated
until the Reader Step key is released. In this way the
tape is stepped one step each time the Reader Step key
is operated.

Tape identity key operation (Fig. 4).~If a line of ,
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tape identity is mutilated, the progress of the circuit
stops and a timed alarm is brought in. The Reader
Lamp key should be operated and Reader lamps read
and logged. The reader should then be stepped line
by line past all of the tape identity entries by means of
the Reader Step key. This is accomplished by oper-
ating the Machine Release key and then the Motor Start
key to start the motor; the Reader Step key is then op-
erated once for each step and the Reader lamps should
be read and logged on each line. This stepping should

" continue until the tape identity entries are all passed

over and the line being read is the first line following
the tape identity entries.

In case the TH selector, Fig. 22, is normal and in the
case of summary tapes, the tape section reset key Tape
Sect. Reset, Fig. 13, should be stepped until the Tape
Section lamp agrees with the setting of the First Thou-
sand switch. For all other type tapes, if the TH se-
lector is mormal, the Tape Section Reset key should be
operated once to step the TH selector off-normal.

Operation of the Tape Ident. key closes a ground from
contact 3 of relay MLK operated through the contacts
of key Tape Ident. and the winding of relay MT1 to
operate relay MTI1.. Relay MLK had previously oper-
ated when the TH selector was stepped off-normal from
ground through the off-normal contacts ON in Fig. 22.
Operation of relay MT1 closes a ground through its con-
tact 3 and the winding of relay ER to operate relay ER,
which in turn closes leads which will operate either
relay ETT or relay OTT, relay EGT or relay OGT,
relay EGU or relay OGU, relay ECO or relay OCO, all
in Fig. 34, relay EDT or relay ODT, relay EDU or relay
ODU, relay EMT or relay OMT and relay EMU or relay
OMU, all in Fig. 44, depending upon the setting of the
Set-up Switches. Operation of relay ER also closes
ground through its contact 17 and the winding of relay
TIE to operate relay TIE, Fig. 45, which locks from
ground through its contact 6, contact 21 of relay MON,
contact 3 of relay SP6 normal to ground on contact

-10 of relay L1 normal. In the case of summary tapes

where the TH selector has not been stepped due to
reading the next higher tape identity, operation of relay
MT1 closes a ground from contact 3 of relay SA, Fig. 47
operated, contact 8 of relay SSE operated, Fig. 14,
contact 2 of relay MT1 operated to energize the ROT
magnet of the TH selector. This steps the TH selector
The release of Tape Ident,
key releases relay MT1 and relay SSE if operated. The
release of relay SSE deenergizes the ROT magnet.

End of tape key operation (Fig. 12).—When the tape
runs out of the reader following skipping of the last
splice pattern, a timed alarm is brought in. While skip-
ping the last splice pattern ground is closed from con-
tact 6 of relay DA operated or from contact 2 of relay
LTH, Fig. 22, contact 2 of relay SA operated, Fig. 47,
through contact 2 of relay SKP operated, Fig. 14,
contact 9 of relay SSE operated, Fig. 14, contact 3 of
relay CS normal, Fig. 23, and the winding of relay EDT
to battery to operate relay EOT, Fig. 23, which locks
through its contact 2 and contact 6 of relay MLK to
ground. The End of Tape key is operated which closes
a ground through its contact 1, contact 4 of relay EOT
operated and through off-normal contacts 1 of the se-
lector TH to energize magnet RLS of the TH selector.
The RLS magnet causes the TH selector to return to
normal. - When the TH. selector is normal relay MLK
releases which in turn releases relay CT1 and EOT.
In the meantime the operation of the End of Tape key
removed locking ground from the winding of relay
MON causing it to release. Relay MON releases relay
ONI and removes off-normal grounds from the entire
circuit ‘causing the release of all relays operated or
locked to these off-normal grounds. The circuit should
be completely normal, ‘ :
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Release of Circuit

Temporary release of circuit—When it is de81red to
temporanly shut down. the machine the Machine Re-

lease ‘key is operated but processing continues until the -

«calls being processéd are completed. The operation of
-Machine Release key by opening contact 3 unlocks relay
RLM which in turn releases relays ST1 and ST2. Noth-
-ing  occurs until both the input and output registers
become normal at the same time. .

After punching the call information registered in the
“output registers the output registers are released. The
-call information registered in the input registers is then
transferred to the output registers.,. Following this the
_input registers are released. - Normally, relay SR1 is re-
operated at this time. However, this is prevented by
the release of relay RLM and the opening of its contact
4, When the call information in the output register is
punched, the output register is released. . The release of
the output register operates relay RDC in a manner to
be explained hereinafter. - A ground is closed from K4
.break contact of the reader through contact 3 .of relay

TC normal, contact 4 of relay MDC. operated, break.

contact 4 of relay RLM normal, contact 3 of relay SR1
normal, contact 6 of relay RDC operated, contact 3 of
‘relay T normal, contact 2 of relay SSE normal 1, con-
tact 4 of relay SWE normal, contact 14 of relay ST3
operated and the winding of relay RLS to operate relay
RLS. The operation of relay RLS by opening. the con-
tact 3 releases relay ST3 which in turn releases relay
MST. = The release of relay ST4 also releases relay RLS.
‘The release of relay MST stops the reader motor.

. Release  of alarm and start relays—Following an
-alarm ‘the operation of the machine release key Mach.
RLS closes a .ground from contact 1 of relay EOT or
.End of Tape key mormal, contact 1 of Mach. RLS key
operated, contact 4 of relay AL operated and the wind-
ing of relay RLS to battery to operate relay RLS which
locks through comtact 4 of relay AL operated and con-
-tact 1 of relay RLS to ground. The operation of relay
RLS releases relays ST1, ST2 and ST3. Relay ST3 re-
leased, by openmg its contact: 7, in turn releases relay
RSH if the alarm is a reader step hold alarm or releases
relay SAL if the alarm is a short alarm or releases relay
RSF if the alarm is a reader step failure alarm. The

release of relay RSH, relay SAL or relay RSF releases -

-relay AL. - The release of AL releases RLS.

If the alarm was due to a fuse alarm relay AL will
release when the blown fuse is removed.

Emergency stop.—If it is necessary to stop the reader
motor in an emergency, the emergency motor stop key
-EM Motor Stop is operated; this operation releases relay
MST which in turn by opening its contact 6 opens the
circuit to the motor relay MOT and removes battery
supply of the Step magnet.

Emerg. Reset key operation—~If the power supply is
removed while a tape is being processed, all relays would
-release. - When the power supply is restored relay MLK
will reoperate if the TH selector is off-normal. However,

certain relays which were locked to relays MLK or-

MON will not reoperate -automatically. Therefore, in

order to reoperate these relays the Motor Start and-

Emerg, Reset keys are operated. - The Emerg. Reset key
closes . ground from contact 2 of relay MLK operated
through the winding of relay ER to battery, to operate re-
lay ER. A ground is closed from contact 17 of relay
ER operated through the winding of relay TIE to battery
to operate relay TIE, Fig. 45, which locks through con-
‘tact 21 of relay MON operated, contact 1 of relay SP6
and contact 16 of relay L1 normal to ground. The
operation of relay TIE closes ground from contact 7 of
-relay MLK through contact 2 of relay TIE to operate
.relay CT1, Fig. 23, which locks to contact 7 of relay
MLK operated Operation of relay ER closes paths to
.operate either relay ETT or OTT, relay EGT or OGT,
relay EGU or OGU, relay ECO or OCO, relay EDT or
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"ODT, relay EDU or ODU, relay EMT or OMT and

relay EMU or OMU depending on the setting of the set-
up switches. If relay MLK was not operated at the
time the Bmerg. Reset key was operated nothing would
happen.

Release of entire circuit by operation of the machine
release key Mach. RLS and master release key Master
RLS.—The operation of the machine release key Mach.
RLS and master release key Master RLS removes lock-
ing ground from relay MON which causes relay MON to
release. At the same time operation of Mach. RLS key
by opening its contact 3 releases relay RLM which in
turn releases relays ST1 and ST2.- The release of relay
MON releases relays MST, ST3 and MON. The release
of relay MST releases relay MOT which stops the reader
motor. - The release of relay ST3 releases relays RCA

‘and RCD. Any relay operated or locked to MON, or

ST3 operated are released. However, relay MLK is
held operated by selector TH off-normal springs. Relay
MLK locks relay CT1 operated. )

To restore selector TH, the tape section release key
Tape Sect. RLS should be operated, with the reader
Jamp key Read LPS operated. Ground is closed from
contact 6 of relay RL operated through contact 4 of relay
LPG operated, Tape Sect. RLS key operated and off-
normal contact 1 of selector TH and through the winding
of magnet RLS to battery, to operate magnet RLS which
restores selector TH to normal. This circuit is effective
only when the circuit is stopped or during an alarm con-
dition.

Alarm cut-off —When an alarm occurs relay AL is

'operated. By the operation of the Alarm Cut-Off key

ground is supplied through the winding of relay EAC to

. battery and relay EAC operates, Fig. 1, and locks to re-

lay AL operated contact 9. The operation of relay EAC
by opening break contact 1 removes ground from lead

‘R, Fig. 1, to the external alarm circuit and by opening

contact 2 extinguishes the Machine Pilot Tamp.
Supplementary Circuit Operations

Reading and skipping splice pattern.—When a 081010
line is read, a ground is closed from reader G1 con-
tact closed and break contact 1 of relay RK or reader
G2 contact closed and make contact 2 of relay RK
operated, through contact 9 of relay ST3 operated, contact
8 of relay RCD operated, through two-out-of-five check
of the B, C, D, E and F digit reading relays, contact 3
of relay AQ operated, contact 3 break of relay Al and
contact 4 break of relay A2, contact 3 of relay BI,
contact 3 of relay B7, contact 5 of relay TIE released in
Fig. 45 and the winding of relay SK to battery to operate
relay SK in Fig. 14.  Relay SK supplies ground through
its contact 2 and the winding of relay SKP to operate
relay SKP which locks through contact 3 of relay CT1
released in Fig. 23, contact 1 of relay L1 released in
Fig. 35 and contact 6 of relay ST3 operated to ground.
The operation of relay SKP closes a ground from reader
H6 make contact through contact 2 of relay ESP released,
contact 6 of relay SKP operated, contact 3 of relay RCD
operated and the winding of relay RS to battery to operate
relay RS in Fig. 15. Relay RS locks to reader H3 break

-contact and by closing its contact 1 operates the step

magnet STP of the reader which allows the tape to be

' stepped to the next line..

When J9 late break contact closes, ground is closed

- through contact 8 of relay SKP operated and the winding
.of relay ESP to battery to operate relay ESP. When

reader J9 late break contact opens, relay ESP releases
closing ground from reader H$ make contact through con-
tact 2 of relay ESP released, make contact 6 of relay

‘SKP operated, contact 3 of relay RCD operated and the

winding of relay RS to operate relay RS which locks to
reader H3 break contact. Relay RS by closing its con-
tact 1 operates-the step magnet STP of the reader which
steps the tape to the next line.
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The same operation as described in. the previous
paragraph occurs for each line of splice pattern. The
first line to be read following the last line of splice pat-
tern is 2891XX, which is the first line of tape identity.
XX represents tape index. Operation of relay A2 over
a path from ground through reader contact AL, contact
3 of relay RC and the winding of relay A2 to battery,
Fig. 16, or the operation of relay F1 or F2, Fig. 36,
over corresponding paths closes ground through make
contact 8 of relay SKP operated to hold relay ESP
operated after opening of reader J9® late break contact.
At the same time relay L1 operates in Fig. 35 which by
opening its contact 1 releases relay SKP, Fig. 14, in turn,
by opening its contact 8, releasing relay ESP. The hold-
ing of relay ESP operated prevents stepping should relay
L1 fail to operate, thus failing to unlock relay SKP.

Skip splice entry and splice pattern.—After stepping
from the last line of trailing tape identity, the next line
read is the skip splice entry, 2860XX. The XX represents
the machine number of the machine that perforated the
tape. A ground is closed from the G1 contact closed of
the reader and contact 1 of relay RK released, Fig. 15,
or G2 reader contact closed and make contact 2 of relay
RK operated, through contact 9 of relay ST3 operated,
contact 8 of relay RCD operated, through two-out-of-
five check of the B, C, D, E and F digit reading relays,
break contact 3 of relay A0 and break contact 2 of relay
Al released, contact 2 of relay A2, contact 2 of relay B7,
contact 2 of relay B1, contact 2 of relay C4, contact 2 of
relay C2, contact 8 of relay RDC operated, contact 1 of
relay SWE released and the winding of relay SP6 to bat-
tery to operate relay SP6. The operation of relay SP6
by opening its contact 1 releases relay TIE and by clos-
ing its contact 2 operates relay SSE which locks through
contact 7 of relay TIE released and either contact 7 of
relay DA operated to ground or contact 3 of relay TMM
released and contact 6 of relay SA operated to ground.
The operation of relay SSE closes ground from contact
1 of relay A2, contact 2 of relay E2, contact 2 of relay
Ed4, contact 2 of relay E7, contact 3 of relay F0, contact
3 of relay F1 or contact 3 of relay F2 operated, contact
3 of relay SP6 operated, contact 7 of relay SSE operated,
contact 6 of relay SKP released, contact 3 of relay RCD
operated and through the winding of relay RS to operate
relay RS in Fig. 15. Relay RS locks to reader H3 break
contact and operates the step magnet of the reader which
steps the tape to the next line.

The line following the skip splice entry is an 081010
line. The reading of 081010 causes skipping of splice
pattern as described under Reading and Skipping Splice
Pattern hereinafter except that relay SKP locks through
contact 1 of relay SSE operated, contact 1 of relay L1
released and contact 6 of relay ST3 operated to ground.

When the splice pattern is the last splice pattern of the
tape, the line following the last 081010 will not be
2891XX in which case relay LI does not operate and
relay SKP does not release. However, the operation of
contact 1 of relay A1, contact 1 of relay A2, contact 2 of
relay B6, contact 2 of relay B2, contact 3 of relay B4,
contact 2 of relay E2, contact 2 of relay E4, contact 2 of
relay E7, contact 3 of relay F6, contact 3 of relay F1 or
contact 3 of relay F2 closes ground through contact 8
of relay SKP operated and the winding of relay ESP
to battery to hold relay ESP operated and prevents further
stepping of the tape. The short alarm then operates and
causes the reader motor to stop.

Window splice—A window splice consists of a window
entry, 287020, followed by forty or more lines of splice
pattern, followed by another window entry. When the
first 287020 lines is read, a ground is closed from reader
G1 contact closed and break contact of relay RK released
or reader G2 contact closed and make contact 2 of relay
RE operated, through contact 9 of relay ST3 operated,
coniact 8 of relay RCD operated, two-out-of-five check
of B, C, D, E and F digit reading relays, through con-
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tact 3 of relay AQ and contact 2 of relay Al both re-
leased, contact 2 of relay A2 operated, contact 2 of relay
B7, contact 2 of relay Bi, contact 2 of relay C7, con-
tact 2 of relay C8 and contact 4 of relay TIE operated,
contact 5 of relay SSE released and the winding of relay
SP7 to battery to operate relay SP7. The operation of
relay SP7 closes ground from contact 4 of relay ESP re-
leased, contact 13 of relay ST3 operated, contact 1 of re-
lay SP7 operated and the winding of relay SWE to battery
to operate relay SWE which locks through contact 13
of relay ST3 operated and contact 4 of relay ESP re-
leased to ground. Ground is closed from contact 1 of
relay A2 or contact 2 of relay E2 operated, contact 3 of

‘relay SP7 operated, contact 6 of relay SWE operated,

break contact 6 of relay SKP released and contact 3 of
relay RCD operated and the winding of relay RS to
battery to operate relay RS which locks to H3 break con-
tact. Relay RS operates the step magnet of the reader
which steps the tape to the next line.

The line following the window entry is an 081010 line.
The reading of 081010 causes skipping of splice pattern
as described in paragraph on Reading and Skipping Splice
Pattern in the foregoing except that the operating path
of relay SK, Fig. 14, is carried through contact 2 of relay
SWE operated instead of relay TIE released and relay
SKP locks through contact 5 of relay SWE operated and
contact 2 of relay SP7 released. Relay SWE also locks
through contact 13 of relay ST3 operated and contact
9 of relay SKP operated to ground.

The line following the last 081010 line is another
287020 window entry. When 287020 line is read, relay
SP7 operates as described above. The operation of SP7

“at its make contact 2 locks relay ESP and, at its break

contact 2 opens the path through relay SKP winding
which in turn by opening its contact 9 releases relay
SWE. A ground is closed from contact 1 of relay A2
or contact 2 of relay E2 operated, contact 3 of relay
SP7 operated, contact 1 of relay ESP operated, break
contact 6 of relay SKP released, contact 3 of relay RCD
operated and the winding of relay RS to battery to op-
erate relay RS which locks to reader H3 break contact.
When contact G1 or G2 opens, relay SP7 releases in turn
releasing relay ESP. The operation of relay RS operates
the step magnet STP of the reader which steps the tape
to the next line.

Set-up check.—As each line of leading tape identity is
read and checked the proper set-up check relay is op-
erated. Operation of relay CL1, Fig. 35, operates either
relay OTT or relay ETT, both in Fig. 34. Operation of
relay CL2 operates either relay OGT and relay EGT and
either relay OGU or relay EGU. Operation of relay
CLS5 operates either relay OCO or relay ECO. Opera-
tion of relay CL7 operates either relay EDT or relay

"ODT and either relay. EDU or relay ODU. Operation

of relay CL9 operates either relay OMT or relay FMT
and either relay OMU or relay EMU. The operation of
the proper relays is dependent on the setting of the set-
up switches in an even or an odd position. As an ex-
ample, if the tape being processed is for Office 4, the
office switch is set in an even position and upon operation
of relay CLS5, relay ECO operates over a path from
battery through the winding of relay ECO, contact 4 of
relay CL35, even position of central office switch 3 and
contact 18 of relay MON to ground. The set-up check
relays lock through their respective switches to relay
MON operated.

If the set-up switches are changed from the original

‘setting, the operated set-up check relay associated with

the changed set-up switch releases and a ground is sup-
plied from contact 10 of relay RUC normal, contact 2
of relay CL9 normal through contact 8 of relay TIE
operated, and contacts of some pair of the E-- and O- -
relay in series such as the 1 contact of relay ETT and
the 1 contact of relay OTT, both normal, contact 18 of
relay ST3 operated and the winding of relay AL to
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battery to operate relay AL. Operation of relay AL, re-
leases relay MST which in turn stops the reader motor..
At the same time; set-up check lamps Tape Type, Marker
Group. Tens, Marker Group Units, Central Office, Last
Day Tens, Last Day Units, Month-Tens and Month
Units, Figs. 34 and 35, are lighted to indicate the switches
that were changed. A typical circuit may be. traced from
battery through the filament of lamp Tape. Type, contact
4 of relay ETT, contact 4 of relay OTT, contact 9 of
relay TIE, contact 2 of relay CL9 and contact 6 of relay
RUC to ground, lighting lamp Tape Type. A, corre-
sponding. circuit may be. traced for each of the other
lamps.

Reader step check.~—When the: step magnet STP of
the reader is operated, the reader drum advances the tape
to the next entry. In order to check that the reader drum
has advanced, two reader contacts, G1 and G2, are used
to indicate the change of position of the drum.

Reader pins. associated with reader contacts G1 and G2
are staggered so that they read on alternate drum posi-
tions. That is, if the G1 contact is closed for a particular
line, contact G2 will close when the drum advances to the
next line. In this manner it is possible to check the ad-
vance of the reader drum. The leads from the G1 and
G2 reader contacts are carried through contacts of relay
RK and indicate a check or an alarm, respectively, if the
drum has or has not advanced. ‘ ‘

At the start of processing it is necessary- to synchronize
these reader pins with the operation of relay RK. This
relay when released checks that the drum has advanced
when the G1 contact is closed; and when operated checks
that the drum has advanced when the G2 contact is closed.
If the reverse occurs an alarm relay RSF is operated over
@ path from battery through the winding of relay RSF,
contact 10 of relay ST3, make contact 1 of relay RK or
break contact 2 of relay RK to ground through contact
G1 or contact G2 respectively, to indicate that the reader
drum - failed to advance.

If G2 contact is closed when the Machine Start key is
operated, it is necessary to operate relay RK so as to
syrichronize the reader step check circuit with the G1
and- G2 reader contacts. Upon operation of the Machine
Start key, relay ST1 operates during the break ‘period
of the reader cycle. During the following period contact
G2 closes ground through contact 5 of relay. ST oper-
ated, contact 8 of relay ST3 released, contacts 1and 2 of
relay RZ2 released and the winding of relay RW to bat-
tery to operater relay RW which closes ground from con-
tact 2 of relay ST1 operated, break contact of relay RZ3
released, contact 2 of relay RW .operated and the wind-
ing of relay RK to operate relay RK. At the end of
the make period of the reader cycle, contact G2 opens,
allowing relay RZ1 to operate in series with RW. from
ground through contact 2 of relay ST1 operated, break
contact of relay RZ3 released, contact 2 of relay RW
operated, winding of relay RZ1, and the winding of relay
RW to battery. Relay RZ1 operates relay RZ2 over-an.ob’
vious path. During the following break period, relay
ST3 operates. During the following make period con-
tact G2 recloses, closing ground through make contact
2 of relay RK operated and contact-9 of relay ST3 oper-
ated to the lead through the two-out-of-five checking
circuit which indicates that the reader step check circuit
is synchronized with the G1 and G2 reader contacts.
 When either relay RS, Fig. 15, RS1, RS2, RS3, RS4
or RS5 operates, Figs. 8 to 12, respectively, a ground is
closed from reader H9.breéak contact during the following
break period of the reader, through contact 20 of relay
ST3 operated, contact .3 of the particular RS1 fo RSS
relay which is operated, make contact 2 of relay RZ2
operated and the winding of relay RZ3 to operate relay
RZ3. Relay RZ3 holds relay RZ2 operated from ground
-through contact 4 of relay ST3 and the make contact
of relay RZ3 and releases, by opening its break icontact,
relays RK, RW and RZ1. At the end of the break period
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RZ3 releases: in turn releasing relay RZ2. During the
break period the reader drum should advance and on.the,
following make period contact G1-closes ground through
break contact 1. of relay RK released and contact 9 of
relay ST3 operated and contact 8 of relay RCD operated
to. the check lead which indicates that the reader drumy
did advance. If during the break period the reader drum,
did. not advance, on the. following make period, contact
G2 closes ground. through contact 2 break of relay RK
released. and contact 10 of relay ST3 operated and the
winding of relay RSF, Fig. 1, to operate relay RSF, which
indicates the reader drum did not advance. ~Operation of
relay RSF closes ground from contact 10 of relay RUC
released through the winding of relay AL to operate relay
AL which by opening its. contact 1 releases relay MST:
The release of relay MST by opening its contact 6: re-

. Ieases relay MOT which. causes the reader motor to stop
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and processing to stop.

If at the start: of processing contact G1 is closed, the
reader step check circuit is synchronized with reader con-
tacts G1 and G2. Upon operation of relay ST3 the fol-
lowing closure of contact G1 closes ground through break
contact ‘1 of relay RK released and contact 9 of relay
ST3 operated to the check lead which indicates the reader
step check circuit is synchronized with the G1 and G2
reader contacts.

Mutilated skip splice entry.—When a skip splice entry
is mutilated, the progress of the circuit stops and a timed
alarm is brought in. After determining by operation: of
Reader Lamp key and reading of the Reader lamps that
the alarms were caused by a mutilated skip splice entry
(2860XX), the Machine Release key is operated to re-
lease the alarm condition and prepare the circuit for
restart. The Motor Start key is operated to start the
reader motor. The tape is then stepped to the next line
(081010) by operation of the Reader Step key. Follow-
ing this the End of Tape key is operated. - Ground is
closed from_ contact- 3. of End of Tape key operated
through contact 5 of relay MLK operated, contact 3 of
relay: EOT normal, contact 1 of relay CS normal, contact
9 of relay LPG and the winding of relay SP6 to operate
relay SP6. Operation of relay SP6, Fig. 14, by opening
its contact 1 releases relay TIE and by closing

[its contact 2 operates relay SSE which locks through con-

tact 7 of relay TIE normal and either contact 7 of relay
DA operated to ground or contact 3 of relay TMM nor-
'mal and contact 6 of relay SA operated to ground.

Alarms (Fig. 31)

General- arrangements of alarms—An alarm. occurs
under: the following conditions: '

(1) The reader fails to step or the gang summary
punch fails to punch within approximately one second.
Short alarm functions.

¢2) Reader fails to step when signaled to do so.

(3) Reader step relay fails to release. :

(4) Set-up switches are changed after processing has
begun.

(5) Punch stops.

Short alarm.~—The short alarm functions if the reader
fails to step or the gang summary punch.fails to punch
within -a measured interval of one second.

When the Machine Start key is operated, relay RCD
is operated by the operation of relay ST1 as described
under the heading Machine Start Key Operation in the
foregoing. Relay RCD operates relay SAS from battery
through the winding of relay SAS and contact 1 of relay
RCD to ground, Relay SAS, by opening its contact'1,
removes the shunt across condenser A and connects
ground through winding of relay SAE to condenser A.
Condenser A charges - over a path from battery BAT

through -a fuse RES1 and RES2. - After approximately
‘ong second the condenser voltage equals the breakdown
‘voltage of tube SA which fires-and operates relay SAE.

While skipping splice tube SA fires in approximately .35
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second for resistor RES2, which is approximately twice
the magnitude of resistor RESI, in the path through which
condenser A charges, has been shunted by contact 7 of
relay SKP operated. Operation of relay SAE closes
ground through contact 7 of relay TCM released and the
winding of relay SAL to operate relay SAL which locks
through make contact 7 of relay ST3 operated to ground.
Relay SAL operates relay AL which releases relay MST.
The release of relay MST releases the motor control
relay MOT which disconnects the power supply from the
Reader Motor which stops. the reader motor. The
release of relay MST by opening its contact 5 also re-
leases relay RCD which in turn, by opening its contact 1,
releases relay SAS. The release of relay SAS deionizes
tube SA and releases relay SAE.

If during the short alarm timing period any one of
relays RS1, RS2, RS3, RS4, RS5, RS or RT operates,
condenser A is discharged and tube SA does not fire.
Any one of relays RS1, RS2, RS3, RS4 or RS5 applies
ground through its respective contact 2, contact 2 of relay
SAS and resistance RES3 to condenser A. The operation
of relay RS shorts condenser A through its contact 5 and
contact 8 of relay SKP. The operation of relay RT also
shorts condenser A through the contact of relay RT,
Fig. 73. Relay RT operated indicates the summary gang
punch is punching a card, while the operation of relay
RS1, RS2, RS3, RS4, RS5 or RS indicates the reader is
stepping.

Reader step failure—~When the reader drum fails to
advance, as described under Reader Step Check in the
foregoing, ground from contact G1 or G2 is extended
through contact I make or contact 2 break of relay RK.
This ground is carried through contact 10 of relay ST3
operated and the winding of relay RSF to operate relay
RSF which locks to contact 7 make of relay ST3 op-
erated. Ground is supplied through contact 4 of relay
RSF to light RDR Step Fail lamp. Contact 1 of relay
RSF opens the path of the step magnet STP and contact
3 of relay RCF operated closes ground from contact 10
of relay RUC released to operate relay AL which in turn
by opening its contact 5 releases relay MST. The release
of relay MST releases the motor control relay which
stops the reader motor.

Reader step relay release failure~When any one of
relays RS, RS1, RS2, RS3, RS4 or RS5 operates a ground
from contact 6 of the particular relay is closed to shunt
down relay RSR, Fig. 1, which has been operated from
ground on contact 6 of relay MON when relay MON op-
erated. Relay RSR is a slow release relay and takes ap-
proximately .25 second to release when thus shunted. If
the shunt lead remains grounded over .25 second, relay
RSR releases in turn operating relay RSH from ground
on contact 7 make of relay ST3 operated and the contact
of relay RSR released. Relay RSH locks to ground on
contact 7 make of relay ST3 operated. Ground from
contact 3 of relay RSH lights RDR Step Hold lamp and
ground from break contact 18 of relay RUC released op-
erates relay AL which in turn by opening its contact 11
‘releases relay MST, through contact 2 of relay RSH op-
erated and the winding of relay AL to battery. 'The re-
lease of relay MST releases the motor control relay which
stops the reader motor.

If the shunt lead remains grounded less than 25 sec-
ond, relay RSR does not release and the alarm is not
brought in.

Punch stoppages—There are two general types of
punch stoppages. One type is due to the card hoppers
becoming empty and the other type is due to double
punch, blank column or non-comparison detection.

No cards—When the Motor Start key is operated a
ground is closed from contact 7 of relay MST or contact
8 of relay MON operated through contact 10 of the punch
Fig. 74 contacts of relays within-the punch, to contact
12 of the punch and through the winding of relay NC,
Fig. 1, to battery and the winding of relay NC to battery
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to operate relay NC. Relay NC remains operated unt11
the card hopper becomes empty. The release of relay
NC by opening its contact 1 opens up the operating path
to the clutch control relay of the punch. By closing its
contact 3, relay NC closes ground from contact I3 of
relay MON operated through contact 3 of relay SAL
normal, contact 6 of relay ST3 operated and the wind-
ing of relay TCM to operate relay TCM. The operation
of relay TCM releases relay RLM which in turn releases
relays ST1 and ST2. Relay TCM also closes ground
through its contact 6 and contact 2 of relay NC released
to light the No Cards lamp. Tape processing continues
until the output and input registers are filled at which
time the short alarm timing starts. When relay SAE op-
erates, ground is closed through make contact 7 of
relay TCM operated and the winding of relay RLS to
operate relay RLS. The operation of relay RLS releases
relay ST3 which in turn releases relays RCC, RCD and
MST. Relay ST3 released also locks relay TCM op-
erated from ground on break contact 2 of relay ST3
through operated make contact 16 of relay MON op-
erated. The release of relay RCD by opening its con-
tact 1 releases relay SAS which deionizes tube SA and
releases relay SAE. The release of relay SAE releases
relay RLS. The release of relay MST stops the Reader
Motor.

The circuit remains in this condition until cards are
placed in the hopper at which time relay NC operates.
The operation of relay NC extinguishes the No Cards
lamp. While relay TCM is operated the input and out-
put register lamps are prevented from lighting and the
input and output register release keys are made ineffec-
tive in a manner which will be made clear hereinafter.

