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MAGNETIC DRUM AUXILIARY SENDER FOR
TELEPHONE SWITCHING SYSTEM

Chester E. Brooks, Montvale, William O. Fleckenstein,
Morris Plains, and Robert C. Lee, Long Branch, N. J.,
and Howard N. Seckler, New York, N. Y., assignors to

Bell Telephone Laboratories, Incorporated, New York, .

N. Y., a corporation of New York
Application December 20, 1955, Sexial No. 554,280
101 Claims. (Cl. 179—18)

This invention relates to telephone systems employing
automatic switching equipment for the establishment of
communication paths. More particularly, this invention
relates to circuits and apparatus for use in such system
to enable subscribers to automatically establish toll con-
nections on a nation-wide or international basis.

The primary object of the present invention is-to pro-
vide facilities for use in telephone switching systems to
enable the subscribers thereof to automatically establish

toll connections on a national or international basis with- .

out the assistance of an operator. »
It is also an object of the present invention to provide
facilities for use in telephone switching systems whereby

toll connections may be more reliably and speedily com-

pleted. .

It is a further object of the present invention to pro-
vide facilities in telephone switching systems for the auto-
matic establishment of toll connections between sub-
scribers thereof whereby considerable economies in cir-

cuit elements and circuits required can be attained and -

whereby considerable economies in maintenance may be
realized.

Toll switching telephone systems have been proposed
heretofore which, when associated with and connected to
various local telephone switching systems, will enable toll
operators to automatically establish toll connections on
a nation-wide or international basis to subscribers served
by the local telephone switching systems by dialing pre-
determined directing codes followed by the subscribers’
directory designations. One such toll switching telephone
system is disclosed in the United States patent applica-

- tion of J. W. Gooderham, E. Jacobitti, O. Meyers, F. F.
Shipley, W. B. Strickler, Serial No. 286,267, filed May 6,
1952.

One of the requirements for a national or international
subscriber toll dialing system is that each telephone sub-
scriber connected to the system have a distinctive identi-
fying number which is different from every other sub-
scriber connected to the system. In other words, a na-
tional or international numbering plan that would in ef-
fect give each subscriber an exclusive number is essen-
tial. As described in the above-cited Gooderham et al.
application, this has been done by using the subscriber’s
listed number as 2 basis and adding to it whatever digits
are necessary for toll switching purposes.  The direct-
ing codes or digits required for toll switching purposes
have been arrived at by dividing the nation or nations
to be served by the system into areas, the size of each
area generally depending upon the number of telephone
stations in the area and each area being assigned a three-
digit area code. These three-digit codes which identify
the areas of the nation or nations served by the toll dial-

. ing system are added to the directory designations of each
subscriber connected to the system. To be able to dis-
tinguish the three-digit area codes from the three-digit
office codes of a subscriber’s designation, the area code
designations have been selected so as to have the second
digit of the three digits comprising each area code al-
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ways a “1” or a “0.” This may be used as an index to
identify the code as an area code to distinguish it from
an office code. The first digit of an area code may be
any digit except “0” or “1,” the “0” being omitted since
it might be confused with the digit “0” customarily dialed
by a subscriber to reach a toll or assistance op-
erator and the digit “1” being omitted to avoid the pos-
sibility of the false transmission of a first digit “1”
through switchhook fumbling. - To prevent confusing area
codes with service codes such as 211, 411, etc. cus-
tomarily dialed by subscribers to reach information, re-
pair department, etc., the third digit of an area code
may be any digit except “0” or “1” with-one exception.
If the second digit of an area code is “0” then the third
digit may be “1” as this will not be confused with service
code. Therefore, the area codes may be X0X, X1X or
X01, where X is any of the digits 2 through 9.

For example, a number for a subscriber in New York
City for nation-wide dialing purposes might be 212-
CH3-1000; the 212 being the three-digit area code for
the area including New York City, the CH3 being the of-
fice code designating the office within New York City to
which the subscriber is connected and the number 1000
being the numerical digits of the subscriber’s designation.
For party line subscribers, there could be an additional
letter or digit following the numerical designation. For
example, the number of a party line subscriber in Denver,
Colorado, for nation-wide dialing purposes might be 303—
PE6-3023-W. Of this, the 303 comprises the three-digit
area code for Colorado, the PE6 comprises the office code
in Colorado, the 3023 the numerical digits of the sub-
scriber’s designation and the letter “W” comprises the
party identifying letter for the subscriber.

- Furthermore, every central office within each area will
be given an office code which is different from the office
code for every other office in the same area. For ex-
ample, within the area of New York City which has an
area code 212, there will be only one office with an office
code of CH3. Similarly, within the area of Colorado
which has an area code of 303, there will be only one
office with an office code of PE6. Thus, each subscriber
in the nation or nations for nation-wide dialing purposes
is identified by a distinctive ten or eleven digit number
of which the first three digits comprise the area code,
the second set of three the office code and the rest of the
digits are the line numericals with or without a party
letter. Through the use of the system disclosed in the
above-identified Gooderham et al. application, toll op-
erators may automatically complete toll connections to
any called subscriber served by the system by dialing a
ten ‘or eleven digit designation.

It is advantageous to extend to the subscribers of such
a system the ability to dial their own toll calls directly,
thus eliminating the functions of the toll operators and
making it possible for every subscriber within the nation
or nations served by the system to reach any other sub-
scriber by dialing a ten or eleven digit- number. One of
the requisites for establishing a national or international
customer toll dialing plan is that the equipment in local
central offices must be capable of receiving and register-
ing the ten or eleven digit designation and of retrans-
mitting this designation to a toll switching system of the
type disclosed in the copending Gooderham et al. ap-
plication, Certain of the automatic telephone systems
presently in use and which can advantageously be in- -
corporated into a national or international customer toll
dialing system were designed to receive and register only
seven or eight digits of a subscriber’s number and these
systems do not have a capacity for receiving the com-
plete ten or eleven digit designation required for such a
toll dialing plan.

Telephone systems of the type disclosed in United
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States ‘Patent: 1,862,549, granted to R. Raymond' et al.
on June 14, 1932 (commonly known as the panel sys-
tem), and telephone systems of the type disclosed in
United States Patent 2,235,803, granted to W. W. Car-
penter: March 18, 1941 (commonly known- as the cross-

bar system), are not. usually. capable of receiving: and:

registering - the ten: or -eleven digit designation required
for nation-wide dialing' purposes. Therefore, in these
types of telephone. switching systems, means must be
provided for receiving and registering the three addi-
tional digits comprising the area code which will be re-
quired for nation-wide dialing purposes.

One possibility. for solving. this problem- in' switching:

systems-of the panel and crossbar type would be to add
additional register capacity to each individual sender: in
each of these systems.

siderable equipment.  In many of these offices, floor

space is at a premium and, therefore, such additions-

might require - building alterations or - modifications.
Considerable economies can be realized if this additional
register capacity is: provided in the form of common cir-
cuits: and apparatus adapted to cooperate with all of
the senders: installed in the office, thus ehmmatmg the.

requirement for-additional register capacity in each in-.

dividual sender of the. office.

Therefore, in accordance with a feature of the present
invention common circuits and apparatus are provided
to cooperate with the senders in a telephone switching
system of the common control type to enable the sub-

scribers served thereby to automatically .establish toll:

connections on a nation-wide or. international basis with-.
out the assistance of an operator.
Theére are, in many of the telephone buildings in use

today, a plurality of offices (10,000 line units) in opera-.

tion. Further economies may be realized if common
equipment and apparatus are provided which will co-
operate with the senders in all of the offices in a single
building to provide the additional register capacity re-
quired for a nation-wide customer toll dialing plan, thus
eliminating  the need for a separate common control
equipment for each individual office. Furthermore there
are in many localities, a plurality of telephone buildings
.each having one or more offices (10,000 line units).
Further economies may be realized if common equio-
ment and apparatus are provided in one building which
will cooperate with the senders not only in that building
-but with the senders in other offices in other buildings to
provide the additional register capacity required for a
nation-wide customer toll dialing plan.

It is, therefore, a feature of the present invention to
provide common circuits .and apparatus for cooperat-
ing with the senders of a plurality of telephons switching
systems: of different types or combinations of types to
enable the subscribers served thereby to automatically:
establish toll connections on a nation-wide or interna-
tional basis without the assistance of an operator.

It is also a feature of the present invention to pro-
vide common circuits and apparatus for cooperating with
the senders of a panel or crossbar telephone switching
system to enable the subscribers served thereby to auto-
matically dial toll calls into a toll switching system -of
the type  disclosed in the above-identified copending
Gooderham et al. application.

Further economies can also be realized by utilizing
circuits and equipments having considerable storage ca-
pacity at a very low cost per unit of storage information.
Such is particularly true of magnetic drums wherein the
unit of storage is a small area on the surface of the drum,
a single drum providing many thousands or more of such
storage areas.

Another feature' of the present invention relates to

This would require.extensive ad-.
ditions to each sender and, as:there are generally a large:
number: of :senders in each such system, the modifications:
in -the particular offices of this: type would require con-.
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the use of a magnetic drum as a storage medium to pro-
vide additional sender register capacity.

It is advantageous to permit subscribers to a nation-
wide customer toll dialing system to be able to dial local
subscribers within their own area without dialing the
complete ten or eleven digit designation. In other words,
it will be advantageous for subscribers originating calls
within their own area to merely dial the called- sub-
scribers’ listed directory designations which include the
office -code, the line numericals and the party identifying
letter.. For these types of calls, the additional sender
register capacity needed for tool calls is not required
as- the senders of both the panel.or crossbar type tele-
phone switching systems have been arranged to handle
such: calls.

It is, therefore, another feature of the present invention
to provide means for determining whether a local call
or a toll call is being originated, which means will dis-
associate. the auxiliary. equipment from the regular
senders of ‘the system and permit the regular senders
to-handle the call in the normal manner if the. call is a
local. call.

Because all of:the calls originated from any. subscrlber
will not be toll calls, in fact.a very small percentage of
the calls originated- will be tool calls, further economies
in circuits: and apparatus may. be realized by. providing
additional register capacity only for the toll calls which
are originated.

It is another feature of the present invention to pro-
vide additional register capacity for the senders of a
telephone switching system of the common control type
for use only when a customer dialed toll. call is origi-
nated.

A subscriber in a panel telephone switching system
or.a crossbar telephone switching system of the type
disclosed in the- above-cited Raymond et al. patent or
the Carpenter patent, respectively, is connected when
originating a call, through part of the switching network
of these systems to a sender which registers the digits as.
the subscriber dials them. This sender is then connected
to an outgoing trunk and transmits the necessary digits
to the called office. In accordance with the present in-
vention, common control auxiliary sender equipment in
each office or group of offices located at the same loca-
tion is adapted to cooperate with the senders in the as-
sociated telephone switching systems to provide the ad-
ditional sender register capacity required for a nation-
wide customer toll dialing operation. The auxiliary.
sender equipment of the present invention will observe
the dlglts dialed by a calling subscriber into each sender
by scanning the pulsing relay of the sender; that is, the
conditicn of the pulsing relay of each sender is detected.
periodically on a time division basis.  Each sender of
the associated telephone system or systems is assigned a
particular area on a storage medium of the present in-
vention. - The first three digits dialed into every sender
by a calling subscriber are stored in the associated area
on this medium. Means are provided in the present in-
vention to translate the first three digits dialed into every
sender. If these three digits represent an area code, one
of a plurality of common register areas provided on the
medium are seized, and the first three digits (the area
code) and the succeeding digits (the office code, line
numericals and the station identifying letter) are re-
corded therein. If,: however, the fitst three digits re-
ceived by the sender do not represent an area code but
an office code, the auxiliary sender equipment disassoci-
ates itself from the regular sender and this sender pro-
ceeds to complete the call in the normal manner. Con-
siderable economies are further realized by providing
storage space on the storage medium only for the full
eleven digits of a customer dialed toll call, thus elimi-
nating storage capacity required for all digits for local
and toll calls.

A feature of the present invention relates to the con-
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cefitration of digit storing capacity by providing two
types of storage areas on a storage medium and external
memory for tramsferring information from one to the
other. One type is associated with each sender of the
system and the other type is a common register area for
storing only the digits of customer dialed toll calls.

A further feature of the present invention relates to
means for controlling the senders of a telephone switch-
ing system of the common control type whereby the
senders are prevented from outpulsing dialed designations
when such designations represent a customer dialed toll
call.

Still another feature of the present mventlonvrelates
to circuits and apparatus for registering each digit of a
called designation in a separate axial area or slot on a
magnetic drum.

A further feature of the present invention relates to
circuits and apparatus for associating a particular com-
mon register space on the magnetic drum with a particu-
lar sender space on the magnetic drum by writing the
sender number thereof in an area assigned to the com-
mon register space on the drum.

A still further feature of the present invention relates
to circuits and apparatus for finding a particular com-
mon register space associated with a particular sender
space on the magnetic drum by comparing the sender
numbers written in the common register spaces on the
magnetic drum with the particular sender space number
stored in external memory until a match is found.

In magnetic drum switching systems such as disclosed

in the illustrative embodiment of the present invention, it’

is advantageous to maintain the speed of rotation of
the magnetic drum as low as possible in order to simplify
the design of the reading and writing amplifiers and as-
sociated circuits. It is, however, necessary that the puls-
ing relay in eéach sender in the associated telephone
switching system be scanned periodically on a time di-
vision basis as a rate which is fast enough to insure that
no dial pulse information is lost.