Following the operation of the Motor Start key, the

Mach. Start key is operated. When the reader H4 break

contact closes, a ground is closed through contact 4 of

relay MST operated, contact 5§ of relay TCM operated,
contact 1 of Mach. Start key operated, contact 1 of relay
ST2 released, contact 2 of relay RLS released, contact 5
of relay RLM operated and the winding of relay ST1 to
battery to operate relay STE. When H4 break contact
opens, relay. ST2 operates in series with relay ST1 from
ground through contact 4 of relay ST1 operated through

‘the winding of relay ST2, contact 2 of relay RLS released,
.contact 5 of relay RLM operated and the winding of relay

ST1 to battery. When H4 break contact recloses, a

“ground is closed through contact 4 of relay MST operated,

contact § of relay TCM operated, contact 3 of relay ST1

_operated, make contact 1 of relay ST2 operated and the
-winding. of relay ST3 to operate relay ST3 which locks

through contact 3 of relay RLS released and contact 3
of relay MON to ground. Operation of relay ST3 by

-opening its contact 6 releases relay TCM.

Punch trouble—~When a double punch or blank column
condition occurs, negative potential is impressed from

-terminals .8 and 10 of the punch, Fig. 74, to operate relay

PT. The operation of relay PT by opening its contact 1

_opens up the operating path extending through terminal

5, Fig. 74, to the clutch control relay of the punch,

closes ground. through contact 3 of relay SAL normal,

contact 6 of relay ST4 operated and the winding of re-
lay TCM to operate relay TCM. The operation of re-
lay TCM closes ground from its contact ¢ through con-
tact 3 of relay PT operated to light Punch Trouble lamp.
The same operation of the circuit occurs as above de-
scribed with the exception that instead of placing cards
in hopper the reset switch Reset SW of the punch, Fig. 74,
is operated. The operation of the reset switch releases
relay PT which in turn extmgulshes the Punch Trouble

-lamp.

Lamps

Reading and input register lamps (Fig. 33).—In Fig. 2
there are twenty-nine lamps representing the twenty-eight

reading pins of the Reader, plus one reading position
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Read Pos. -indicator lamp. These lamps -are labeled
Reader or Input Register Lamps. The reader lamp key
Read LPS, shown in Fig. 4, operates the reader lamp

connector relay RL to light the lamps in accordance with

a. number. of reader. pins that are closed.- The circuit
may be traced from battery through the winding of re-
lay RL, contact 1 of key Read LPS, contact 4 of relay
1L, contacts 1 of relays 2L, 3L, 4L and 5L, contact 2 of
key Line 5, contact 1 of key Line 4, contact 3 of key
Line 3, contact & of key Line 2 and contact 1 of key
Line 1. to ground, all of the keys being normal as shown.
Relay RL, through its confact 1, connects the reader
contact J6 to the reading position lamp Read Pos. Tt
also connects the three A digit reader pins, A0, Al and
A2, with: the correspondingly numbered A digit lamps,
five B digit. reading pins B®; B1, B2, B4 and B7 to the
B digit lamps, five C digit reading pins to the C digit
lamps C0, C1, C2, C4 and C7, five D digit pins to five
D- digit lamps- D¢, D1, D2, D4 and D7, five E digit pins
to five B digit lamps EO, E1, E2, E4 and E7 and five F
digit - pins to five F digit lamps F0, F1, F2, F4 and F7.
The path over which relay RL operated was traced
through a back contact of each of the input register re-
lays 1L to 5L, inclusive. This down-check of the input
register lamp connectors is to prevent relay REL from
operating whenever any of the input register relay con-
nectors is operated. This prevents a possible back-up
from an already operated input register relay through
the reader lamp connector to incorrectly operate some
reading. relay.

Input register lamp connectors.—In addltlon to the
reader or input register lamps and the reader lamp key
Read LPS there are also provided input register lamp
keys, labeled Tnput Reg. Lamps. These keys operate
the input register lamp connectors so that the lamps in-
dicate the registration in the register corresponding to the
number of the key that is operated. For example, if
the key for the first line key Line 1 is operated, input
register lamp connector relay 1L is operated from bat-
tery through the winding of relay RL, contact 1 of key
Line 1, contact 2 of key Read LPS, contact 2 of relay
TCM, contact 7 of relay LPG, contact 5 of relay RL,.con-
tact 1 of key Line 5, contact 2 of key Line 4, contact 2 of
key Line 3, contact 2 of key Line 2 and contact 2 of key
Line 1 to ground. It will be observed that this path ex-
tends through break contacts on each of the ling lamp
keys other than the Line 1 key so that the path is open
if any other of thesé keys is operated at the time. Relay
EL closes a circuit so that a make contact ground on
any of the relays of the A or B digit of the entry type
register, Fig. 17, of the C or D digit, Fig. 27, or the E
or F digit, Fig. 37, lights the input register lamps cor-
responding to the operated relays.

The circuit for operating the reader lamp relays ex-
tends through a contact of relay LPG to insure that the
lamps will l1ght only when the start circuit is normal or
an alarm is in. The same circuit extends through a con-
tact of relay TCM to prevent the lighting of an input
register lamp when a punch trouble condition exists.

Relay 2L connects the relays corresponding to the B
digit, Fig. 18, the C and D digits, Fig. 28, and the E
and F digits, Fig. 38, corresponding to the second line of
the tape to the Input Register Lamps. Relays 3L, 4L and
51 similarly connect the relays corresponding to the B,
C, D, E and F digits in Figs. 19, 20 and 21 and 29,

30 and 31, and 39, 40 and 41, respectively, for the third,
fourth and fifth line of the tape.

Line of entry lamps.—There are five lines of entry
lamps, one each in Figs. 8 to 12, inclusive. They indicate
which of the relays SR1 to SRS is operated, or in ‘other
words which: of the five input registers is in the process
of being filled or which will try to fill next. The lamp
operate paths extend from ground. through contact 17 of
relay RL, contact 5. of relay SR1 or contact 3 of relays
SR2 to SRS, depending upon which SR~ relay is operated,
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and the filament of the corresponding: Line~ lamp: to-
batery lighting the. particular. lamp. -Relay RL contact
17 is. closed, making, it possible: to- light the. lamps, when-
ever the. reader lamp key Read LPS is operated

Alarm lamps

General. alarm—Whenever the. c1rcu1t falls to- prog:ess
after a short -time limit, the SAL relay operates as. de-
scribed in the foregoing. which- in. turn. connects ground
through its contact. 5 to- light Gen. -Alarm. lamp.

RDR step fail—Whenever the. reader drum. fails te:
step ‘when signaled' to: do--so;, the RSF relay operates,.
as described -in. the foregoing, which  inturn connects:
ground. through its contact: 4 to light RDR: Step; Fail
lamp.-

RDR step hold. —Whenever a reader step relay fails. to
release, the RSH relay operates as described in the: fore-
going which in turn connects ground through its: contfact
3 to light RDR Step -Hold: lamp. -

Alarm.~The ALM lamp lights from gmund thmugh
contact 8 of the alarm relay AL whenever an: alarm
condition occurs.

. ‘Machine pilot—The-Machine. Pilot lamp hghts when-
ever-an alarm condition occurs. Ground from contact 2
of relay AL operated through contact 2 of relay- EAC
normal lights the Machine Pilot lamp, It is extinguished

when. relay EAC relay operates due to operatlcm of the
Alarm Cut-Off key.

Tape Section Lamps

Tape section 0-9—One of the ten Tape Section. 0-9,
Fig. 22, lamps lights to indicate the tape section being
processed when processing: summary tape. Ground is
closed from contact 4 of relay SA operated through con-
tact 6 of relay L8 normal, the rotatable switch arm and
some particular contact of the TH selector wafer 2 and
a corresponding contact of relay TS operated to light one
of the ten Tape Section 0-9 lamps.

Last. section—When: processing. the last section of a .

summary tape, relay LTH, Fig. 22, operates in a. manner
to be described, which in turn. closes ground from its
contact 1 to light the Last Section lamp.

Miscellaneous lamps

Master off-normal.—Whenever the circuit is off-normal
relay MON, Fig. 5, or relay MLK, Fig. 22, operate as
heretofore described which in turn. connects ground: from
contact' 1¢ of -relay MON or contact 1 of relay MLK
to light Master Off-Normal lamp, Fig. 22.

Off-normal —~Whenever the circuit is processing tape
relay ‘RCD is operated which in turn connects ground
from its contact 2 to. light the Off-Normal lamp, Fig. 2

Tape identity—Whenever the circuit is reading tape
identity relay TI operates in a manner to be described
which in turn closes ground from contact 5 of relay LPG
through contact 6 of relay RL, contact 1 of relay TI
and the filanient of tape identity lamp Tape Ident., Fig.
35, to battery to light the lamp.

Skip- splice~—Whenever the circuit is readmg splice
pattern relay SKP operates, as described in the foregoing,
which in turn closes ground, when relays RL and LPG
are ‘operated, from contact 6 of relay RL through contact
6 of relay LPG,; contact 1 of relay SKP and through: the
lamp filament to light the Skip Splice lamp, Fig. 14.

Punch trouble—When a stoppage of the punch occurs
due to a double punch, blank column or a non-compari-
son indication for a card relay PT operates which in turn
closes “ground through its. contact 3 and the lamp fila-
ment to light Punch Trouble lamp, Fig.. 1.

No-cards.—When the card hopper of the punch be-
comes :empty relay NC releases which in turn closes
ground from contact 6 of relay TCM. operated and con-
tact 2 of relay NC through the lamp filament to battery
to light the No Cards lamp, Fig. 1.

Input up €K Lamp~~When all five lines:of the input

’
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register are filled and the sixth line has had the A digit
checked, a ground from contact 3 of relay LPG operated
passes through make contacts 3 of relay 6CK, 2 of relay
UCS, 2 of relay UC4, 2 of relay UC3, 2 of relay UC2,
2 of relay UC1 and the lamp filament to battery to light
the Input Up-Check lamp, Fig. 7. Relay LPG is operated
whenever an alarm is in or whenever the start circuit is
normal.

When summary tapes are being processed make con-
tact 1 on relay SA shorts around the portion of the path
just traced through contacts of relays 6CK, UCS, UC4
and UC3 so that the Input Up-Check lamp lights when
the first. two lines of the register only are filled.

- Output Up CK lamp.—Whenever the output registers
are filled in a proper combination an up-check operates
relay RUC in a manner to be deéscribed. A ground from

contact 3 of relay LPG, which operates whenever there’

is an alarm or the start circuit is normal, passes through

contact 7 of relay RUC-and the filament of the lamp to-

light the Output Up-Check lamp. :

Set-up check lamps.—The set-up check lamps, Fig, 34,
are lighted, as explained under the heading Set-Up Check
in the foregoing, whenever the set-up switches, Figs. 32
and 42, are changed after the first tape identity has been
checked. :

Tape type lamp.—The Tape Type lamp, Fig. 34, lights
when the Tape Type switch, Fig. 32, is changed. Ground
from contact 6 of relay RUC normal, .contact 2 of relay
CL$ normal, contact 9 of relay TIE operated, contact 4
of relay OTT, contact 4 of relay ETT normal and the
filament of the lamp to battery lights the Tape Type lamp.

. Marker group tens lamp.—The marker group tens lamp,
Mkr. Grp. Tens, Fig, 34, lights when the marker group
tens switch Marker Grp. Tens, Fig. 32, is changed.
Ground from contact 6 of relay CL9 normal, contact 9
of relay TIE operated, contact 4 of relay OGT, contact
4 of relay EGT normal and the filament of the lamp to
battery lights the Mkr. Grp. Tens lamp.

Marker group units lamp.—The marker group units
lamp, Mkr. Grp. Units, Fig. 34, lights when the marker
group-uaits switch Marker Grp. Units, Fig. 32, is changed.
Ground from contact 1 of relay RUC and contact 2 of
relay CL9 normal, contact ¢ of relay TIE operated, con-
tact 4 of relay OGU, contact 4 of relay EGU normal
and the filament of the lamp to battery lights the Mkr.
Grp. Units lamp. o e ]

* Central office lamp.—Thé central office lamp Cent.
Office, Fig. 34, lights when the central office switch Cent.
Office is changed.  Ground from contact 1 of relay RUC
and contact I of relay CL® normal, contact 9 of relay
TIE operated, contact 4 of relay OCO, contact 4 of relay
ECO normal and the filament of the lamp to battery lights
the Cent. Office lamp. . ) !

Last day tens lamp.—The Last Day Tehs lamp, Fig.
44, lights when the Last Day Tens switch, Fig. 42, is
changed. Ground from contact 1 of relay RUC and con-
tact 2 of relay CL9 normal, contact 9 of relay TIE oper-
ated, contact 4 of relay ODT, contact 4 of relay EDT
normal and the filament of the lamp lights the Last Day
Tens lamp.. -

“Last day units lamp.—The Last Day Units lamp, Fig.
44, lights when the Last Day Units switch, Fig. 42, is
changed. Ground from contact 1 of relay RUC and con-
tact 2 of relay CL9 normal, contact 9 of relay TIE oper-
ated, contact 4 of relay ODU, contact 4 of relay EDU
normal and the filament of the lamp lights the Last Day
Units lamp.

Month tens lamp.—The Month Tens lamp, Fig. 44,
lights when the Month Tens switch, Fig. 42, is changed.
Ground from contact 1 of relay RUC and contact 2 of
relay CL9 normal, contact % of relay TIE operated, con-
‘tact 4 of relay OMT, contact 4 of relay EMT normal
‘and the filament of the lamp lights the Month Tens lamp.

Month units lamp~—The Month Units lamp, Fig. 44,
lights when the Month Units switch is changed. Ground
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from contact 1 of relay RUC and contact 2 of relay CL9
normal, contact 4 of relay TIE operated, contact 4 of
relay OMU, contact 4 of relay EMU normal and the fila-
ment of the lamp to battery lights the Month Units Lamp.

Output register lamp display.—The output register
lamps, Fig. 52, of the tape to card converter and the asso-
ciated keys, Fig. 13, and the lamp connector relays, Figs.
52 to 62, make it possible to observe various items of
information stored in the output registers, Figs. 63 to 72.
Lamp leads are brought out from the registers, on a two-
out-of-five basis and under control of the keys are con-
nected to some ome particular set of six sets of lamps
arbitrarily designated A through F. The lamps are
arranged on a two-out-of-five digit basis. Associated
with the C, 1, 2, 4 and 7 lamps for each digit is a sixth
lamp which may be of a distinctive color and which when
lighted indicates that the lamp group with which it is
associated will not be lighted as there is no correspond-
ing information as the comtrolling register is not to be
filled. The exceptions to the two-out-of-five rule are the
month, and X punches which will be described below.
The items of information to be observed may be identified
if desired by means of a chart, not shown, associated
with the lamps. A lamp may be lighted at either end
of the line to be read under control of the asscciated key.

The keys associated with the output register are sup-
plied with ground from contact 18 of relay LPG oper-
ated, contact 3 of relay TCM released and through a
chain circuit through a break contact of each of seven
keys in the group to a make contact on the eighth or last
key of the chain as follows: break contacts 1, 4, 1, 4, 4, 4
and 4 of keys Calling Office, Calling No., Called Office,
Called No., Chg. Time MU & CL, Ans. Time, and Sum-
mary, respectively, to make contact 2 of key Month. If
a key is operated, say the Calling Office key, the ground
is transferred from this to a path which extends through
the make contact 1 of the Calling Office key, break
contacts 3 of the keys Calling No., Called Office, Called
No., Chg. Time MU & CL, Ans. Time, and Summary
and break contact 1 of key Month to parallel paths which
connect to two make contacts in parallel on seven of the
eight keys. These make contacts are contacts 2 and 3
of Calling Office key, contacts 3 and 4 of Called Office
key and contacts 1 and 2 of keys Chg. Time MU & CL,
Calling No., Called No., Ans. Time and Summary. With
the key circuit thus arranged an operating circuit can be
established only if one key is operated and all seven others
of the group are normal.

Calling office key—The operation of the Calling Of-
fice key for detail calls or summaries will close a cir-
cuit from battery through the filament of line three
lamps L3L and L3R in parallel, Fig. 13, to the ground
shown to be connected in the circuit last traced to contact
3 of the Calling Office key, assuming this key only oper-
ated, to light the lamps. The operation of the Calling
Office key also extends the ground connected to its
make contact 2 through the winding of relay OFA, Fig.
55, to battery operating the relay. The A, B and C
digits of the calling office may then be read from the D,
E and F digit lights, respectively. For instance, in the
case of lamp 1 of the D digit lamp group, a circuit may
be traced from battery through the filament of lamp
1, contact 2 of relay OFA to the Calling Office A Digit
register, Fig. 72, represented by a rectangle, the details
of which are shown in Fig. K, where it is connected to
ground through a contact on a relay in the register cir-
cuit, the operation of which and of the other register
circuits shown in Figs. 63 to 72 will be made clear here-
inafter. Calling office designation is derived from a
translator in a manner to be described. ‘

Calling number key.—The operation of the calling
number key, Calling No., Fig. 13, will connect battery
through the filaments of line 1 lamps, L1L and LIR, in
parallel to contact 1 of the key, to which ground is con-
nected when this key alone is operated, lighting -the
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lamps. Simultaneously, ground is extended through con-
tact 2 of the key and the winding of relay NA, Fig. 55
to battery operating relay NA. The operation of relay
NA connects battery through the filament of each of the
lamps in groups B, C, D and E, Fig: 52, through the con-
tacts of relay NA to ground in the Calling Number
Thousands, Calling Number Hundreds, Calling Number
Tens registers, Fig. 71, and Calling Number Units regis-

ter, Fig. 70, respectively. The registers are indicated by

4 rectangle in these-figures and are shown in detail in
Fig. 'D.  The calling number thousands, hundreds, tens
and units may then be read from the B, C, D and E
digit lamps, respectively.  The calling number for both
detail calls and summaries is derived from the C, D, B
and F digits of the first line of the entry.

Called office key.—The operation of the Called Of-
fice key for detail calls connects battery through. the fila-
ments ‘of line 3 lamps, L3L and L3R, in parallel, and
contact 13 of relay DA to contact 4 of the key, to which
ground is connected when this key alone is operated to
light the lamps for line 3. The operation of the key will
also connect ground through its contact 3 and the wind-
ing of the lamp connector relay CDA to battery to oper-
‘ate the relay, - The operation of relay CDA connects
registers for Called Area and Called Office A Digit, Fig.

68, and Called Office B Digit and Called Office C Digit,

Fig. 67, to the C, D, E and F digit lamps, respectively.
The registers are shown in detail in Fig. D.. The area
and three called office digits are read from the B; C, E

and F digits, respectively, of the third line of a detail calt

entry.

" . -Called number key—The operation of the Called
Number key for detail calls connects battery through
the filaments of line 1 lamps: LIL and LIR-in parallel
through contaci 12 of relay DA and contact 2 -of the
key, to which ground is connected as described to light
the lamps for line 1. The operation of the key will also
connect ground through its contact 2 and the winding of
the lamp conneétor relay CNA to operate the relay. - The
operation of relay CNA connects the registers for the
Called Number Units, Called Number Tens, Fig. 65,
Called Number Hundreds, Called Number Thousands,
Called Number Ten Thousands;  Fig. 66, and Called
Party, Fig. 67 to the Output Register lamps, Fig. 52.
The registers are shown in detail in Figs. C, D, E and F
as.indicated in‘ the corresponding rectangle on the draw=
ing. . The called number may then be read from the A
through F digit 1amps as follows: :

g, A three-digit number will light the C, D and E digit
Output Register Lamps for hundreds, tens and units; re-
spectively. - Ground from contacts 2 and 1 of relay NPY
operated in the Called Party register, Figs. 67 -and F
through contacts 11 and 33, respectively, of relay CNA
will light lamp BL in lamp group A andlamp BL in lamp
group F, Fig. 52, while ground from contact 5 of relay
3DN operated through contact 17 of relay CNA and the
filament of lamp BL in group B will light this lamp.

b. A four-digit number will light the B; C, D and B
digit lamps for thousands, hundreds, tens and units, re-
spectively. "Ground from NPY operated will light lamp
BL in lamp group A and BL in lamp group F, Fig. 52,
as described in the foregoing.

¢. A four-digit number with a party letter will light
the B, C, D and E digit lamps, Fig. 52, as above and in
addition two F digit lamps to indicate the IBM under-
punch equivalent of the party letter. Ground from the
‘operated relay “in the party output register will light
lamp BL in group A, Fig. 52 as described in the forego-
ing.

d. A five-digit number will light the A, B, C, D and E
digit lamps for ten thousands through units, respectively.

Since a five-digit number will never have a party-letter,-

lamp BL in group F will not be lit. Called number for
a detail call is read from the B through F digits of the
fourth line of the tape entry. : ;
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: Charge time MU and class key.—The operation of the
charge time, message units and class, Chg. Time, MU
and CL, key will connect battery through lamps L4L
and L4R in parallel and contact 15 of relay DA oper-
ated to ground on contact 1 of the key to light the lamps.
Simultaneously ground will be supplied from contact 2
of the key through contact 16 of relay DA and the wind-
ing -of lamp connector relay CUA, Fig. 52, to operate
relay CUA. Automatic message accounting class, minute,
tens .and units of chargeable time and tens and units
of message units may then be read for detail calls from
the B, C, D, E and F digit lamps, respectively. When
message units are to be blanked, a ground from contact
5 of relay NMU operated, Fig. 62, will light lamps BL
of group E and BL of group F. For charge calls, ground
through contact 1 of relay 11X, Fig. A, Fig. 63, and con-
tact 7 of relay CUA, Fig. 62, will light lamp Charge X.
For no charge calls, ground through contact 1 of relay
12Y, Fig. A, Fig. 63, and contact 1 of relay CUA will
light lamp No Charge Y. Automatic message accounting
class is derived. from a translator and tens and units
of chargeable time and message units aré read from the
C through F digits of the fifth line of a detail call entry.

Answer time key.—The operation of the answer time
Ams. Time key for- detail calls will light the lamps for
line 2, L2L and L2R through contact 14 of relay DA
and contact 1 of the key and will operate the lamp con-
nector relay ‘ATA; Fig. 54, through contact 2°of the key
and contact 11 of relay DA. The operation of relay
ATA. will connect the registérs for Answer Day Tens,
Fig. 70, Fig. J, Answer Day Units, Fig. 69, Fig. D,
Answer Hour Tens, Fig. 70, Fig. H, Answer Hour Units,
Fig. 69, Fig. D, Answer Minute Tens, Fig. 69, Fig. G
and  Answer Midute Units, Fig. 68, Fig. D to the A
through F-digit lamps, Fig. 52, respectively. The three
units digits ‘of answer timé are taken directly from the
D, E and F digits of the second line of a detail entry.
The three tens digits are derived from a translator.

Month key~~The operation of the Month key for
detail calls or summaries will extend ground through
contact 1 of some one of the twelve relays JAN to DEC
in the month register, Fig. B in Fig. 63, to light a corre~- -
sporiding one of the twelve JAN to DEC lamps. The
JAN-DEC month is ‘derived from the set-up switches.

Sumimary - key ~~The operation of the Summary keéy
for summaries ‘only will light the lamps for line 1, LiL
and LIR through:contact 21 of relay SA and contact 1
of the key and will operaté the lamp connectoi- relay
SMA from ground through contact 2 of the key ahd
contact 22 of relay SA. The operation of relay SMA
will connect the registers for the Summary Thousands,
Fig. G, Fig. 69, Summary Hundreds, Fig. D, Fig. 69,
Simimary Tens, Fig. D, Fig. 69, and Summary Units,
Fig:'D; Fig. 68 to the groups of lamps for the B, C, D
and E digit, respectively.. . The message units of a sum-
miary-entry are read directly from the C, D, E and F
digits of the second line. If there are fewer than 1000
message units, ground from comtact 1 of relay 12Y oper-
ated in register A, Fig. 63; through contact 1 of relay
SMA operated will light lamp Under 1000 MU Y, Fig.
52. If thére aré 1000 message units in the summary
ground from contact 1 of relay 11X operated in the
Overpunch register Fig. A, Fig. 63, through contact 12
of relay SMA operated will light lamp 1000 MU X.

Types of Tapes and Tape Identity Checking

Detail rype tape—~Reading and -checking leading. tape
identity—When the reader has stepped the tape by all
the 081010 lines of splice pattern the next line read is
the first line of leading tape identity. The operating
ground of the 1.1 to L9 relays in a path which will here-
after be called the 289 check. The:289 check starts from
ground through G1 contact closed and break-contact 1
of relay RK released or G2 contact closed and make
contact 2 of relay RK operated, -through contact 9 .of
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relay ST3 operated, contact 8 of relay RCD operated,
through two-out-of-five check of the B, C, D, E and F
digit reading relays, contact 3 of relay A0, contact 2
of relay Al released, contact 2 of relay A2 operated,
contact 2 of relay B7 and contact 2 of relay Bl operated,
contact 2 of relay C7 and contact 3 of relay C2 operated
and contact 1 of relay SR1 operated at which point it is
steered to the proper L1 to L9 relays by the particular
D digit reading relays, Fig. 26, which are operated.

Line 1 (tape type) —The first line of tape identity is
28915X. X is any number in the F digit. Relay L1
operates from ground through the 289 check through
contact 2 of relay DO and contact 4 of relay D1 oper-
ated, through contact 4 of relay CL9, contact 3 of relay
CLS8, contact 5§ of relay CL7, and contact 3 of each of
relays CL6, CL5, CL4, CL3, CL2, CL1 and the winding
of relay L1 to battery. Relay L1 operated locks through
its contact 4 around contact 3 of relay CL1 to its oper-
ating path. The operation of relay L1 by opening its
contact 1 releases relay SKP and closes a ground from
289 check through contact 12 of relay TIE released,
contact 2 of relay L1 operated, contact 2 of relay Fl
and contact 5 of relay E4 operated, contact 6 and arm
1 of Tape Type switch, contact 8 of relay L1 operated,
arm 2 and contact 6 of Tape Type switch, contact 7
of relay L1 operated through terminal 16, column 7,
Fig. 83, through the punch plug board connector, through
terminal 15, column 7, Fig. 83, and the winding of relay
RS, Fig. 15, to battery to operate relay RS which locks
through its terminals 3 to H3 break contact of the reader.
Relay L1 through its contact 10 also closes a ground
to operate relay T1, Fig. 35, which locks through its
contact 2, contact 13 of relay TIE released and contact
11 of relay ST3 operated to ground. The operation of
relay RS closes ground from comtact ¢ of relay SKP
released, contact 6 of relay RS, contact 5§ of relay L1
operated and the winding of relay CL1 to battery to
operate relay CL1 and by closing contact 1 of relay RS
operates the Step magnet of the reader. Relay CL1
operated locks through its contact 2 operated, contacts
2 of relays CL2 to CL8, respectively, contact 4 of relay
CL7, contact 2 of relay CLS8, contact 3 of relay TIE
and contact 11 of relay ST3 to ground. Relay CL1
operated closes a path from ground through contact 11
of relay MON through Tape Type switch arm 4, con-
tact 6, contact 4 of relay CL1 operated and the winding
of relay ETT to baitery to operate relay ETT which
locks through its contact 2 and resistor 345 to the oper-
ating path around contact 4 of relay CL1. Relay L1
releases when the reading relays release.

Line 2 (marker group) —The second line of tape
identity is 2892MG. M is the marker group tens in the
E digit and G is the marker group units in the F digit.
Relay L2 operates. from ground through the 289 check
through contact 2 of relay D0 and contact 4 of relay
D2 operated, contact 1 of relay CL1 operated and the
winding of relay L2 to battery and locks through its
contact 3 to the operating path around contact 1 of
relay CLi1. Relay L2 closes a ground from contact 1
of relay L2 operated, through two E digit reading relays
operated, such as contact 3 of relay E2 and contact 4
of relay E7 for digit 9 to lead 9, through marker group
tens, Marker Grp. Tens, switch contact 11, arm 1 con-
tact 5 of relay L2 operated, marker group units, Marker
Grp. Units, switch arm. 1, some contact such as 8 corre-
sponding to digit 6, through two F digit reading relays
operated, for digit 6, contact 4 of relay F4 and contact
2 of relay F2, contact 2 of relay L2 operated and the
winding of relay RS to operate relay RS which locks to
the H3 break contact of the reader. The marker group
tens and marker group units switches are preset to posi-
tions in accordance with information received with the
tape. If the tape digits E and F respectively match the
positions of the switches when reading the second line,
the path will be closed through. The operation of relay
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RS by closing its contact 6 closed ground from contact
9 of relay SKP released through contact 4 of relay 1.2
operated and the winding of relay CL2 to operate relay
CL2 and operates magnet STEP of the reader. Relay
CL2 locks from ground on contact 11 of relay ST3 oper-
ated, contact 3 of relay TIE released, through a path
traced through contacts of relays CL3 to CL8 released
and contact 2 of relay CL2. Relay CL2 operated, by
opening its back contact 2, releases relay CL1. Relay
CL2 also closes ground from contact 17 of relay MON
operated, through arm 3 and the odd or even contacts
to the Marker Group Tens switch, connect 7 or 6
of relay CL2 operated and the winding of relay OGT
or EGT to battery to operate either relay OGT or EGT,
respectively. The operated relay then locks through its
respective contact 2 and resistance 342 or 346 to the
operating path around the contact of relay CL2. At the
same time ground is closed from contact 17 of relay
MON operated, through arm 3 and the odd or even con-
tacts of the Marker Group Units switch, contacts 5 or
4 of relay CL2 operated and the winding of relay OGU
or EGU, respectively, to operate either relay OGU or
EGU. The operated relay locks through its respective
contact 2 and resistance 343 or 347 to the operating
path around the contact of relay CL2. The operation
of relay OGT or EGT and OGU or EGU depends on
the positions of the switch settings. Relay L2 releases
when the reading relays release.