Therefore, another feature of the present invention re-
lates to means for scanning each sender in the associated
telephone switching system twice during each revolution
of the magnetic drum, thus permitting a slower speed of
rotation for the magnetic drum while mamtalnmg the re-
quired scanning rate for the senders.

Still another feature of the present invention relates
to means for transferring digits of a called designation,
a digit at a time, from any of the common register spaces
on the magnetic drum to a multifrequency transmitter
associated therewith for transmission by multifrequency
signaling means to the called office.

Another feature of the present invention relates to
means for continuously testing the operation of the mag-
netic drum control circuits of the present invention while
the magnetic drum is in operation, said testing being
controlled by information recorded in a spec1a1 test space
on the magnetic drum.

A further feature of the present invention relates to
means for controlling the sequence of a plurality of
test calls continuously and repeatedly pulsed into the
magnetic drum control circnits of the present invention
by means of signals recorded in the test space on the
magnetic drum.

Still another feature of the present invention relates to
means for controlling the sequence of digits within each
test call pulsed into the magnetic drum control circuits
through the use of a special digit sent indication and a
special digit checked indication recorded in the test space
on the magnetic drum.

Another feature of the present invention relates to
means for displaying on display lamps the information
read in any particular area on the magnetic drum.

The foregoing and other objects and features of the
present invention may be more readily understood from
the following description of an illustrative embodiment
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6
thereof when read with refereficé fo the aitached draw
ings in which: :

Fig. 1 shows in block diagram form the circuits and
apparatus of a telephone switching system of the cross-
bar type with which the magnetic drum auxiliary sender
of the present invention may be associated;

Fig. 2 shows in block diagram form a telephone
switching system of the panel type with which the mag-
netic drum auxiliary sender of the present invention may
be associated; )

Fig. 3 discloses in block dlagram form the magnetic
drum and associated control circuits of the auxiliary
sender of the present invention;

Fig. 4 discloses the manner in which Figs. 1, 2 and 3
may be arranged to illustrate in block diagram form a
crossbar telephone switching system and a panel tele-
phone switching system which have been associated with
the magnetic drum auxiliary sender equipment of "the
present invention and the manner in which the auxiliary
sender is connected to the crossbar and panel telephone‘
switching systems; :

Fig. 5 illustrates in schematic form the ‘circuit for a
logical And gate utilized in the present invention;

Fig. 5A shows the conventions utilized in the draw-
ings for the And gate illustrated in Fig. 5;

Fig. 6 illustrates in schematic form the circuit for a
logical Or gate utilized in the present invention;

Fig. 6A shows the conventions utilized in the draw-
ings for the Or gate illustrated in Fig. 6;

Fig. 7 illustrates in schematic form the circuit for a
delay network utilized in the present mventlon, ’ ‘

Fig. 7A shows the convention utilized in the drawings
for the delay nétwork illustrated in Fig. 7; :

Fig. 8 illustrates in schematic form the circuit for a
monopulser utilized in the present mventlon,

Fig. 8A shows the convention utilized in the drawmgs
for the monopulser illustrated in Fig. 8;

Fig. 9 illustrates in schematic form the circuit for an
inverter utilized in the present invention;

Fig. 9A shows the circuit convention utilized in the
drawings for the inverter illustrated in Fig. 9;

Fig. 10 illustrates in schematic form the circuit for’
a conventional flip-flop or bistable multmbrator circuit
utilized in the present invention; )

Fig. 10A shows the circuit convention utilized in the
drawings for the flip-flop or bistable multivibrator of
Fig. 10;

Fig. 11 discloses in detail the schematic representa-
tion of the reading-writing amplifiers utilized in tracks 10
through 16 on the magnetic drum in the illustrative em-
bodiment of the present invention;

Fig. 11A discloses the circuit convention utilized in
the drawings to represent the reading-writing amplifiers-
of Fig. 11; '

Fig. 12 shows in detail the schematic representation
of the writing amplifier utilized with the auxiliary writ-
ing head in track 10 on the magnetic drum in the illus-
trative embodiment of the present invention;

Fig. 12A shows the circuit convention utilized in the
drawings for the writing amplifier of Fig. 12;

Fig. 13 shows in schematic form the circuit for the-
read-sync amplifier utilized in track 1 on the magnetic
drum in the illustrative embodiment of the present in-
vention;

Fig. 13A shows the circuit convention utilized in the
drawings for the read-sync amplifier of Fig, 13;

Fig. 14 shows in schematic form the circuit for a read
ampliﬁer utilized in tracks 2 through 9 on the magnetic
drum in the illustrative embodiment of the present in-
vention; )

Fig. 14A shows the circuit convention utilized in the -
drawings to represent the read amplifier of Fig. 14;

Fig. 15 shows a graphic representation of the syn-
chronizing pulses utilized in the present invention to
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synchronize the reading and writing and reset functions
of the reading and writing amplifiers;

Fig. 16 shows in pictorial form the relative location
between the main reading-writing heads on the mag-
netic drum with respect to the location of the auxiliary
writing head on the magnetic drum. Fig. 16 alsc shows
the relative location between mate sender spaces located
on the surface of the magnetic drum;

Fig. 17 shows the relative location of the test sender
space, a common register space, and the test register
space with respect to the location of the test space cn
the magnetic drum;

Fig. 18 shows in detail the layout of a sender space
on the magnetic drum;

Fig. 19 shows in detail the layout of a common reg-
ister-space on the magnetic drum;

Fig. 20 shows in detail the layout of the test space on
the magnetic drum;

Fig. 21 shows the manner in which Figs. 22 through
67 may be arranged to provide a detailed schematic
representation of an illustrative embodiment of the pres-
ent: invention;

Fig. 22 of the drawings shows in an abbreviated
schematic form certain elements of a sender in a telephone

switching system of the crossbar type and illustrates the *

modifications required in this sender to associate it with
the magnetic drum auxiliary sender system of the pres-
ent invention;

Fig. 23 shows in an abbreviated schematic form cer-
tain elements of a sender in a telephone switching system
of the panel type and illustrates the modifications reguired
in this sender to associate it with the magnetic drum
auxiliary sender system of the present invention;

Fig. 24 shows in block diagram form the additional
senders in a telephone switching system of the cross-
bar or panel type with which the magnetic drum aux-
iliary sender system of the present invention may be asso-
ciated;

Fig. 25 shows in simplified schematic form the circuit
of the scanner in the illustrative embodiment of the pres-
ent invention which scans the pulsing relays in the
senders of the ‘associated telephone switching systems;

Fig. 26 shows in schematic form the circuit of the units
digit translator and the units digit sender number reg-
ister;

Fig. 27 shows in block diagram form the tens digit
translator and the tens digit sender number register and
in schematic form the hundreds digit sender number reg-
ister;

Fig. 28 shows in block diagram form tracks 1 through
9 of the magnetic drum, the read sync amplifier and asso-
ciated sync monopulsers, read amplifiers R-2 through
R-9 and associated gate circuits;

Fig. 29 shows in block diagram form tracks 10 through
12 of the magnetic drum, the auxiliary writing head H-1§’
and associated writing amplifier W-18' and flip-flops
W1-10’ and WO0-1¢’, reading-writing head H-1i6 and
associated reading-writing amplifier RW-1¢ and flip-fiops
W0-10 and W1-10. Fig. 29 also shows the Or gate cir-
cuits which control the writing functions of the reading-
writing amplifiers on the magnetic drum;

Fig. 30 shows in block diagram form tracks 13 through
16 of the magnetic drum, the reading-writing head H-16
and associated reading-writing amplifier RW-16 and flip-
flops W6-16 and Wi1-16. Fig. 30 also shows the Or
gate circuits which control the writing functions in tracks
13 through 16 on the magnetic drum;

Fig. 31 shows in block diagram form the portion of the
slot definition circuits in the sender space control circuit
which provide an indication when the slots of a sender
space and a common register space on the magnetic drum
are being read;

Fig. 32 shows in block diagram form the portion of
the slot definition circuits in the sender space control cir-
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cuit which provide an indication when the slots of the
test space on the magnetic drum are being read;

Fig. 33 shows in block diagram form the portion of the
slot definition circuits in the sender space control circuit
which provide an indication when various combinations
of slots in the test space and in a common register space
on the magnetic drum are being read;

Fig. 34 shows in block diagram form the portion of
the sender space control circuit which controls the sender
release timing, interdigital timing, dial pulse detection,
dial pulse steering, overflow indicaiion, stations delay
timing and cancel timing functions;

Fig. 35 shows in block diagram form the portion of
the sender space control circnit which controls the binary
accumulation of dial pulses, interdigital timing pulses
and stations delay timing pulses, the digit steering-and
preliminary .pulse absorption circuit and the sender re-
lease wipeout circuit;

Fig. 36 shows in block diagram form the portion of the
transfer circuit which controls the area code check func-
tions and the common register space seizure functions;

Fig. 37 shows in block diagram form the portion of the
transfer circuit which controls the transfer of digital in-
formation from a sender space to a common register
space;

Fig. 38 shows in block diagram form the portion of
the transfer circuit which contrels the sender space wipe-
out function and the drum-full function;

Fig. 39 shows in block diagram form the portion of
the transfer circuit which contains a sender number reg-
ister to permit the number checking between sender num-
bers recorded on the magnetic drum and a sender num-
ber recorded in the transfer circuit while a particular
sender space on the magnetic drum is being hunted by
the transfer circuit;

Fig. 46 shows in block diagram form the portion of
the transmitter contro! circuit which controls the trans-
mission of a KP and ST signal to a multifrequency trans-
mitter and which responds to a recycle signal from a
multifrequency transmitter;

Fig. 41 shows in block diagram form the portion of the
transmitter control circuit which contains the translating
network for reading the digits of a called designation from
a common register space on the magnetic drum and
translating - these digits into a two-out-of-five code for
transmission to a multifrequency transmitter;

Fig. 42 shows in block diagram form the connector
control circuit which reads a register number and sender
number from a common register space and passes this
information to the transmitter link controller;

Fig. 43 shows the portion of the transmitter link con-
troller cirenit which contains the register number register
operated by signals received from the connector control
circuit;

Fig. 44 shows in simplified form the portion of the
transmitter link controller circuit which contains the
crossbar connector switch for establishing connections
between a multifrequency transmitter and a sender;

Fig. 45 shows the portion of the transmitter link con-
troller circuit which contains the sender units digit register
operated by signals received from the comnector control
circuit;

Fig. 46 shows the portion of the transmitter link con-
troller circuit which controls the operation of the cross-
bar connecter switch of Fig. 44;

Fig. 47 shows the portion of the transmitter link con-
troller circuit which contains the sender hundreds digit
register operated by signals received from the connector
control circuit;

Fig. 48 shows the portion of the transmitter link con-
troller circuit which contains a portion of the sender
tens digit register operated by signals received from the
connector control circuit;

Fig. 49 shows the portion of a transmitter link con-
troller circuit which contains the remainder of the sender



2,876,288

9

tens digit register operated by signals received from the
connector control circuit;

Fig. 50 shows in block diazram form the register num-
ber register of the illustrative embodiment of the present
invention in which the number read in slot 1 of each com-
mon register space is recorded while the remaining slots
of the common register space are being read. Fig. 50
also shows in block diagram form the distributor of the
illustrative. embodiment of the present invention which
enables gate circuits in the transmitters and test circuit
while the slots of the associated common register spaces
and test space, respectively, are being read;

Fig. 51 shows in block diagram form the representa-
tion of transmitter No. 0 of the illustrative embodiment
of the present invention;

. Fig. 52 shows the portion of transmitter No. 1 of the
illustrative -embodiment of the present invention which
contains the registers and amplifiers for transmitting
three of the required multifrequency signals to the called
office;

Fig. 53 shows the portion of transmitter No. 1 of the
illustrative embodiment of the present invention which
contains the registers and amplifiers for transmitting the
remaining three of the required multifrequency signals
to the called office;

Fig. 54 shows the portion of transmitter No. 1 of the
illustrative embodiment of the present invention which
controls the overflow, the drum-full, the sender release
and release functions of the transmitter;

Fig. 55 shows the portion of transmitter No. 1 of the
illustrative embodiment of the present invention which
contains the seizure circuits, off-normal circuits and
trouble indicating timing circuits of the transmitter;

Fig. 56 shows in block form the representation of trans-
mitter No. 2 of the illustrative embodiment of the present
invention; .

Fig. 57 shows a plurality of And gate circuits which
are actuated by the distributor of Fig. 50 to pass signals
to and receive signals from the test circuit. Fig. 57 also
shows in block diagram form the representation of trans-
mitter No. 7 of the illustrative embodiment of the pres-
ent invention;

Fig. 58 shows the Or gate circuits which are actuated
by the transmitters of the illustrative embodiment of
the present invention to pass signals to the transfer cir-
cuit, connector control circuit and transmitter control cir-
cuit;

Fig. 59 shows the portion of the test circuit which
enables a maintenance man to select any particular slot
in a sender space or common register space on the mag-
netic drum to read the information recorded therein;

Fig. 60 shows the portion of the test circuit which
enables a maintenance man to select any particular slot
in the test space on the magnetic drum to read the in-
formation recorded therein;

Fig. 61 shows the portion of the test. circuit contain-
ing a register flip-flop circuit and a plurality of indicating
lamps for displaying the information written in any se-
lected slot on the magnetic drum;

Fig. 62 shows the portion of the test circuit which
controls the recycling of test calls through the drum
control circuits;

Fig. 63 shows the portion of the test circuit which
controls the pulsing of the digits of a test call into the
drum control circuits;

Fig. 64 shows the portion of the test circuit which
checks the digits of the test calls pulsed into the drum
control circuits;

Fig. 65 shows the portion of the test circuit which
contains additional elements required to cooperate with
the elements shown in Fig. 63 for controlling the se-
qugmcé of operations in a test call;

Fig. 66 shows the portion of the test circuit which

in combination with the elements shown in Figs. 63 and:
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65 controls the pulsinig of test calls into the drumi-¢ofi-
trol circuits; and Lo

Fig. 67 shows the porticn of the test circuit which
in combination with the elements shown in Fig. 64 checks
the digits of the test calls pulsed into the drum control
circuits and the digits from the output of the transmitter
control circuit.

General description

Referring now to the drawings, the operation of one
illustrative embodiment of the magnetic drum auxiliary
sender system of the present invention will be described
in a general way with reference to Figs. 1, 2 and 3 of the
drawings when arranged as shown in Fig. 4 of the draw-
ings. Within the box labeled Office B in Fig. 1 is
shown in block diagram form the circuits and apparatus
of a crosshar telephone switching system of the type
disclosed in the above-cited Carpenter Patent 2,235,803
which are required for initiating a call from a calling
subscriber to a trunk to a distant office. Within the
box labeled Office D in Fig. 2 of the drawings is dis-
closed in block diagram form the circuits and apparatus
of a panel telephone switching system of the type dis-
closed in the above-cited Raymond et al. Patent 1,862,549
which are required for initiating a call from a calling
subscriber to a trunk to a distant office. Fig. 3 of the
drawings shows in simplified block diagram form the
magnetic drum auxiliary sender system of the present.
invention. As shown in the illustrative embodiment of
Figs. 1, 2 and 3, the auxiliary sender system of the pres-
ent invention is connected to a panel office (Office D) and:
a crossbar office (Office B). Office A and Office C
shown by the boxes so labeled in Figs. 1 and 2, respec-
tively, are also shown connected to the auxiliary sender
system of the present invention. Offices A and C may
be either of the panel type or crossbar type. Offices A,
B, C and D may be located in the same building with
the auxiliary sender system equipment shown in Fig. 3
or in different buildings. It is to be understood that the
magnetic drum auxiliary sender system of the present
invention is not limited to use with a combination of a
panel telephone switching system and a crossbar tele-
phone switching system but that it may be used con-
currently with a combination of either or both or with
either individually. Therefore, Office A and Office C
may be either a crossbar or a panel type telephone switch-
ing system.

Referring now to Fig. 1 of the drawings, the operation
of a crossbar telephone switching system of the type dis-
closed in the above-cited Carpenter patent will be briefly
described.  Following this, a brief description of the
operation of a panel telephone switching system of the
type disclosed in the bove-cited Raymond et al. patent
will be given with reference to Fig. 2. Thereafter, a
brizf description with reference to Fig. 3 will be given
of the magnetic drum auxiliary sender system of the
present invention and the manner in which this system
cooperates with both a panel and a crossbar telephone
switching system to provide the additional register capac-
ity required for nation-wide customer toll dialing op-
eration and the manner in which this system registers
the digits dialed by the subscriber and. controls’ the
establishment of customer dialed toll connections.

In the crossbar type telephone switching system shown
in Fig. 1, the box designated 104 is a representation of
a line link frame. Line link frames of crossbar tele-
phone switching systems employ a primary and sec-
ondary arrangement of crossbar switches. The sub-
scribers’ lines terminate on a vertical unit of a line link
primary switch and a plurality of district junctors ter-

" minate on the vertical units of the secondary switches.

As shown in Fig. 1, line 102 to which calling station
101 is connected terminates on primary switch 103 in
line link frame 104. District junctor 107 terminates
on secondary switch 106 and a connection between the.
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primary and secondary switches is completed through
line links, such as line link 108.

Each line link frame has associated with it a line link
controller, whose function is to recognize a calling line,
choose an idle line link between primary and secondary
switches and to assist in the selection of an idle district
junctor.  As shown in Fig. 1, the iine link conirolier for
line link frame 104 is designated line link controller 185.
The district junctors, such as district junctor 1867 shown
in Fig. 1, include a relay which provides talking battery
and supervision for a cailing subscriber.

The box designated 16¢ in Fig. 1 is a block diagram
representation of a district link frame of a crossbar tele-
phone system, The district link frames employ a primary
and secondary arrangement of crossbar switches similar
to that utilized on the line link frame. The district junc-
tors of the crossbar telephone switching system are termi-
nated on the horizontal units of the primary switches of
the -district link frame. For example, Fig. 1 shows dis-
trict junctor 167 terminated on the horizontal unit of
primary switch 1i6. The primary and secondary switches
of the district link frame are connected by district links,
Fig. 1 shows primary switch 110 connected to secondary
switch 111 by distriét link 112. A plurality of office
junctors are terminated on vertical units of the secondary
switches of district link frames. For example, Fig. 1
shows office junctor 113 terminatsd on a vertical unit of
secondary switch 111 of district link frame 109,

In crossbar telephone switching systems, subscribers’
senders are selected for each call by the subscriber
sender link frame, such as subscriber sender link frame
114 shown in Fig. 1. The subscriber sender link frames
comprise a primary and secondary arrangement of cross-
bar switches similar to that used in the line link frame
and the district link frame. As shown in Fig. 1, primary
switch 115 and secondary switch 116 are shown in sub-
scriber sender link frame 114. These switches are inter-
connected by subscriber sender links such as the sub-
scriber sender link 117. District junctors such as dis-
trict junctor 107 terminate on vertical units of the primary
switches; and subscriber senders, such as subscriber sender
No. 000 shown in block 118, terminate on horizontal
units of secondary switches, Each subscriber sender link
frame is provided with a sender link controller such as
sender link controller 112 shown in Fig. 1. This circuit
assists line link controller 165 in choosing a particular
district junctor, such as district junctor 187, to be used
on a particular call and also determines which sender,
such as subscriber sender 118, is available.

The subscriber senders of the crossbar telephone
switching system are connected to a calling subscriber’s
line to furnish dial tone as a signal that dialing may be
started. The senders also receive and register the dialed
digits of the called nuraber and assist in establishing the
call to the called subscriber. As shown in Fig. 1, sub-
scriber sender 118 is connected to the magnetic drum
auxiliary sender system of the present invention over
two paths, 134 and 120, whose function will be described
hereinafter.

The box designated 121 in Fig. 1 of the drawings is a
representation of an office link frame of a crossbar tele-
phone switching system. This frame utilizes a primary
and secondary switching arangement similar to that of the
other frames of the system. As shown in Fig. 1, primary
switch 122 and secondary switch 123 are located on office
link frame %21. The office junctors are terminated on
vertical units of the primary swiiches of the office link
frames. Fig. 1 shows office junctor 113 terminated on
primary switch 122. Trunks to other offices, such as
trunks 124, 125 and 126, are terminated on the hori-
zontal units of the secondary switches of the office link
frame. The primary switch 122 and secondary switch
123 are interconnected by means of office links. Fig. 1
shows office link 127 interconnecting primary switch 122
and secondary switch 123,
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Originating markers of a crossbar telephone switching
system are used to select the combination of paths to
be used between a calling line and a trunk to the particu-
lar office required. The originating marker is shown in
the box designated 128 in Fig. 1. Connection between a
subscriber’s sender and an originating marker is made by
means of an originating marker connector such as origi-
nating marker connector 129 shown in Fig. 1 of the draw-
ings. To assist the originating marker in establishing
paths between an office junctor and an idle outgoing
trunk, each office link frame is equipped with an office
connector such as office connector 130 on office link frame
121, Office connector 130 completes connections be-
tween office link frame i21 and originating marker 128
to permit marker 128 to test and select an idle office
link such as office link 127 between the primary switch
122 and secondary switch 323 on office link frame 121.
To assist the marker in establishing the paths between a
district junctor and an office junctor, each district link
frame is equipped with a district connector such as dis-
trict connector 131 on district link frame 169. District
connector 131 completes connections between district
link frame 109 and originating marker 128 to permit
marker 128 to test and select an idle district link such
as district link 112 between primary switch 110 and sec-
ondary switch 111 on district link frame 109.

On the removal of the handset by a calling subscriber
at station 191, line link controller 105 functions to locate
calling line 102 and in conjunction with the sender link
controller 119, connects an idle district junctor 107 to
calling line 102 through line link 188. The sender link
controller 119 aiso selects an idle subscriber sender 118.
The system controller circuits, that is, line link controller
195 and sender link controller 119, extend the calling
line 162 to sender No. 000 in block 118 by selecting idle
links through the line link frame 3104 and subscriber
sender link frame 114. Sender 118 then returns dial tone
to the calling line as an indication that dialing may be
started. '

When the dial pulses for the first three digits dialed
by the calling subscriber have been received and registered
in sender 118, sender 118 will call on originating marker
connector 129 to connect to an originating marker 128.
Sender 118 then passes this code to marker 128. If the
calling subscriber at station 101 has originated a local
call, the first three-digit code transmitted to marker 128
from sender 118 will be an office code. However, if the
call originated by the subscriber at station 101 is a
customer dialed toll call, the first three digits transmitted
to marker 128 will be an area code.

The marker, after translating this code, proceeds to
select an idle trunk to the required office. In case the
cail is a customer dialed toll call, the trunk selected by
the marker will be a trunk which extends to a toll tele-
phone system of the type disclosed in the above-cited
copending Gooderham et al. application. If the call is a
local call, the trunk selected will extend to another office
in the same area.

If the call is a local call, the remaining digits of the
called subscriber’s designation dialed by the subscriber
at station 101 are registered in sender 118. Marker 128
sends back to sender 118 informaticn concerning the
type of signaling required to signal the called office. This
does not include, however, information concerning the
routing of the call to an outgoing trunk to the called
office since this function is handled by marker 128 itself
and not by the sender 118. Marker 128 connects itself
to an office frame such as office frame 121 on which the
cutgoing trunk to the required local office appears. This
connection is completed by means of office connector 130.
The marker then proceeds to select an idle trunk and
then selects idle paths between the district link frame 109
and office link frame 121 through office junctor 113 to
connect the selected trunk, such as trunk 125, to district
junctor 107. The connections between marker 128 and
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these frames are through the district connector 131 and
office connector 130. The connector circuits, the marker
and marker connector then release. Subscriber sender
118 remains connected to the calling line to direct the
establishment of the call through the terminating office
switching equipment if the call is a local call.
path to the called local office has been completed, sender
118 will outpulse the numerical designation and party

letter, if one was received, to the called office and release

itself.
If the call originated from station 101 is a customer

dialed toll call, the remaining digits of the called desig-

nation will be dialed into sender 11§ the same as on a
local call.
capacity in sender 118 to register all of these digits, some
will not be registered. The pulsing relay in sender 118
will, however, respond to the pulses of all digits of the

complete designation and, by scannmg or observing the

condition of the pulsing relay in sender 118 on a time
division basis, the pulses of all digits of the complete
designation will be transmitted via scan lead 134 through

scanner 302 in Fig. 3 to the magnetic drum auxiliary

sender system of the present invention. - The pulses of the
complete designation are registered on the magnetic drum.
When the drum control circuits of the present invention
recognize that the call originated at station 101 is a cus-
tomer dialed toll call, signals will be transmitted over
path 120 to sender 118 to prevent sender 118 from out-
pulsing any digits to the called office. As will be de-
scribed ‘hereinafter, this function will be performed by
the auxiliary sender system of the present invention on all
customer dialed toll calls.
been outpulsed to the distant office by the auxiliary
sender system of the present invention, a disconnect sig-
nal will be transmitted via path 120 to sender 118 and
sender 118 will release.

Referring now to Fig. 2 of the drawings, the operation -

of the panel telephone switching system of the. type dis-
closed in the above-cited Raymond et al. patent will be
briefly described. The box designated 206 is a represen-

tation of the line finder frame of a panel telephone switch-

ing system. Subscriber lines are connected to the line
finder bank multiple. Line 202 to which calling station
201 is connected terminates on the bank multiple of line
finder frame 266. The line circuits of the subscribers’
lines are mounted on the line finder frame and, in addi-
tion, the necessary trip and start circuits required to in-
itiate the finding of a calling subscriber line. As shown
in Fig. 2, line relay circuit 263, trip circuit 204 and start
circuit 205 are shown within the box designated line finder
frame 206. The multiple brushes on line finder frame
206 are connected through line finder equipment to a
district selector circuit. Line finder frame equipment
provides means to find a calling line when the subscriber
removes the receiver to originate a call and associates
that line directly with a line finder district selector circuit.

The box designated 207 in Fig. 2 represents the district
selector frame for a panel telephone switching system.
The general purpose of the district selector frame equip-
ment is to connect a calling line with a trunk to an office
selector frame or with an outgoing trunk to a called cen-
tral office.
tor 208 is connected to a semder 'such as sender 225

through a sender link frame such as sender link frame-

221 and operates under control of sender 225 to select

a trunk such as outgoing trunk 209 to a called office or’
to select a path or trunk to an office selector on an office

selector frame.