Line 3.—The third line of tape identity is 2893XX.
X represents any number in the E and F digits. Relay
1.3 operates from ground through the 289 check, con-
tact 2 of relay D1, contact 3 of relay D2 operated, con-
tact 1 of relay CL2 operated and the winding of relay
L3 to battery and locks to the operating path around
contact 1 of relay CL2. Relay L3 operated closes a
ground to operate relay RS over a path which should be
understood from the foregoing. Relay RS operated
locks to H3 break contact of reader. The operation of
relay RS closes ground from contact 9 of relay SKP
released, through contact 6 of relay RS, contact 3 of re-
lay L3 operated and the winding of relay CL3 to operate
relay CL3. The operation of relay RS also operates
the Step magnet of the reader. Relay CL3 locks to
relay ST3 operated, relay TIE released and through con-
tacts of relays CL4 to CL8 released and unlocks relay
CL2. Relay L3 releases when the reading relays re-
lease. These operations should be apparent from the
detailed descriptions under previous headings.

Line 4.~The fourth line of tape identity is 2894XX.
X represents any number in the E and F digits. Relay
L4 operates from ground through the 289 check, contact
of relay DO and contact of relay D4 operated, contact
1 of relay CL3 operated and locks to the operating path
around contact 1 of relay CL3. Relay L4 closes a
ground to operate relay RS which locks to H3 break con-
tact of the reader. The operation of relay RS closes
ground through relay SKP released and relay 14 operated
to operate relay CL4 and operates the Step magnet of
the reader. Relay CL4 locks to relay ST3 operated,
TIE released and through contacts of relays CL5 to CL8
released and unlocks CL3. Relay L4 releases when the
reading relays release. The circuits are similar to cir-
cuits heretofore traced. These operations should be un-
derstood from the foregoing. )

"~ Line 5 (central office) —The fifth line of tape identity
is 289500. Relay LS operates from ground through the
289 check, contact 2 of relay D1, contact 4 of relay D4
operated, contact 1 of relay CL4 operated and the wind-
ing of relay L5 to battery and locks to the operating path
around contact 1 of relay CL4. Relay L4 closes a ground
from contact 1 through contact 4 of relay L5 operated,

‘contact 10 of relay DA operated, through contact 1 and

arm 1 of Central Office switch normal, contact 5 of
relay L5 operated and the winding of relay RS to oper-
ate relay RS which locks to H3 break contact of the
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reader. The operation of relay RS closes ground from
relay: SKP released and through relay ‘L5 operated to
operate relay CL5 and operates the Step magnet of the
reader. Relay CLS5 locks to relay ST3 operated, relay
TIE released and through contacts of relays CL6 to CL8
released and unlocks relay CL4. Relay CL5 also closes
ground from contact 17 of relay MON operated, through
arm ‘1 and the odd contacts of the Central Office switch,
contact 5 of relay CLS operated and the winding of
relay OCO to operate relay OCO which locks to the oper-
ating path around contact 5 of relay CL5. Relay L5
releases when the reading relays release.

Line 6.—The sixth line of tape identity is 289690.
Relay L6 operates from ground through the 289 check
through contact 2 of relay D2 and contact 3 of relay
D4 operated, contact 1 of relay CL5 operated and the
winding of relay L6 to battery and locks to the operating
path around contact 1 of relay CL5. Relay L6 closes
a ground to operate relay RS which locks to the H3
break contact of the reader.  The operation of relay RS
¢loses ground from relay SKP released and through a
contact of relay L6 operated to operate relay CL6 and
operate the Step magnet of the reader. Relay CL6 locks
to relay ST3 operated, relay TIE released and through
contacts of relays CL7 and CL8 released, and unlocks
relay CL5." Relay L6 releases when the reading relays
telease. Corresponding circuits have heretofore been
traced for other “lines.”

Line 7 (last day) ~The seventh line of tape identity is
28971LD. - L 'is the Last Day Tens in the E digit and D is
the Last Day Units in the F digit.- Relay L7 operates

from the ground through the 289 check through contact -

2 of relay D7 and contact 3 of relay D@ operated, contact
1 of relay CL6 operated and the winding of relay L7 to
battery and locks to the operating path around contact 1
of relay CL6. Relay L7 closes a ground from its contact
1 through: contact 18 of relay DA operated, and the wind-
ing of relay RS to operate relay RS which locks to the H3
break contact of the reader. The operation of relay RS
closes ground from contact 9 of relay SKP released, con-
tact 6 of relay RS, contact 4 of relay L7 operated and the
winding of relay CL7 to operate relay CL7-and operates
the Step magnet of the reader.  Relay CL7 locks to relay
ST3. operated, relay TIE released and relay CLS8 re-
leased and unlocks relay. CL6. Relay CL7 also closes
ground from contact 3 of the TH selector normal, through
contact 4 of relay DA operated, contact 7 of relay CL7
operated and the winding of magnet ROT to energize
the rotary, ROT, magnet of the TH selector. The ROT
magnet steps the TH selector off-normal’ which opens
contact 3 of the TH selector which in turn de-energizes
- the magnet ROT. The TH selector closes a ground
through contact 2 and the winding of relay MLK1 to
operate relay MLK. Relay CL7 closes ground from con:
tact 18 of relay MON' operated through arm 4 of Last
Day Units switch, odd or even contacts of the switch
depending on the setting, through contacts 10 or 9 of
relay CL7 and the winding of relay ODU or EDU to bat-
tery operating either relay ODU or EDU. The operated
relay locks through its respective contact 2 and resistor
442 or 446 around the contact of relay CL7 in its operat-
ing path. ' Corresponding circuifs may be traced through
the Last Day Tens switch to operate and- lock relay
ODT or EDT. Relay L7 releases when the reading re-
lays release.

Line 8 (thouscmds and flexible).—The eighth line of
tape identity is 2898X0. X represents any number in
the 'E 'digit and 'since the circuit, as shown, is arranged
for processing ‘on a flexible basis rather than a ground
basis the F digit is 0.  Relay L8 operates from ground
thxcugh the 289 check, contact 2 of relay D7 and contact
1’ of relay D1 operated, contact 3 of relay CL7 operated
‘ahd the winding of relay 18 to battery and locks to the

peratmg path around contact- 3 of relay CL7. . Since
Processing is on a flexible period basis the operating path
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of relay RS is from ground on contact 1 of relay L8
operated through contact 5 of relay DA operated and the
winding of relay RS to operate relay RS. The operation
of relay RS closes ground from. contact ¢ of relay SKP
released through contact 6 of relay RS, contact 4 of relay
L8 operated and the winding of relay CL8 to operate
relay CL8 and -operates the Step magnet of the reader.
Relay C1.8 locks to relay ST3 operated and relay TIE
released and unlocks relay CL7. Relay LS8 releases when
the reading relays release.

Line 9 (month) —The ninth line of tape identity is
2899M0. M represents Month Tens in the E digit and
0 represents Month Units in the F digit. - Relay L9 op-
erates from ground through the 289 check through con-
tact 2 of relay D2 and contact 3 of relay D7 operated,
contact 1 of relay CL8 operated and the winding of relay
19 to battery and locks to the operating path around con=-
tact 1 of relay CL8. Relay L9 closes a ground from con-
tact 1 of relay L9 operated, through contacts of two E
digit reading relays operated, such as relay E7, contact §
and relay B4, contact 3, through contact 1 of the Month
Tens switch, switch arm 1, contact 5§ of relay L9 op-
erated, Month Units switch arms 1 and contact 1,
through the contacts of two F digit reading relays op-
erated, for the 0 digit, contact 3 of relay F7 and contact
2 of relay F4, contact 2 of relay L9 operated and the
winding of relay RS to battery to operate relay RS which
locks to H3 break contact of the reader. If the tape
digits'E and F, respectively, match the positions of the
Month Tens  and Month Units switches when reading the
ninth line, the ‘path will be closed through. The opera-
tion of relay RS closes ground from contact 9 of relay
SKP released, contact 6 of relay RS, contact 4 of relay
L9 operated and the winding of relay CL9 to battery to
operate relay. CL® which locks to relay CL8 operated.
Relay CL9 operates relay TIE from ground through con-
tact 1 of relay CL9 and closes ground from contact 19
of relay MON operated, through switch arm 3 and say
contact 2 of the Month Tens switch and contact 7 of re-
lay CL9 operated and the winding of relay EMT to bat-
tery or through contact 3 of the switch and contact 8 of
relay CL® and the winding of relay OMT to operate
either relay. EMT or OMT. The operated relay locks

" to the operating path around the contact of relay CL9
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in its operating path. . At the same‘time ground is closed
from contact 19 of relay MON operated, through arm 4
and either the odd or even contacts of the Month Units
switch and contact 6 or 5 of relay CL9 operated and the
winding of relay OMU or EMU to operate either relay
OMU or EMU. The operated relay locks to the operat-
ing path around the contact of relay CL9 in its respective
operating path. The operation of relay OMT or EMT
and relay OMU or EMU depends on the position of the
switch- settings. Relay TIE locks from battery through
its winding and contact 6, through contact 21 of relay
MON operated, contact 1 of relay SP6 and contact 10
of relay L1 to ground. - The operation of relay TIE by
opening its contact 3 unlocks relay TI and CLS8, the
latter- which in turn by opening its contact 4 unlocks re-
lay CL9. Relay L9 releases when the reading relays re-
lease. Relay TIE by closing its contact 2.also operates
relay CT1 which locks through its contact 4 and contact
7 of relay MLK operated to ground.

Reading and checking trailing tape identity

When the reader has stepped the tape by the last call
entry, the mext line read is the first line of trailing tape
identity.

Line 1.—The first line of tape identity is 28915X, X
represents-any number in the F digit. Relay L1 operates
from 289 check through D@ and D1 operated and
through CL9 to CL1 released and locks through. its con-
tacts 4 and 6 and contact 11 of relay TIE operated to
ground. When the late make contact JO of the reader
opems, relay TIE releases which in turn unlocks relay L.
On the next cycle of the reader the first line is reread and
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operation is the same as Line 1 of leading tape identity.

Line 2-Line 6.~—~Operation is the same as line 2 to
Line 6 of leading tape identity.

Line 7.—Operation is the same as Line 7 of leading
tape identity except for the operation of CL7 does not
energize the ROT magnet.

Line 8-Line 9.—Operation is the same as Line 8 and
Line 9 of leading tape identity.

Message unit detail type tape

Reading and checking leading tape identity —When
the reader has stepped the tape by all the 081010 lines
of splice pattern the next line read is the first line of lead-
ing tape identity.

Line 1.—The first line of tape identity is 28913X. Op-
eration is the same as Line 1 of leading tape identity of
detail tapes except the operating path of relay RS is from
ground through the 289 check, through contact 12 of re-
lay TIE released, contact 2 of relay L1 operated, contact
2 of relay E1 and contact 4 of relay E2 operated, contact
4 and arm 1 of Tape Type switch, contact § of relay L1
operated; arm 2 and contact 4 of the Tape Type switch,
contact 7 of relay L1 operated, contact 16 of column 7,
Fig. 83, the Punch Plug Board Connector, contact 15 of
column 7 and the winding of relay RS to battery.

Line 2-Line 9~Operation is the same as Line 2 to
Line 9 of leading tape identity of detail tapes.

. Reading and checking trailing identity. — When the
reader has stepped the tape by the last call entry, the next
line read is the first line of trailing tape identity. -

Line .—The first line of tape identity is 28913X. Op-
eration is the same as Line 1 of trailing tape identity of
detail tapes except the operating path of relay RS is
ground from 289 check, through contact 12 of relay TIE
released, contact 2 of relay L1 operated, contact 2 of re-
lay E1 and contact 4 of relay E2 operated, contact 4 and
arm 1 of Tape Type switch, contact 8 of relay L1 op-
erated, arm 2 and contact 4 of Tape Type switch, contact
7 of relay L1 operated, through contact 16 of column 7,
through punch plug board connector, through contact 15
of column 7 and the winding of relay RS to battery op-
erating relay RS. -

Line 2-Line 9.-—Qperation is the same -as Line 2 to
Line 9 of leading tape identity of detail tapes.

Toll type tape

‘Reading and checking leading tape identity~—~When
the reader has stepped the tape by all the 081010 lines
of splice pattern the next line read is the first line of lead-
ing tape identity.

Line 1.—The first line of tape identity is 28912X. Op-
eration is-the same as Line 1 of leading tape identity of
detail tapes except as follows: The operating path of RS
is ground from 289 check, through contact 12 of relay
TIE released, contact 2 of relay L1 operated, contact 2
of relay B0 and contact 5 of relay E2 operated, contact
3 and arm ¥ of Tape Type switch, contact 8 of relay
L1 operated, arm 2 and contact 3 of Tape Type switch,
contact 7 of relay L1 operated, through contact 16 of
column 7, through the punch plug board connector, con-
tact 15 of column 7 and through the winding of relay
RS to battery. Ground is connected from contact 17
of relay MON operated, through arm 4 and an odd con-
tact of Tape Type switch, contact 5 of relay CL1 operated
and the winding of relay OTT to operate relay OTT in-
stead of relay ETT. Relay OTT locks through resistor
341 to its operating path around CL1 contact.

Line 2-Line 9.—Operation is the same as Line 2 to
Line 9 of leading tape identity of detail tapes.

Reading and checking trailing tape identity —When
the reader hag stepped the tape by the last call entry, the
next line read is the first line of trailing tape identity.

Line 1.—The first line of tape identity is 28912X. .Op-
eration is the same as Line 1 of trailing tape identity of
detail tapes except as follows: Operating path of relay
RS is ground from. 289 check, through contact 12 of
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relay TIE released, contact 2 of relay L1 operated, con-
tact 2 of relay E® and contact 5 of relay E2 operated,
contact 3 and arm %1 of Tape Type switch, contact 8 of
relay L1 operated, arm 2 and contact 3 of Tape Type
switch, contact 7 of relay L1 operated, through contact
16 of column 7, through the punch plug board connector,
contact 15 of column 7 and the winding of relay RS to
battery operating relay RS. Relay OTT remains locked.

Line 2-Line 9.—Operation is the same as Line 2 to Line
9 of trailing tape identity of detail tapes.

Observing type tape

Reading and - checking leading tape identity—When
the reader has stepped the tape by all the 081010 lines
of splice pattern the next line read is the first line of lead-
ing tape identity.

Line 1.—The first line of tape identity is 28914X. Op-
eration is the same as Line 1 of leading tape identity of
detail tapes except as follows: The operating path of
relay RS is ground from 289 check, through relay TIE
released, relay L1 operated, contact 3 of relay E4 and
contact 3 of relay E0 operated, contact § and arm 1 of
Tape Type switch, confact § of relay L1 operated, arm
2 and contact 5 of Tape Type switch, contact 7 of relay
L1 operated, through contact 16 of column 7, through the
punch plug board connector, contact 15 of column 7 and
the winding of relay RS to battery, operating relay RS.
Relay CL1i closes a ground from contact 17 of relay
MON operated, through arm 4 and contact 5 of Tape
Type switch and contact 5 of relay CL1 operated to op-
erate relay OTT instead of relay ETT. Relay OTT locks
through resistance 341 to its operating path around con-
tact 5 of relay CL1.

Line 2-Line 9.—Operation is the same as Line 2 to
Line 9 of leading tape identity of detail tapes.

Reading and checking trailing tape identity—When
the reader has stepped the tape by the last call entry, the
next line read is the first line of trailing tape identity.

Line 1.—The first line of tape identity is 28914X. Op-
eration is the same as Line 1, of trailing tape identity of
detail tapes except as follows: Operating path of relay
RS is ground from 289 check, through contact 12 of relay
TIE released, contact 2 of relay L1 operated, contact
3 of relay E4 and contact 3 of relay E® operated, contact
5 and arm 1 of Tape Type switch, contact 7 of relay L1
operated, arm 2 and contact 5 of Tape Type switch, con-
tact 7 of relay L1 operated, contact 16 of column 7,
through the punch plug board connector, contact 15 of
column 7 and the winding of relay RS to battery operating
relay RS. Relay OTT is not required to be operated as
it is locked since its earlier operation.

Line 2-Line 9.—Operation is the same as Line 2 to
Line 9 of trailing tape identity of detail tapes.

Message unit summary tape

Reading and checking leading tape identity of first
tape—When the reader has stepped the tape by all the
081010 lines of splice pattern, the next line read is the
first line of leading tape identity.

Line 1.—The first line of tape identity is 289117. Re-
lay L1 operates from 289 check, through contact 2 of re-
lay D9 and contact 4 of relay D1 operated, through a
path heretofore traced, through the contact of relays CL9
to CL1 released and the winding of relay L1 to battery
and locks to its operating path around contact 3 of relay
CL1 contact. Relay L1 releases relay SKP and closes
a ground from the 289 check, through contact 12 of relay
TIE released, contact 2 of relay L1 operated, contact 2
of relay E® and contact 3 of relay E1 operated, contact
2 and arm I of Tape Type switch, contact § of relay
L1 operated, arm 2 and contact 2 of Tape Type switch,
contact 4 of relay F¢ and contact 2 of relay F7 operated,
contact 3 of relay 11 operated, through contact 17 of
column 7, through the punch plug board connector, con-
tact 15 of column 7 and the winding of relay RS to oper-
ate relay RS which locks to H3 break contact of the
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reader.  Contact . 10 of relay L1 also closes a: groynd

through the ;winding of relay T1. to operate relay TI1.
which locks: through contzct 3. of relay TIE released.

and. .contact 11 of relay ST3 to ground. The operation
of relay RS closes ground from contact 9 of relay SKP
released -and through contact 6 of relay RS, contact 5 of
relay L1 operated and the winding of relay CLI1, to
operate zelay. CL1 and operates the Step magnet of the
reader. . Relay, CL1:locks through contacts of relays CL2
to CL8 released contact 3 of relay TIE released:and-con-
tagt - 6, of :relay: ST3 to -ground.. A ground. is- supplied
from. contact 17 of relayy MON: operated, through arm
4.and contact 2 of Tape Type switch, contact 4 of relay
CL1 operated. and the .winding. of relay -ETT to bat-

tery. to. operate relay:ETXT which locks to its operating:
Relay L1

path around contact 3 of. relay CL1 contact.
releases when the, reading relays release.

.Line 2-Line 4.~Operation is the same as Line 2 to-

Line. 4 of leading tape-identity of detail tapes, -

Line 5.—The fifth line of tape identity is 2895-OFF-0.
OFF represents Central Office in the E digit. Relay L5
operates from: ground through the 289 check, contact 2 of
relay' D1 and contact-4 of relay D4 operated, contact 1
of: relay  CL4 - operated. and the winding of relay L5 to
battery and locks to its operating path around contact

1 of relay CL4. Relay L3 closes a ground from contact.
1 of relay L5 operated, through the contacts of two E.
digit reading relays operated for digit 5, contact 2 of:
relay Bl and contact 4 of relay E2, Ceniral Office switch, -

contact 4 and arm 1, contact 5 of relay LS operated and
the winding of relay RS to battery to operate relay RS
which :locks to H3 break contact of the reader. The
operation of relay RS closes. ground from contact ¢ of
relay SKP released, contact 6 of relay RS, through con-
tact 3 of relay L5 and the winding of relay CLS to bai-
tery to operate relay CLS and operates the Step magnet
of the reader. Relay CLS5 through its contact 2: locks
from ground on -contact 11 of relay ST3 operated,
through- contact '3 of relay TIE released and through
contacts:of relays CL6 to CLS released. Relay CLS5 in
turn-unlecks relay CL4. Relay CL5 operated: also closes
ground from contact 18 of relay MON operated through

arm 3 and, for the condition assumed, contact 4 of Cen-.

tral Office switch, contact 4 of relay CLS. operated and
the winding of - relay ECO to battery to operate relay
ECO which. locks to its operating path. around‘contact 4
of relay CLS.
depends on the position of the Central Office switch ‘set-

ting. Relay LS5 releases when the reading relays-telease.

Line 6.—Operation is.the same as Line. 6 of leading
tape identity of detail tapes.

Line 7.—The seventh line of tape identity is 2897LD..

L is the last day tens in the E digit and D is the last day
units in the F digit. Relay L7 operates from ‘ground

through the 289 check, contact 2 of relay D7 and con-

tact 3 of relay DO .operated, contact 1 .of relay CL6

The operation of relay OC¢ or EC8:
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tact 3 of relay- TIE: released, a contact -of relay CLS8:

‘released and its contact 4 through its winding to- battery:

and unlocks relay CL6. When processing on: a flexible
period basis, the operation -of relay CL7 closes ground

- from contact. 17 of relay: MON operated through arm, 4

and, for: the conditions.assumed, contact 4 of Last Day
Tens-switch, contact 1 of relay CLT operated and the
winding -of ‘relay EDT to battery to. operate relay EDT
which locks. to its; operating path around contact 1 of
relay CL7. :Depending upon the position of switch Last
Day Tens, relay EDT or ODT would have been oper-
ated. At the same time ground is closed from: contact 17
of relay MON operated through arm 4 and an odd or
even contact of Last Day Units switch depending upon
its setting, contact 9 or 1§ of relay CL7 operated and the
winding either of relay ODU. or EDU to. battery to oper- -
ate either relay ODU or EDU which locks to its oper-.
ating path around its respective contact on relay CL7.
The operation of relay ODT or EDT depends on the posi-
tion of the Last Day Tens switch: setting. The operation
of relay ODU or EDU depends on the position of the
Last Day Units switch- setting.. Relay CLT also closes
ground. from J1 late make contact of reader, through
contact 8 of relay SA operated, contact 6 of relay CL7
operated, contact 5 of relay CTI released; contact 1
of relay  FTH. released and the winding of the ROT
magnet of the TH selector to energize the magnet. The
TH: selector steps one step. each time the J1 late make
contact closes and opens. This continues until the TH
selector position. corresponds to the setting of the First
Thousand switch.. At this time, ground is closed from'
contact 4 of relay SA operated, contact 6 of relay L8
released, through say contact 10 and arm 2 of TH selector.
arc, arm 1 and contact 11 of the First Thousand switch
and contact 1 of relay HTH released and the winding
of relay FTH to battery to operate relay FTH which by
opening its- contact 1 opens the operating path of the
ROT magnet and . siops stepping of the TH selector.
When the TH selector stepped off-normal ground from'
the off-normal contact 2 of the selector was closed
through to operate relay MLK. ' Operation of relay FTH
also closes ground through-its contact 2 and the winding
of relay. CTI to battery to operate relay CTI. which

" locks through its contact 4 to. ground.on contact 7 of -
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operated and the winding of relay L7 to battery and. .

locks to-its - operatmg path around contact 1 of relay
CL6. When processing on a flexible period basis, the
operating path of relay RS is-from ground through con-

tact 1 of relay. L7 operated, comtact 18 of relay SA-
operated, contacts of two. E 'digit reading relays oper-:

ated, such as contact 2. of relay Ei1 and contact 4 of
relay. B2, contact 4 and arm 1 of Last Day Tens switch,
contact 5 of relay L7 operated, arm 1. and say contact 3
of Last Day Units switch, contacts of two F-digit read-
ing relays operated such as contact 4 of relay F1 and
contact 2 of relay F0 and the winding of relay RS to
battery to operate relay RS. The operation of relay RS
closes ground from contact 9 of relay SKP . released
through contact 6 of relay RS, contact 4 of relay L7

60

- 65

70.

operated and the winding of relay CL7 to battery to oper--

ate relay CL7. The operation of relay RS-also operates
the Step magnet of the reader.
ground through contact 11 .of »rqlay ST3 operated, .con-

Relay CL7 locks from.

5

relay MLK operated.

Line 8—In the meantlme, the elghth line of tape
identity, 2898—TH-0, is being read. TH is the tape thou-
sand number-in. the E digit and -when processing on a
flexible period basis, 0 is in the F digit. Relay L8 oper-~
ates from ground through the 289 check through con-
tact 2 of relay D7 and contact 3 of relay D1 operated,
contact 3 of relay CL7 operated and the winding of relay
18 to battery and locks to its operating path around
contact 3 of relay CL7 contact. Relay L8 will release
and reoperate each cycle while the TH selector is step-
ping. ‘When processing on a flexible period basis, the
operating path of;relay RS is from -ground through con-
tact 1 of relay L8 operated, through contact 11 of relay
SA operated, contacts of two E digit reading relays oper-
ated, such as contact 2 of relay E@ and contact 3 of relay
El, contact 2 and arm of the TH selector, contact 1 of
relay CTI operated, contact 5 of relay SSE, contact 5
of relay L8 operated and the winding of relay RS to
battery to operate relay RS. The operation of relay RS
closes ground from contact 9.0f relay SKP released,
contact 6 of relay RS operated and through contact 4 of
relay L8 operated and the winding of relay CL8 to bat-
tery to operate relay CL8 and operates the Step magnet
of the reader. Relay CL8 locks to ground on contact 11
of relay ST3 operated, through contact 3 of relay TIE
released and unlocks relay CL7. Relay L8 releases when
the reading relays release.-

Line 9.—Operation is the same as Line 9 of leading
tape identity: of detail tapes.

Reading and checking trailing tape . identity of first
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tape—When the reader has stepped the tape by the last
call entry, the next line read is the first line of trailing
tape identity.

Line 1.—The first line of tape identity is 289117. Op-
eration is the same as Line 1 of trailing tape identity. of
detail tapes except the operating path of relay RS is
from ground through the 289 check, contact 12 of relay
TIE released, contact 2 of relay L1 operated, contact 2 of
relay EO and contact 3 of relay E1 operated, contact 2
and arm 1 of the Tape Type switch, contact 8§ of relay
L1 operated, arm 2 and contact 2 of the Tape Type
switch, contact 4 of relay FO and contact 2 of relay F7
operated, contact 3 of relay L1 operated, contact 17 of
column 7, punch plug board connector, contact 15 of
column 7 and the winding of relay RS to battery. .

Line 2-Line 6.—Operation is the same as Line 2 to
Line 6 of leading tape identity of first message unit sum-
mary tape,

Line 7.—The seventh line of tape identity is 2897LD.
Relay L7 operates from ground through the 289 check,
contact 2 of relay D7 and contact 3 of relay D0 oper-
ated, contact 1 of relay CL6 operated and the winding
of relay L7 to baftery and locks to its operating path
around contact 1 of relay CL6 contact. The operation of
relay RS is the same as described for Line 7 under Lead-
ing Tape Identity of First Tape, Message Unit Summary
Tape. The operation of relay RS closes ground from
contact 9 of relay SKP released, contact 6 of relay RS,
contact 4 of relay L7 operated and the winding of relay
CL7 to battery to operate relay CL7 and operates the
Step magnet of the reader. Relay CL7 locks to ground
on contact 11 of relay ST3 operated, through contact 3
of relay TIE released and relay CL8 released and un-
locks relay CL6. Relay L7 releases when the reading re-
lays release.

Line 8—The eighth line of tape identity is 2898-TH-0.
TH represents the tape thousand number in the E digit.
When processing on a flexible period basis, 0 is in the F
digit. Relay L8 operates from ground through the 289
check, contact 2 of relay D7 and contact 3 of relay D1
operated, contact 3 of relay CL7 operated and through
the winding of relay CL7 to battery and locks to its oper-
ating path around contact 3 of relay CL7. When proc-
essing on a flexible period basis, the operating path of
relay RS is from ground through contact 1 of rélay

L8 operated, through contact 11 of relay SA operated,

contacts of two E digit reading relays operated, such as
contact 2 of relay E0 and contact 3 of relay El, contact
2 and arm 1 of the TH selector, contact 1 of relay CTI
operated, contact 3 of relay SSE released, contact 5 of
relay L8 operated -and the winding of relay ES to battery
to operate relay RS. The operation of relay RS closes
ground from contact 9 of relay SKP released, through
contact 6 of relay RS, contact 4 of relay L8 operated and
the winding of relay CL8 to battery to operate relay CL8
and operates the Step magnet of the reader. Relay
CL8 locks to ground on contact 11 of relay ST3 operated,
through contact 3 of relay TIE released and unlocks
relay CL7. Relay L8 releases when the reading relays
release.

" Line. 9—Operation is the same as Line 9 of leading
tape identity of detail tapes.

Reading and checking leading tape identity of inter-
mediate tape—Line 1-Line 6.—Operation is the same as
Line 1 to Line 6 of leading tape identity of first imessage
unit summary tape.

Line 7.—The seventh line of tape identity is 2897LD
Relay 1.7 operates from ground through the 289 check,
contact 2 of relay D7 and contact 3 of relay D0 operated,
contact 1 of relay CL6 operated and the winding of relay
L7 to battery and locks to its operating path around con-
tact 1 of relay CL6. The operation of relay RS is the
same as above described. The operation of relay RS
closes ground from relay SKP released, relay RS op-
erated and through relay L7 operated to operate relay

10

15

20

25

30

35

40

45

50

b5

60

85

70

75

52
CL7 and operates the Step magnet of the reader, Relay
CL7 locks from ground through contacts on relays ST3
operated, TIE released and CL8 released and unlocks
relay CL6. Relay L7 releases when the reading relays
release.,

Line 8.—The eighth line of tape identity is 2898~TH-0.
Relay L8 operates from ground through the 289 check,
contact 2 of relay D7 and contact 3 of relay D1 operated,
contact 3 of relay CL7 operated and the winding of relay
L8 to battery and locks to its operating path arotnd con-
tact 3 of relay CL7 contact. Ground is closed from con-
tact 7 of relay SA operated through contact 7 of relay
L8 operated, contact 6 -of relay SSE operated, contact 5§
of relay LTH released and contact 2 of relay CTI op-
erated and the winding of relay HTH to battery to operate
relay HTH. The operation of relay HTH closes ground
from contact 1 of relay L8 operated, through contact 11
of relay SA operated, contacts of two E digit reading
relays operated, such as contact 2 of relay E0 and con-
tact 3 of relay El, contact 2 of relay HTH operated, con-
tact 1 and arm 2 of the TH selector, contact 6 of relay
18 operated, contact 3 of relay LTH released and the
winding of relay TMM to battery to operate relay TMM
which locks to relay CL7 operated. Relay TMM at its
contact 3 opens a locking path of relay SSE which, how-
ever, remains locked until late make contact J2 of the
reader opens. Relay TMM also closes ground through
its contact 2 to energize magnet ROT of selector TH.
Selector TH steps one position. When processing on a
flexible period basis, the operating path of relay RS is
from ground through contact 1 of relay L8 operated,
contact 11 of relay SA operated, contacts of two B digit
reading relays operated, such as contact 2 of relay EO
and contact 3 of relay El, contact 2 and arm 1 of the
TH selector, contact 1 of relay CTI operated, contact 5
of relay L8 operated and the winding of relay RS to bat-
tery to operate relay RS. The operation of relay RS
closes ground from contact 9 of relay SKP released, con-
tact 6 of relay RS, contact 4 of relay L8 operated and
the winding of relay CL8 to battery to operate relay CL8
and operates the Step magnet of the reader. Relay CL8
locks to ground through relays ST3 operated, TIE re-
leased and unlocks relay CL7. The release of relay CL7
by opening its contact 8 unlocks relay TMM which in turn
by opening its contact 2 de-energizes magnet ROT of
selector TH. Relay L8 releases when the reading relays
release.