The box designated 210 represents an office selector
frame ‘of a panel telephone switching system which serves:
as a supplementary frame to the district selector frame.
When-*

in central offices when trunk groups are large.

When the,

However, because. there is insufficient register.

After the call designation has

As shown in Fig. 2, line finder district selec-:
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ever used, the equipment on an office selector frame serves

to select an idle outgoing trunk to a central office. As

shown in F1g 2 office selector 211 1s termmated on the
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banks of district selector frame 207 and is operated us-
der control of a sender such as sender 225 to select an
idle outgoing trunk such as trunk 212.

The box designated 213 in Fig. 2 represents an incom-
ing selector frame of a panel telephone switching system.
This frame corresponds closely to a standard district selec-
tor frame both in structure and associated equipment.
The incoming selector frame provides a terminating point
for incoming trunks from other offices and the local office
as well. The equipment on incoming selector frame 213
serves to select an idle trunk to ome of a group of final
selector frames on which the called subscriber line has
a ‘termination. Incommg selector frame circuits furnish
ringing current to ring the called party and also supply
talkmg battery to the called subscriber’s line. As shown
in Fig. 2, incoming trunk 214 terminates on incoming
selector- 215 which operates under control of a sender
in the calling office to test and select a trunk to a final
selector on the final selector frame. Similarly, incoming
selector 216 on incoming selector frame 213 serves to.
terminate a trunk from the district selector frame 207 and
operates under control of a sender in the local office such
as sender 225 to test and select a trunk to a final selector
on a final selector frame.

The box designated 217 in Fig. 2 represents a final
selector frame of a panel telephone switching system.
The subscribers’ lines are connected to the final selector
frame bank terminals with incoming trunks being con-
nected through a final selector located within the frame.
The final selector frame equipment provides means for,
selecting the called line terminals, testing for a busy con-
dition and connectmg the calling line through to a called
line. As shown in Fig. 2, final selector 218 on final selec-
tor frame 217 provides a terminal for a trunk from an
incoming selector frame and controls the selection of the
line terminal 219 of a called station 220. )

The box designated 221 in Fig. 2 represents a sub-
scriber’s sender link frame of a panel telephone switching
system., The purpose of the subscriber’s sender link
frame is to preselect an idle line finder-district selector
circuit and to connect to an idle sender circuit. The
subscriber’s link frame 221 contains two sets of bank
terminals; one designated 222 for controlling the pre-
selection of an idle line finder-district selector circuit
such as line finder-district selector 208, the other set of
bank terminals designated 223 for controlling the selec-.
tion of an idle sender circuit such as sender No. 100
shown in block 225. The link circuits on the subscriber’s
link frame are comnected to a calling subscriber’s line
through the line trip and start circuits of the line finder
frame and control the selection of the sender and line
finder-district selector. For example, Fig. 2 shows link
circuit 224 connected through start circuit 205, trip cir-
cuit 204, line relay circuit 203 to line 202. Link cir-
cuit 224 in turn controls the selection of the line finder-
district selector 208 of an idle sender 225. :

The subscriber sender in a panel telephone switching
system such as sender 100 shown in block 225 in Fig. 2
is connected to a calling subscriber line to furnish dial
tone as a signal that dialing may be started. The sender’
also receives and registers the dialed digits of a called
number and controls the establishment of the call to the
called subscriber. As shown in Fig. 2, subscriber sender
225 is connected to the magnetic drum auxiliary sender
system of the present invention over two paths, 226 and

- 227, whose function will be described hereinafter.

The box designated 229 in Fig. 2 represents a decoder
circuit of a panel telephone switching system which de-
codes the first three digits dialed by the calling sub-
scriber and furnishes the sender with the proper informa-
The
sender” is ‘associated with a particular decoder through '
a decoder connector such- as decoder connector 228
shown in Fig. 2.

On the removal of the handsct by a calling subscnbcr
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at station 201, a circuit is completed through the line
relay circuit 203, trip circuit 204 and start circuit 203
to-a link circuit 224 on the subscriber’s link frame 221.
The link circuit being used will close a path to a pre-
selected line finder-district selector circuit 268 which in
turn causes the line finder on line finder frame 206 to
hunt for and find the calling line 202. Link circuit 224
at the same time tests to see if an idle sender, such as
sender 225, is available. When both the calling line
and an idle sender have been found, a dialing path is
closed between the subscriber at calling station 201 and
sender-225. The trip and start circuit then restore to
normal.

Sender 225 then returns dial tone to the calling line
as an indication that dialing may be started. When dial
pulses for the first three digits dialed by a calling sub-
scriber: have been received and registered in sender 225,
the sender will call on decoder connector 228 to find an
idle decoder 229 and pass to decoder 229 the code
comprising the first three digits. Decoder 229 will then
inform the sender of the selections that must be made on
district frame 207 and office frame 210 to find trunks
to the called office. Decoder conector 228 and decoder
229 then restore to normal.

If the subscriber at station 281 has originated a local
call, the three digits transmitted to the decoder 229 will
be an office code. However, if the call originated by
the calling subscriber at station 201 is a customer dialed
toll call, the three digits transmitted to decoder 229 from
sender 225 will be an area code. In case the call is 2
local call, decoder 229 will inform sender 225 of the
selections required to be made to select am outgoing
trunk, such as trunk 289, to the called office within the
area. In case the call is a customer dialed tol call, de-
coder 229 will advise the sender 225 of the necessary
selections required to connect a trunk, such as outgoing
trunk 212, which extends to a toll telephone switching
system of the type disclosed in the abcve-cited copend-
ing Gooderham et al. application. Seader 225 causes
line finder-district selector 208 and office selector 211
to function to select the necessary idle circuits to out-
going trunk 212. While the line finder-district selector
208 is functioning, the subscriber at calling station 201
is completing his dialing. If the call is a local call, these
digits will be received and registered by sender 225.
When the path to the called office has been completed,
sender 225 will then outpulse the numerical designation
and party letter, if one has been received, to the called
office, direct the establishment of a communication path
to the called subscriber, and release itself.

If the call originated from station 201 is a customer
dialed toll call, the remaining digits of the called desig-
nation will be dialed into sender 225 the same as on a
local call. However, because there is insufficient reg-
ister capacity in sender 225 to register all of these digits,
some will not be registered. The pulsing relay in sender
225 will, however, respond to the pulses of all digits of
the complete designation and, by scanning or observing
the condition of the puising relay in sender 225 on a time
division basis, the pulses of all digits of the complete
designation will be transmitted via scan lead 227 through
scanner 302 in Fig. 3 to the magnetic drnm auxiliary
sender system of the present invention. The pulses of
the complete designation are registered on the magnetic
drum. When the drum control cireuits of the present in-
vention ‘recognize that the call originated at station 201
is a customer dialed tell call, signals will be transmitted
over path 226 to sender.225 to prevent sender 225 from
outpulsing any digits over the outgoing trunk. As will
be described hereinafter, this function will be performed
by the auxiliary sender system of the present invention
on all customer diaié_d toll calls. After the called des-
ignation has been outpulsed over the outgoing trunk by
the auxiliary sender system of the present inventicn, a
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disconnect signal will be transmitted via path 226 to
sender 225 and sender 225 will release.

The magnetic drum auxiliary sender system of the
present invention is shown in block diagram form in
Fig. 3 of the drawings. The manner in which this sys-
tem cooperates with a panel and/cr a crossbar telephone
switching system is shown when Fig. 3 is associated
with Figs. 1 and 2 as shown in Fig. 4.. Under normal
operation of a crossbar or a panel telephone switching
system, a subscriber, when originating a call, is con-
nected through part of the switching network in the sys-
tem to a sender which responds to the digits of the called
designation as they are dialed. The sender will be con-
nected to an outgoing trunk and will in turn outpulse
the necessary digits. The magnetic drum auxiliary send-
er system when cooperating with a panel or crossbar
telephone switching system will observe the digits as
they are dialed into each sender of the system by scan-
ning the pulsing relays of the senders, that is, the con-
dition of the pulsing relay of each sender is detected
periodically on a time division basis. If the first three
digits dialed into the sender comprise an area code, the
auxiliary sender system provides storage capacity to
register the ten or eleven digits that may be dialed and
the subscriber sender will be notified not to do any out-
pulsing as the magnetic drum auxiliary sender system
of the present invention will outpulse the ten or eleven
digits of the called designaticn by multifrequency pulsing.

The storage or memory utilized in the present inven-
tion to register the ten or eleven digits of a called desig-
nation is a magnetic drum. As shown in Fig. 3, this
drum is represented by the box labeled 301. The mag-
netic drum is a motor-driven cylinder coated with mag-
netic material. Information is stored by magnetizing
spots on the surface of the drum. Initially, the whole
drum is magnetized to saturaticn in the same direction.
To record a bit of information, a small spot called a
cell is magnetized to saturation in the opposite direc-
tion by the application of a magnetic field. Due to
the retentivity of the magnetic material, the cell will
remain magnetized in that direction until restored to
normal (erased) by a field of the opposite polarity. In-
formation is read from a cell on the magnetic drum
by detecting that it is magnetized in a different direction
from the surrounding area. Data is recorded on and
read from the drum by reading-writing heads. A spot
is recorded, a 1 written, in a particular cell by passing
a short pulse of current through a winding on the mag-
netic head while the head is over that cell. The spot
is erased, a 0 written, by passing current through the
winding on the head in the opposite direction. The cells
which pass under a single reading-writing head as the
druom rotates are called a track. The cells which pass
under all of the heads of the magnetic drum .af the
same time comprise a slot. .

Because the magnetic drum auxiliary sender system
of the present invention may be adapted to cooperate
with a plurality of senders either of the crossbar or
panel type (as many as 198 as described in detail here-
inafter), space must be provided on the magnetic drum.
to record the eleven digits which may be dialed into
each sender on customer dialed toll calls. The space
on the magnetic drum may be conserved, however, if
only the first three digits dialed into each sender are
recorded and then, if the call is a customer dialed toll
call, the remaining seven or eight digits recorded in a
special common register space on the magnetic drum.
Only enough of these common register spaces need be
provided for storing the eleven digits of each customer
dialed toll call to-handle the maximum number of the
ten or eleven digit calls that are expected to be dialed
simultancously. In the illustrative embodiment of the
present-invention, each sender associated with the aux-
iliary sender system is assigned a three-digit designa-
tion number. For example, the sender shown in block
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{18 ia Fig. 1 is des:gnated sender No. 000 while the
sender shown in block 225 in Fig. 2 is designated sender
No. 100. In the illustrative embodiment of the present
invention as will be described in detail hereinafter, the
198 senders which may be associated with the auxiliary
sender system are designated 000 through 098 and 160
through 198. Each of these senders is assigned a sender

space comprising five slots on the magnetic drum. There’

are eight common register spaces on the magnetic drum
each comprising twelve slots. These common register
spaces in the illustrative embodiment of the present in-
vention are numbered from 0 through 7. The sender
spaces and common register spaces are schematically
shown in detail in Figs 18 and 19, respectively, of the
drawings.

As shown in Fig. 18, a sender space, one of which is
associated with each sender of the system, includes two
timers, a sender release timer and an interdigital timer,
and three registers designated X1 register, 0 register and
X2 register. These registers are utilized to register the
first three digits dialed into the associated sender. Four
code elements are required to register a decimal digit
in a binary code and, therefore, each of these registers
includes four cells. No additional cells are provided in
a sender space for counting the pulses of a digit dialed
into the associated sender because the counting will be
accomplished by the register itself with its associated
circuitry. Three cells in each sender space are utilized
for dial pulse detection. These are the S, A; and Ay
cells in slot 1 of tracks 10 through 12 shown in Fig. 18.
Information written in the other nine tracks, that is,
tracks 1 through 9, is used to identify and define each
slot on the drum. Included in the slot definition infor-
mation is the sender number for each sender space. As
shown in Fig. 18, the sender number recorded in a par-
ticular sender space will be the sender number for the
next succeeding sender space to pass under the heads
of the magnetic drum. Various other information which
is needed by the drum control circuits is stored in the
sender space and will be described later.

The layout of a common register space is shown in
detail in Fig. 19 of the drawings. Here, space is pro-
vided to store eleven digits, each in a separate slot. It
would be possible to leave the first three digits dialed
into a sender in the spender space associated therewith
and store only eight digits in the register space, but
the control circuits can be simplified by storing all eleven
digits together at the cost of only a few additional slots.
The digit sent column in track 12 keeps a record of the
digits of the dialed designation which have been out-
" pulsed to the distant office. by a multifrequency transmit-
ter. When digits are transferred from a sender space to
a common register space, the two spaces are associated
by writing the number of the sender space in the com-
mon register space preceding the associated common
register space. As in the sender space, nine tracks are
used to record permanent information for slot defini-
tion purposes. Included in this information is the num-
ber of the common register space. It will be noted
referring to Fig. 19, that the register number for the
next common register space is recorded in slot 1 of each
common register space and that the number of the
sender associated with the next common. register space
is recorded in track 10 when the next common register
space is to be associated with a particular sender. The
purpose for recording the sender number in the preced-
ing register space will be described in detail hereinafter.

Existing senders in telephone switching systems of the
panel or crossbar type in which the magnetic drum
auxiliary sender system of the present invention is pro-
vided will be called in on every call to return dial tone
to the subscriber and to receive dial pulses over the
subscriber loop as indicated hereinbefore. Regular lo-
cal traffic will be handled in the usual way by these
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senders. Foreign area traffic, that is, custofher dialed
toll calls, will be handled by the regular senders aided
by the magnetic drum auxiliary sender system of the
present invention, It is necessary, then, to observe all
of the senders in the offices on every call and record
the essential information on the magnetic drum.

The first three digits must be recorded for every call.
If these first three digits indicate that the call is a ten or
eleven digit call (customer dialed toll call) the remaining
digits must also be recorded. Access to magnetic drum
361 shown in Fig. 3, of course, is through reading and
wrmng heads. The processing of information on the
drum is under control of drum contro] circuits shown in
block diagram form in Fig. 3. "Because there are a plu-
rality of senders being observed on a time division basis,
a scanner must be provided which observes the pulsing
relay in each sender often enough to insure that no dialed
information is lost. The scanner and magnetic drum must
be synchronized so that the drum control circuits know
at all times which sender is bemg observed. In Fig. 3
of the drawings, the scanner is represented by the box
labeled 302. It will be noted that the scan leads desig-
nated 227, 230, 134 and 132 from the senders feed into
the input of scanner 302. The manner in which scanner
302 and magnetic drum 301 are synchronized is through
the use of translator 303 and sender number register 304.
As magnetic drum 301 rotates, the sender number
recorded in slots 4 and 5 of each sender space will be
read and passed via path 320 to sender number register
304. This number will be translated by translator 303
and will cause the scanner 302 to set up to that par-
ticular sender so that when slot 1 of the sender space
associated with the particular sender is being read, its
scan lead will be connected through scanner 302 via
path 321 to the sender space control circuit 305. The
information previously recorded in the sender space in
conjunction with the information being received from the
scanner are combined and the record in the sender space
is thus kept up to date.

Because area code calls are handled by the magnetic
drum auxiliary sender system of the present invention,
this system must include the necessary equipment to con-
nect an outsender or transmitter to the proper outgoing
fundamental tip and fundamental ring leads from the
regular sender. - The system must also include multi-
frequency pulsing means which will outpulse the digital
information and must in addition contain the means which
will exercise control of the regular sender being used on
the call. "It is, ‘thérefore, essentia] that enough multifre-
quency transmittérs be providéd to handle:the outgoing
traffic or, that is, handle the traffic of all customer dialed
toll calls which are expected {0 be simultaneously made.
A connection must be established between the drum con-
trol circuits and a multifrequency transmitter and the
multifrequency transmitter must be connected to the par-
ticular sender being used for any given call. In the illus-
trative embodiment of the present invention, eight multi-
frequency transmitters are used. Fach of these trans-
mitters is associated with one of the eight common register
spaces on magnetlc drum 301. Three of these trans-
mitters are shown in block diagram form in Fig. 3. Trans-
mitter No. 0 associated with common register space No., 0
is shown in the box designated 317, transmitter No. 1
associated with common register space No. 1 is shown in
the box designated 318 and transmitter No. 7 associated
with common register space No. 7 is shown by the box
designated 319. The drum control circuits are connected
to only one multifrequency transmitter at a time and only
while the heads of the magnetic drum are passing over
the common register space associated with that particular
transmitter. This: requires that a gate be provided for
each transmitter to control the passage of information
between: the drum control circuits and the transmitter.
Three of these gates are shown in block diagram form in
Fig. 3. ' Gate No. 0 associated with transmitter No. 0-is
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shown in_the box desxgnated 314, gate No. 1 associated

with transmitter No. 1 is shown in the box desxgnated 315
and gate No. 7 associated with transmitter No. 7 is shown
in the box designated 316. These gates shown in the
boxes 314, 315 and 316 i in Fxg 3 are under control of a
dlstrlbutor 309 which in furn is controlled by a register
number register 308. The distributor and the magnetic
drum are synchronized by the drum control circuits.
The register number read in slot 1 of each of the com-
mon regxster spaces on magnetic drum 301 as the drum
rotates i3 passed via path 322 to register number register
308. Register number register 368 will in turn control
distributor 309 to operate the gate connected to the trans-
mitfer associated with the common register space béing
réad. For cxample when- the number for common rég-
ister spacé No. 1 is read in slot [ of éommion register
spacé No: 0, the number 1 will be régistéréd in register
number rcglster 308, ThlS will cause distributor 209 to
apply 4 signdl ovér pdth 324 to operite gate No. 0 shown
in box 314 With gate No. 0 operdtéd, information may
Be. passéd between transmitter control circuit 316 dnd
transmitter No. 0 via paths 338 and 329, between trans-
fer circuit 306 and transmitter No. 1 via paths 337 and
330 'and between connector control circuit 307 and trans-
mitter No. 1 via paths 336 and 330, Sxmllarly, when
the: number for common register space No. 2 is read in
slot. 1 of common register space No. 1, the number 2
will ‘be registered in register number register 388. This
will cause distributor 309 to’ apply a signal over path 325
to operate gate No. 1 shown in box 315.. With gate No.

1 ‘operated, information may be passed between trans-
mitter control circuit 310 and transmitter No. 1 via paths

338 and 331, between transfer circuit 366 and transmitter
No. 2 (not shown in Fig: 3) via paths 337 and 332, and
‘between connector control circuit 307 and transmitter

No. 2 via paths 336 and 332:. In a similar fashion, gate’

No: 7 shown in the box 316 is operated by a signal over
path 326 from distributor 309 when the number for com-
mon register space No. 8 is read in slot 1 of common regis-
ter space No. 7.. As will be described later, register space
No. 8'is the test register space: and is used by test circuit
311 to test the drum control circuits.

The other connecting function which must be accom-
p]lshed by the drum control circuits of Fig. 3 is that of
associating a multifrequency transmitter and a sender
which are working together on a given call and this con:
nection must be  maintained - while the call is' béing

. processed. The connection betweén. a mulnfrequency
transmitter- such- as: transmitter No. 0-in box 317 and &
sendersuch as serider No. 100 in box'225 shown in Fig. 2
ig-established by the connector control citcuit 307 throtgh
the.transmitter link controller 312. The numbers  of the
sender‘and the: transmitter being used for a particular call
are:read from the associated ¢common. register space as
magnetic drum 301 rotatés. These numbers are passed to
connector control: circuit 307 via: path 343. Connector
control circuit 307 will then operate via:path 344 the re-
quired select and hold magnets:in the crossbar switch: of
the: transmitter’ link' controller 312 to establish a con:
nection between the required transmitter-and sender. For
example, a connection between transmitter No. 0-and
sender No. 100 in Fig. 2 is compléted via path 339 th’rough
operated crosspoint contacts of: the: crossbar switch. in
transmitter: link- controller 312 via- path 226 to sendet
No. 100.

In addition to’ the’ three’ leads: already noted, that is;
the : scanning’ lead, . the® filndamental tip lead and the
fundamental ring: lead; several other leads. pass between
a-transmitter and sendér, One of these leads will enable’
a- multifrequency ‘transmitter to prevent the:sénder con-
nected : thereto -from outpulsing: any- digits. A further
lead" is.also provided to allow "a‘second trial indication

to-be given: to ‘the sendéer and’ “finally, alead is used to-

allow- the- releasing: of the sender:at’ the: desired. time.

When a:pafticular sender: space:is:passing/under: the®
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readmg—wntmg heads on the magnétic dium 301, scanhér

302 is et up to scan the sender associated with this.

sender space so that when slot 1 of the sénder space is
read, sénder space control circuit 305 can determine: the
condition of thé pulsing relay in the sénder. As shown
in Fig. 3, sender space control circuit 305 has access.to
magnetlc drum 301 via path 345. The scanner is actually
set up in advance on slots 4 and 5 of the previous sender
space which has just passed under the reading-writing
heads on magnetic drum 361. While the heads are
passmg over slots 2 and 3 of the sender space; the scanner
is free for other use. It is durmg this time that the
scanner 302 is set up to observe a sendér which is asso-
ciated with & sender space on the opposite side of mag-
nétic dram 301, The senders with which the auxiliary
sender system of the present mventxon aré assoczated
are mated so that édch sendér has a mate sénder.
&énder  spacés for maté senders are correspondmgly
fiatéd. Seéndérs with thé same téns and Gnits digits are
pairéd of mated, that is, senders Nos. 1 dnd 101 aré
mafe sénders, sendéfs Nos. 50 and 150 are mate senders
The conditicn of 4 mate sender i is recorded ii the sender
space associafed theérewith by means of a single writing
head which is placed on the opposite side of magnetic
drum 361 from the main reading-writing heads. This
spot will be used when the mate sender space passes under
thé miain heads to inform the pulse detecting circuit in
the sénder space control circuit 365 as to the condition of
the pulsing relay one-half reévolution earlier. ‘The
sequence of events is as follows: As slot 1 of a sender
spaceé passes under the main heads, scanner 302 is used
to scan that sender. On slot 2 of thé sender space, scan-
ner 302 is set up by franslator 303 and sender number
register 304 to thé mate sénder. As slot 3 of the sender
space is réad, the output from scanner 302 on path 328
is obsérved and the condition (closed or open) is written
in the mate sender space. Finally, on slots 4 and 5,

ple when slots 4 and 5 of sendér space No. 95 are pass-
ing under the main heads on magnetic drum 301, s¢anner
302 will be set up to observe sendér No. 96.  As magnetic
drum 301 confiniies t6 totate and slot 1 of séndér space
No. 96 is read, the conditioh of theé pulsing relay in
sender No. 96 will bé cbservéd and recordéd in slof 1
of seénder space No. 96. As slot 2 of sénder space No.
96 is read, scanner 392 i$ sét Up to observe sender No.
196 (mate sendér for seiider NG. 96) A¢ slot 3 of

sénder space N6, 96 i réad, scantiét 302 obsérvés theé

condition of the pulsmo rélay in sénder No. 196 and this
condmon 1s recorded m the S’ cell m slot 1 of ma'fe
dri 301 by an aumhary wrxtmg head. As slots 4 and
5 of sendét space No. 06 aré réad, scanter 302 is €6t
up t6 observeé sénder No. 97 $6 that when slot 1 of
sefider spacé No. 97 is réad, thé scannér will bé ready
to obseive thé condition of thé pulsing relay in sendér
No. 97.

The drum conirel circuits shown in block diagram
form in Fig. kS of thé drawings are divided into four
major blocks, The first of these i3 the sender space
control circuit designatéd 305 which processés the in-
formation contained in thé sender spaces. This includes
téceiving inforfmation from the scanner and performmg
the digit counting operations. The¢ second is the trans-
fer circuit designated 306 which recognizés Whén an ared
code has besh dialed, séizés an avallable common reglster
space” and transfers information bétween a sender space
and the seized corhimon register space. Thé third is the

-transmittér control circuit 310 whlch controls the multi-

frequency transmitters, three of which aré shiows in Fxg
3, by boxes 317, 318 and 319. Transm1tter control cirs
cuit’ 310 reads’ the digits from 4 comimon registér space
and passes’ therm, one at a timé; to the dssdcidtéd trans-
mitter; Transmiitfer contfol ¢itéiit 310 also tiriés the
mulufrequency digit pulses and interdigital intervals that
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are outpulsed The fourth of the major circuits is the
connector control circuit 307 which sets up the trams-
~mitter link controller 312 to establish a connection be-
tween a multifrequency transmitter and the required
sender.

The sender space control circuit 305 shown in Fig. 3
processes the information contained in each sender space
on magnetic drum 301, It detects dial pulses dialed into
each sender by determining the condition present on the
scanner input leads to scanner 302 and it performs the
functions of timing the interdigital, sender release and
stations delay periods. In addition to these functions,
the sender space control circuit 305 also contains the
slot definition circuits which define each slot on the mag-
netic drum.

The memory required for dial pulse detection consists
of three cells in slot 1 of each sender space as shown in
Fig. 18 and as indicated hereinbefore. The S’ cell
records the condition of the subscriber’s loop as indicated
by the pulsing relay in the sender a half revolution of
the drum earlier. The Aj cell records the condition of
the loop a full revolution earlier. The A; cell is an off-
normal indication. A 1 is written in the A; cell by sender
space control circuit 305 when the sender is seized as
recognized by observing a closed loop condition through
scanner 302. The 1 written in the A; cell remains there
until the sender is released. Memory is required to detect
dial pulses because if sender space control circuit 305
finds the loop closed, it must know that in the past the
loop has been closed and then opened in order to rec-
ognize the end of a dial pulse. - -

The magnetic drum layout and operation of the sender
space contro! circuit 305 can perhaps be best described
in a general way by explaining how information is re-
corded as a call is handled. Initially, a subscriber in ini-
tiating a call seizes a sender such as sender No. 000 in
box 118 or sender No. 100 in box 225 in Figs. 1 and 2,
respectively. Sender space control circuit 305 recognizes
through scanner 302 the operation of the pulsing relay in
the sender and writes a 1 in the A; cell in slot 1 of the
associated sender space on magnetic drum 301. Asshown
in Fig. 3, sender space control circuit 305 is connected to
magnetic drum 301 via path 345 and to scanner 302 via
path 321. As the subscriber dials the first digit, the open
loop condition is recognized and recorded in the pulse
detection memory cells in slot 1 of the associated sender
space by sender space control circuit 305. The subse-
quent closed loop condition is an indication to sender
space control circuit 305 that the first dial pulse has ended

and that a 1 must be recorded in the first digit register *

(X1) in slot 3 of the associated sender space. To accom-
phsh this, a flip-flop in the sender space control circuit
305 is set as slot 1 of the sender space is read. As slot 3
of the sender space passes under the magnetic heads, it is
recognized by the unique combination in tracks 2 through
9 and the flip-flop is reset to normal. As the flip-flop is
reset, it produces a pulse which is used to record 2 1 in
the X1 register in the associated sender space. Digits are
registered in the sender space on magnetic drum 301 in
binary code. Initially, zeroes are written in each of the
four cells which comprise a register. Thus, a 1 is re-
corded in a register by changing the 0 in track 13 of slot 3
to a 1. As the second dial pulse is received, its end is
recognized by the combination of conditions on the scan
lead and in the §’, A; and A, cells in slot 1 of the sender
space. This causes the flip-flop to again be operated while
slot 1 of the sender space is being read. On the reading
of slot 3 of the sender space, the flip-flop is again reset
changing the 1 in track 13 to a 0 and the 0 in track 14 to

a 1. As the end of each succeeding pulse is detected by -

sender space control circuit 305, the flip-flop is operated
on slot 1 of the sender space and restored to normal on
slot 3, each time adding a 1 to the binary count stored in
the X1 register.
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digit are counted directly in the register assigned to that
particular digit in the associated sender space.