Line 9—QOperation is the same as Line 9 of leading
tape identity of the first message unit summary tape.

Reading and checking trailing tape identity of inter-
mediate tape—Line 1-Line 9.—Operation is the same as
Lil}e 1 to Line 9 of trailing tape identity of first message
unit summary tape.

Reading and checking leading tape identity of last
tape—Line 1-Line 7 —Operation is the same as Line 1
to Line 7 of leading tape identity of first message unit
summary tape. )

Line 8.—~The eighth line of tape identity is 2898-TH-0.
Relay L8 operates from ground through the 289 check,
through contact 2 of relay D7 and contact 3 of relay D1
operated, contact 3 of relay CL7 operated and locks to
1ts operating path around contact 3 of relay CL7T.
Ground is closed from contact 7 of relay SA operated,
through contact 7 of relay L8 operated, contact 6 of
relay SSE operated, contact 5 of relay LTH released,
contact 2 of relay CTT operated and the winding of relay
HTH to battery to operate relay HTH. The operation
of relay HTH closes ground from contact 1 of relay L8
operated through contact 11 of relay SA operated, con-
tacts of two E digit reading relays operated, such as
contact 2 of relay E0 and contact 3 of relay E1, contact
2 of relay HTH operated, contact 1 and arm 2 of the TH
selector, contact 6 of relay 1.8 operated, contact 3 of relay
LTH released and the winding of relay TMM to battery
to operate relay TMM which locks to relay €L7 operated,
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Relay TMM. opens. a locking: path; of. relay SSE which,
however, ‘remains. locked: until late make. contact J2 of
the: reader. opens. - ‘Relay TMM. also. closes ground to

energize magnet ROT of selector TH: and selector TH. -

steps one position. - When selector TH has stepped: to the
next higher position, which. should correspond, to- the set-
ting.of the: East-Thousand switch, ground is. closed from
centact 4..of relay SA. operated, through: contact 6 of
relay L8 released, arm. 2 and assume contact 2 of the TH:
selector, contact 3-and arm 1 of the Last Thousand switch:
and the winding of relay LTH to. battery to operate relay.
LTH which locks to-contact 4 of relay MLK operated..
The operation of relay LTH by opening its contact §
releases relay HTH and closes ground through its: con-

tact I to light the Last Section lamp, Relay L8 releases 1

when the reading relays release. ‘When late make contact
J2 of the reader opens relay SSE releases.. On the next
" cycle of the reader relay L8 reoperates over the same
path: as described above. . When processing.on. a. flexible
period. basis, the . operating path of relay RS is from

ground through contact 1..of relay L8 operated, contact

11 of relay SA operated, contacts. of two E digit reading
relays operated, such as contact 2;of relay E0 and con-
tact 3 of relay E1, contact 2 and arm 1 of the TH se-
Jector, contact I of relay CTI operated, contact 1 of
relay L8 operated and the winding of relay RS-to battery
to: operate. relay RS. The.operation of relay RS closes
ground from contact 9 efirelay. SKP released through con-
tact 6. of relay RS, contact 4 of relay.L8. operated and
the winding of relay: CL8 to battery to. operate: relay CLS,
and operates the Step magnet of the reader. Relay CL8
locks from: ground through contacts of relays ST3 op-
erated and TIE released and unlocks relay CL7. The
release ‘of relay ‘CL7 unlocks relay TMM which in turn
de-energizes the ROT ‘magnet of the TH selector. Relay
1.8. releases when the reading relays release.

Line 9.—Operation is the same as Line 9 of leading
tape identity of the first message unit summary tape.
' ‘Reading and checking trailing tape identity.-of the last

tape—Line 1~Line 9—Operation is. the same as-Line 1

. to- Line .9 'of trailing tape identity of first message unit
summary: tape. . . :
R - " Reading and regiStering: .

‘Reading and’ registering (general) —The manner in
which the tape to card converter reads the call éntries as
they are encountered on the tape.and stores the informa-
tion contained ‘therein in ‘the. relays, of the input register
will’ now be. described. “After the machine: has, been
started and the'reader connector relays RCA and RCD,
Fig. 6, have operated ‘the reading relays, Figs. 16, 26 and
36, aré -connected’ permanently to the reader. These
relays then merely give an accurate representation of the
holes that are punched in the perforated tape by operat-
ing from the grounds that are supplied by the reader pins
to the reading relays. The reading relays in turn pass
.the information as to what holes-were perforated in the
tape through contacts of relays .in the steering circuit,
Figs. 8-12, which guide the information to.the proper
input register relays, Figs. 17-21, 27-31 and 37-41. The
reading relays in passing the information along are re-
sponsible for checking the. validity .of the reading which
is. to say that one out of three of the relays of the A
digit group and two out of five of the relays of each of
the B, C, D, E and F digit groups must be operated to
afford a plausible pattern. The information is registered
as read so that it can be translated and se that all lines
of the entry will be ready at once to pass along to the
output registers from the input registers and translators
as soon as the circuit is in a condition to transfer. . Let
us consider first a detailed tape or one containing five-
line call entries only, o :

"Reading and registering first line of five line entry.—-
Before any information can be stored in the input register
relays the machine must first have passed over the. splice
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pattern and leading end tape identity perforations as de-
scribed in the foregoing. After completing splice pattern
and input tape identity the machine normally will en-
counter a call section, that is a section in which informa-
tion - pertaining to actual telephone calls is perforated.
The type of calls that it is-expected will be recorded in the
tape determines the positions in which the set-up switches
on the switch pamel are set manually by the attendant.
For a call in which five perforated lines of tape are em-
ployed, -relay DA will be operated indicating that five-
line.calls are to be expected. Relay TIE will be operated
as. described as soon as tape identity has been completed.
To get the steering circuit Figs. 8 to I2 in condition to
steer the information ef the first call line to Figs. 17, 27
and 37 it is necessary to. operate relay SRt. This relay
operates as soon as the off-normal relays have provided
grounds to. operate the down-check relay NDC, Fig. 7,
of the input register control circuit. The .ground for
SR1 is supplied by reader contact K4 through. parallel
back contact 3-of each of relays TP and TC, make con-
tact 4 of relay NDC, make contact 4 of relay RLM and
the winding of relay SR1 to battery operating relay SR1.
As soon . as the first line of a call is encountered. it will be .
steered to the input register for the first line of the call,
Figs, 17, 27 and 37. o
When the first good line of a call entry is received. the
reading relays of the B-F digits pass their two-out-of-
five check along to the A digit reading relays. This two-
out-of-five check starts. with the reader G1 contact
through -the back contact 1 of relay RK or from the
reader G2 contact through the make contact 4 of relay

- RK. The Gt or G2 ground is carried through make con-
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tact 9 of relay ST3 then through make contact 8 of relay
RCD to the symmetric network on the contacts of the
reading relays for the B-F digits. | This symmetric net-
work begins with contact 3 of relay B0 and ends with
contacts 5 of relay F7. If two relays and only two of the
relays corresponding to each digit have been operated the
path will be closed and the ground will be extended to the
A digit reading relays in Fig. 17 where it will pass through
contact 3 of relay A0 released, contact 2 of relay Al
operated, contact 3 of relay A2 released, and then through
contact 1 of relay DA and contact 10 of relay TIE op-
erated, as.previously explained. . This checking. ground
then continues through contact 3 of relay SKP released,
contact 4 of relay SR1 operated and the winding of relay
NIA to battery operating relay N1A, Fig. 8, This relay
is the cut-in relay for line 1 which will connect -the -in-
formation already waiting in the form of. grounds on the
reading relay contacts, that is, on the contacts of the
relays of Figs. 16, 26 and 36 to operate the register relays
of Figs. 17, 27 and 37 in the same combination as that
of the reading relays. : o

A special case which has not been mentioned is that
for :observing tapes. These tapes are handled in the
same manner as are detail tapes but.in one special class
of observing tapes the A digit will be a 3 rather than a 1.
In this case the checking path of the two-out-of-five check
from the relays corresponding to digits B~F is extended
through contact 3 of relay A0, contact 3 of relay Al and
contact 5 of relay A2 all operated and .then through
relay contact 1 of relay OBS, contact 1 of relay DA,
contact 10 of the relay TIE operated, contact 3 of relay
SKP released, contact 4 of relay SR1 operated and the
winding of relay N1A to battery to operate the connector
relay N1A.

After the operation of relay N1A circuits are estab-
lished from ground on contacts of the operated reading
relays through the contacts of relay N1A and the wind-
ings of individual corresponding relays in corresponding
groups of the input registers to battery, to operate such
relays in Figs. 17, 27 and 37. For instance, a circuit
may be traced from ground through contact 1 of relay
B4, contact 5 of relay N1A and the winding of relay
1B4 to battery. In the case of reading relays A@, Al
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and A2, there are but two corresponding register relays,
1A1, which is controlled from ground through contact 2
of relay A0 released and contact 4 of relay Al operated
through contact 2 of relay N1A and the winding of relay
1A1 to battery, and relay 1A3, which is controlled from
ground through contact 2 of relay A0, contact 5 of relay
Al, contact 6 of relay A3, all operated, contact of
relay N1A and the winding of relay 1A3 to battery. As
soon-as the first line check relays have operated in the
¢orrect combination, another check chain is established
from ground on- make contact 1 of relay LK Fig. 7
through another symmetric network on the -contacts of
relays corresponding to the F—B digits of Figs. 37, 27
and 17, This two-out-of-five check starts with contact 2
of relay 1F7 and extends through two make contacts
and three break contacts, in any combination, of the 1F-,
1E-, 1D-, 1C- and 1B- relays. The two-out-of-five up-
check, as this circuit is called, continues through con-
tacts 2 of reélay 1A1 operated and 1A3 released and
‘through the winding of the input register line 1 up-check
relay UC1 to battery to operate relay UC1. This same up-
check ground is extended through contact 3 of relay N1A
and the winding of relay RS1 to batteiy to operate relay
RS1. Relay RS1 in operating removes one of the lock-
ing paths for relay SR1 which path extended through a
train of back contacts 4 on each of relays RS1, RS2, RS3,
RS4, RS5, contact 12 of relay LPG or contacts of the in-
put register release Inp. Reg. RLS key to a ground on
contact 15 of relay MON. - This leaves relay SR1 locked
operated through contact 5 of relay RCD to reader make
contact K0. Relay RS1 also sends out a ground through
its contact 2, contact 1 of relay RSF, winding of magnet
STP and contact 1 of relay MST to battery to step the
reader to the next line on the tape. Relay RS1 also
closes its contact 7 in preparing a path to operate relay
SR2 when the next reader break occurs. On the next
reader break, reader make contact H3, which was locking
up SR1, opens so that relay SR1 now releases and at
the same time a ground is passed along from reader break
contact K4 through the parallel back contacts 3 of relays
TP -and TC through make contact 7 on relay RS1 and
the winding of relay SR2 to battery to operate relay
SR2. Relay SR2 steers the next line of the tape entry
into second line input register, Figs. 18, 28 and 38.
Reading and registering 2nd-5th line of 5 line entry.—
When the next line of the tape has been read the same
checking ground as described for the first line of the entry,
is ‘passed -through the reading relays corresponding to
digits B-F to the A digit reading-relays. This time, how-
éver, the check path through the A digit is through con-
tact 3 of relay A0 operated, contact 3 of relay Al and
contact 4 of relay A2 released, through make contact 2
of relay SR2, which is now operated, and the winding
of relay N2A to battery to operate relay N2A. This is
the cut-in relay of the second line of the input register
which steers the information which js perforated in the
second line of the tape, which has been recorded tempo-
rarily in the reading relays into the input register relays
corresponding to the second line. Again, the register
relays operate in accordance with the registration on the
reading relays and this time a check ground is started
from a make contact 3 of relay LK and passed through
the symmetric networks on the B-F relays to operate
relay UC2, the up-check relay for line 2. Again the up-
check ground is passed through contact 3 of the cut-in
relay N2A and the winding of relay RS2 to operate relay
RS2, Relay RS2 in operating in the same manner as
does RS1, originates a ground which steps the reader,
prepares a path for the operation of the next SR- relay,
opens one of the locking lock paths for the presently oper-
ated SR~ relay and, in turn, as before for relay RS1, locks
to a break contact on the reader. When the reader make
contact opens it releases relay SR2 and the reader break
contact holds relay RS2 and operates relay SR3 through
make contact of 17 of relay DA. From here on exactly
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the same procedure is followed for registering the in-
formation of the third, fourth, and fifth line of the five-
line entry. The make contact of relay DA appears only
in the operate path of relay SR3. The steering circuit of
Fig. 10 advances ‘one step each line until the fifth line of

-the entry is read and registered.

Checking line following five-line entry—After a five-
line entry is read and registered, the circuit checks to be
sure that the next line after a five-line entry begins with
a2, orlora3jinthe A digit. 'When relay RSS operated
as the previous RS- relays have operated it arranged the
circuit so that the reader could step to the next line.
However, this time there is no SR~ relay to steer to the
next register line. This time it is required only that the
relays corresponding to the A digit of the new line on the
tape to be operated so as to indicate digit 1, 2 or 3. Un-
der such condition, relay 6CK is operated. The operate
path is the same as that of fifth line up-check relay UC5,
except this up-check chain must now pass through relays
of the A digit reading relays, Fig. 17, in the proper com-
bination. A combination of relays A0, Al and A2 all
operated, or A0 and Al released with A2 operated, or
A0 and A2 released with Al operated will all pass the
up-check ground from UCS on to operate relay 6CK.

‘Input register up-check signals—Relays UC1, UC2,
UC3, UC4, UCS and 6CK having been operated, two
paths through two sets of contacts of these six relays all
operated, provide two indications .-to be of use at a
slightly later time. One of these series chains indicates
to the transfer control circuit, Fig. 7, that it is satisfac-
tory to transfer information from the input registers to
the output registers when conditions elsewhere in the cir-
cuit are satisfactory. The other series chain of contacts
through all except relay 6CK indicates to the IBM punch
that. it is satisfactory to start another card cycle, by re-
closing the operate path to the punch start relay wind-
ing. These operations will be described hereinafter.

Registering two-line summary entries—The registra-
tion of a two-line summary entry is very similar to and
somewhat simpler than the registration of a five-line en-
try irom a detail tape. In this case relay SA is operated
as a result of the setting of the set-up switches instead
of relay DA, both in Fig. 47. Under this condition the
first call entry in the tape must have.a 2 in the A digit of
the first line and a 0 in the B digit, the latter correspond-
ing to.the operation of relays B7 and B4, When the first
line.of a call is read the check chain through the B—F
digits of the reading relays is passed through the A digit
reading relays of Fig. 16 through contact 3 of relay A0
released, contact 2 of relay Al released and contact 2
of relay A2 operated and then back to the relays corre-
sponding to the B digit. The up-check ground is passed
through contact 2 of relay B7 and contact 2 of relay B4
both operated, contact 12 of relay SA operated, contact
10 of relay TIE operated, contact 3 of relay SKP re-
leased, contact 4 of relay SR1 operated and the winding
of relay NIA to operate relay NIA. Relay SR1 was
operated in this case the same as it was for a five-line
entry and the information is registered in Figs. 17, 27
and 37, the same .as it was for a five-line entry. The up-
check ground from contact 1 of relay LK extends through
the relays for the F to B digits of the first line register
but this time is then carried from break contact 2 of relay
BO through make contact 16 of relay SA operated, since
there is no registration in the A digit register relays 1A1
and 1A3 at the left in Fig. 17 as neither can be operated
when relay A2 only, Fig. 16, is operated. This ground is
then carried through contact. 3 of relay N1A and the
winding of relay RSL to battery to operate relay RS1 as
in the case of a five-line entry. The RSI relay directs
the reader to step to the second line of the entry which
is registered. again_ exactly the same as it was registered
in a five-line entry. = Since relay DA is not operated on
a summary tape relay SR3 is not operated and the re-
maining registers 3 to 5 are not used for summary tapes.
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New' that registration: of this two-line- entry. is. complete
it is. necessary to-give. a signal: to the circuit similar to the
up-check-signal for the five-line entry. - This time since
regxsters -of lines 1 and -2 -enly. are operated: a: ground orig-
inating. on make. contact .1 -of relay UCL. is carried
through: make -contact 1 of relay UC2- and then through
contact of the summary. indicating relay SA, directly to
the - transfer control portion: of Fig. 7 which will even-
tually operate -the: connector relays. to: transfer the infor-
mation from: the-input registers to. the output registers.
This will be described in the section under Transfer Con-
" trol., - Another up-check. chain- which directs the - IBM
punch to: remain with .its clutch magnet operated  also
passes-through relays UCL, UC2 and SA, which will ‘be
described hereinafter.. :

-'Register release and down- _check.—In the case of both
the. two-line entry ‘and the five-line entry, after the in-
formation has been used that is stored in the input reg-
isters, by-transferring to the output registers, a signal is
recelved as described under the heading Transfer Con-
trol to. release all.of the input registers. When relays TC
and TP both operate, by opening their contacts, they re-
move ground:supplied from relay MON, contact 15 to the
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winding of relay LK, provided there is an up-check in the -

output registers. Any relay which was operated in the
input register was locked through: resistors 171, 172, 271,
272,371 .0r 372 to good'call on the tape and let us assume
that that call requires. only. one card to be made.

As soon as- the off-normal relay MON has operated
the down-check  relay NDC. will operate in - the input
register control-circuit, Fig: 7. The circuit may be traced
from ground through. contact 9 of relay MON, Fig: 5,
through a chain which extends through a break contact
on each of the input register relays for each of the digits
for each of the five lines of the register. This starts
at contact 1 of relay 5F7, Fig. 41, passes through break
contacts of each of the other 5F relays, then through
break. contacts of the 5E-, 5D-, 5C-, and 5B~ relays
of line 5 before entering the line 4 register: relays -at
break contact 1 of relay 4F7 F1g 40, It passes through
the break contacts of each. of the relays of the line 4,
line. 3, line: 2, and line 1 and: finally through contacts 4
of relay 1A1 and 1A3, Fig. 17 .and the winding of the
input. register down-check relay NDC to battery, operat-
ing the relay.. The continuity of this path indicates that
all relays of the input register are released. Output reg-
ister down-check relay, RDC, Fig. 24, will operate .in the
output - register control circuit. This circuit may be
traced from ground on contact 14 of relay MON into the
Calling ' Office A Digit output register on lead DCI,
Fig. 72 and Fig. K. It extends through a chain of break
contacts-on relays 0 to 9 in the register and out of the
register on down-check: lead DC.. It continues through
each one of-the-other 29. output registers in Figs: 72, 71,
70,.69, 68,.67, 66, 65, 64 and. 63, entering each--on the
DCL lead, extending through a break contact of each
relay -of .the register and emergmg on the DC.lead. It
continues into Fig. 62 passing through contacts 4 of each
of relays 3DN. and NMU, then into Fig. 81 and. through
a pair of contacts 2 of relay LK. The release of relay
LK removes locking ground from. all the input registers.
The removal: of the locking ground allows any..relays
that may have been operated in the input registers to
release. The input register down-check relay is relay
NDC, Fig. 7. Its operate path originates with make con-
tact 9 on relay MON. and goes. through :a. series chain
of break contacts on each relay corresponding to each
of .the digits of all five lines, including relays 1Al and
1A3. When relay NDC has operated it indicates that
all relays in the input register have released. This pre-
pares a path for the opération of relay SR1 again. This
relay operates as soon as-either relay TP or relay TC
has released and the reader break contact K4 closes.
With relay SR1 operated the steering chain is again ready
to place a line of an entry in the input register Figs. 17,
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27 and 37 provided. that the A digit has a 1 for detail
tapes:or a 2 in the A digit and a 0-in the B digit for
summary. tapes.

Input to output regzster transfer

Input to output register transfer first call cycle and- 1
card call—1t is the function of the: transfer control. por-
tion of Fig. 7 to. transfer information. from the input
registers to the output registers and to do it only when
the input reglsters are properly ﬁlled -and - the . output
registers are in a receiving condition.. Amnother function
of this. portion of the Fig, 7 control circuit is. to check
that the lock of the output register has succeeded in
holding the output registers operated.. It does this by
releasing. the connectors between the .input registers and
the output registers and waiting a certain. specified time
before allowing the. information in the input registers to .
be released. Let us consider first the first left-hand or
break . contacts and armature of check. punch relay CP1,
through corresponding contacts of each of check punch
relays CP1 to CP33 and CP40 and through the winding
of output register down-check relay RDC to battery oper-
ating the relay. The continuity of this circuit indicates
that all output registers. and all check punch relays as
well as relays 3DN and NMU, which latter will- be de-
scribed heremafter, are released .and .that the . output
registers are in proper condition to be filled. This tends
to lessen false registration. Also relay LK in the input
register control circuit, Fig. 7, will operate from ground
on contact 12 of off-normal relay MON through- the
contact on the input register release Inp. Reg. RLS
key and back contact 12 of relay LPG in parallel in
series with parallel contacts 1 on relays TC and TP and
through the winding of relay LK to battery. Relay 1T
operates as a result of the operation of relay NDC. over
a path from ground on contact 3 of relay NDC and
through the winding of relay 1T to baftery. and it locks
through break contact 4.on relay RUC, Fig. 24 to ground
on contact 12 of relay MON. Relay 1T-is a check
relay that will release after information has been success-
fully transferred once from. the- input. registers to the
output registers. Relay 1T cannot be reoperated - until
the input registers have_ been checked down, that is,
checked in their released positions to insure that-all-are
released.” There is, however, one special case :‘which will
be mentioned later. Also operated at the same time as
relay 1T is relay 1TH from ground. through. contact 2
of relay NDC, but in tha case of the first card cycle
this relay plays no part in the transfer function and will
release as soon as the down-check condmon in the mput
registers is no longer in effect. At the start. of processing
a tape, the transfer control- circuit must wait until the
machine has read over splice pattern and tape identity
and until .the ‘input registers have been filled in accord-
ance with the section on reading and registering. When
the mput registers  have been filled the five up-check
relays UC1-5 all operate as previously described. ' For
detail type tape operation, presently being considered, as
soon as the fifth line of information has been regis,tered,
the relays corresponding to the D digit in the class trans-
lator, . Fig. 51, to be described  hereinafter, supplies
ground to operate relay 1CD, Fig. 46. On message unit
detail, toll and summary. tapes, relay 1CD-is perma-
nently. operated from ground through resistor 252 or
251 and contact 1 of relay MUD or TOL, all in Fig. 25,
‘or through resistor 471 and contact 23 of relay SA in
Fig. 47, respectively. Relay TP now operates from
ground through make contact 7 of relay RDC and make
contact.2 of relay 1CD. On the next reader make cycle
relay 6CK operates and closes the last contact in the
operate path of the connector operate relay CRA. This
is the up-check signal mentioned in the paragraphs -on
reading and registering, The operate path of relay CRA
is as:follows. Ground is passed through make contacts 1
on relay UC1, 1 on relay UC2, 3 on relay DA, 1 on



2,046,084

59
relay UC3, 1 on relay UC4, 1 on relay UCS5, 1 on relay
6CK, break contact 11 on relay LPG, make contact 1
on relay 1T, contact 5 on relay 2CD, released, contact
1 on relay 1CD operated, contact 7 on relay TP and
contact 3 on relay RDC both operated and the winding
of relay CRA to battery operating relay CRA. Relay
CRA locks to ground on make contact 12 of relay MON
through break contact 4 of relay RUC ‘in series with
parallel break contacts 2 on relay LPG and 1 on output
register release key Out. Reg. RLS. The output register
connector relays, Fig. 52 to 62, operate in a combination
for the particular call involved through make contacts
on relay CRA. With the output register connector relays
operated the output register relays operate in accordance
with the translations on the various translator circuits and
the relays that are operated in the input register circuit.
As soon as output register relays begin to operate relay
RDC releases and after all of the output register relays
have been operated in the correct combinations, output
register up-check relay RUC operates in a manner to
be made clear hereinafter. The operation of relay RUC
by opening its contact 4 simultaneously releases relays
CRA and I1T. The release of relay 1T insures that
relay CRA cannot operate again until the input registers
have entirely released. Relay CRA released, by closing
its contact 4, prepares a path for the operation of relay
TA as soon as the reader comes to a make cycle. When
the reader comes to a make cycle relay TA operates
from ground on make contact K1 of the reader through
contact 1 of relay RUC operated, contact 4 of relay CRA
released, contact 6 of relay TP operated and the winding
of relay TA to battery. Relay TA operated locks to
ground on make contact 5 of relay TP. This is the
beginning of a timing function to insure that the output

registers remain operated and that their up-check path’

remains closed. The next reader break cycle operates
relay TB from ground through reader break contact K3
through make contact 2 of relay TA and the winding
of relay TB to battery and this relay also locks to con-
tact 4 of relay TP operated. The following reader make
cycle operates relay TC from ground through reader
make contact K2 make contact 2 on relay TB and the
winding of relay TC to battery. Relay TC also locks
to contact § of relay TP operated. Now that both relays
‘TC and TP are operated relay LK releases removing
locking grounds from the input register relays. = Should
the -output register up-check path have opened pre-
maturely, relay RUC would: have released before the
timing cycle was completed and a ground would have
been connected from contact 15 on relay MON through
the Input Reg. RLS key normal and break contact 5 of
relay RUC on the operate lead of relay LK. This would
have retained the input register locked so as to afford
information to assist in operating and maintenance.

Release of the input register relays puts them in a
condition ready for the next call cycle. During the next
refill of the input registers the output registers are being
held for the IBM punch to use during its normal punch
cycle.

Input register to output register transfer any except
first card cycle, one card call—When the input register
down-check relay NDC operates, at the end of any nor-
mal card cycle and release of the input registers, it closes
ground through its contact 3 to operate relay 1T and
through its contact 2 to operate relay 1TH. Relay 1T
locks through resistor 701, break contact 4 on relay RUC
and contact 12 of relay MON to ground and to a make
contact 2 on relay 1TH. Relay 1TH locks through re-
sistor 702, break contact 5 of relay RDC and contact 11
of relay MON to ground. Also when relay NDC oper-
ates, by opening its contact 5, it removes locking ground
from relay TP which releases at this time. Relay TP,
of course, releases the timer relays TA, TB and TC by
cpening its contacts 4 and 5 but it also restores the oper-
ating ground for relays SR1 and LK by closing its contacts

10

16

20

25

30

85

40

45

60

56

60

76

75

690

3 and 1 respectively. Relay LK reoperates immediately
but relay SR1 waits until the reader arrives at a break
contact. It then operates from the reader ground con-
tact K4 through the parallel break contacts 3 on relays
TP and TC, make contact 4 on relay NDC operated
contact 4 of relay RLM and the winding of relay SR1
to battery. At this' time the input registers are refilled
with information from the tape as described under read-
ing and-register. During a normal card cycle while the
input registers are being refilled the output registers have
been held operated for the normal punch cycle which
will not finish until shortly after- the input registers have
been refilled. As the input registers operate, relays
UC1-5 operate as heretofore described. Relay 1CD
may be operated at this time after the fifth line of the
input register has operated and the class translator, Fig.
51, has operated. However, relay 1CD may have been
operated from the switch settings under control of relay
TOL or relay MUD operated in the tape index register,
Fig. 25. After the A digit of the next line following the
five-line entry has been checked, the input registers are
ready and waiting to transfer their information to the
output registers. - Shortly thereafter, the output registers
will release at the end of the punch cycle. When the
output registers have performed their function and are
no longer required by the IBM punch they release and,
in turn, release relay RUC. Relay RDC operates through
a series chain of break contacts in the output registers
and the operation of RDC by opening its contact 5 re-
leases relay: ITH. This leaves relay 1T locked only to
break contact 4 on relay RUC. The operation of relay
RDC supplies ground through its contact 7 through make
contact 2 on relay 1CD and the winding of relay TP to
battery operating relay TP. Relay CRA operates at this
time from ground on make contact 1 of relay UCI,
contact 1 of relay UC2, contact 3 of relay DC, contact
1 of relay UC3, contact 1 of relay UC4, contact 7 of relay
UCS, contact 1 of relay 6CK all operated, contact 11
of relay' LPG released, contact 1 of relay 1T operated,
contact 5 of relay 2CD released, contact 1 of relay 1CD
operated, contact 7 of relay TP operated, contact 3
of relay RDC operated and the winding of relay CRA to
battery. Relay CRA locks -to break contact 4 of relay
RUC.  As mentioned under reading and registering the
operate path of relay CRA for a summary tape from
the summarizer does not go through contacts of all of
the up-check relays but instead goes through contact 1
of relay UCI1, contact 1 of relay UC2, contact 13 of
relay’ SA operated, contact 11 of relay LPG released,
contact 1 of relay 1T operated, contact 1 of relay 1CD
operated, contact 5 of relay 2CD released, contact 7 of
relay TP operated, contact 3 of relay RDC operated,
and the winding of relay CRA to battery.

In this operate path break contact 11 of relay LPG
opens in case of an alarm thus preventing the transfer of
any information from the input registers to the output reg-
isters. In case trouble has occurred during an attempted
transfer of information from the input registers to the
output registers, relay 1T will have released if the output
register relay RUC has ever operated. This means that
it would be impossible to transfer the information from
the input registers to the output registers after the trouble
has been cleared. In fact the start circuit is arranged
so that the machine cannot start unless both input and
output registers are released. :

Getting back to normal operation, after relay CRA has
operated, the output register connector relays in Figs. 52
to 62 operate in combination as determined by the type of
call being processed and subsequently the output register
relays operate. The operation of the connector relays
will be described in detail hereinafter. The output reg-
ister relays operate from ground on the contacts of the
input registers or translators through the contacts of the
connector relays and the windings of the relays in the out-
put registers to battery. - After-the output register relays
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operate relay RDC releases: and RUC. operates. . This is
the: case because: when any output register relay is op-
erated the down-check. path is open releasing relay RDC.
It the: output.relays are operated in a proper pattern the
up-check relay RUC operates. Relays CRA.and 1T re-
ledse: when: relay RUC operates as the Iocking path for
each extends through .contact ‘4 of relay RUC. Relay
CRA releases. the output register connectors: and the re-
lease of relay 1T makes it impossible to transfer-informa-
tion. from: the .input . registers to the output. registers again
until: the input. registers’ have complefely released.  On
the next reader make cycle after relay CRA has' released,
relay TA operates through: contact 4 of relay CRA. and
starts.the timing cycle ‘as previously described.
.operates- through contact. 2.of relay TA operated; and
reader-contact K3 on the next reader break and relay TC
operates through contact 2. of relay TB operated, and
reader contact K2 on ‘the next reader make cycle. Re-
lays TA; TB, TC all lock to relay TP operated, relays
TA. and EC to its contact 5 and relay TB to its contact 4.
Relay TC operated by opening its contact 1 now releases
relay LK provided the upcheck in the output registers
keeps-relay: RUC operated. The release of relay LK re-
nifoves-locking ground from. the input registers and allows
any relays that are operated therein to release. The re-
lease of. all input register relays reoperates the input reg-
ister: down-check. relay NDC and. the circuit is ready for
another card: cycle.

Input to output register transfer for any cycle with two
card call—For any call on which two punched cards are
required, the transfer control portion of the input
register control circuit, Fig. 7, functions very similarly to
the way it operates for a one card call. - However, since
two cards are required from the same set of information
in the input registers thé transfer control circuit functions
in-a slightly different manner to care for the two cards.
When the information in the input registers is to be used
for a second time, the input registers are prevented from
releasing when the output registers have been filled for
the first card. “When two cards are to be made from
the same information, relay‘ 2CD is operated instead of
reélay ICD. . Relay 2CD is operated always from the class
translator Fig. 51 after the fifth line of information has
been reégistered. “When relay 2CD is operated there is no
operate path for relay TP until the card count relays of
Fig. 46 have functioned and operated relay.C. This is ex-
plained under the heading Card Count.’ Relay C in the
¢ard count circuit operates after the second down-check
in the: output registers following the operation of relay
2CD. " After the output registers have been released; re-
operated, and released a second time, relay TP operates
from ground through make contact 7 on relay RDC, con-
tact 5 of relay C and the winding of relay TP to battery.
‘This ‘starts the timeér which ‘will release the input reglsters
This means that the information has remained in the in-
put registers for two output card cycles.

One function of relay 1T, when a single card is to be
punched, is to prevent a reuse of input register informa-
tior due to a case of trouble. " 'When two cards are to be
punched from the same input register information, ‘it is
necessary to allow the input register information to be
transferred to the output registers a second time. . This is
done by reoperating relay 1T over a circuit from ground
on make ‘contact 4 of relay' 2CD through contact 2 of
relay B operated, contact 7 of relay C released and: the
winding of relay 1T to battery. The operating sequence
-of these relays in the operating - path of relay ‘1T is de-
scribed miore in detail under the heading Card Count but
relay 1T is reoperated almost immediately after it has
‘released and shortly after relay RUC has -operated in the
output registers. The operate path remains closed until
shortly after relay RUC has released to re-establish the

-mormal locking: path for relay 1T. The release of relay
1T is the same on the second card cycle as it is on a nor-
mal one card cycle.
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For the first card cycle, since relay TP is. not-operated,
the. operate path.for relay CRA is from. a ‘ground:oen
make: contact 1 of relay UC1 through: contact: T of relay:
UC2, contact 3 of relay DA, contacts: 1 of relays UC3,
UC4; UCS and. 6CK all operated, contact 11 of relay LPG:
released, contact 1 of relay 1T operated; contact 5 of
relay2CD - operated,. contact 1- of relay: 1CD ‘released,
contact 1 of relay B-released, contact 1 of relay 20D op-
erated, contact: 3 of relay RDC operated. and: the winding
of relay CRA. to battery.. On the second. card cycle since
TP is: operated, as it is on any normal ‘one card:cycle;
the operate. path of relay CRA passes:through make con-
tact 7 of relay TP rather than through contact 1 of relay
B released, and contact 1 of relay 2CD operated.:

‘Card count —Only one IBM card is. made: for most calls
that appeat on tapes commg to the tape torcard connector.
However, in two cases: it is desirable to make two: cards
for one call. The: indication of the number of cards-is
shown by which of the ‘two relays, 1CD or 2CD is op-
erated. These two relays are shown in Fig. 46.and the
detailed operate path from‘ them is explained under Class
Translator.

Message: unit detail, toll and:. observmg tapes from the
computer and summary tapes. from the summarizer con-
tain entries on which one card only is made. For three
of these tapes the: 1CD relay is operated at the begmmng
of the tape and remains operated throughout the runnmg
of the tape. .

- New detailed tapes from the assembler oomputer may
contain entries requiring the punching of one card or the
punching of two cards, - In case of this tape the deter-
mination as to whether to. punch one or two cards is
made after the fifth line of a call has been read and
registered in the input registers. On these tapes ‘the
following conditions operate relay 2CD, all others oper-
ate relay ICD.

On new detail tapes from assembler compuier:

(1) Any message unit detail call that is charged and
observed.

(2) Any toll call that is charged and observed.

The operation of the card count circuit for one card
calls has been covered under Input Register to Output
Reglster Transfer Control. ' A ‘make contact of rélay
1CD is in the operate-path of relay. TP, and a 6ne and
one- only check of relays 1CD and 2CD is in the operate
path of relay CRA. .

- For two card calls the relays: A, B Cin F1g 46 operate
as follows. Relay 2CD operates after the class translator
circuit relays are operated to-indicate a 5.or a 6 as the
B digit of the fifth line shortly after the fifth line is regis-
tered and the.card count circuit as well as the transfer
control. circuit- waits until the output registers have re-
leased indicating they are finished with the previous call.
When the output registers have released, the output regis-
ter down-check relay RDC operates, completmg the oper-
ate path for relay A .in the card count circuit. - Relay A
operates from ground through contact 4 of relay 2CD,
contact 3 of relay RDC, contact 3 -of relay 2CD and the
winding of relay A to battery. Relay A locks to contact
4 of relay 2CD operated. Relay RDC operated also
completes the operate. path for the connmector operate

-relay CRA.  Since relay TP could not operate on this

current cycle, it is necessary to provide a by-pass around
make contact 7 of relay TP which is in the operate path
of relay CRA. This by-pass circuit is through contact'1
of relay B released and contact 1 of relay 2CD-operated.
When the transfer control circuit has functioned and the
output registers are again- full, the output register up-
check' relay RUC operates and completes the operate
path for relay B which extends from ground on contact 2
of relay CD2 through coatact 2 of relay RUC, contact 1
of relay A and the winding of relay B to battery. Relay
B also locks to ground on contact 2 of relay 2CD oper-
ated, When relay B operates, 1e1ay C has not operated,
so the operate circuit for relay 1T is closed. This permits
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the output registers to be filled a second time without
requiring the release of the input registers. At the end
of the first card cycle the output registers release and
again operate relay RDC which completes the path to
operate relay C. The path may be traced from ground
through contact 4 of relay. 2DC, contact 2 of relay RDC,
contact 4 of relay B and the winding of relay C to bat-
tery. Relay C also locks to contact 4 of relay 2CD. Re-
lays RDC and C operate relay TP from ground on con-
tact 7 of relay RDC through contact 5 of relay C and the
winding of relay TP to battery. Relay TP operated.com-
pletes: the operate path for relay CRA in this case since
the: by-pass- circuit through relays B released and 2CE
operated is now opened by the operation of relay B.
From this point the transfer control circuit operates the
same as described for a one card call under input register
to output register transfer. -When the input registers re-
lease the translator, Fig.-51, relay 2CD is released which
unlocks A, B and C restoring the card count circuit, Fig.
46, to normal. o .
Translators

Tape index and entry type registers—The tape index
register is a storage circuit by means of which the tape-
to-card converter can recognize the type of tape being
run. Tape index register relays receive operate ground
through the tape type switch set up prior to the running
of the tape. One of the set-up check relays OTT and
ETT, Fig. 34, is operated as described in the section on
checking tape identity to provide operate ground through
its respective contact 3, arm'3 and some particular con-
tact of the Tape Type switch, Fig. 32, and through the
winding of a particular primary tape index register relay,
Fig. 25, to battery to operate the relay as shown in. the
following table:

Tape Primary
Switch Arm | Tape Index
Tape Type 3 Contaoct | Register Relay
Setting Operated
Fig. 32
Summary. 2 SA
Toll . 3 TOL
Message Unit Detail. ... oooooo o .. 4 MUD
Observing.__ : 5 . OBS
New Datall__ : 6 .. ND

The summary tape is the output of the AMA sum-
marizer: Toll, message unit detail and observing tapes
are the output of the AMA computer. Tapes referred
to as new detail are the output of the assembler computer.
‘Secondary tape index register relay DA is operated for
all detail type tapes, receiving operate ground from con-
tact & of each of relays TOL, MUD, OBS and contact 3
of relay ND. )

The proper tape index register relays are operated
throughout the running of a given tape. A locking
ground is provided for whichever primary tape index
register relay is operated through contact 10 of relay
RUC operated. If during call processing the Tape Type
switch should be moved, locking ground supplied through
contact 17 of relay MON and arm 4 of the Tape Type
switch would be disconnected and relay OTT or -ETT
would release and remove operate ground, supplied
through the respective contact 3 of the relay and arm 3
of the Tape Type switch, from the winding of the par-
ticular tape index register relay which is operated. The
locking path would hold the particular primary relay
operated until contact 10 of relay RUC released at the
completion of the call in the process of being punched.

The tape index register relays perform several func-
tions as follows: '

(1) They provide connector contacts between output
registers and various translators.

(2) They provide class and card count signals for
those tapes with which the class translator does not
function. - .7 : B ’
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" (3) They rearrange control leads for input registers,
output register lamp connectors, skip splice control, tape
section register, and tape identity reading progress.

(4) They provide operate.ground for several output
register connectors. . .
== Bach of the functions listed above is described in de-
tail in sections pertaining to the various circuits.

The entry type register comprising relays 1A1 and
1A3, Fig. 17, is an input register which follows the A
digit reading relays for the first line of a detail call entry.
1t is included in the up-check and down-check chains of
input registers. Entry type register relay contacts aid in
the determination of AMA class discussed hereinafter.

The class translator~—The class translator, in conjunc-
tion with the tape index register, uses information de-
rived from the AMA tape to form a distinguishing num-
ber for each type of detail call, called AMA class. In
addition, these circuits provide a signal to indicate to the
output .the number of cards to be punched for a par-
ticular call. The class translator and the tape index
register also indicate for each detail call whether it is
“charge” or “no charge.” .

The manner in which class, card count, and charge
output signals are determined: varies with the type of
detail tape being run. The types of tape which may be
handled and the method of determining these items is
described below. First, however, class number assign-
ments for the various types of detail calls are presented
in the following table. This table applies to detail calls
for all types of detail tapes. :

AMA Class No. Type of Detail Cau

0 Toll,

1 Observing Answered.

2 p Ohserving Not Answered.
3

4

Observing Cancel Charge.
Message Unit Detail.

Toll tapes from the AMA computer contain calls, all
of which are classified as Toll. Consequently, ground
is supplied over two paths from contacts 2 and 3 of re-
lay TOL through contacts 8 and 3, respectively, of relay
C, normal, in the card count circuit, contacts 41 and 40,
respectively, of the -output register connector relay DCD
operated and the windings of relays 4 and 7 to battery
to. operate relays 4 and 7 in the AMA output Class
register, Figs. 65 and D, indicating a class 0. The class

-is' determined by a path through the operated contacts

of relays 4 and 7. - This will be described hereinafter.
This operation is repeated for every call. In addition
relay TOL supplies ground through its contact 5, con-
tact 15 of relay DCD and the winding of relay 11X,
TFigs. 63 and A, to battery to operate relay 11X, in the
Cverpunch output register, once per call, to indicate
“Charge.” Relay ‘TOL also establishes a circuit from
ground through resistor 251 and contact 1 of relay TOL

.through the winding of relay 1CD to battery to operate

relay 1CD directly, indicating that one card is to be
punched for each call.

Tn a similar fashion message unit detail tapes from the
AMA computer use relay MUD to ground leads for all
calls indicating class 4, “no charge” and one card. Class
4 will be established by the operation of relays ¢ and 4
in the Class register, Figs. 65 and D. Relay 0 is operated

from ground through contact 2 of relay MUD, contact
.37 of relay DCD and the winding of relay 0 to battery.

Relay 4 is operated from ground through contact 3 of
relay MUD, contact 3 of relay C, contact 40 of;elay
DCD and the winding of relay 4 in the Class register.
Relay 1CD is operated from ground tirough re§istor 252
through contact 1 of relay MUD and the winding, qf. re-
lay 1CD to battery to produce the one.card condition.

~Ground through contact 5 of relay MUD, contact 16 of

relay DCD and the winding of relay 12Y .in the Over
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punch- register, Figs. 63 and A, operates relay 12Y to
produce the “no charge™ condition.

Observing tapes from the AMA computer contain
several types of calls each of which may be identified by
information in the individual call entry. This informa-
tion is contained in the 1A and 5B digits and is interpreted
by several of the class translator relays BOT-B6T, Fig.
51, which are operated from a decimal translation of the
5B input register relays.

An observmg answered call on an observmg tape, for
example, is distinguished by a 1 in the 1A digit and a
0 in the 5B digit. When the input registers are operated
for such a call, relay BT will be operated from the zero
decimal lead of the 5B input register relays which extends
from ground through contact 7 of relay 5B7, contact 6 of
relay 5B4, contact 3 of relay OBS, which is operated for
observing tapes only, and the winding of relay BOT to
battery. Relay BOT will ground AMA class lead 0 which
extends from contact 1 of relay BOT through contact 37
of connector relay DCD, into the Class reglster per Fig.
D in Fig. 65, and through the winding of relay @ to
battery.  Relay BOT will close a ground from contact
1 of entry type register relay 1Al to AMA classlead 1
which “extends through contact 2 of relay BT, contact
38 of connector relay DCD, when the connector relay is
operated -into the same Class register and through the
winding ‘of relay 1 to battery to operate relay 1 which
establishies a circuit to form class 1. Relay BOT will
close ground through its contact 3 and the winding of
relay 1CD to battery to operate the one card relay, 1CD.
A make ground on contact 5-of relay OBS, contact 16
of relay DCD and the winding of relay 12Y in the Over-
punch register will operate relay 12Y for each call on an
observing tape when connector relay DCD operates thus
indicating “no charge,”

An observing not answered call on an observing tape |

is distinguished by 3 and 0 in the 1A and 5B digits re-
spectively. Relay 1A3 will connect ground through its
contact 1, contact 39 of relay DCD and the winding of
relay 2 in the Class register to operate 2 and relay BOT
will operate as described above and ground class lead 0,
so that the two operated relays cooperate to form class 2.
Relay 1CD will again be operated, as described, by relay
BOT.

is identified by 1 and 3 in the 1A and 5B digits respec-
tively.  Relay B3T will ground class lead 1.through con-

““tact 1 of relay B3T, contact 2 of relay OBS operated .

contact 38 of relay DCD and the winding of relay 1 in the
Class register. Relay B3T will connect ground through
its contact 2, contact 39 of relay DCD and the winding
of relay 2 in the Class reglster to operate relay 2. Relays
- 1 and 2 operated together in the Class register form AMA
class 3.
operate relay 1CD.

Detail tapes from the AMA assembler-computer, com-

monly referred to as new détail tapes, contain toll, mes-

sage unit detail and several varieties of observing calls,

An observing cancel charge cail on an observing tape

Relay B3T, by closing its contact 3, w111 also '
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each of which may be identified by a number in the SB. .

digit as described below.

....60
Message unit detail calls on new detail tapes are iden-

tified by 1 in the 5B digit. Relay B1T will connect ground
through its contact 1, contact 37 of relay DCD and .

the winding of relay @ in the Class register. Relay B1T
will connect ground also through its contact 3, contact 3

65

of card count relay C normal, contact 40 of relay DCD
.- and the winding of Class register relay 4 when output :

register connector relay DCD operates. Relay B1T will
also connect ground through its contact 4, contact 16 of
relay DOD and the winding of relay 12Y m the Over-
punch . register to operate rela.y 12Y for “no-charge”
when the connector relay DCD is operated and in addition
will connect ground through. its contact 3 to operate the
one card relay 1CD.

Toll calls on new. detail tapes are marked with a 2

70

75

‘in the Cldss register.
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in the 5B digit. -Relay B2T will be operated for these
calls from ground through make contact 3 of relay 3B2,
contact 6 of relay 5B7 normal make contact 7 of relay
5B0 and the winding of relay B2T to battery. Relay B2T
operated will connect ground through its contacts 1 and
2, contacts 3 and 8 of relay C normal, contacts 4¢ and 41
of relay DCD and the windings of relays 4 and 7, re-
spectively, to battery in the Class register, operating re-
lays 4 and 7, to form class 0, when the connector relay
DCD is operated. Relay B2T will also connect ground
through its contact 4, contact 15 of relay DCD and the
winding of relay 11X in'the Overpunch register to oper-
ate relay 11X for “charge.” Relay B2T will also connect
ground through its contact 3 and the winding of relay
1CD to battery to operate relay 1CD directly.

Observing not-charged calls on new detail tapes may
be recognized by a 3 in the 5B digit. Relay B3T will
be operated for these calls from ground through contact
9 of relay 5B2 operated, contact 7 of relay 5B1 operated,
and the winding of relay B3T to battery and will ground
class lead O through relay ND which is operated for new
detail tapes only. The circuit may be traced from ground
through contact 4-of relay B3T operated, contact 1 of
relay ND operated, contact 37 of relay DCD- operated
and the winding of relay 0 in the Class register. Relay
B3T will also ground class lead 2 directly to form AMA
class 2 when the connector operates. The circuit ex-
tends from ground through contact 2 of relay B3T oper-
ated, contact 39 of relay DCD operated and the winding
of relay 2 in the Class register.  Relay B3T also operates
relay 12Y from ground on its contact 5, contact 16 of
felay DCD and the winding of relay 12Y in the Over-
punch register.

Relay B3T also closes ground through its contact 3 and
the winding of relay 1CD to battery to operate relay 1CD.

Observing message unit charge calls on new detail
tapes are identified by 4 in the 5B digit. - Relay B4T will
operate for such a call. The circuit extends from ground
through contact 9 of relay 5B4, contact 6 of relay 5BO,
both operated and the winding of relay B4T to battery.
Relay B4T operated grounds class leads 0 and 1 to form
class 1 when the connecting relay DCD is operated. The
circuits may be traced from ground through contacts 1
and 2 of relay B4T, contacts 37 and 38 of relay DCD and
the windings of relays 0 and 1, respectively, in the Class
register. .~ Relay B4T will also operate relay 12Y from
ground through its contact 4 and contact 16 of relay DCD.
Relay B4T will connect ground also through its contact
3 and the winding of relay 1CD to operate relay 1CD.

Observing message unit detail charged calls-on new
detail tapes are marked with a 5 in thé 5B digit. Relay
5BT will be operated for such calls over a circuit from
ground through contact 8 of relay 5B4, contact 8 of relay
5B1, both operated, and the winding of relay 5BT to bat-
tery. Relay 5BT operated will operate class relay & direct-
1y and class relay 4 through card count relay C normal
to form AMA class 4 when the output register connector’
relay DCD is operated. The circuit-for relay 8 may be
traced from ground through contact 1 of relay 5BT, con-
tact 37 of relay DCD and the winding of relay @ in the
Class register. = The circuit for relay 4 extends from
ground through contact 2 of relay SBT, contact 3 of relay
C, contact 40 of relay DCD and the winding of relay 4
Relay SBT- will connect ground
through its contact 4, contact 16 of relay DCD .and the
winding-of relay 12Y to battery to operate relay 12Y for
“no charge.”. Relay S8BT will also operate the two-card

“relay 2CD from ground through contact 4 of relay BST

and the winding of relay. 2CD. When one card has been
satisfactorily punched for a call of this type, relay C in
the card count circuit will be operated as described herein--
before under the heading Input to Output Register Trans-
fer. “Relay C by opening iis contact 3 will open class
lead 4 to the connector and by closing its contact 2 will
connect ground to class lead 1 to form AMA class 1
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‘when connector relay DCD is again operated, preparatory
to-the punching of the second card for the call. In re-
view-then, card number 1 is class 4, “no charge” and is for
the message unit detail stream of cards, while card num-
ber 2 is class 1, “no charge” and resembles any other
observing charged card.

Observing toll charged calls on new detail tapes are
marked with a 6 in the 5B digit. ‘Relay B6T will be
operated for such a call from ground through contact 7
of relay 5B4, contact 7 of relay 5B2 and the winding of
relay B6T to battery and will operate the two-card relay
2CD from ground through contact 4 of ‘relay B6T and
the winding of relay 2CD. Operated relay B6T will also
connect ground through its contacts 2 -and 3, make con-
tacts 3 and 8 of relay C, contacts 40 and 41 of relay
DCD operated and the windings of relays 4 and 7 in the
Class register, respectively, to battery to operate relays
4 and 7 to form AMA class 0 for the first card. Relay
B6T will also connect ground through its contact 1, con-
tact 4 of relay C normal, contact 15 of relay DCD and
the winding of relay 11X to battery to operate relay 11X -
to indicate “charge™ on the first card. - When relay C
operates leads to relays 4 and 7 in the Class register will
be opened and leads to relays 0 and 1 will be grounded
at contacts 1 and 2 of relay C in their place to form class
1 for the second card. At the same time relay C when
operated will transfer the ground, which extends from com-
tact 1 of relay B6T, from its break contact 4 to its make
contact 4 to operate relay 12Y instead of relay 11X to in-
dicate “no charge” on the second card. Card No. 1
then will be class 0, “charge” for the toll card stream and
card No. 2 will be class 1, “no charge” for the observing
card stream. . o

AMA call entry identification and output class for all
types of detail calls which may be encountered and han-
dled by the tape to card converter are described above
in detail: This information is repeated below in tabular
form to provide a convenient reference.

In the column on the right headed SEF are tens and
units of message units as found in the entry, XX indicat-
ing any number, 00 indicating none and that message units
are not to be punched on the card. This is described in
detail hereinafter under blanking. Where two lines are
used for one call they indicate that either of two condi-
tions can exist for a given call or that both exist in the
case of two card calls.

Further, some of the information, such as.that in col-
umns headed 1A and 5B for toll tape calls, is inserted
to give a complete picture but is not necessarily used to
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in the D digit. 'The tens digit of the hour is ‘indicated
by the C digit. The tens digit of the day is indicated by
the B digit. The tens digit of the minute is indicated by
the B and C digits. The use of the B and C digits to
indicate the tens digit of the day, hour and minute is as
follows:

0, 4,5 or 9 in the B digit indicates 0 day tens

1 or 6 in the B digit indicates 1 day tens

2 or 7 in the B digit indicates 2 day tens

3 or 8'in the B digit indicates 3 day tens

0, 3 or 6 in the C digit indicates 0 hour tens

L, 4 or 7 in the C digit indicates 1 hour tens

2, 5 or 8 in the C digit indicates 2 hour tens

or 2 in the C digit indicates 0 or 3 minutes tens

or 5 in the C digit indicates 1 or 4 minutes tens

8 in the C digit indicates 2 or 5 minutes tens

» 3 or 4 in the B digit indicates low, that is, 1
minutes tens

7, 8 or 9 in the B digit indicates high, that is, 3
4 or 5 minutes tens

0,1

3, 4

6, 7 or

0, 1, 2
or 2

3, 6, s

This translation is necessary to obtain the six digits of
time from the five digits, B to F, of the tape. As an
example, the seventeenth minute of the twenty-second
hour of the fourteenth day would appear on the second
line of the call entry. as follows:

015427

7 in the F digit indicates 7 minutes units
2 in the E digit indicates 2 hour units

4 in the D digit indicates 4 day units

5 in the C digit indicates 2 hour tens

1 in the B digit indicates 1 day tens

5 in the C digit and

1 in the B digit indicates 1 minute tens

When two of the five 2B0, 2B1, 2B2, 2B4 and 2B7
input register relays operated, Fig. 18, two grounds are
closed from contacts on the two operated relays through
individual contacts on relay DA operated, Fig, 47, to
operate two of the five TBO, TB1, TB2, TB4 and TB7
relays, Fig. 48. In a like manner when two of the five
2C0, 2C1, 2C2, 2C4 and 2C7 input register relays oper-
ate, Fig. 28, two grounds are closed through individual
contacts on relay DA operated to operate two of five
TCO, TC1, TC2, TC4 and TC7 relays, Fig. 48.

The selective operation of two of the five TBO, TB1,
TB2, TB4 and TB7 relays closes a ground to a selected
one of four leads to indicate the day tens. When relay
DCA, Fig. 58, operates these leads are connected through

control the circuit action. 50 individual contacts thereon and the selected grounded lead

One Two

Card Cards No
Taps- Call Diglt | Digit [AMA | Relay Relay [ Charge| Charge| Card | SEF

1A 8B | Olass 1CD 20D X Y No.

Oper- Oper-

ated ated
Toll.__. il o ofv v . 00
- It ! =
OBS... AN v XX
I ! 8
OBS...| Oancel Chg.......[;y 1] 3 3 J XX
ND._.. 1 2 0+ - v ; 00
ND..__ 1 1 41y v XX
T i8] i 7 v il X
ND..-.. 1 . v 2 oo
ND....| Obs, Toll Chg..... 1 6 N v v 5 L o
ND....} Obs. Not Chg_._._ 1 3 PN L 00

Start time translator—FEach call entry -of ‘detail, mes-
sage unit detail, toll and observing type-tapes. containing
the: day, hour and minute of the answer time.of the call.
This time .information. is recorded on the tape in the 5
digits, B:to F, of the second: line. The units digit of the
mijnute appears in the F-digit. The units digit of the hour

appears in.the E.digit. The units-digit of the day appears- 75

operates..one- corresponding relay in- the Answer: Day

.70 Tens-register, Figs. 70 and Fig; J.

“The operation.of - two of the five TCO, TCI, TC2, TC4
and. TC7 relays closes a ground to one of three leads to
indicate- the hour tens. - When relay DCA operates- these
leads are connected through individual: contacts on relay

" DCA ‘and the:selected: grounded:Iead: operates one corre-
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sponding relay in the Answer Hour Tens register, Figs.
70.and Fig. H. :

The operation of two of the five TCO, TC1, TC2, TC4
and TC7 relays .also closes ground from two of five 2B0,
2B1, 2B2, 2B4 and 2B7 relays operated to one of six
leads to indicate the minute tens. - When relay DCA
" - operates these leads are connected through to ‘operate
one of the minute tens output register relays.

Tracing the circuits in detail, for the second line digits,
assumed in the foregoing, requiring translation, will dis-
close how the 5 in the C digit indicates 2 hour tens, the
1 in the B digit indicates 1 day tens and the 5 in the
C digit and the 1 in the B digit cooperatively indicate 1
minute tens.

Digit 5 appearing in the second line digit position’

effects the simultaneous operation of relays 2C1 and
2C4 in the input register. Relay 2C1 operated connects
ground through- its contact 7, contact 39 of relay DA
and the winding of relay TC1 to battery operating relay
TC1 in the translator, Fig. 48. Relay 2C4 operated con-
nects ground through its contact 7, contact 37 of relay
DA and the winding of relay TC4 to battery, operating
relay TC4 in the translator. With relays TCY and TC4
operated, ground is conmected through contact 10 of
relay TC1, contact 10 of relay TC4, contact 7 of relay
DCA and the winding of relay 2 in the Answer Hour
Tens register, Figs. 70.and H, to establish a circuit corre-
sponding to 2 answer hour tens.

Digit 1 appearing in the second line B digit position -

effects the simultaneous operation of relays 2B¢ and 2B1.
The operation of relay 2B¢ connects ground through its
contact 9, contact 35 of relay DA and the winding of
relay TBO to battery, operating relay TB® in the trans-
lator, Fig. 48." The. operation of relay 2B1 connects
ground through its contact 18, contact 34 of relay DA
and the winding of relay TB1 to battery operating relay
TBi. Ground is then connected through contact & of
relay TBO, contact 6 of relay TB1, contact 2 of relay
DCA. and the winding of relay 1 in the Answer Day Tens
régister, Figs. 70 and J, to indicate 1 day tens. Ground
is connected also through contact 6 of relay 2B1, con-
tact 5 of relay 2B0, contact 7 of relay TCIL, contact 6
of relay TC4, contact 9 of relay DCA and the winding
of the Minutes Tens register relay 1, Figs. 69 and G,
to indicate 1 minute tens. Thus by means of the transla-
tion digits appearing in two positions of the number,
namely the -B and C positions, have been. employed to
afford information for an.extra position.

Calling office translator (Figs. 37, 39, 40, 41 and 42—
The purpose of the calling office translator is to obtain an
arbitrary three-digit mumber corresponding to the calling
office. The information from which this number can be
obtained is the calling office index and the marker group.
In all cases the marker group is a fixed one for the dura-
tion of any given tape. The marker groups unit Marker
Grp. Units and marker group tens Marker Grp. Tens
sw1tches, Fig. 32, are manually set to the marker group

that is applicable to the tape being processed. = As soon:

as the off-normal relays have operated the switch settings
cooperate to-effect the operation of one marker - group
relay out of a group of one hundred relays OT8C to
07199, Fig. 50, corresponding to the setting of the switches.
Actually the setting of the marker group tens switch
operates one of the ten relays in the group OTT@ to OTTS,
Fig. 49. - For instance assuming. that the marker group
tens switch is set to engage its first wired contact, con-
tact 2, a circuit may be fraced from ground through con-
tact 3 of relay OGT or contact 3 of relay EGT, depending
upon which is operated, through arm 2 and contact 2 of
the switch and the winding of relay OTTO in Fig. 49
operating relay OTTO.  The marker group units switch
sends out a ground on one of ten leads depending on its
setting to pass through the contacts of the particular one
of the OTTO to OTT9 relays that is operated. -For in-
stance, assuming the marker group units switch set on
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its first wired contact, a path may be traced from ground
through: contact 37, relay OGU or EGU; arm 2 and
contact 2 of the marker units switch, contact 1 of relay
OTTO and the winding of relay OTTO to battery, oper-
ating the relay. This-one ground that goes to one con-
tact only.on each of the OTT9 to OTTY relays therefore
will find only one circuit closed and will operate one of
the OT6Q to OT99 relays. This particular one of the
OTO00 to OT99 relays then represents the marker group
that is set on the switches.