After the first digit has been completely dialed, an mter-
digital interval must be recognized. Sender space control
circuit 365 performs this function. To distinguish the
closed loop interval between pulses of a digit from the
interdigital period between digits requires timing. This
timing is provided by counting the number of times that
sender space control circuit 305 recognizes a closed- loop
condition. Eight revolutions of the magnetic drum (about
130 milliseconds) are counted in three cells in slot 2 of the
sender space called the interdigital timer, that is, each
time that sender space control circuit 305 finds a closed
loop condition both on the scan lead and in the 8§’ cell, a 1
is added to the interdigital timer by setting the flip-flop
for this purpose on slot 1 and resetting it on slot 2. Since
with a slow dial, the closed loop interval between dial
pulses ‘might last for a few revolutlons, the count must
be erased each time an open loop is detected. Therefore,
when sender space control circuit 305 finds an open loop
condition as it reads slot 1 of a sender space, it remembers
this fact until the second slot is read and changes any
ones in the interdigital timer to zeroes.

After the first digit has been dialed and the loop has re-
mained closed for eight revolutions of magnetic drum
301, sender space control circuit 305 will recognize an
interdigital timeout as it reads slot 2 and will set a flip-flop.

This flip-flop will be reset on slot 3 and cause a 1 to be
written in the digit dialed cell in track 12 of slot 3 of the
sender space, if a number other than a 1 is stored in the
X1 register. 1If the first digit dialed was a 1, it will be
erased and the next digit dialed will be stored in the X1
register. This is to reject preliminary pulses as will be
described in the detailed description given hereinafter.

As the second digit is dialed, the end of each dial pulse
is recognized while slot 1 of the sender space is being
read and the flip-flop in sender space control circuit 305
will be operated. Now, however, because a 1 is written
in the digit dialed cell of slot 3 of the sender space, the
flip-flop is not reset in slot 3. However, on reading a 0
in the digit dialed cell of slot 4, the flip-flop is restored to
normal and adds a 1 to the number in the 0 register in
slot 4 of the sender space. Thus, the pulses of the second
digit are counted in the 0 register in slot 4 of the sender
space. After the second digit has been completely dialed,
the sender space control circuit 305 will recognize and
remember the interdigital timeout. Reading a 1 in the
digit dialed cell of slot 3, it will do nothing on that slot,
but finding a 0 in the digit dialed cell of slot 4 and that
the 0 register is not empty, it will write a 0 in the digit
dialed cell of slot 4 of the sender space.

Each pulse of the third digit is recognized and remem-
bered by sender space control circuit 305 in the same
way, but now since ones are read in the digit dialed cells
of slots 3 and 4 indicating that these digits have been
completely dialed, the pulses are counted in the X2 regis-
ter of slot 5 of the associated sender space. After the in-
terdigital timeout, with ones in track 12 of slots 3 and 4
and with a digit stored in the X2 register in slot 5, a 1 is
written in the digit dialed cell of slot 5 indicating that the
first three digits have been completely dialed. It should
be noted that while memory is required in sender space
control circuit 305 to carry information from one slot to
another, all memory is restored to normal by the end of
the sender space, that is, when the sender space com-
pletely passes under the heads of magnetic drum 301, In-
formation can be carried to a succeeding slot by this cir-
cuit but not to a preceding slot. Therefore, sender space
control circuit 305 processes information in each sender
space on magnetic drum 301 as it is read and is capable of
hand.ing calls in every one of the sender spaces at the
same time.

After the first three digits have been registered in the
X1, 0 and X2 registers of a sender space, they must be

In this manner, the pulses of the first 78 checked to determine if the call is to be handled by the
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magnetic drum auxiliary sender system of the present in-
vention or if the call is a local call and will be handled
by the regular sender. If the call is an area code call, a
common register space must be seized so that the ten or
eleven digits to be dialed by the calling subscriber may
be registered. If the first three digits do not comprise an
area code, the succeeding digits will be ignored and no
registration will be made on the magnetic drum.

The transfer circuvit indicated by the box labeled 306

" in Fig. 3 performs the function of checking the first

three digits counted in a sender space to determine if
they comprise an area code, reading information from a
sender space, finding an idle common register space,
seizing an idle common register space and writing in-
formation in it. As shown in Fig. 3, transfer circuit
306 is connected to magnetic drum 301 via path 348,
to sender number register 304 via path 351, to gates 313.
314, 315 and 316 via path 337, to transmitter control
circuit. 310 via path 352 and to test circuit 311 wvia
path ‘350.

A common register space is associated with a particu-
lar-sender space while a call is being handled by writing
the number of the sender space in the common register
space preceding the assigned common register space.
Transfer circuit 306, to find a particular common register
space, must remember the sender number for which
the common register space was seized and as magnetic
drum 301 rotates, read the numbers written in the register
spaces until it finds that number. Transfer circuit 3066,
therefore, stores the sender number in a set of flip-flops
therein. The sender numbers are read in slots 4 and 5
of the sender svaces and passed to sender number register
304 via path 320. Sender number register 304 then sets
up scanner 302 to the proper sender for use during slot
1 of the next sender space. Also, during the reading
of slot 1 of a sender space, if transfer circuit 306 is idle,
the sender number registered in sender number register
304 will be passed via path 351 to transfer circuit 306
where it is registered in a set of flip-flops. Therefore, as
slot 1 of each sender space is read, the setting of the
flip-flops in transfer circuit 306 will be changed to corre-
spond to the sender number for that space, if the trans-
fer circuit is not busy transferring information. If while
reading any slot of a particular sender space it is decided
that information must be transferred, transfer circuit 306
is made busy and the sender number is held in its flip-
flops unchanged until no longer needed.

The first job that must be done by transfer circuit 306
is to recognize an area code, seize an available ¢ommon
register space and transfer the first three digits to the
seized common register space. Transfer circuit 306, if
it is idle, looks for a two to nine digit in the X1 register,
a 0 or 1 in the O register and a two to nine digit in the
X2 register of the sender space. It requires a 1 in the
digit dialed cell in track 12 of slot 5 of the sender space
indicating that all three digits have been completely
dialed; it also checks that at least one common register
space and associated transmitter are available and there
is a 0 in the X0X transferred cell in slot 2 of the sender
space indicating that a common register space has not
already been seized for this particular sender space. Tf
these conditions are met, the transfer circuit 306 is made
busy and the sender number is held in its flip-flops. As

will be seen from the layout of the common register -~

space shown in Fig. 19, the sender number is written in
track 10 one digit, in each slot, of the register space.
The reason that this sender number corresponds to the
next register space is that as transfer circuit 366 looks
for a particular register space, it checks the digits in
track 10 of the common register spaces against the digit
stored in its flip-flops one at a time and does not know
until after reading slot 12 whether or not the sender num-
bers are the same. Therefore, when transfer circuit 306
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does find that the numbers agree, it knows thdt the next
common register space is the one in which it is interested.

‘Transfer circuit 306, after making an area code check
to determine that the call is a customer dialed toll call,
must then find an idle common register space. As the
first slot of a common register space is passed, the gate
associated therewith is enabled by distributor 309 and
transfer circuit 306 tests the transmitter associated with
the next succeeding common register space to determine
whether or not it is idle. For example, when slot 1 of
commor regisier space No. 0 is read, gate No. 0 in box
314 will be operated by distributor 3G9 and if transmitter
No. 1 in box 318 is idie, a signal will be passed to trans-
fer circuit 306 from transmitter No. 1 via path 330
through gate No. 1 over path 337. If transfer circuit
30§ receives a signal from transmitter No. 1 indicating
that it is idle, transmitter No. 1 will be seized and re-
served for the use of the particular sender by transfer
circuit 306. Transfer circuit 336 accomplishes this seizure
by sending a signal over path 337 through gate No. 0
over path 339 to transmitter No. 1. At the same time,
transfer circuit 306 will cause the sender number reg-
istered in its flip-flops to be written in track 10 of com-
mon register space No. 0. In this manner, common reg-
ister space No. 1 and transmitter No. 1 are seized by
transfer circuit 366. If the next common register space
is busy, nothing is done by transfer circuit 306 until a
subsequent idle register and associated transmitter are
found whereupon transfer circuit 306 will function as
indicated above to seize the transmitter and associated
common register space.

Transfer circuit 366 must now find the original sender
space which it does by comparing the sender number
stored in its flip-flops with sender numbers registered in
sender number register 394 as each sender space is read.
When they agree, transfer circuit 306 waits until it reads
the third slot of the sender space and stores the X1 digit
in.a set of four flip-flops in transfer circuit 306. At the
same time, it erases the X1 register in the sender space
by writing zeros for ones. Now the common register
space thai was just seized must again be found and
transfer circuit 366 does this by comparing the sender
number stored in the flip-flops of transfer circuit 306
with the sender number written in the common register
spaces on the magnetic drum. When the numbers check,
transfer circuit 366 recognizes that the next register space
is the one for which it is looking and -writes the X1
digit in slot 2 of this common register space. At the
same time, transfer circuit 306 will release the digit stored
in its own flip-flops. Transfer circuit 306 waits as the
drum rotates until the original sender space is again
found, stores the second digit from slot 4 and erases the
register; it ignores the first digit because it found the X1
register empty. The seized common register space is
again found by comparing sender numbers and the second
digit is written in the first empty register which in this
case is in slot 3 of the common register space. The digit
storage flip-flops in transfer circuit 306 are reset so that
they can be used again. The original sender space is
found a third time and since the registers on slots 3 and
4 are emrgty, the X2 digit from slot 5 is stored in the
transfer circuit flip-flops and the X2 register in slot 5
of the sender space is erased. At the same iime, a 1
is written in track 11 of slot 5 of the sender space to
indicate that the X0X digits have been transferred and
a 0 is written in the digits dialed cell in slot 5, track
12. Transfer circuit 306 again finds the proper register
space and writes the X2 digit in the fourth slot. The
transfer circuit is then restored to normal and is able to
handle information for any sender space.

Connector control circuit 307 shown in Fig. 3 will
recognize when a transmitter has been seized for a par-
ticular call and no connection from the seized transmitter
to ‘the proper sender has been established. Connector
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control circuit 307 is advised of this ¢ondition by a signa
fed from a transmitter through its associated gate over
path 336 to connector control circuit 307 as shown in
Fig. 3. If connector control circuit 307 is idle when this
signal is received, it will read the register number and
the sender number from the register space on magnetic
drum 301, will pass this information via lead 344 to the
transmitter link controller 312. Transmitter link con-
troller 312 will operate in response to this information
and in turn cause the operation of select and hold mag-
nets in the crossbar switch therein which will establish
a connection between the transmitter and the required
sender. ,

As the fourth and succeeding digits of the particular
call are dialed, they are counted in the X2 register in
the fifth slot of the sender space. When the X0X digits,
that is, when the area code digits were transferred, all
three registers were erased, but only in slot 5 was the
digit dialed cell changed to 0. As sender space control
circuit 305 recognizes the end of a dial pulse, it counts
then in the first slot in the sender space in which there is
a 0 in the digit dialed cell, that is, in slot 5. After an
interdigital timeout, a 1 is written in the digit dialed cell
in slot 5 as described above. If transfer circuit 306
is idle, it will be seized to transfer the digit to the re-
quired common register space. When transfer circuit
306 reads a 1 in the X0X transferred cell in slot 5 of the
sender space and a 1 in the digit dialed cell of slot 5 of
the sender space, the digit in the X2 register of slot 5 is
stored in the digit flip-flops of transfer circuit 306 and
the X2 register in slot 5 of the sender space is erased.
A 0 is also written in the digit dialed cell of slot 5 of the
sender space by transfer circuit 3¢6. The common regis-
ter space in which the previous digits of the call have
been registered is found by comparing sender numbers as
described above and the digit is written in the first empty
register in that space. Transfer circuit 306 is then re-
stored to normal. :

As the eleventh digit (stations digit) is dialed, it is
registered and transferred as described above to the com-
mon register space. When this stations digit is written
in slot 12 of the common register space, transfer circuit
306 will send a signal to the transmitter that all digits
have been received. The signal is sent from transfer cir-
cuit 306 over path 337 to the gate associated with the
seized transmitter, This signal tells the transmitter-that
all digits have been received and registered in the com-
mon register space and the transmitter can start to per-
form its functions.

In some cases, only ten digits will be dialed and there
is no way of knowing in advance that a stations digit will
be received. Therefore, a timed period must be allowed
after the units digit has been dialed for the subscriber
to dial the stations digit before proceeding with the trans-
mission of the digits to the distant office. This timing
is provided by counting 256 revolutions of the magnetic
dram (about four seconds) that the loop remains closed
after the units digit is dialed. The stations delay cell
in slot 2 of track 16 of the sender space is added to extend
the interdigital timing so that 16 revolutions can be
counted in slot 2 of the sender space. Each time that 16
revolutions are counted, a flip-flop in sender space control
circuit 3985 is set on slot 2 and reset on slot 3 adding 1
to the stations delay timer which consists of the same four
cells that were used to register the X1 digit.  However,
this is done only after the units digit has been dialed as
indicated by a 1 in the units dialed cell. The information
for writing a 1 in the units dialed cell in the sender space
is supplied by the transfer circuit 306, When the units
digit is transferred, it is written in slot 11 of the common
register space. Transfer circuit 306 recognizes the eleventh
slot of the common register space and holds itself busy
to find the sender space again. In slot 3, a 1 is written
in the units dialed cell and the transfer circuit is restored

to normal.
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1f the loop remains closed for 256 revolutions as count-
ed in slots 2 and 3 of the sender space, sender space con-
trol circuit 305 writes a 1 in the stations timeout cell in
slot 3 of track 10 of the sender space. If transfer circuit
306 is idle when a 1 is read in the stations timeout and
units dialed cells in the sender space, transfer circuit 306
is seized and a 0 is written in the units dialed cell. After

finding the common register space containing the call,

transfer circuit 366 will send a signal to the transmitter
that all of the digits that are expected have been received.

Each transmitter such as transmitters No. 0, No. 1 and
No. 7 shown in boxes 317, 318 and 319 in Fig. 3 contains
six flip-flop circuits, one to transmit each of the six fre-
quencies used for multifrequency signaling. These flip-
flops are operated two at a time by transmitter control
circuit 310 and continue to transmit multifrequency sig-
nals until restored to normal. When a transmitter is
ready to start sending a digit, it sends a signal to trans-

* mitter control circuit 310 through its associated gate over
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path 338 that it is ready to start outpulsing digits. As-
sume, for example, that transmitter No. 0 in box 317
was seized for a call. After a connection to the required
sender has been established through transmitter link con-
troller 312 and after a “drum full” signal has been re-
ceived from transfer circuit 306 indicating that all ex-
pected digits have been received and registered in com-
mon register space No. 0, transmitter No. 0 will send a
signal via path 329 through gate No. 0 over path 338
to transmitter control circuit 310 that it is ready to out-
pulse digits.

The first signal transmitted is a KP signal which is a
gate opening signal for the multifrequency receiver at a
‘'distant office. The KP signal is then followed by the ten

“or eleven digits of the called designation. After the last

digit of the called designation has been transmitted, an
ST signal is transmitted. The ST signal is transmitted to
indicate that all of the digits of the called designation
have been transmitted. As shown in Fig. 3, transmitter
control circuit 310 has access to magnetic drum 301 via
path 347. The KP code, digit codes for the called desig-
nation and ST code read in a common register space are
passed to transmitter control circuit 310 over this path.
After receiving the “ready” or “clear” signal from the
transmitter, transmitter control circuit 310 will then, if a
0 is read to the KP sent call in slot 1 of the associated
common register space, send two signals via path 338
through the operated gate associated with the transmitter
to set two of the flip-flops herein. In response to the
operation of the two flip-flops, the transmitter will start
simultaneously -transmitting the two signals whose fre-
quencies represent the code for the KP signal. At the
same time, transmitter control circuit 310 will cause a 1
to be written in the KP sent cell in slot 1 of track 12 of
the ‘associated common register space. Three revolutions
of magnetic drum 301 (about 50 milliseconds) are
counted by transmitter control circuit 318 in the two
pulse timer cells in slot 1 of the associated common
register space while the KP signal is being transmitted.
When transmitter control circuit 318 recognizes that
three revolutions have been counted while the KP signal
was being transmitted, it signals the transmitter via path
338 to restore its operated flip-flops to normal, thus
halting the transmission of the KP signal. Transmitter
control circuit 310 also erases the pulse timer cells in slot
1 of the associated common register space at this time.
The interdigital interval is also timed for three revolu-
tions by transmitter control circuit 310 in the pulse timer
cells in slot 1 of the common register space. When
transmitter contrel circuit 310 recognizes that the three
revolutions have been counted after transmission of the
KP signal was halted, it will read the first digit of the
called designation in slot 2 of the associated common
register space, translate this digit from the binary code
in which it is recorded into a two-out-of-five code and
send two signals via path 338 to operate two of the flip-
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flops in the transmitter. At the same time, transmitter
control circuit 310 writes a 1 in the digit sent cell in slot
2 of track 12 of the associated common register space.
In response to the operation of the two ﬁip-ﬁop, the
transmitter will start simultaneously transmitting to the
called office the two signals whose frequencies represent
the code for the first digit of the called designation.

Transmitter control circuit 310 counts three revolu-
tions of magnsetic drum 310 while the signals for the
first digit are being transmitted. After counting the pulse
interval (three revolutions), transmitter contrel circuit
310 will signal the transmitter via path 338 to release the
two operated flip-flops. The interdigital interval is then
timed after which the second digit is read from the asso-
ciated common register space and passed to the trans-
mitter in the same manner. A 1 is written in the digit
sent cell in slot 3 of track 12. The remaining digits of
the called designation are read, a digit at a time, in the
common register space and passed to the transmitter for
transmission in the same manner. FEach digit pulse in-
terval and each interdigital interval is timed by trans-
mitter control circuit 310 in the pulse timer cells in slot
1 of the associated common register space in the same
manner, the digit to be passed to the transmitter each
time being determined by the first 0 read in the digit
sent cells in track 12 of the common register space.
After counting three revolutions of the drum, the flip-
flops are restored to ncrmal.

After all digits have been transmitted, transmitter
control circuit 310 will find no 0 in the digit sent cells
in track 12 of the common register space and will read
a 0 in the ST sent cell in track 11 of slot 12 of the com-
mon register space. This will cause transmitter control
circuit 310 to send two signals via path 338 to operate
two of the flip-flops in the transmitter which controls the
transmission of the ST signal. Transmitter control cir-
cuit 310 will also write a 1 in the ST sent cell at the
same ‘time. Afier timing the ST signal and an inter-
digital interval following it, transmitter control circuit
310 finding all ones in the digit sent cells in track 12 and
a 1 in the ST sent cell in track 11 of slot 12 will signal
the transmitter through the transmitter gate to release
the sender. The transmitter does this by placing a
ground on a lead in the path which extends through the
transmitter link controller 312 to the sender. For ex-
ample, if transmitter No. 7 shown in box 319 has been
used to transmit the KP, digit and ST signals, trans-
mitter control circuit 310 will signal transmitter No. 7
via path 338 through gate No. 7 in box 316 and over
path 334 to release the associated sender. Transmitter
No. 7 will then signal the sender over path 341 through
operated crosspoint contacts in the crossbar switch in
the transmitter link controller 312 to release.

A sender release or subscriber hangup is distinguished

" from a dial pulse by timing the open loop interval. The
number of successive revolutions for which an open
loop condition is observed by sender space control cir-
cuit 305 is counted in the sender release timer cells in
slot 1 of the sender space. This counting is also per-
formed by the sender space control circuit 305. When
the loop closes, the count is erased.. If the loop re-
mains open for 16 revolutions (about 260 milliseconds),
it is assumed that either the sender has released or that
the subscribed has hung up. ‘When sender space control
circuit 305 recognizes a sender release timeout, it wipes
or erases the entire sender space, that is, it changes the
1 to 0 in all the cells in tracks 10 through 16 except in
the WOF cell in track 10. If a common register space
has been seized as indicated by a 1 in the X0X trans-
ferred cell in slot 2, sender space control circuit 305
will write a 1 in the WOF cell as it erases the rest of
the sender space. Transfer circuit 396, if it is idle,
recognizes a 1 in the WOF cell and changes it to a 0,
finds the associated common register space and -erases
out any information that has been recorded therein. At

10

15

20

25

30

35

40

50

55

60

65

70

7%

-sender space.

28

the same time, a signal is sent from transfer circuit 306
via path 337 to the transmitter to restore to normal. The
sender number which is recorded in the preceding regis-
ter space will be erased on the next revolution of mag-
netic drum 301 as the first slot of the preceding register
space is read. Transmitter control circuit 310 wiil rec-
ognize through the gate that the next transmitter has
released and will erase the sender number written in
track 10 of the common register space.

If the drum control circuits shown in block diagram
form in Fig. 3 mutilate a call, an overflow tone should
be returned to the calling subscriber. This might hap-
pen if the first pulse of a digit is received before the
preceding digit has been transferred when transfer cir-
cuit 306 is busy handling other information or if no
common register space is available for the first three
digits.  In either case, sender space control circuit 305
after detecting the end of a dial pulse will read a 1 in
the digit dialed cell of slot 5 which will cause a 1 to
be written in the Of cell in track 10 of slot 5 of the
If a common register space has been
seized as indicated by a 1 in the X0X transferred cell
in slot 5, transfer circuit 306 when it becomes idle
will read a 1 in the Of cell and write a 0 in that cell,
find the seized common register space and send an over-
flow signal via path 337 to the transmitter. The trans-
mitter will in turn signal the sender connected thereto
which will in turn operate and cause the call to be set
up to overflow. This will return an overflow signal to
the calling subscriber to tell him to reinitiate his call.
If the area code or X0X digits have not been transferred,
transfer circuit 306 will check that the first three digits
are a foreign area code and that there is an idle trans-
mifter, find an idle common register space, write the
sender number in the register space and send an over-
flow signal to the transmitter. The transmitter will then
function as described above to signal the sender.

If trouble is encountered in the distant office, an over-
flow signal will be returned to the transmitter and the
transmitter will place a signal on one of the leads ex-
tending to the associated sender which in a telephone
switching system of the panel type will cause the district
to set the call to overflow. In a telephone switching
system of the crossbar type, a second trial will be ini-
tiated, that is, the call will be connected to:.a second
trunk to the desired destination and if any digits have
been transmitted before the overflow, they must be trans-
mitted over again. Therefore, when a transmitter re-
ceives an overflow signal from the called office, it sig-
nals transmitter control circuit 310 via path 338 Wthh
in response, writes a 1 in the first second trial cell in
slot 1 of the common register space. When this sxgnal
condition is removed from path 338, a 1 is writtén in
the 'second second trial cell in slot 1 of the common
register space and zeros are written in the KP sent, digit
sent and ST sent cells in track 12 of the common regis-
ter space. When the transmitter is ready to send digits
again, the KP signal and the rest of the digits will be
transmitted as before. If a second overflow signal from
the distant office is encountered, the call will be set up
to an overflow trunk, the sender released and the sender
space and common reglster space erased.

Test circuit 311 shown in block diagram form in Fig.
3 continuously tests the common control sections of the
magnetic drum auxiliary sender system of the present
invention. Test calls are pulsed into the system through
scanner 302. These calls are pulsed over lead 342 into
scanner 302 shown in Fig. 3 and are registered by sender
space control circuit 305 in a special test sender space
on magnetic drum 301, If the first three digits pulsed
in a test call comprise an area code, the test register
space will be seized by transfer circuit 306 and the digits
of the test call are transferred as on a normal call, The

information in the test register space is processed by
transmitter control circuit 310 as if it were any common
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register space except that instead of the digits been trans-
mitted to a transmitter, they are sent by distributor 309
through gate 313 to test circuit 311 for checking. Thus,
test circuit 311 pulses a test call into the test sender
space through scanner 302 and checks the output of the
transmitter control circuit 310. . Each digit is also checked
after it has been counted in the test sender space and
checks are made that the information is transferred at
the proper time. The test circuit 311, therefore, tests
the functions of sender space control circuit 305, trans-
fer circuit 360 and transmitter control circuit 310. As
an aid in locating trouble, a means is also included in
test circuit 311 which will enable a maintenance man to
display on display lamps the information written in any
slot on the magnetic drum.

The test sender space on magnetic drum 301 is iden-
tical to every other sender space except for a distinctive
code combination in the first slot. However, as far as
sender space control circuit 305 is otherwise concerned,
the test sender space looks like any other sender space.
If the first three digits registered in the test sender space
are an area code, they are transferred to the test regis-
ter space by transfer circuit 306. To keep the holding
time of the transfer circuit 306 low on test calls, it is
desirable to put the test register space as close to the
test sender space as possible. To find a particular com-
mon register space, transfer circuit 306 must match the
sender number written in the preceding register space.
Therefore, a regular common register space is provided
to store the test sender number immediately following
the test sender space and this is then followed by the test
register space. The arrangement of these spaces on mag-
netic drum 361 is shown in Fig. 17 of the drawings. As
shown in Fig. 17, a single slot is provided between the
common register space and the test register space which
looks like slot 1 of a sender space., This is used to re-
set the flip-flops operated during the reading of the com-
mon register space which are ordinarily reset on the first
slot of the following sender space. These three spaces
and the single slot like slot 1 of a sender space require
a total of 30 slots on the drum. Out of the total of 30
slots available on the opposite side of the drum, 27 are
utilized for controlling the testing functions of test cir-
cuit 311 and are called the test space.