The office index indication is given by the relay that
is .operated in the office index circuit in the left-hand
relay column. in Fig. 50. In the case of summary tapes
from the summarizer one out of these ten relays OT¢-
OT9 will be operated directly from the central office
switch as soon as the off-normal relays have operated.
The circuit may be traced from ground through contact
3 of relay ECO or relay OCO, contact 17 -of relay SA,
arm 2 and top wired contact of switch Cent. Office and
the winding of relay OT® to battery operating relay OT6.
This is possible on the summary tapes since the entire tape
originates in the same central office. i

In the .case of detail tapes, that is any tape other than -
a -summary tape, the office index relays OT® to OT® are
operated from a decimal translation on the B digit of the
first line register, Fig. 17, through make contacts of relay
DA in Fig. 47.: For- example the circuit for operating
the 9 relay in this group, relay OT9, requ1res the simul-
taneous operation - of relays 1B7 and 1B2, in the line
register, Fig. 17.. The circuit may be traced from ground -
through .contact 9 of relay 1B2 operated, contact -8 of
relay 1B7 operated, contact 5 of relay 1B0 normal, con-
tact 28 of relay DA and the winding of relay OT? to
battery, operating relay -OT9.  Therefore on the detail
tapes the office index relay may change from call to- call.
The office index relays originate three grounds each, one
for A, one for the B and one for the C digits of the calling
office, which are sent out to individual contacts on all
OT06 to OT99 relays. FEach of the OT0¢ to OT99 re-
lays is-indicated as having thirty contacts, three for each
It is to be understood,
of course, that the relay arrangement may be changed to
suit particular conditions.

The three grounds that are originated on the particular
office index relay that is operated will therefore find only
one closed circuit for each depending on which of the
hundred OT00 to OT99 marker group relays is operated.
Fach one of these three grounds is now individual to the

particular combination of marker group and office index

and therefore each of these grounds can be used to repre-
sent the A, B or C digit of the calling office. ‘The out-
put from the marker group relays therefore is brought
to a cross connection field shown at the right of Fig. 50.
Each of the A leads is brought to one set of 10 ferminals,

. each of the B leads to a second set and each of the C

leads to a third set. - From these cross connections termi-
nals leads are code. cross connected in accordance with an

‘arbitrary numbering scheme representing the calling office

A, B and C digits to particular terminals in a cross con-
necting terminal field shown at the left of Fig. 60. On
the output side of the cross connection field at the left

- of Fig: 60 the terminals are grouped in three groups, from

65
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{3

top to bottom, the top group for the A or first digit of the
calling office number; the middle group for the B or sec-
ond digit of the calling office number and the bottom
group for the C or third of the calling office number.
The leads from this output cross connection field at the
left in Fig. 60 are carried through contacts of the calling

“office output register connector relay CCA to operate one

relay'in each of the calling office output registers, Calling
Office 'a Digit, Calling Office B- Digit and Calling Office
C Digit, Fig. 72 and Fig. K. - One and only one relay in
each of the three calling office output registers will be
operated for any one call.- For example, a circuit may
be traced from ground on contact 2 of relay OT through
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contact 2 of relay OT00, assuming these two relays oper-
ated, ‘to ‘terminal 0 of the B lead terminals, which it will
be assumed ‘is ‘cross connected to terminal 0 of the B
leads in Fig. 60, then through contact 11 of relay CCA,
into the Calling Office B digit register, Fig. 72 and ‘Fig.
K, and through the winding of relay ¢ in the register
to battery operating relay 0.

Called Number

General discussion.—The numerical portion of the
called line number, herein referred to as called number,
is found for each detail call in the fourth line of the entry
on the tape. The called number may be one of three
different types, that is a three-digit number, a four-digit
number with or without party letter or a straight five-digit
number. In order that each type may be handled differ-
ently, an indication of the type, referred to as the called
number index, is found in the C digit of the third line of
each detail call éntry. The numbers 0, 1 and 2 have been
chosen to indicate three-digit, four-digit and five-digit
numbers respectively. The tape to card converfer stores
in its input registers six digits, namely 3C, 4B, 4C, 4D, 4E
and 4F, for handling called number for each detail call.
If the 3C digit, or called number index is 0 the digits, 4B,
4C and 4D make up the three-digit called number and
may be transferred directly, at the proper time, to the
Called Number Hundreds, Called Number Tens and
Called Number Units registers, Fig. 66 and Fig. D, Fig.
65 and Fig. D and Fig. 65 and Fig. D, respectively, for
punching. For example, assuming relays 4B1 and 4B0
operated simultaneously, circuits may be traced from
ground through contact 5 of relay 4B0 and contact 6 of
relay 4B1, respectively, through contacts 1 and 2 of relay
CD, Fig. 61, into the Called Number Hundreds register,
Fig. 66 and Fig. D, and through the windings of relays 0
and 1 in this register to battery, operating relays 0 and 1,
respectively. Relays of the group 4C0 to 4C7 and 4D0
to 4D7 will control relays in the Called Number Tens
and Units registers, respectively, over similar paths. Digits
4E and 4F, as read from the tape, will be 0 in this case
and will not be transférred to the output. The ten thou-
sands and thousands called number columns and party

column on the output card will in this case be blank.’

If the called number index is 1, indicating a four-digit

number the digits 4B, 4C, 4D a:id 4E may be transferred.

at the proper time to the output registers Called Number
Thousands, Called Number Hundreds, Called Number
Tens and Called Number Units in a similar manner for
punching. Digit 4F will in this case be one of several
values. A 0 will indicate no party letter and cause the
party column to be blank: A 1, 2, 3, 4 or 8 will be
treated in the same manner as a 0; Nos. 5, 6, 7or 9, as
read from the tape, indicate a party letter of J, M, R or
W respectively. - For example; assuming that the 4F digit
is'5 corresponding to party I, a circuit may be traced from
ground through contact $ of relay 4F4, contact 8 of relay
4F1, contact 23 of relay-Cl; Fig. 61, and the winding of
relay 5J1 to battery in the Called Party register, Fig. 67
and Fig. F, operating relay 571 corresponding to party
J.  Corresponding paths may be traced to operate relays
NPY, 6M4, 7R® and 9W6 to indicate No Party; party M,
party R and party W respectively. Digit F in this case
is translated to the nndefpunch of the IBM two-hole code
for letters and placed in the party ocutput register which
will cause a hole to be punched in a column to represent
the correct party letter. This will be made clear herein-
after. If the called number index is 2 the digits 4B to 4F,
inclusive, are connected straight through to.the Called
Number Ten Thousands, Fig. 66 and Fig, E, Called Num-

ber Thousands, Fig. 66 and Fig. C, Called Number Hun- .

dreds, Fig. 66 and Fig: D, Called Number Tens, Fig. 65

and Fig, D and Called Number Units, Fig. 65 and Fig.
D, output registers, respectively. o

A description of the IBM card and the two-hole code
for lette ) ; :
party Ietfer. The IBM card, as heretofore mentioned,

letters at this point will explain the basis for punching-
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has 80 ‘columns, each of which may be punched for a
number or letter. - The columns are divided into twelve
horizontal rows designated 12, 11, 0, 1, 2, 3, 4, 56,7, 8
and 9. A hole may be punched in a particular column in
any position from 0 to 9, inclusive, to represent a numeri-
cal digit. A letter is indicated in any particular column
by two holes one of which is in horizontal row 12,11or 0
and the other in one of the horizontal rows 1 to 9. A
tiole in the upper group, 12, 11 and 0 is known as an
overpunch; a hole in the lower group, 1 to 9, inclusive,
is known as an underpunch. The combination of over-
punch and underpunch required for each of the letfers in
the alphabet is shown'in the table below:

Underptinch
12 3 4 58 7 8 9
- 12°A B CDETVFGH I
Overpunch .11 J K L. M N O P Q R
o} S T U VWXY Z

.. The tape to card converter for simplicity of circtiit ar-
rapgement, was designed to use only the underpunch of
the two-hole letter code,  The IBM tabular is arranged
to print the letters J, M, R and W from the underpunches
1, 4, 9 and 6, respectively at a later Stage in processing.

Detailed operation for called number—A further de-
tailed description at this point of the circuit operation for
handling called number will facilitate its understanding.
Let us assume a called number of 1234M. Call entry in-
formation will then be registered in the tape and in the
input register as follows: 1 in digit 3C to indicate a four-
digit number, as heretofore explained, 1 in the 4B digit, 2
in the 4C digit, 3 in the 4D digit and 4 in the 4E digit
for the number 1234 and a 6 in the 4F digit to represent
the pasty letter M. Input register relays 3C0_and 3C1
which compose the called number index will pass ground
from contact 6 of relay 3C1 through contact 5 of relay
3C8, contact 7 of relay CRA, Fig. 24, and the winding of
relay C1 to battery, Fig. 61, operating register connector
relay CI when connector control relay CRA is operated.

- This relay will operate when the output registers have

been down-checked and the input registers have been up-
checked, as described in the section on transfer control.

The output registers will then be filled with complete
call information. The digits for the called number will
be cut through as follows, R . N .

. With relays 4B0 and 4B1 operated simultaneously to
indicate numeral 1 in the thousandths digit, grounds
are supplied from contact 5 of relay 4BO and contact 6
of relay 4B4 through circuits which extend through con-
tacts 1 and 2 of relay C1 into the Called Number Thou-
sands register, Fig. 66 and Fig. C, and through the wind-
ings of relays 0 and 1, respectively, in the register to reg-
ister the numberal 1 on a two-out-of-five basis,

.To indicate the hundreds digit 2, relays 4C9 and
4C2 will be operated simultaneously. Two circujts
will thus be established from ground on contact 5 of relay
4C0 and ground on contact 7 of relay 4C2, through con-
facts 6 and 8 respectively of relay C1 into the Called
Number Hundreds register, Fig. 66 and Fig. D, and
through the windings of relays 0 and 2 respectively in the
register, operating relays ¢ and 2 simultaneously to in-
dicate the hundreds digit 2 on a two-out-of-five basis.

To indicate the tens digit 3, relay 4D1 and 4D2 will be
operated simultancously establishing two circuits from
ground on contact 6 of relay 4D1 and ground on contact
7 of relay 4D2 through contacts 12 and 13 of relay C1
into the Called Number Tens register, Fig. 65 and Fig. D,
and through the windings of relays 1 and 2 in the register,
respectively, to battery operating the relays to indicate
the tens digit 3 on a two-out-of-five basis, .

To indicate the units digit 4, relays 4E8 and 4E4 will
be operated simultaneously establishing two circuits from
ground on contact 5 of relay 4E0; and ground on con-
tact 6 of relay 4E4 through contacts 16 and 19, respec-
tively, of relay C1 into the Called Number. Units regis-
ter, Fig. 65 and Fig. D, and through the windings of re-
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lays @ and 4 in the register, respectively, to battery oper-
ating the felays fo indicate the units dlgu 4 en-a two-
out-of-five basis.

To indicate the party letter M relays 4F2 and 4F4
will be operated simultaneously since the letter M as
explained in the foregoing is indicated by a 6 in the F
digit of the fourth line. A single circuit may then be
traced from ground through contact:7 of relay 454,
contact 7 of relay 4F2, contact 23 of relay C1 into the
Called Party register, Fig. 67 and Fig. F, and through
the winding of relay 6M4 to battery, operating the relay
which corresponds to party M.

Shortly after all output registers, mcludmg those enu-
merated above for called number ‘have operated a card
will be punched, in a manner to be explained, with this
information. The called number  registers, thousands,
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15

hundreds, tens and units will cause assigned vertical

columns of the IBM card to be punched with 1, 2, 3 'and
4, respectively, thus effecting a translation by the con-
figuration of their contacts from a two-out-of-five regis-
tration to a one-hole punch. Meanwhile party register
relay 6M4 will cause a 4 to be punched in the party
column on the card signifying the party letter M thus
effecting a translation from a decimal registration of the
dialed equivalent of party letter to the under-punch of
the IBM code for that letter. The Called Number Ten
Thousands register will not be filled for this call. The
complete cutput register up-check however will be con-
tinuous since either the called number ten thousands
register or the called party register may be filled alterna-
tively to afford a. check as described hereinafter.

A three-digit called number will be registered in the
output in a similar manner using output register con-
nector relay C@ operated from a called aumber. index of
0. The circuit may be traced from ground through con-
tact 5 of relay 3C7, contact 6 of relay 3C4, contact 8
of relay CRA and the winding of register connector relay
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CO to battery, operating the relay. "As may be under- -

stood from the foregoing the called number hundreds,
tens and units registers are then filled.from the B, C and
D digits of the line 4 input register. Relay T8 from
ground on its contact 17 will also operate relay NPY in
the Party register indicating no party, and from ground
on its contact 16 will operate relay 3DN, Fig. 62, indi-
cating a three-digit number in the output register group-
ing circuit.  These relays enable an output register .up-
check. The called number ten thousands and the called
number thousands will not be filled for this kind of call.

A four-digit called number without a’ party letter will
be transferred to the output through register connector
relay C1 as described above for a four-digit number with
party. Relay C1, however, will extend a lead from
ground through any.of various combinations of operated

relays, corresponding to digits 0, 1, 2, 3, 4 and 8 in the’

line 4F digit input register, through contact 21 of relay
C1 and the winding of relay NPY in the Called Party
register, Fig. 67 and Fig. F, to indicate no party. This
fills the party register as described above for a three-
digit number. Actually only a-zero should be encoun-
tered in the 4F digit if there is no party letter.  Tn this
case the ground is connected through contact 6 of relay
4F'7 and contact 6 of relay 4F4.

A five-digit number will be transferred to the output
through register connector relay C2 operated from a
called number index of 2. The circuit may be traced
‘from ground through contact 7 of relay 3C2, contact 6
of relay 3C7 released, contact 6 of relay 3C0, contact 6
of relay CRA and the winding of relay C2 to battery, Fig.
62, operating the relay. The ten thousand, thousand,
hundreds, tens and units called number registers will
then all be filled from the B through F digits of the line 4
input register. The party register will not be filled in
this case.

When: processing 2 summary tape-the last day is regis-
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tered since the circuit is arranged on a flexible penod
basis.  The last day is not registered when processing
detail tapes.

On a flexible period basis, ground is connected from
contact 3 of relay ODT, or contact -3 of relay EDT,
operated, through contacts 9 and 19 in paralle! of relay
SA operated. From contact 9 the path extends to arm
2 and from contact 1@ to arm 3 of the Last Day Tens
switch. It will be assumed that the switch arm engages
its top wired contact. This extends arm 2 through con-
tact @ of relay SCA into the Last Day Tens register,
Fig. 64 and Fig. 3, and through the winding of relay 7
therein to battery, operating the relay. The path through
arm’ 3 extends through contact 8 of relay SCA into the
same register to operate relay 4 therein. The operation
of relays 4 and 7 simultaneously, according to the two-
out-of-five code, register 0 tens. By moving both switch
arms 2 and 3 simultaneously into successively lower
positions 1, 2 or 3 tens will be registered according to
the code, the tegistration of G, 1, 2 or 3 in the register
corresponding to the sefting of the switch. At the same
time -ground is connected from contact 3 of relay ODU
or contact 3 of relay EDU through contact 14 of relay
SA, operated, in parallel to arms 2 and 3 of the Last Day
Units switch. It will be assumed that arms 2 and 3 of
this switch also are in engagement with their effective
top contacts. A circuit may then be traced from arm 2
through contact 14 of relay SCA into the Last Day Units
register and through the winding of relay 7 to battery,
operating relay 7. Switch arm 3 extends through contact
13 of relay SCA and the winding of relay 4 to battery
in the same register, operating relay 4. Relays 4 and 7
together register the numeral 0 according to the two-out-
of-five code. ‘As the switch arms 2 and 3 are actuated
simultaneously to engage successively lower -terminals
of the switch, digits 1 to 9 will be successively regis-
tered in the register according to the two-out-of-five code

_to designate the last day of a period, the registration cor-

responding to the positions of the switch arms.

Month.—The month is derived from the month set-
up.switches, the settings of which are checked against
tape identity on the input tape. - For example, it will be
assumed that the month to be registered in January. The
Month Tens switch will be set so that its arms engage its
top wired terminal and the Months Units switch is set so
that its-arm 3 engages its top wired terminal. A ciicuit
may then be traced from ground ou relay OMT contact
3, operated, arm 2 and top wired terminal of Month
Tens switch, terminal 4 of relay OMU operated, arm 3
and top wired terminal of Month Units switch, terminal
1 of relay SMC and the winding of the relay JAN in
the Month register, Fig. 63 and Fig. B. As a second
example it will be assumed that the month November is
to be registered. - The Month Tens switch will be set on
its second wired terminal from tihe top. The Month
Units switch will be set so -that its arm 2 engages its
second wired terminal from the top. A circuit may then
be traced from ground through contact 3 of relay OMT
through arm 2 and its second wired terminal from the top,
contact 3 of relay OMU operated, arm 2 of switch Month
Units, contact 11 of relay SMC and the winding of relay
NOV in the Month register, Fig. 63 and Fig. B.

On detail calls it is necessary to-advance the month
registration by 1 for instance from January to February
or from November to December if a particular call is
made on the first day of the following month. The day
tens digit of the start time line determines if the mionth
is registered as on the month set- up switches or one higher
than the setting on the month set-up switches. This is
determined by the appearance of a 4 or a' 9 in the B digit
of the start time line.. The 2B0, 2Bi, 2B2, 2B4 and 2B7
relays of the input register, Fig. 18, each connect an in-
dividual ground through contact 31 to 35 of relay DA,
Fig. 47, and the windings of translator relays TBO, TB1,
TB2, TB4 and TB7, Fig. 48, which operate as do the cor-
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responding input register relays. If a 4 appears in the
trdnslator, ground is connected through contact 3 of
relay TBO and contact 3 of relay TB4. If a 9 -appears
ground is connected through contact 3 of relay TB2 and
contact 4 of relay TB7. The branches are joined and
extend through contact 9 of relay CRA operated and the
winding of relay NMC, operating the relay, Fig. 56.
There are twelve sets of contacts on each of relays SMC
and NMC numbered 1 to 12 on each relay. Bach of
their upper contacts is connected in parallel ‘to corre-
spondingly numbered contacts on the other. The lower
contacts 1 to 12 of relay SMC extend to the windings of
relays January to December respectively in the Month
register. Reference to the lower terminals of relay
NMC discloses that each is formed in parallel to a one
higher numbered terminal of relay SMC, so that when
relay NMC is operated the next succeeding month is
registered. * If any digit other than 4 or 9 appears in this
translator, such for instance as 2, a circuit may be traced
from -ground through contact 1 of relay TB®, contact 10
of relay CRA and the winding of relay SMC to battery
operating the relay which effects 2 normal registration of
the .month as set up on the switches.

On summary calls ground is closed through conmtact
20 of relay SA operated and contact 10 of relay CRA
operated and the winding of relay 5MC to battery to
operate relay SMC which registers the month as set on
the month set-up switches.

Output registers and output register connectors

Output registers general—The output registers of the

tape to card converter are designed to store information

which is in a form than may be used by the ¥BM punch
and to control the punching of individual cards for detail
calls and subscriber summaries. Since it is desirable that
the-tape to card converter read information for individual
detail cails .or summaries at AMA tape reader speed,
and since the converter must feed and control the IBM
punch at its maximum speed of 100 cards per minute, a
two-step arrangement using input and output storage
registers with a transfer circuit has been adopted. -Since
part of the information for detail calls or summaries
which is read from the AMA tape and stored in input
registers must be altered for the output, some of the input
registers lead directly into tramslator circuits. The out-
put of the translators and the output of the remaining
Input registers which do not require translation compose
complete information for any given detail call or sum-
mary which may be transferred to -the output registers
when the signal is given that the output registers have
been emptied and the input registers are filled. In gen-
eral, the design is such that an output register must be
provided and filled for every hole to be punched on a
card. The information required on a card is mostly
numerical or a single numerical representation of a letter
which calls for one hole per column and therefore one
output register per column. In alternate columns on both
detail and summary cards a so-called X or Y punch is
required for identification. This information stored in
the output in confined to one register. An X orY punch
and numeral may be placed in one column. Punching
this column then requires the use of two output registers.
Another irregularity in the register per column arrange-
ment is the month register which controls the punching
of two columns.

A tape to card converter will be equipped with 30 out-
put registers. These are indicated on the ten figures,
Fig. 63 to Fig. 72, inclusive, 3 registers to each -figure.
The registers themselves are shown on ten lettered figures,
Figs. A to H, inclusive and Figs, J and K. As is apparent
from the foregoing, certain of the registers are operated
on a two-out-of-five basis and others on a decimal basis.
‘The selection of output register type, that is two-out-of-
five or decimal, for a given register, has been made for
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simplicity of circuit operation and/or economy in the use
of apparatus. - Registers of the two-out-of-five type show
a direct saving in relays. Registers for calling office,
start time tens and party have been made decimal type for
simplicity of translator .circuit .design. Special registers
such as month and overpunch are operated on a one
relay only basis and therefore resemble decimal registers.

The arrangement, connections and designations of the
output registers are shown in Figs. 63 to 72 inclusive,
Each output register carries the designation of its reg-
ister. The register designation indicates the item which
is to be punched on the card. The order in which the
registers have been laid out was chosen to resemble
the order in which information is found in the tape
entry. The order of the registers is fixed by the up-
check and down-check leads which thread through the
system of registers and through the contacts of the in-
dividual relays within the registers. The up-check lead
designated UC and the down-check lead designated DC
are each shown entering the individual registers on their
right-hand side. If -the proper number of relays within
a register are operated a continuous path is afforded
through contacts of each register for the up-check lead.
The up-check ‘lead .is shown emerging from each indi-
vidual register on its left-hand side designated UCL.
The down-check lead finds a continuocus path through
the various registers and through contacts of all indi-
vidual relays within each register when all relays in the
registers are released. After passing through the relay
contacts of a particular register it is shown emerging at
the left-hand side of the register designated DC1. The
direction of passage through a register for both the UC
and the DC leads is from right to left except that the
DC lead passes through contacts from left to right for
registers operating-.on a two-out-of-five code basis to
afford an economy of total required contacts for both up-
check and down-check in an arrangement which is also
proof against the formation of spurious paths.

Sources of- information and associated connectors.—
The output registers of the tape to card converter, as
heretofore .explained, derive their information from in-
put registers, translators, and set-up switches through
output register connectors. The detailed circuit opera-
tion of these switches has been described hereinbefore in
appropriate sections. The object of this section, which
is largely a general summation of the input to output
register operation, is to tie in the input circuits of the
converter with the output registers in groups and by
name and to describe the manner in which the asso-
ciated connectors are operated,

Calling office~—The designation of the calling office
is presented as an arbitrary three-digit number on a
decimal basis by the marker group translator umits cir-
cuits, Figs. 49 and 50, through a cross connection field,
Figs. 50 and 60, and output register connector relay CCA,
Fig. 60, to output registers Calling Office A Digit, Call-
ing Office B Digit and Calling Office C Digit. The pur-
pose of the cross connection field is to make the selec-
tion of the digits representing calling office purely ar-
bitrary. ‘The output register connector relay CCA is
operated directly from ground on contact 1 of connector
control relay CRA, Fig. 24. The common connector
relay CCA is operated for each call on any type of
tape. The calling office output registers for the A, B
and -C digits are therefore filled for any summary or
detail cail.

Calling number—The calling number is passed to
the output by the line 1 input register, Figs. 17, 27 and 37,
as a four-digit number on a two-out-of-five basis through
output register connector relay CCD, Fig. 57, to fill out-
put registers Calling Number Thousands, Calling Num-
ber Hundreds, Calling Number Tens and Calling Num-
ber Units, Fig.:66 and Fig. C, Fig. 66 and Fig..D, Fig.
65 and Fig. D, and Fig. 65 and Fig. D, respectively;
the .connector relay -CCD is operated .directly from
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ground through contact 1 of commector control -relay
CRA. Relay CCD is also a common connector which
is operated for every call on all tapes. The calling
number output tegisters for the thousands, hundreds,
tens and units are therefore operated for every summary
and detail call. ‘The information in these registers will
be exactly as found in the first line of the input tape
entry.

Start time—The start time js transferred from the
start time translator, Fig. 48, and the line 2 input reg-
ister, Figs. 18, 28 and 38, as a six-digit number through
output register connector relays to output registers An-
swer Day Tens, Answer Hour Tens, Answer Minute Tens,
Answer Day Units, Answer Hour Units and Answer
Minute Units. The output registers for the three tems
digits are abbreviated decimal registers, that is each
has fewer than ten relays, whose information is taken
from the start time translator. - These registers. are ab-
breviated since the day tens canunot exceed three, the
hour tens two -and the minute tens five. The three units
digits are transferred -from the line 2 input register
relays 2D® to 2D7, Fig. 28, relays 2E¢ to 2E7, Fig. 38,
and relays 2F@ to 2F7; Fig. 38, on a two-out-of-five
basis exactly as.read in a tape entry.- The output reg-
ister connector relay DCA, Fig. 58, is used to pass the
information  for. day tens, hour tens and minute tens
and is operated from ground on contact 8 of relay DC
through contact 3. of relay CRA operated The .relay
DC is part of a detail connector which is operated for
every detail call. The information stored in the mput
register for day units, hour units and minute units is
connected to the output registers through common con-
nector relay CCD which is operated directly from -the
ground on contact I of connector control CRA.- The
registers for the three tens digits will be filled for detail
calls only, while those for. the units digits will be filled
. for every detail call or summary. ~Their use in con-
nection with sommary is described in the next succeed-
ing paragraph.

Summary —A summary of message units for 2 given
entry on a summary tape is transferred directly from line
2 of the input register as a four-digit number, namely,
thousands, hundreds, tens and units, on a two-out-of-five
basis for the latter three digits and a decimal of 0 or 1
for thousands through various. output register connector
relays to fill output registers Summary Thousands, Sum-
mary Hundreds, Summary Tens and Summary Units, Fig.
69 and Fig. B, Fig. 69 and Fig. D, Fig. 69 and Fig. D,
and Fig. 68 and Fig. D, respectively. The circuits hav-
ing the information for the thousands digit are closed
through connector relay SCA, Fig. 56, which is operated
for summaries only, from"ground on contact 19 on tape
index register relay SA through contact 2 of connector
control relay CRA. The hundreds, tens and units' digits
are closed through connector relay CCD -as: ‘described
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translation, exactly -as: read from' the input tape. The
connector relay DCA is operated for detail calls only,
as described, from ground on contact § of the tape index
register telay DA through contact 3 of conmnector con-
trol relay CRA. The four registers described in this
paragraph ‘are not filled when summary tapes are being
processed.

Called . number and party—~The derivation of called
number has been described hereinbefore, in the descrip-
tion of the input part of the circuit. - A description of
the connectors and the disposition of called number digits
in the output registers will complete the description of
this feature.

A three-digit called number is transferred directly from
line four of the input register on a two-out-of-five basis
through output register connector relays CO, Fig. 61, to
fill output registers Called Number Hundreds, Fig. 66 and
Fig. D, Called Number Tens, Fig. 65 and Fig. D, and
Called Number Units, Fig. 65 and Fig. D. The called
number hundreds, tens and units registers are controlled
by input register relays 4B0 to 4B7, Fig. 20, 4C0 to 4C7;
Flg 30, and 4D to 4D7, Fig. 30, respectively. The re-
maining called number registers, Called Number Ten
Thousands, Fig. 66 and Fig. B, and Called Number
Thousands, Fig. 66 and Fig. C and the Called Party reg-
ister, Fig. 67 and Fig. F, will not be set up for punching
in this case. Called number index zero connector relay
C0, -which identifies a three-digit called number, is oper-
ated from ground through contact 5 of relay 3C7, Fig.
29, contact 6 of relay 3C4, these relays being operated
for a zero registration in the C digit of the third line of
the input register and through contact 8 of relay CRA.

A four-digit called- mumber is identified by the ap-

- pearance of the digit 1 in the office index, that is, in the

C. digit. position of - the third line of the input register.

" This effects the operation of relays 3C0 and 3C1, Fig. 29.

40

45

50

56

in the preceding paragraph.. The output registers used . -

for the four digits of summary were chosen so that the

input register digits 2C, 2D, 2E ‘and 2F ‘might be trans-

ferred to the same output. registers dlrectly or ‘indirectly
for both summaries and ‘detail calls. -

Called office- and area~—The three digits used ‘to in-
dicate called office and the single digit for area are trans-
ferred directly from the line 3 input register on a two-out-
of-five basis through - output register - connector - relays
DCA to fill the output registers.. The Called Area reg-
ister, Fig. 68 and Fig. D, is controlled by relays 3B@
to 3B7, Fig. 19.. The Called Office A Digit register, Fig.
68 and Fig. D, is controlled by relays 3D® to 3D7, Fig.
29. ‘The Called Office B Digit register, Fig. 67 and Fig.

D, is controlled by relays 3E®- to 3E7, Fig. 39. The:

Called Office C Digit register, Fig.” 67 and Fig. D, is
confrolled by relays 3F0 to 3F7, Fig.  39. ‘The con-
nections between the input registers and the output reg-
isters pass through contacts of relay DCA in each in-
stance to operate. the registers” directly, that is without
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The operation of these relays in turn operates output
register comnector relay- C1, Fig. 61, over a path from
ground on contact 6 of relay 3C1, contact § of relay 3C0,
contact 7. of relay CRA and the winding of-relay Ci.
The four-digit number has its thousands, hundreds, tens
and units digits stored in- the 4B9 to 4B7, 4Cl to 4C7,
4D0 to 4D7 and 4B@ to 4E7 relays, respectively, Figs.
20, 30 and 40. Combinations appearing on these relays
are then transferred on a two-out-of-five basis through
the operated ‘register connector relay C1 to the output
registers Called Number Thousands, Fig, 66 and Fig. C,
Called Numiber Hundreds, Called Number Tens and
Called Number Units, respectively. If there is a party
letter- it is stored ‘in the relays for the F digit of the
fourth line, relays 4F0 to 4F7, and will be transferred
on a decimal basis, also through connector relay C1, to
the Called Party register, Fig. 67 and Fig. F, to operate
one of the party output register relays 5J%, 6M4, 7R9
and 9W6, the first number 5, 6, 7 or 9, in each of these
designations being the dialed equivalent of the party letter,
the last ‘number 1, 4, 9 or 6 being the corresponding
underpunch of theé IBM two-hole code for letters. When
there is no party designation following a four-digit num-
ber, as dialed relay 4F¢ will be operated in the input
register.. This in turn will operate relay NPY in the
Party register throtigh relay C1, indicating no party. - This
relay has no -output from the output register, that is
to say its operation doss not affect punching of the card.
The Called Number Ten Thousands register will not be
used in this case.

A five-digit number is transferred when a 2 appears
in the office index relays, 3C§ to 3C7, which actuates re-
lays 3C% and 3C2, connecting ground through contact 7

-of relay 3C2, contact 6 of relay 3C7 released, contact 6

of relay 3C9, contact & of relay CRA and the winding
of relay €2, Fig. 62, operatmg relay C2. This transfers
the information stored in relays 4B0-4B7, 4C0 to 4C7,
4D0 to 4D7, 4E0 to 4E7 and 4F0 to 4F7 through the
output register connector relay C2, Fig. 62, to the out-
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put registers on a two-out-of-five basis, to output registers
Called: Number Tens Thousands, Called Number Thou-
satids, Called Number Hundreds, Called Number Tens
and Called Number Units. The party register will not
be filled in this case.

AMA class—The single digit representing AMA class
is transferred from the class translator, Fig. 51, or tape
index register, Fig. 25, as discuissed in the section on class
translation on a two-out-of-five basis through the card
count circuit, Fig. 46, or directly from the translator
through the output register connector relay DCD to fill
the Class output register, Fig. 65 and Fig. D. The de-
tail connector relay DCD, Fig. 59, is operated from
ground on contact 8 of relay DC through- contact 3 of
relay CRA.

Chargeable’ time.—Minute tens and units of charge-
able time as read from the tape entry are transferred
from the lifie 5 input- register on a two-out-of-five basis
through output register connector relay DCD, Fig. 59,
to" fill output registers Charge Time Tens and Charge
Time Units; Fig. 64 and Fig. D. The detail connéctor
relay DCD is operated from ground on contact 8 of
relay DC through contact 3 of relay CRA. These regis-
ters are set up for punching on all detail calls including
those for which there is no chargeable time that is for
calls on which the chargeable time is registered as 00.

Last day.—Tens and units -of last day as recorded in
a tape are transferred directly from the Last Day set-up
switch settings on a two-out-of-five basis through output
register connector relay SCA to fill output registers Last
Day Tens and Last Day Units, Fig. 64 and Fig. D. The
connector relay SCA is part of a summary connector.
It is operated from ground on contact 19 of relay SA,
through contact 3 of relay CRA., The Last Day Tens
register is not punched on the card but is used to provide
an-up-check for this register for summary cards. Regis-
ters Charge Time Tens and Charge Time Units are desig-
nated for their detail use, charge time, but are filled for
any kind of-card.

Message units—When message units are to be pinached
for a detail call a two-digit numbeér, tens and units is
transferred on- a two-out-of-five’ basis directly from line
five of the input register through output: register con-
nector relay MUC to fill output registers Message Units
Tens, Fig. 64 and'Fig. D, and Message Units Units, Fig.
63 and Fig. D. The message unit connector relay MUC,

Fig. 59, is operated from: ground on: line five of the

input register, for example; from ground through con-
tact 6 of relay SE1, contact 5 of relay 5E0 operated,
contact 11 of relay CRA and the winding of relay MUC
to battery. It will be observed that the ground which
operates relay' MUC originates in the relays correspond-
ing to the E and F digits of the fifth line of the input
register to which the lead extending from the winding of
relay MUC through contact 11 of relay' CRA is con-
nected in parallel. The relay MUC will be operated in
response to the appearance of the combination corre-
sponding to any digit in either of these input register
sections other than 0 in both positions simultaneously.
The output registers Message Units Tens and Message
Units' Units are used for detail calls only. They are
not filled for 00 message units, .
Monih—Month is taken directly from the Month
set-up switch settings on a one-only basis through one of
the output register connector relay SMC or NMC, Fig. 56,
to £ill the Month output register. The same month con-

nector relay SMC or the next month connector relay-

NMC will be operated as described above. The oufput
for month will' match the Month switch setting when
relay SMC has been operated and will be advanced by
one when relay NMC has been operated. The Month
output register is set up to punch two columns, namely,
collate month and-month.: Information-is punched in
these columns in accordance with the following table;
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" Hole position in-card

Month
Collate
Month
Column

MMonth
Column

January.
February.
March. ...

October.
November. ...
December.....

g
]
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-t
© 00 NI D O1 i 03 NI s O 4t £O

Month is punched in two columns to permit single digit
month collating in a later stage of the IBM processing.
The Month output register is used for all summaries’
and detail calls.

X and Y punchings—Each card put out by the tape
to card converter, summary or detail, bears an X ora Y
punch as a result of the operation of the relay #1X or
relay 12Y in the Overpunch output register, Fig. 63 and
Fig. A.

In the case of a detail call, relay 11X or relay 12Y
is' operated from the tape index register, Fig. 25, or the
class. translator, Fig. 51, through detail comnector relay
DCD operated to indicate “charge” for a toll call or
“no charge” for. message unit detail or observing calls,
respectively.

In the case of a summary, relay 11X is operated from'
ground on contact 8 of relay 2B2 through contact 7 of
relay 2B1, Fig. 18, and contact 1 of summary connector’
relay SCA, Fig. 56, and the winding of relay 12Y in the
Overpunch register to indicate 1000 message units. Relay’
12Y is operated from ground through contact 9 of relay
2B4 through contact 6 of relay 2B0, contact 1 of relay’
SCA and the winding of relay 12Y in the Overpunch
register to indicate less than 1000 message units. An ad-
ditional X punch is made on any card as a result of the
operation of either relay 11X or relay 12Y on any card,
summary or detail, to indicate that the card originated
in AMA.

Output register control and grouping—The output
registers of the tape to card converter are controlled in
a manner such that their operation is synchronized with
that of the.input circuits as well as the IBM punch.
Relays of the output register control cause the output:
registers to be operated and released when certain sig-
nals are received from the input register control and the
punch control respectively. The output register control
also-indicates when a check has been made that there is

‘either a complete registration or a complete release of all

relays in the various oufput registers. In addition this
control circuit times the operation and release of grouping
relays which simulate up-checks for registers not used
in any particular call or summary.

A detailed description of the operation of the output
portion of the circuit will be given hereinafter. Briefly
first, however, a cycle of operation for the output regis-
ters is as follows: An output register down-check plus an
input register up-check indirectly causes the operation of
output register connector relays to transfer information
from the input circuits to the output registers. An output
register up-check causes the release of the connectors
and leaves the output registers locked to an indirect sup-
ply of off-normal ground. Shortly thereafter, when the
ocutput register lock is considered to be secure, the in-
put registers are released.. When the output register
up-check is made, a signal is given to the punch sequence
coatrol to be ready for punching. The output registers
remain operated until the punch check signals that a
card has been punched successfully. At this time the
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output register lock grounds are removed and the output
registers are released. A down-check is then made of
the output reigsters to indicate that they .are ready for
another cycle.

Detazled circuit operation.—An output register down-
check is made at the beginning of tape to card converter
operation and between calls or summaries when the output
registers are released, by extending ground through con-
tact 14 of relay MON operated, Fig. 5, thence through
contacts in series of all relays released in all output regis-
ters, Figs. 73, 72, 71, 70, 69, 68, 67, 66, 65, 64, and 63,
entering each register at the left on lead DC1 and emerg-
ing at the right on lead DC, thence into the cutput register
grouping circuit and through contact 4 of relay 3DN and
contact 4 of relay NMU; Fig. 62, continuing through con-
tacts of each of relays CP1 to CP33 and CP4¢0, Figs. 81,
80, 79, 78, 77, 76 and 75-and through the winding of the
output register down-check relay RDC, Fig. 24, to battery
operating the relay. Relay RDC operated, signals the
card count and input register control, as described in the
section on transfer control, tooperate the connector
control relay CRA, preparatory to operating the output
register connectors., Relay CRA is locked to off-normal
ground through output register up-check relay RUC nor-
mal.  When relay CRA. is operated, grounds prepared by
various input circuits are -extended to operate output
register -connectors required for the particular - call or
summary. < The input. circuits referred to are the. set-up
switches, tape index .register, the line :3 input register,
and the start time translator. These sources of connector
operate ground are used in-various combinations as de-
scribed in the section, Output Registers and Cutput Regis-
ter Connectors. The output registers are then operated

-through their connectors to close ground through a series

chain of one onmly or two-out-of-five relays operated in
each register to operate relay' RUC. The circuits will be
traced in detail hereinafter. An up-check for those regis-
ters whichare not operated for a particular call is pro-
vided by a relay in the grouping circuit as described under
the next. succeeding heading Output Register Groupmg
The operated relay or relays in each of the output registers
are locked to ground from the pair of relays, LGA and
LRA, Fig-24. The ground is supplied through contacts
1 and 2 of relay LGA operated.and extended through
break contacts 1 and 2 in parallel’and 3-and 4 in parallel,
respectively, on locking relay LRA and thence over four
separate :leads to the output registers.  Relay LGA is
operated from ground through contact 14 of relay MONM
Relay LPG
in the off-normal and start circuit is operated from
ground through contact 2 of relay ST3 normal, contact 16
of -relay MON operated and:contact 4 of relay TCM
normal or relay LPG may be operated directly -from
ground through contact 3 of relay AL operated.

" Back contact 1 of relay LPG in the operate path for the
locking ground relay LGA, however, is shunted by a
back contact 2 on the output register release, Cut Reg
RLS key, Fig. 4. In this manner locking ground is pro-
vided for the output registers only when the machine is

off-normal and it may be.removed by the operation of
the output register release key following an alarm or a
machine release.

The output registers have been filled and locked as a re-
sult of their down-check. When the up-check is made, re-
lay RUC removes locking ground from the connector con-
trol relay CRA and it releases causing in turn the release
of the output register connector relays. If relay RUC re-
mains operated for a predetermined period the input
registers will be released. The operation of relay RUC
closes start ground from back contact 7 of relay RDC
through contact 9 of relay RUC, contact 1 of relay 9E,
Fig. 82, contact 5 of relay AL, Fig. 1, through a chain
circuit extending through the armature and contact 1 of
each of punch sequence control relays 8E, 7E, 6E, 5E,
4E, 3E, 2E, 1E, 0E, 11E, and 12E, and terminal- 11
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column 2, Fig. 74, to emitter terminal 12.- This is called-
emitter lead E12. - A branch of the emitter lead E12
circuit extends through the winding of relay 12F, Fig. 73,
to battery operating relay 12F which in turn supplies
ground through its contact and the winding of relay ET12
to battery operating relay ET12.- Another branch is multi-:
plied into the Month and Overpunch registers. The pur-
pose of this will be made clear hereinafter.. When the
information stored in the output registers has been used’
for punching a card, relay 9E in the punch sequence con-
trol and relay OCP in the punch check will have been
operated as described hereinafter. Ground, through con-
tact 7 of relay RDC normal and contact 9 of relay RUC
operated, which was formerly the punch sequence control
start ground, is then closed through contact 2 of relay
9F and contact 1 of relay. OCP, both operated, contact
1 of relay SAL, Fig. 1, and the windings of relay LRA,
Fig. 24, and relay 9EH, Fig. 73, .in parallel, to battery
Relay LRA operated removes lock~
ing ground from the output registers which are then re--
leased. Relay RUC is then released in turn. “The lock-
ing relay operate path remains intact, however, through a

. shunt around make contact 9 of relay RUC which shunt
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extends through contact 3 of relay SE operated until the
operation of relay RDC indicates that all register relays
are released. Relay LRA is then reledsed and locking
ground is then restored to the output registers for a new
registration. Relay 9EH is- also released at this time and
causes the release of relay 9E which completes the cycle
in the punch sequence control.

Output register grouping—Certain output reglsters of
the tape to card converter are not used for all detail calls
while some of the same and other registers are never used-
for summaries. Since a complete up-check of all’ cutput
registers is required for output register control; the up-
check must be extended artificially for these unused
registers. - Several circuit arrangements are used to ac-
complish this grouping. function.

When the oufput registers are operated for any type iof
detail call whose called number is given in three digits,
output registers Called Number Teén ‘Thousands and
Called' Number Thousands will not be filled.” The Called
Party register will not be set up for punching but will bé:
filled by the operation of relay NPY for no ‘party -from
ground through contact 17 of relay CO, which will be
operated for the called number index -zero. Relay CO
will also operate relay 3DN in the grouping circuit-from
ground on contact 16 of relay C@ to indicate the three-
digit number. The Called Party and Called Number Ten
Thousands registers are up-checked on an alternate basis,
that is, one relay operated in the Called Party register
plus no relays operated in the Called” Number Ten
Thousands register or no relays- operated in the party
register ‘and two-out-of-five relays operated in:register
Ten Thousands will close alternate paths to afford. an
up-check. In this case relay NPY operated will cause up-
check ground lead UCH, Fig. F, to be carried through the
four other relays of the Party register, from left to right,
then over lead PUC through all of the relays: in the
Called Mumber Ten Thousands register normal. = The
operation of relay 3DN, at its armature 1, will transfer
the up-check from its regular path through the Called-
Number Thousands register, which path is closed through’
to lead UC when two-out-of-five relays of the register are
operated, when the register is used, to lead SUCI1 which
is closed through this register to lead SUC when all -.of the
relays of this register are normal when the register is not’
used. This latter lead as it emerges from the register is’
connected to the regular up-check lead UCH, and extends
through the other registers on the regular up-check for
the remainder of the output register digits.

When a call has a four-digit called number, the Called
Number Ten Thousands régister will not be filled. “The
Called- Party register will be filled by the operation ‘of
the no party relay NPY or one of the party relays. This®
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register and the -Called Number Ten Thousands register
are up-checked on an alternate basis as explained in the
preceding paragraph.

‘When a call has a five-digit called number the Called
Party register will not be filled but its up-check will be
taken care of by the Called Number Ten Thousands
register on the alternate basis described above.

When a call entry has 00 in the E and F digits of
line 5 indicating no message units, relay NMU in the
grouping -circuit, Fig. 62, will be operated from ground
through contact 6 of relay 4F7, contact 6 of relay 4F4,
contact .6 of relay SF7, contact 6 of relay 5F4 of the line
5 input register, Fig. 41, contact 14 of the detail con-
nector relay DCD operated and the winding of relay
NMU to battery to switch the regular up-check lead UC
at armature 1 of the relay after it emerges from the
Charge Time Units register and before it enters the Mes-
sage Units Tens register on the UCH lead, to the SUC1

5
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lead, which is closed through the register as well as the -

Message Unit Units register when all relays in each are
normal, when the register is not used and then connects
to the regular up-check lead UC1 for the up-check of
the remaining registers.

‘Grouping relays 3DN and NMU, when used, lock in
the same manner and for the same time as output register
relays. In addition they are used to short leads in the
punch control circuit whose function is described in a
later section.

Grouping for the processing of summary tapes is ac-
complished in the tape index register, Fig. 25, through
its control of the output register connector relays as de-
scribed hereinbefore.

Up-checks for the following groups of output registers
which are never used for summaries are shunted by con-
tacts -on relay SCA as follows:

(1) Answer Day Tens and Answer Hour Tens.

The up-check path through these registers in series is
shunted by contact 25 of relay SCA operated.

(2) Called Area, Called Office A, Called Office B,
Called Office C, Called Party, Called Number Ten Thou-
sands, Called Number Thousands, Called Number Hun-
grleds, Called Number Tens, Called Number Units and

ass.

The up-check path through these registers in series is
shunted by contact 26 of relay SCA. operated.

(3) Message Unit Tens and Message Unit Units.

The up-check path through these registers in series is
shunted by contact 27 of relay SCA operated.

Converter. control of. punch

General descritpion of punching—When the output
registers of the tape to card converter have been filled
with information to be punched on an IBM card, the out-
put register up-check gives a start signal to the punch se-
quence control to ground the first emitter lead, which
connects to contact 12 of the Emitter, Fig. 74, the path
has been traced in the foregoing. The punch emitter
controls the connecton of ground successively through
emitter contact 12, 11, 6, 1, 2, 3, 4, 5, 6, 7, 8 and 9 one
at a time and through the rotatable arm of the emitter.
When the grounding period of the last emitter contact
9 has ended, all required punches will have been made
in the IBM card in the manner described below. The
relay contacts operated corresponding to any number
stored in any given output register will close the corre-
spondingly designated E lead, of the group E0 to E9 and
E11 and E12, shown entering the lower right-hand por-
tion of the various registers, as required, to a punch and
check punch relay in series for the column on the IBM
card in which the information in the output register in
question is to be punched. While the E12 lead is
grounded a path is closed.through the Month register

and the windings of the check punch relay CP14 and

punch relay P14 or check punch relay CP15 and punch
relay P15 depending upon the registration. At the same
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time a parallel path will be closed through contacts of the

Overpunch register to check punch relays CP16, CP17
or CP18 and punch relays P16, P17 or P18, respectively,

depending on the manner in which the Overpuich register -

relays are operated. As another example, consider the
Called Number Units register, Fig. 65 and Fig. D and the
lead E5. If relays 1 and 4 in the register are opérated
simultaneously, the E5 lead is connected through con-
tact 8 of relay 1 and contact 7 of relay 4 to the common
punch lead P3@, which extends through the top winding

of check punch relay CP30 and through the winding of -

punch relay P30 to battery, operating punch relay P30.
While any E lead is grounded, the punch relay in the
converter will be operated to close circuit breaker ground
to the punch magnet. The circuit may be traced from
the symbol for positive battery, which is grounded,
through interrupter contact Ci1, C12, C13, Fig. 74, ter-
minal 16, column 1, contacts of all of the punch magnets
which are operated for the particular row, into Fig. 83,
through terminals of columns 4 and 5, which may be
cross connected to the windings of punch magnets 1 to
80 in any manner desired, to punch any vertical row or
rows of the card as desired. Only thirty-four punch re-
lays P1-P33 and P40 are shown and only thirty-four of
the eighty columns will be punched. A hole will appear
in the assigned vertical column in that horizontal row
which bears the same designation as the E lead, that is,
the emitter lead, in question since the motion of the card
in the punch is synchronized with the grounding of the
E leads. In order to punch any given number under the
control of a given register all emitter leads must appear
at this register. Consequently each of the emitter leads
from the punch sequence control is multiplied to all output
registers which may store the number assigned to the
emitter lead being considered.

Punch checking—When a given punch lead from an
output register is grounded the associated punch relay
P— and check punch relay CP- will be operated in series.
The relays CP~ are constructed to remain operated until
restored as described below. Shortly after the connection
of ground to the E9 lead in the punching of a particular
card, a CP- relay will have been operated for every out-
put register used in punching. The E9 lead of the punch
sequence control is then carried through make contacts
of all relays CP1 to CP33 in series, Figs. 81, 80, 79, 78,
77, 76 and 75 and .through the windings of relay CP4§
and relay P40 to battery to operate relay P40 and relay
CP40 in series. Relay P40 is assigned to a column in
which a 9 is punched to indicate a good card. Relays

CP- for output registers not used for the punching of a:

particular card will not be operated and therefore their
make contacts in the series chain must be shunted to effect
a good card check by the operation of P4¢ and CP46.
Contacts on one and only one of the CP16 and CP17
relays for billing X and non-billing Y will be closed for
any given card. The make contacts of these two relays
are, therefore, placed in parallel in the check chain.
Contacts on CP24 and CP25 relays for called party and
relay CP26 for called number ten thousands are also in
parallel since they ther closed on a one only basis.
Shunting these two CP- relay contacts is a contact on
relay NPY in the Party register to close the check path
for a three-digit number or a four-digit number without
party letter. The called number thousands relay CP27
is shunted by contact 3 of relay 3DN for three-digit num-
bers. The message units relays CP32 and CP33 are
shunted by contact 3 of relay NMU, Fig. 62, for no
message units. Relays CP- not used for summary cards
are shunted by -contacts of relay SC.

Converter control of the IBM punch.—Several relays
are operated in the IBM punch as a result of the operation

of both the Motor Start key and the machine start key

Mach Start, Fig. 4, in the tape to card converter. These
controls are discussed in detail in the section on the IBM

punch. In addition the converter must give a start signal-
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‘{0 the punch for every punching cycle. This signal in
effect becomes a priming pulse when the punch. is kept
“in continuous operation. The start signal in the converter
‘s the closure of a series chain-of contacts, to be traced in
the next paragraph, which short the IBM punch terminals
5 and 6 of column 1, Fig. 74.- During continuous opera-
fion a closure between these terminals 5 and 6 keeps the
punch clutch operated during that portion of the punch-
ing cycle for which the clutch control relays are not

locked.
During continuous operation, the. start signal is made
“in the converter through the following series chain: IBM
punch terminal 6, column 1 through contact 6 of relay
AL normal, through an input register up-check, to be
described in detail immediately hereinafter, through con-
tact 2 of relay CUL normal, contact 1 of relay OCL and
contact. 1 of relay NC operated, and contact- 1 of relay
“PT normal to IBM punch terminal 5, column 1. If relay
AL is operated; ‘indicating an" alarm in the machine, its
normally made contact will: be opened and the start
signal canot be given for a new punch cycle. The input
register up-check indicates during the current cycle that
a complete set of information is registered and is soon
to be transferred to the output registers. for punching.
Thus the input up-check enables a signal for the new
punching. cycte during which that very information - will
be punched. “The input up-check path for detailed calls
which is interposed between contact 6 of relay AL and
‘contact 2 of relay CUL consists of a series chain through
contact 3 of relay UCL, contact 3 of relay UC2, contact
2 of relay DA, contact 3 of relay UC3, contacts 3 of
relay UC4, and contact 3 of relay UCS all operated. The
“input up-check for a summary consists of a series chain
through contact 3 of relay UCL, contact 3 of relay UC2
and contact § of relay SB all operated intérposed between
-the same peints.  For. the Case of card servicing stoppage
on the last call ‘there is a by-pass around the contacts of
- relays UCE=UCS through maké contacts 9-of relay L1
and 8-of relay RUC. . Relay. CUL is operated once per
- card cycle over:a path.from ground through terminal 14
of column -1, cam operated-contact: C9 in the IBM. ma-
*chine, Fig. 74, terminal .13, column' 1. and ‘the winding
of ‘relay CUL, Fig..73; to battery to ‘open its back con-
_tact and thereby guarantee the release of relay OCL, the
“Jocking path of which extends through contact 2 of relay
"CUL.” The operate clutch relay, OCL is-operated in
parallel with'the operate check punch relay OCP, whea
a.check hias been made that a good card bas been punched.
“This feature is desctibed i a previcus section. on checking.
Relay OCL has been:locked to IBM ground on the-signal

- -path thfough its own front ¢ontact-2 .and its tep on sec-
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o ondary winding, This “winding “is energized - with IBM™" .

power supply. ~The signal path will remain closed, except
forsaaiaim, until CUL operates. - S
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The summary punch is equipped with a card handling unit

known as a punching unit. |
Operating principles of summary punch.—Thé IBM
Summary Punch Models 514 and 523 are well-known
commercial accounting machines and it is not ¢onsidered
that a detailed description of their operation is necessary
to an understanding of how they cooperate with the
presént tape to card converter circuit and it is considered
that a general description of the functions of the machine
will be all that is required for an understanding of the

- ‘present invention.

In" operation, cards move through the punching unit
from the punch féed hopper wheére blank cards are stored
to the stacker where punchéd cards are deposited in three
card-feed cycles. Each of these cycles except the last is
broken -into fourtéen equal intérmittent miotions. ~This

is necessary because -the nature of the machine requires

that a card being punched must be stationay while each

‘row. of holes, 12,11, and 0 to 9, inclusive, is being

punched. - While only twelve punching positions are used,
two extra intermittent motions are required to clear the
edges of adjacent cards and the spacing bétween cards,
making fourteen in all.  These positions aré numbered
14, 12, 11,0,1, 2, 3, 4, 5,6, 7, 8, 9 and 13. ' The driven
portion of the punching unit stands at reést in position
13.5 that is between positions 13 and 14 in the cycle when
not in use is picked up by the driving mechanism in this
position by means of a single position clutch of the pawl
and one-tooth matchet type and coines to rest again in
position 13.5 when the machine is stopped for any reason.
Cards flow through the punching unit in tandem. When
the machine is started one complete card-feed cycle is
{equired ‘tomove the first card out of the card-feed hopper
into position where it is ‘available for punching, which
position is called the die-card position. - On ‘the second
card-feed cycle-the first: card moves past the punching
dies, the first card is not punched, and intc position where
it'{s available for checking or sensing if required by thie
punch brushes; which position  is called the punch' card
position; while a second card moves out of the feed hopper

~into-'the ‘diescard position; - On:the third cycle the -first

card is “sensed” or-checked as’it moves past the punch
bruslies. ~The second card is punched. das"it moves past

‘the punch-dies into the “punch card” position and. a third
‘card: ‘moves: out. of the feed hopper into. the” die-card

position. - This paftern of card motion then continues as

Jong -as' the machine .continues ‘in operation. with ‘cards

flowing from the feed hopper past the punching, checking

56 and iffo the stacker as just described,'all cards except. the

first being punched and checked. - When the machine is

stopped -at the end .of the processing rum; two.punched

cards, which have not yet reached the stacker, will remain

““in the'machine one in the “punch card” position, and orie

path for-the ﬁ__rst»punchiﬁg—operation after -the converter '~

has been emptied of information. - This -condition might

_arise due to stopping the converter-or to:the passage. of

splice - pattern through the reader of ‘the converter. In.

this case the pumch start relay PST; Fig. 73, will operate
and by closing its contact 2 will short contact 1 of relay.
OCL.  Relay PST is operated directly from ground
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through contact 2 of -the machine start key Mach Start

or from ground through contact 1. of relay. SK operated
“and contact 1 of relay RDC operated .and through the

65

~winding of relay PST to battery. ~Relay PST ‘will lock to -

-ground through contact: 1 of relay CUL normal and con-
‘tact 8§ ¢ >
_the ‘punch has completed ‘one ‘card cyclg. o

,»-._OéeFaifén of Summary ;‘Puﬂch e

General déscription of summary punch.—The summary

" ‘punch is an electrically operated machine for punching
business machine cards from. signals obtained over com-
pections usually through.a cable from" another machine.

of relay MON:operated: ~Thus it will b& held until" -
0

75

C i Sl e i the prestacker position.: - To obtain these cards it is
Relay- OCL' will not be operated. to «close _the 'signal -85 :

necessary to operaté the Start'key of the punch twice or

to hold the Stait Key while the machin€é comipletes two
- ¢ard-feed c¢ycles, as subsequently described. ™

Pr.elin'iinary operation” of summary punch.;Beféré
starting”the operation of the tape to card converter it is
necessary to prepare the summary punch for such opera-

“tion. - This' is accomplished by inserting a punch’ plug-

board  connector, having the proper cross connecting
field, Fig. 83, inserting blank cards into the punch unit
card-feed hopper and operating the Start key of the punch

swhich moves cards into a position for punching and read- "

ing.  These two ‘carddfeed cycles cause two blé{nkj:ards to
move ‘out of the punch unit feed hopper, the first ‘moving

“past the punching- dies without being punched into -the

punch card position. The second card moves into the

- die-card position where it is available for punching when

then tape to card converter is started. . The insertion of
blank cards into’ the punch.unit card-feed hopper op- .
erates a lever in the machine call'jc,d the punch magazine
card lever. If the Start key of the maching is oper‘ated
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momentarily ‘it ordinarily advances "all cards one posi-
tion.

If the Start Key is held operated, the clutch remain
operated and cards continue feeding. When the Start
Key is released the clutch releases in a manner to stop
the machine in its normal position 13.5.

The .second momentary operation of the Start key
causes another card-feed cycle.. On this cycle the first
card moves past the punching dies without being punched
into the punch card position and a second card is picked
up and moves out of the card-feed hopper into the dic-
card position. Near the end of this card-feed cycle the
progress of the first card causes the closing of the punch
brush card lever. When the power is connected to the
machine, preliminary start relay 22 is operated over a
path from positive battery through terminals 2 and 9,
column 1, Fig. 74, and through the winding of relay 22
to negative battery.

Starting summary punch—When the Motor Start key
of the converter is operated, the operation of motor start
relay MST operates relay NC in Fig. 1. The path may
be traced from ground through contact 7 of relay MST,
terminal 11 of column 1, Fig. 74, through contact 5 of
relay 2, contact 4 of relay 3, both of which are operated
following the operation of relay 22 in the machine,
through contact 12 of column 1 and the winding of relay
NC, Fig. 1, to battery. Relay NC operated partially com-
pletes the input register up-check control circuit for the
operation of the punch clutch as subsequently described.
When the Machine Start key of the converter unit is
operated, the operation of relay RCD of Fig. 6 es-
tablishes a circuit from positive battery through terminal
2, column 1, Fig. 74, through contact 6 of relay RCD,
contact 4, column 1 and the winding of start control relay
23 of the punch, operating the relay.

Card processing—As previously described the tape to
card operation is started by inserting the tape to.be
processed into the reader and operating . the Machine
Start key of the converter.” When the input register of
the converter unit is filled as a result of this operation a
fundamental up-check circuit is closed between terminals
5 and 6, column 1, Fig. 74, operating a clutch control re-
lay of the punch. In case the tape being processed con-
tains detailed message entry patterns, this fundamental
circuit for the. operation of punch clutch is as follows:
Starting from -negative- battery "in - the. punch -machine
through the top or so-called pick winding of clutch con-
trol relay 10, Fig. 74, terminal 5.of column 1, contact 1
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of relay. PT normial, contact 1 of operated relay NC, Fig. -

1, contact 2 of operated relay PST, contact 2 of normal
relay \CUL, contact 3 of each of operated relays UCS,
UC4 and ‘UC3, contact 2 of operated relay DA, contact
3 of each of operated relays UC2 and UCI1, contact 6 of

normal relay AL to terminal 6, column 1 and into the )
55

punching machine where it goes through a series of con-
trol contacts and finally to positive battery. In case the

tape being processed contains message unit summary en--

tries the UCS, UC4, UC3 and DC relays mentioned in
this up-check chain are replaced by ‘the single operated
relay SB, the path passing through its contact 15. This
circuit being closed initiates the operation of the punch
drive motor and subsequently the clutch.

In the meantime while the driven portion of the punch
unit is being picked up and moved toward the first punch-

ing position 12, a separate input register up-check circuit,

is effective in causing the filling of the output register.
When this process has been completed the associated out-
‘put register up-check relay RUC is-operated, causing the
"operation of a pattern of punch relays P— in the con-
verter as determined by the requirements of the output

register setting,-one punch relay being operated for each

column of the IBM card requiring a “12” hole to be
punched, that'is, a hole in horizontal row 12 of the card.
The operation of the oufput register up-check relay RUC
also operates a relay to control the start of the card
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checking operation described in a later paragraph and
starts the operation of the control circuits which function
to dismiss the input register and translator relay registra-
tions of the first call and to register instead the details of
the second call. Each punch relay operated connects a
particular terminal of column 4 or column 5, Fig. 83,
through an individual connected terminal, known as a
counter-total-exit hub, through the operated punch relay
P- contact and terminal 16 of column 1 to the summary
punch circuit breaker contacts Ci1, C12, C13 and each
counter-total-exit hub used is cross connected to, another

" particular terminal known in the art as a punch-direct

hub and from the latter through the winding of a par-
ticular punch magnet individual thereto, according to the
desired card column arrangement, When the punch unit
rotating mechanism reaches position 12 of the index gear
the circuit breaker closes, connecting positive potential
to all punch magnets required to be operated for the par-
ticular “12”-row ‘of holes, the magnets operated being
determined by the setting of the punch relays and the
plugboard hub connections as just described. Those
punch magnets operated cause punch rods to be associated
with the tongue of the common punch bail which is driven
downward shortly after the operation of the punch mag-
nets. . Each punch rod so associated punches a hole in its
particular column on horizontal row 12 of the card which
is momentarily stationary in the horizontal row 12 posi-
tion. At position 12 relay PR, Fig. 73, in the converter is
also operated by the closure of the circuit breaker since its
right-hand terminal is permanently connected to negative
battery through contact 10 of column 1 and its left-hand
terminal is connected through contact 16 to the circuit
breaker contacts which are closed in position 12. The
operation of this relay causes the punch sequence control
circuit to function when the circuit breaker opens, since a
circuit is closed through position 12 of the emitter, releas-
ing the punch relays required to be operated for the “12”
row of holes and operating those required to be op-
erated for the “11” row. -This emitter lead control of
the punch operation is described in detail in ithe para-
graphs hereunder covering Punch Sequence Control,
Punch Check-Down and Punch Relay Operation. When
punch position 11 is reached the circuit breaker again
closes, - operating. those punch magnets required for
punching the “11” row -of holes, the punch magneéts op-
erated being again determined by the setting of the punch

‘relays and the plugboard connections and the card being
“stationary at this time in the “11” row punching position.
~In a similar manner the “0” to “9” rows of holes are

also punched. -During the punching of the final or “9”
row-of holes the functioning of the output register punch

‘check relays causes the operation- of relays OCL and

OCP:-and the punching of a “9” hole in a particular col
umn as a card check punch, provided the punch.check re-
lays have successfully checked down the output register as

“ described in the paragraphs on Punch Sequence Control,

Punch Check-Down and Punch Relay Operation. This

_check-down operation if successful also releases the out-

put register and also closes through the loop circuit to
the punch clutch provided the details of the next call have
been registered in the input registers and the correspond-

ing up-check circuit completed. This fundamental input

register up-check circuit for the punch clutch is the same
as previously described except that the PST relay is not
operated at this time and the part of the chain through
contact 2 of relay PST is completed instead through con-
tacts 1 of the operated relay OCL. During the progress

‘of ‘the punching. cycle the punch clutch control relay

is operated so that the punch clutch magnet is reoperated
thus preventing the disassociation of the driving portion
of the machine from the driven portion of the punch unit

“and causing -the machine  to start amother perforation
cycle.
‘junction with a separaté input register up-check previ-

The dismissing of the output register, in con-

ously mentioned causes the output register to be refilled,
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this time with the data of the second -call. ““When' this
process is completed, the associated circuits cause -the
operation -of -all punch relays associated with the “12”
row of holes as determined by the setting of the output
register relays and the pérforation cycle for the card for
the second call entry, the third card now having moved
into the die-card position, that is, the position for punch-
1ng and the second card into the punch card position, that
is, the  position for checking. “When position 14.3 is
reached the closing of the punch cam operates relay CUL,
over a circuit from negative battery through the winding
of relay CUL, Fig. 73, through contact 13 of colymn i,
cam contact C9 and, contact 14 of columa 1 to ground,
’{elay CUL operated opens the findamental start control
circuit . releasing relay OCL for reasons outlined -in the
paragraph on Punch Sequence Control, Punch’ _Check-
Down and Punch Relay Operation.

- Card punch check.—As mentioned in the paragr aph on
the operating principles of the summary punch, cards are
checked as they pass under the punch brushes during
the third cycle of each card’s excursion through the punch
unit of the machine. By means of the double punch and
blank column detection apparatus, column splits and the
proper plugboard wiring, ‘columns of the card may be
checked for the correct number of punches. When in-
correct punching is detected, the progress of the sum-
mary punch is stopped at the end of the card cycle,
an alarm lamp is lighted in the summary punch and the
punch trouble lamp is lit in the converter.

. Stopping Summary Punch

Machine release key operated—Once started the tape
reading and card punching process proceeds to the end
" of the AMA tape as just described as long as blank
cards are in the purich unit feed hopper and the punch unit
stacker is not filled, ~The machine releass key Mach.
RIS, Fig. 4, is operated if it is ‘desired’ to-stop the ma-
chine for any reason. The operation. of this key pievents
the refilling of the input registers 'of the converter after
the tape information currently registered “or being ' re;
istered has produced an’ up-check. * The machine. con-

.. tinties. in operation until the information currently reg-

190

“from the stacker - and operating the Motor Start and

“Mach. Start keys as elsewhere described.
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istered or being registered ‘in the-input has been trans-

ferred to the output registers and punched into’ an IBM
card as. previously. described and the input registér is re-
leased. - The machine opetations are then brought.to a
halt because of the lack of the input register up- check

operating ¢ircuit for the stimsmary punch ‘clutch. " This -

46

also results in’ stoppmg the drive motor. To restart after

c~guch a stop it is only necessary to operate the Motor.

Start and ‘Mach.. Start’ keys. This" operation will start
the reading and registering of-the ‘data of the next ‘call i1
the input registér and start the operatron of the -punch
as described hereinbefore.

Stop for card servicing—In case the blank card supply
is exhausted the machine will -be automatically ‘stopped
as follows: The last card in moving from the punch unit
causes the release of the punch magazine card lever
which in turn releases a relay in the punch. The release
of this relay releases relay NC Fig. 1 a. portion of the
operate path of which extends through the punch between
terminals 11 and 12 of column & Fig. 74. The release
of relay NC establishes a path from ground through
contact 6 of relay TCM Fig. 5 and contact 2 of relay
NC and through the filament of the No Cards-
light the lamp. The release of relay NC intefrupts the

fundamental “input register up-check circuit “which:was
traced  through’ its contact ‘1" thus causing “the punch’

clutch to be released by the ‘opening of a cam contact
when position 9.5 of the current punch cycle is reached.
Releasing the clutch stops all punching and tape reading
operatrons The release of relay NC also'prevents bring-
ing an alarm at this time as described in. paragraph’ on

Punch- Stoppages. The machine is. restarted’ by filling

the ‘punch unit feed hopper, removing the punched-cards

lamp to
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In case the stacker becormes filled before the blank
card supply is éxhausted the opening of the stacker con-
tact interrupts the fundamental input régister up-check
circuit, causing the release of the clutch which func-
tions ‘to stop- the machine as previously described. In
‘this case however, due to the fact that relay NC does
not release, a general alarm will be given. It will then
be necessary to operate the Mach. RLS key Fig. 4
of the converter in addition to removing the cards from
the stacker in order to restart. It is-advisable to card
service before the card stacker contact operates to avoid
having to log call data and release the input and output
registers before ‘restarting.

Stop because -of card feed fazlu;e—In case.the cards
should fail to feed properly at any time the machine
will also be stopped and ‘an alarm sounded by the open-
ing of the die-card lever or punch brush card lever con-
tacts. The opemng of the die-card lever contacts re-
leases relays in the punch which release relay NC of
the -converter: which in turn lights the No Cards lamp
and opens the fundamental input register up-check cir-
cuit for the operation of the clutch, causing the machine
to stop at the end of the curreat punching cycle as previ-
ously described. Opemng of the punch brush card lever
contact effects the opening of the circuit breaker lead
to the punch relay contacts and the PR relay of the con-
verter unit, thus preventing further punching and check-
down-of the output register on the punching cycle. in
progress at this time. Due to the non-operation of the
punch -sequence control relay PR the output register
punch check-down operation ‘as described in detail here-
inafter, for the punching cycle in progress will not be:
completed. The non-completion of the check-down op-:
eration prevenis the closing "of the input regxster up-
check ‘circuit to operate the clutch, thus causing the:~
machine to stop and an alarm- to be sounded -as previ--.
ously described. After restoring the alarm by the op-» :
eration of the Mach. RLS key and clearmg the trouble:
in the punch it will be necessary to .insure that blank
cards are in the die-card and punch-card posmons by
use of the Start key of ‘the punch.: -Starting is then ac-
comphshed by operation- of the Motor Start and Mach:

Start keys. of the converter the machme functronmg as

prevmusly described. .

Normal stop at ‘end of processing. —When thP IAQt en-
try:on the AMA tape has - been . read, registered - and
transferred to. the output register, the summary punch
will-compléte the punching of the details- of:this last call
entry but ‘will then stop due . to the lack’ of the input
Tegister: up-check which permits the cluich to release;

- When the machine stops, the driven portion of the punch
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- Ainit’, stops in position. 13.5 whereas the driving: portion

coasts to 4 stop somewhere between positions 6 and 9
Since the machine halis immediately after the perfora—
tion of the last card, two cards, mciudmg the last card
perforated and the' last card checked will still be in the
punch unit mechanism. The last card perforated will
be resting in’ the punch card or card sensing posmon
and the last card checked will be in the prestacker posi-
tion. To obtain these two cards it is necessary for the
operator to operate the Start key of the summary -punch
80 as-to-operate the machine through two com*)lete card-
feed' cycles before operating the End of T ve key .of
the converter. - During the first .of these two e‘{tra card-
feed cycles the last card to be punced will be checked as
previously- described. During. the second of these extra
card-feed cycies blank cards will be fed past the punch
brushes ‘as previously described: for :preliminary -opera-
tion on starting “as described hereinbefore: However,
due to ‘the fact that the output registér up-check relay
RUC of the convertér is mot operated, a punch circuit
is actuated preventing a false indication of blank column
error while the blank cards are passing.under the punch
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brushes. Tt will be noted that after the operation of the
Tape End key the summary punch is in condition to
process the next tape without the necessity for further
preliminary operations as described in a previous para-
graph, since blank cards are now already in the die-card
and punch-card positions.

Stop because of card check failure—~When the sum-
mary punch card check as described in paragraph on
Card Punch Check fails, it impresses a potential between
terminals 8 and 10 of column 1, Fig. 74, operating
relay PT of the converter. Relay PT operated closes
a circuit from ground through contact 6 of relay TCM,
contact 3 of relay PT and the filament of the punch
trouble lamp Punch Tbl, Fig. 1, to light the lamp and
at contact I of relay PT opens the input register start
pulse circuit described in the paragraph on Card Process-
ing, causing the machine to stop after the card cycle in
progress at the time. When the machine stops the card
which caused the card check failure will be resting in
the pre-stacker position while a card which has just been
punched but not checked will be resting in the punch
card position. To obtain the defective card for exami-
nation it is necessary to operate the Reset and Start keys
of the punch. The operation of the Start key of the sum-
mary punch causes the circuit to function as described
in a previous paragraph, causing the card on which the
error was made to be fed through the pre-stacker posi-
tion while the last card punched is checked as it is fed
past the punch brushes and the blank card which was in
the die-card position is fed past the punch dies without
punching and into the punch-card position. If this last
card punched passes the card check’ satisfactorily the ma-
ching may be restarted by operating the Motor Start and
Mach. Start keys, Fig. 4, of the converter unit. . If the
last card checked proves to have been defective the card
check features will function as described above. This
second defective card is cleared into the stacker by oper-
ating the Reset and Start keys of the IBM machine. The
circuit functions once more as just described except that
the check for double punch and blank column will not
be made. Upon clearing the trouble the machine is re-
started' by operating the Motor Start and Mach. Start
keys of the converter. When restarting, the machine
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functions as described to omit the double punch and -

blank’ column check for the blank card which is now
in the purch brush position. =

Punch sequency control, punch check-down and punch
relay operation—As covered in the paragraphs on the
Output Register, the complete information to be punched
into each IBM card is set up in the output register relays
either “in two-out-of-five.- or . decimal form . before the
punching is starled. In converting this information into
IBM punched hole form in which each column repre-
sents a numerical digit, or a numerical digit with over-
punch, it is necessary to punch the information one hori-
zontal row at a time as covered by the paragraph on the
Operating Principles of the Summary Punch. The punch
sequence control, Figs. 73 and 82, the punch control,
Figs. 75 to 81, and the punch check control, that is the
OCL, OCP, PST and CUL relays at the left in Fig. 73,
provide a means for directing ¢ircuit breaker pulses from
the punch so as to operate the correct punch magnets in
the punch machine for the punching of each row of holes
as determined by the setting of the output register relays.
This selecting and steering operation must be completed
for each row before the circuit breaker of the punch
closes to punch that row of holes. A further function
of these ‘circuit figures is to provide an output register
check-down' for all twelve rows punched and cause a
check punch in the “9” or last row in a particular
column, provided this.check is satisfactorily completed.
The circuit arrangement also insures that the punching
operation is at all times in synchronism with the position
of the emitter of summary punch. These operations will
now be more fully described, .

45

50

55

60

‘92

* Preparation for punching—When the output register
is completely filled at the start of each punch cycle the
operation of the up-check relay RUC, Fig. 24, connects
ground from contact 7 of relay RDC through contact 6
of relay RUC-into the punch sequence control circuit.
All relays of this circuit except relay ONB being normal
at this time, this ground is directed through the back
contact 1 of relay 9E, back contact 5§ of relay AL and
back contact 1 of each of relays 8E, 7E, 6E, 5E, 4E,
3E, 2E, 1E, 0E, 11E and 12E and over the “E12” lead
to the contacts of the output register relays, where it is
multipled to make contacts of all register relays which
may be required to operate to register a “12” or “Y”
punch. Each “12” punch register relay so operated
connects this ground supplied over the “E12” lead
through the secondary winding of a CP- relay and CR~
resistor in parallel to battery through an associated R—
resistor and P- relay. Both the P— relays and their as-
sociated CP- relays operate. The circuit breaker Ol11,
12, 13, Fig. 74, of the punch is connected through termi-
nal 16 and multipled to the armatures of all P— relays.
Each P- relay operated, therefore, connects the circuit
breaker to a particular Counter Total Exit Hub of the
punch, each of these hubs being connected by means of
plugboard straps to a Punch Dijrect Hub, Fig. 83, con-
necting to the correct punch magnet for the column
desired. In register columns containing only numerical
digits there will be one P relay and one CP— relay per
column. For columns containing overpunch informa-
tion there will be one P~ and CP- relay pair for the
overpunch section of the column and another similar
pair for the numerical section, the contacts of both P-
relays being connected by means of the control panel
of the punch to a common punch magnet. FEach CP-
relay operated provides one opening in a down-check cir-
cuit which connects in series through the back or left-
hand contacts of all CP— relays. Each CP- relay oper-
ated also closes one contact, its front or right-hand con-
tact, of an up-check chain. The function of these two
check ‘chains will be explained later. The connection of
ground to the “E12” lead also. operates the 12F relay,
Fig. 73, which in turn operates the ET12 relay. When
the emitter of the punch -reaches position 14.3 cam
contact C9 closes supplying ground to operate relay CUL
Fig. 73, Relay CUL’ operated opens the locking circuit
of relay OCL which was operated on the previous card
punch cycle as described previously.

Punching sequence~—Approximately 4 milliseconds
after the emitter of the punch reaches the “12” contact

, point as described in the section on Card Processing, cir-

cuit breaker C11, 12, 13, Fig. 74, of the punch closes,
operating all of the punch magnets which are connected
to the contacts of operated P- relays and also operating
relay PR, Fig. 73. Relay PR operated connects the
ground from the “E12” lead to the EC12 resistor to dis-
charge the 12C condenser through the winding of relay
12E over the following circuit. From the grounded
“E12” lead through terminal 11, column 2, Fig. 74, to
terminal 12 and the rotatable arm of the emitter of the
summary punch, through terminal 15 of column 1 and
back contacts 2 of all ET— relays except ET12, through

" make contact 2 of relay ETI2 through make contact 2

65

70

75

of operated relay PR thence through make contact 4 of
the operated relay ET12 to the top terminal of resistor
EC12 the bottom terminal of which is connected to nega-
tive battery. It will be observed that the chain circuit,

“which extends through the top contacts of the ET- relays

and is extended through the bottom centacts of the ET~
relays when relay PR is operated, is arranged so that it
will be continuous when one only of the ET- relays is
operated and that the particular operated relay terminates
the chain through its lower contact in a resistor corre-
sponding to resistor EC12. Since the left-hand or posi-
tive side of the 12E relay winding is connected to a
source of potential which may be, for instance, approxi-:
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mately 26 volts obtained from the junction of the poten-
tial dropping resistors B and ‘G, and its right-hand or
negative side is connected through the 12C condenser
and the EC12 resistor to a source of potential which may
be, for instance, 52-volt battery, the grounding of the top
termitial of the EC12 resistor will change the potential
on-condenser 12C by approximately 52 volts thus caus-
ing a current surge through. the winding of relay 12B.
This: surge, however, is in such a direction as to keep the
armature of relay 12E in the non-operated condition, in
engagement with its left-hand contact as shown in Fig.
73. Relay PR operated, through its contact 1, also oper-

. ates relay RT. " The operation of relay RT provides one
, “closure’ to-the alarm . timing circuit to keep the short
valarm from operating: as long as the machine is run-

ning, as described in the section on Alarms hereinbefore.
. The circuit breaker ‘of the summary punch remains
closed for approximately 13 milliseconds to insure the
operation. of all connected - punch magnets and then
opens, releasing  all ‘operated punch magnets and also
releasing relay PR. . Relay PR released releases relay RT

to terminate the pulse to the alarm timing circuit and -

disconnects ground from the ECI12 resistor. The dis-
connection of ground from resistor EC12 permits con-
denser 12C to be recharged to its original voltage rela-
tionship. = This change of voltage on condenser 42
causes a surge current through the winding of relay 12E,
the surge this time being in the direction to operate relay
12E. 'The design of relays 12E, 11E, and €E to 9E
inclusive is such'that once operated by a current surge
in the .operate direction they will remain operated until
they receive a current flow in the opposite direction.
Relay 12E operated disconnects ground from the “E12”
lead to the output registers and connects ground instead
to the “E11” lead.  The disconnéction of ground from
the “E12” lead releases relay 12F which in turn releases
relay ET12 and also releases. all. of ‘the punch relays
which had been operated for the punching of the “12”

Tow of holes. : The.CP- relays which Had been operated
- in preparaticn for the punching of the “12” row of holes
The ‘design: of the CP- relays ds such’

that .orice operated they will remain operated until they
Teceive a current” flow in the restore direction. The
connection -of ground' to the “E11” lead operates ‘relay

11F which in' turn operates’ relay ET11 and also oper-
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operation continues in this manner for the punch prepa-

) ration and Punching Of the “0,” “1,” “2’” “3,” “4’” “5"‘!
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“6,” “7” and “8” rows, the corresponding OE to 8E in-
clusivé relays operating in sequence as determined by
the operated relays ET6 to ET8 and CP- relays corre-
sponding to the output register registrations for each row
of the card O to 8 being operated. The operation of
relay 8E, when the circuit breaker opens reléasing relay
PR after the punching of the “8” row of holes, will dis-
connect ground from the “E8” lead and connect ground
instead to the “E9” lead as previously described, releas-
ing relays 8F and ET8 and the punch relays which had
been asociated with the punching of the “8” row-of holes
and operating relays 9F and ET9 and P~ and CP- relays
associated with the “9” row punching as determined by
the setting of the cutput register relays.

At this time there should be a CP- relay operated for
edch numerical digit or overpunch which had been regis-
tered in the output register. - For each digit or overpunch
section-of the-régister in which data is not required to be
registered, the make contacts of the associated CP- re-
lays are shunted by by-pass. circuits through the contacts
of ‘operated SC,” NPY, 3DN or NMU relays. There-
fore, when the punch preparation sequence and check
relay operations just described havé been completed an
additional “circuit " is completed from the “E9” lead,
through the right-hand contacts of all operafed CP- re-
lays, CP1 to CP33, inclusive, to operate relays P4% and
CP40. Relay CP40 operated, operates relays OCP and
OCL through their primary windings in parallel. = The
P40 relay has its make contact connected through the
plugboard of the summary punch to a punch magnet
controlling the punching of a particular column of the
card. A “9” punch in this particular column is con-
strued by other business machines in later stages of card:
processing as an-indication of satisfactory punching in
the tape to card stage. R o :

“Punch cycle completion—When the circuit breaker of

‘thé summary punch ¢loses to punch the “9” holes of the

catd as determined by the pattern of the P— relays and
the particular . “9” hole “check punch™ previously men-

" tioned, relay PR operates as before, this time being di-
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ates-all P and CP- relays associated with ‘the punching -

of ‘the "“11”:fow of holes as determined by the. settings
of “the .output register. relays.

of thé: summary punch when' the circuit bréaker closes
as ‘previously desctibed.. Shortly after the emitter of the

- summary punch. reaches position E1 the ‘circuit breaker

closes- to" operate: the® punch. magnets of the suthmary
punch -and to operate relay PR, : Relay PR operated
again operates relay RT 'to.pulse. the alarm timiing cit
cuit. . On this cycle, however due to the fact that relay
ETT1 is operated in place of relay ET12; the BC11 re-

. sistor is grounded in place of.the EC12 resistor and, when

the circuit: breaker opens and relay PR releases, relay
11E operates in the same manner as previously described
for relay 12E. - Relay 11E operated disconnects ground
from the’ “E11” lead to'the ouiput registers and con-
nects ground instead to the “E0” lead. Lo

The: disconnéction of groind from the “B11” lead re-
leases relay 11F which in turn releases relay ET11 and

» ! ) The operated P- relays -
- - prepare the circuit paths for operating the punch magnets
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rectéd by ‘the operated relay ET9 to ground the EC9
resistor - and discharge condenser 9C. The release of
relay PR upon the opening of the circuit breaker this

- time- operates relay 9E. Relay SB operated disconnects

ground from the “E9” lead, releasing relays 9F and ET9
and the P-relays which had been operated. in prepara-
tion for the punching of the ¥9” row of holes and also:
releasing relays P4¢ and CP46. Relays OCP and OCL
do not release at this time both relays being locked

- through their secondary windings. Relay OCP.is locked
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also releases-all the punch relays which had been oper-

ated for- the ‘punching of the “11™ row of holes. As
before the CP relays, which had been operated in prepa-

.ration for the -punch of the “11* row of holes, remain

operated. The connection of ground to the “E0” lead
operates- relay OF which in turn operates relay ET8
and also operates dll P—'and CP- relays to be associated
with the punching of the “0” row of holes as determined
by the settings of the output register relays.

Register check-down and check punch.—The punching
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temporarily .over a path from negative battery through its

. ‘top winding and contact 2, contact 2 of the operated:re-

lay 9E, contact 9 of the operated relay RUC and contact
7 of the normal relay RDC to ground.  Assuming that
the details of the next call have now been registered in
the input register, the operation of relay OCL closes the
fundamental input register up-check circuit for the hold-
ing of -the clutch of the summaty punch as described in
the paragraph on card processing by the summary punch,
thus giving the punch the start signal for the next punch-
ing cycle.” Relay OCL is locked in a circuit starting with
negative potential in the punching machine through con-
tact-19 of column 1, top winding and make contact 2 of

-relay OCL, break ‘contact 2 of normal relay. CUL, thence

through the input register up-check path through the UC-
relays,” break comtact 6 of relay AL relay normal and
through terminal 6 of column 1 into the punching ma-
chine.to positive potential. Relay OCP operated oper-
ates- relay LRA Fig. 24, and relay 9EH Fig. 73, in par-
allel as heretofore described. Relay LRA operated re-
leases all operated ouput register relays.

Relay 9EH operated operates relay KD1, Fig. 75, over
a path from battery through the front contacts of relays
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ONB and 9EH and the winding of relay KD1 to ground
and opens the 52-volt battery leg of the potential drop-

ping combination of resistances B and G, thus increasing

the charges on condensers 12C, 11C and 6C to 9C in-
clusive. The charging currents to compensate for this
change of potential on the 12C, 11C and 0C to 9C con-
densers flow in all cases through the windings of relays
12E, 11E and OE to 9, respectively. . These charging
currents, however, are in such direction as to- cause re-
lays 12E, 11E and OE to 9E relays to remain operated.
The release of the output register relays releases relay
RUC. Relay RUC released disconnects ground from
relay SE armature thus releasing relays LRA and 9EH.
Relay LRA released, reestablishes holding circuits for

the output register relays in preparation for receiving the

details of the next call. :Relay 9EH released reconnects
the battery leg of the potential dropping B and G re-

sistances thus reducing the voltage on condensers 12C,

11C and 0C to 9C inclusive, to the original approximate
26 volts.  The surge currents caused by this voliage
change on condensers 12C, 11C and 0C to 9C pass

through the windings of relays 12E, 11E and 9E to 9E,

respectively. These surge currents are in such direction
that all of these relays restore.  The KD1 relay oper-
ated connects ground through its contact 1 and the bot-
tom or primary windings of relays CP1 to CP15, inclu-
sive, in series, to battery, comnects ground through its

contact 2 and the bottom or prirnary windings of relays

CP16 to CP30, inclusive, in series, to battery and con-
nects ground through its contact 3 and the prlmary wind-
ings of relays CP31, CP32 and CP33 in series to battery.

The CP- relays restore on this current flow in prepara-’

tion for the next card punching cycle. When all output
register relays and all CP- relays are normal, a down-
check circuit through all CP- and output register relays
is established to opérate relay RDC.

The operation of this relay causes the output register
to be refilled from the information registered by-the input
register and translator relays.. This process opens -the
output register down-check circuit releasing relay RDC
and, when completed, operates relay RUC. The release
of relay RDC and the operation of relay RUC connects
ground to the “E12“ lead.  Ground on the “F12” lead
functions as described in the paragraph on Prepara‘uon
for Punching to operaté the CP~ and P- relays in prep-
aration for the punching of the “12” holes and to operate
relays 12F and ET12. 'When the emitter of the summary

96

- through each of said capacitors and its respective wind-
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punch reaches position 14.3 a cam contact of the punch .

closes operating relay CUL. Relay CUL operated, opens
the locking circuit of relay OCL. - When the punch emit-

ter reaches position 12 the circuits proceed with the
punching of the next card in the manner already de-
scribed. In position 0.3 of the punch emitter the cam
contacts reopen releasing relay CUL.  The release of
relay CUL prepares. the holding circuit previously de-

pletion of the next register check down operatwn
What is claimed is:

1. In a switching system, a source of pulses a plurahty‘

of conductors, a switching circuit for impressing a con-
dition on each of said conductors in a predetermined

sequence responsive to said pulses, said switching circuit

comprising a magnetic relay individual to each of said
conductors, each of said relays having a total of one
winding thereon, a capacitor individual to each said relay
connected directly to, and in series with, said one wind-
ing on its respective relay, a tctal of one armature on

each said *elay actuable to either of two opposed posi--

tions, means in each said relay for maintaining its respec-
tive armature in either of said two positions in response

to its .?ctu_a_tigg thereto, means for impressing a pulse
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scribed for OCL relay OCL in preparation for the com-

ing in succession, means responsive to said impressing
for actuating said armature on each of said relays to one
of said two positions in succession, and means responsive
to the impressing of another pulse simultaneously through
all of said windings and said capacitors for actuating all
of said armatures simultaneously to the other of said two
positions,

2. In a switching system, a counting circuit for count-
ing pulses, said circuit comprising means for impressing
an electrical condition in sequence on each of a plurality
of conductors, said means comprising a relay individual
to each of said conductors, each said relay having a total
of one winding and one armature thereon, said armature
lockable in either of two opposed positions responsive
to its actuation thereto, a capacitor and a resistor circuit
individual to each of said relays, each said capacitor
connected” directly in series with said winding on its
respective relay, each of said armatures actuable succes-
sively to ‘a first of said positions responsive to an indi-
vidual current surge produced in its respective capacitor
and resistor circuit in response to an individual pulse,
and all of said armatures actuable simultaneously to the
second of said positions responsive to a current surge
impressed on all of said resistor-capacitor circuits simul-
taneously in response to a single pulse from a common
source.

3. In a switching system, a selecting circuit having a
plurality of first relays, a plurality of selectable circuits,
one of said circuits individual to each of said first relays,
means comprising a sequence checking circuit for actuat-
ing said first relays in succession to a selecting condition
to select said selectable circuits in succession, said se-
quence checking circuit comprising an individual sequence
checking relay for each of said first relays, a first and a
second contact on each said checking relay, said first and
said second contact closed when said checking relay is
actuated to a first and a second condition, respectively,
means for operating said checking relays in succession’
in response to the successive operation of said first relays,
said sequence checking circuit comprising also a path for
operating said first relays, said path extending through
said first contact of all but one of said checking relays,
and through said second contact of said one checking
relay.

4. In a sw1tch1ng system, in combmatlon a selectmg
circuit having # first relays therein;, where n is a positive
integer greater than two, n selectable circuits, one of said
selectable circuits selectable in succession by. operation
of ‘an individual one of said first relays in succession, n
seguence checking second relays, contacts. on each of said
second relays, one of said second relays operable indi-
vidually by each of said first relays, when said first relay
is in a selecting condition, a continuous circuit path ex-
tending through one of said contacts in a mormal un-

" operated condition on each of said second relays, save

an operated second relay individual to an operated one
of said first relays, said path extending through an oper-

" ated- contact on said operated second relay, and means
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incident to the ‘establishment of said path for operating
the next succeeding one of said first relays.
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