The test space on magnetic drum 301 is shown in
detail in Fig. 20 of the drawings. Slots 1 through 12
of the test space contain the digits to be pulsed into
scanner 302 and are registered in the test space in binary
code. All ten of the digits are used and the particular
order in which they are sent is chosen to test the various
features of the drum control circuits. As shown in Fig.
20, the digits registered in the test space are shown in
parentheses in each of the registers located in slots 1
through 12. A digit sent cell, track 12, is used to indi-
cate that a digit has been pulsed into the scanner. A
digit checked cell, track 10, records that a check has
been made and that the digit was correctly counted in
the test sender space. The start sending column in
track 11 of the test space varies the type of test call. In
slots 13 through 26 of the test space, the digits are reg-
istered in a two-out-of-five code to check against the out-
put of transmitter control circuit 310. A 1 is written
in the corresponding digit checked cell as each output
of transmitter control circuit 310 is matched against the
digit read in the test space.

In the illustrative embodiment of the present invention
to be described in detail hereinafter, the test sender space
is designated No. 99 and the test register space is desig-
nated No. 8. Because the test space is located on the op-
_posite side of magnetic drum 301 as shown in Fig. 17,
there is no mate sender space (199) for test sender space
No. 99. In the manner described hereinbefore, the num-
ber 99 for the test sender space will be recorded in slots 4
and 5 of sender space No. 98 to permit scanner 302 to be
set up to observe the condition of the scan lead from
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test circuit 311 in path 342 when slot 1 of test sender
space No. 99 is read. Similarly, the number 8 for the
test register space will be recorded in slot 1 of common
register space No. 7 and the number 0 for common regis-
ter space No. 0 will be recorded in slot 1 of test register
space No. 8. As far as register number register 308,
distributor 309 and transmitter control circuit 310 are
concerned, test register space No. 8 appears as any other
common register space. Instead of being associated with
a transmitter, however, test register space No. 8 is asso-
ciated with test circuit 311. Gate No. 8 in box 313 will
be operated by distributor 309 when the number 0 for
common register space No. 0 is read in slot 1 of the test
register space and recorded in register number register 308.
This will permit information to be passed between trans-
mitter control circuit 310 and test circuit 311 via paths
338 and 328 and between connector control circuit 307
and transmitter No. 0 via paths 336 and 328. Also, when
gate No. 7 in box 316 is operated, information may be
passed between test circuit 311 and transfer circuit 306
via paths 337 and 335. It will be noted that information
cannot be passed from test circuit 311 via path 335 and
operated gate No. 7 to connector control circuit 307. Be-
cause there is no transmitter associated with test register
space No. 8 and no sender associated with test sender
space No. 99, connector control circuit 307 is thercby pre-
vented from attempting to establish a connection through
transmitter link controller 312 between a sender and trans-
mitter on all test calls.

Because, as indicated hereinbefore, there is no mate
sender space for test sender space No. 99, information will
be recorded in the S’ cell in slot 1 of the test sender space
by test circuit 311 while slot 1 of the test sender space is
beitg read. Information will be recorded in the S’ cell
in slot O of the test space by the auxiliary writing head
on the opposite side of magnetic drum 301 from the main
heads while slot 3 of the test sender space is being read
by the main heads of magnetic drum 301.

As shown in Fig. 3, test circuit 311 is connected to scan-
ner 302 via path 342. This path contains leads, a scan
lead and a mate scan lead. Test circuit 311 will apply
signal conditions on these leads to simulate dial pulses.
Test circuit 311 also has access to magnetic drum 301
via path 346, to sender space control circuit 305 via path
349 and to transfer circuit 306 via path 350.

The operation of test circuit 311 will be described as-
suming as will be described later that the test space has
just been prepared for the first type of test call. Reading
zeros in the digit checked, digit sent and start sending cells
of slot 1 of the test space, test circuit 311 reads the digit
8 registered in the X1 register in slot 1 of the test space
into a set of four flip-flops in test circuit 311. These flip-
flops comprise a count-down circuit as will be described
later. Test circuit 311 writes a 1 in the digit sent cell in
slot 1 of the test space when the digit 8 is transferred to
the flip-flops of the test circuit. This digit (the first digit
of the first test call) is pulsed into the test sender space
over path 342 through scanner 302 where the pulses are
detected by sender space control circuit 305 and recorded
in the test sender space. Closed loop and open loop
conditions are simulated on the scan lead in path 342 on
alternate revolutions of magnetic drum 301. At the end
of each dial pulse, the count-down circuit in the flip-
flops of the test circuit 311 will subtract 1 from the num-
ber it has registered. When this count-down circuit has
counted down to zero, eight dial pulses will have been
simulated and it is made to appear that the loop remains
closed by writing a 1 in the S’ cell of the test sender space
and maintaining the closed loop on the scan lead in
path 342. The digit that has just been counted in slot 3
of the test sender space is read into a set of four flip-flops
in test circuit 311 where it is compared with the digit
registered in slot 1 of the test space. If they check, a 1 is
written in the digit checked cell in slot 1 of the test space
by test circuit 311.
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When sender space control circuit 305 detects that an
‘interdigital timeocut has been made, it sends a signal to
test circuit 311 over path 349 which causes test circuit
311 to register in its count-down circuit the first digit it
finds in the test space for which there is a 0 in the digit
sent column.. Test circuit 311 will change this 0 to a 1.
In this case, the digit 0 will be read from slot 2 of the
test space and ten dial pulses are sent into scanner 302
over the scan lead in path 342. Now the digit 0 counted
in the 0 register in slot 4 of the test sender space is
matched with that in slot 2 of the test space. If these
digits agree, a 1 is written in the digit checked cell in
slot 2 of the test space. After the interdigital timeout,
the third digit, a 9 registered in slot 3 of the test space,
is pulsed into the X2 register in slot 5 of the test sender
-space :and checked in the same manner. Test circuit 331
now waits before proceeding with the fourth digit of the
first test call for an indication from transfer circuit 306
-that it has transferred the first three digits to the test regis-
ter space and has erased the counter in slot 5 of the test
sender space. Transfer circuit 306 sends this signal to test
circuit 311 via path 350. The remaining eight digits of
the first test call are pulsed by test circuit 311 and checked
in slot 5 of the test sender space in a manner similar to
the first three digits. Each succeeding digit is not started,
“however, until a signal that the preceding one has been
transferred is received via path 350 from transfer circuit
306.. The digit in slot 12 of the test space is ignored on the
first test call because ones will be written' in the digit
checked and digit sent cells in this slot prior to the start
-of ‘this test call.

As the last digit (stations) of the first test call is
written in the test register space, transfer circuit 306
sends a signal which on a regular call indicates to a
transmitter that it can start transmitting. As indicated
‘hereinbefore, there is no transmitter associated with the
test register space and, therefore, while the test register
'space is being read, distributor 309 enables gate 313
to pass all the leads that ordinarily go to a transmitter
back to test circuit 311. The test circuit after receiving
the signal that all digits that are expected have been
registered, signals the transmitter control circuit 319 that
it is ready to start transmitting. Transmitter control cir-
cuit 310 performs the same functions as it would on a
regular call, sending and timing each digit one at a time
and timing the interdigital periods. As each digit is
-received by the test circuit 311, it is registered in a set
.of flip-flcps and compared against the proper slot of the
‘test space. The first is matched with slot 13 and if it
is-the code for the KP signal, a 1 is written in the digit
thecked cell of slot 1 of the test space. The next is
compared with slot 14 and if it is an 8 in a two-out-
of-five code, a 1 is written in the digit checked cell, etc.
If at any time the check fails, test circuit 311 is blocked
from proceeding ~with the test call and an alarm is
scunded.

On the first test -call, the -second ftrial features of
transmitter control circuit 319 are checked. As the C
digit is matched with slot 19 of the test space, a 1 is
read in the Of cell in track 11 as shown in Fig. 20.
This causes test circuit 311 to send a recycle signal via
path 327 through gate No. 8 to transmitter control circuit
310 as the test register space passes under the reading
‘heads. Also, on the next revolution, the ones in the digit
checked cells of slots 13 through 19 in the test space are
.erased. Then as transmitter control circuit 310 repeats
the KP and the rest of the digits, they are again checked
against the test space and ones are written in the digit
checked cells. Afier the C digit has been checked the
second time, a recycle signal is again sent to transmitter
control circuit 310 through gate 313 which returns a
signal that would ordinarily result in the release of the
sender. ‘Test circuit 311 simulates the sender release by
removing the closed loop condition from the. scan lead
‘In path 342 and writing a 0 in the § cell of the test sender
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space. After sender space control circuit 305 recognizes
a sender release timeout, transfer circuit 306 signals the
transmitter, in this case it would be test circuit 311, to
release. Test circuit 311 then prepares the test space
for the next test call.

As has been described, information is put into the
test sender space through scanner 302 over the scan lead
in path 342. While slots 4 and 5 of the sender space
preceding the test sender space are being read, the test
sender number is set into the sender number register 304.
This number sets up scanner 302 through translator
303 for use during slot 1 of the test sender space at
which time the test calls are pulsed into the system.
On slot 2, the sender number register is changed to
contain the number of the mate sender which in this
case is nonexistent. The mate to the test sender would
ordinarily occupy the first five slots used for the test
space. ‘Therefore, during slot 3 of the test sender space,
the lead to the mate sender is scanned and its condition
written in the S’ cell of slot 0 of the test space. The
condition on this lead is varied during the test call and
checks are made that the proper information is written
in the S’ cell. As on other tests, test circuit 311 will
be blocked if a check fails. With this test, the auxiliary
writing head and amplifier described hereinbefore are
checked. Also, by testing two leads, scan lead and mate
scan lead, through scanner 302, a scanner failure that
would disable half the scanner will be detected
immediately.

The call recycling features of test circuit 311 set up
the pattern on the test space for each type of test call.
Prior to the first test call, ones are written in tracks 10
and 12 of slot 12 to skip the U’ digit and a 1 is written
in the Of cell of slot 19 to test the second trial features
as indicated above. At the completion of the first test
call, the call recycling features of test circuit 311 prepare
the test space for the second test call by erasing the
digit checked track in slots 2 through 26 and the digit
sent track in slots 2 through 12. A 0 is written in the
Of cell of slot 19, a 1 is written in the start sending cell
of slot 1 to record that this is the second type of test
call. On the next revolution of magnetic drum 301,
test circuit 311 reading a 0 in the digit sent cell of
slot 2 will start pulsing the digit from that slot into
scanner 302. All the digits from 0 on including the
U’ digit as shown in Fig. 20 will be sent into scanner
302 in a similar manner as on the first call. The first
three digits will be counted in the test sender space and
checked as before. These digits are 091 and since this
is not an area code, the test register space will not be
seized. The remaining digits will be sent into the test
sender space but will not be counted. Checks are made
that the test register space is not seized on this call.
After a sender release timeout is made by sender space
-control circuit 305 and the test sender space has been
wiped out, the pattern is set up in the test space for
the third test call by the recycling circuits of test
circuit 311.

On a third type of test call, the first three digits are
912 which, as indicated hereinbefore, is an area code
and the output of transmitter control circuit 318 will
be checked by test circuit 312, The call recycling cir-
cuits of test eircuit 311 will erase the digit checked and
digit sent cells except in slots 1 and 2 and will write a 1
in the start sending cell of slot 2. Ones are written in
the digit checked cell of slots 14 and 15 because these
digits are not expected at the output of transmitter
control circuit 310, Thus, on this test, ten digits, that is,
the digits in the X2 through the U’ registers, are pulsed
into scanner 362 and the corresponding outputs of trans-
mitter control circuit 310 are checked. The station delay
features of the sender space control circuit and the
transfer circuit are checked because only ten digits are
used. No second trial is made on this call as a 0 has
been written in the Of cell in track 11 of slot 19 of the



test space. - After checking that the test sender and test
‘register spaces: have been wiped out, the call recycling
features of test <ircuit 311 sct up the test space for the
fourth type of test call.

On the fourth test call, the first digit pulsed into
scanner 302 is a 1. This should be rejected by sender
space control circuit 305 as a preliminary pulse. Checks
are made that the succeeding . digits, the 2, 3 and 1 are
registered in the third, fourth and fifth slots, respectively,
of the test sender space. No test register is used on this
call because, as indicated above, the digits do not repre-
sent an area code. The fifth type of test call is the
same as the fourth except that the digits are not preceded
by the preliminary pulse.

An area code is used for the sixth test call but the
call is mutilated by starting the fourth digit before the
third can be transferred out of the test sender space.
This causes sender space control circuit 305 to write a
1 in the Of cell of the test sender space. When transfer
circuit 306 reads this, it will seize the test register space
and send an overflow signal to test circuit 311. The call
recycling feature will then set up the pattern for the
first type of test call. Thus, the six types of test calls
will be repeated continuously unless there is a failure.
A timer is recycled by each test call, but if the blockage
occurs, it will time out and set up an alarm for the test
man.

Explanation of circuit components and conventions

In the detailed description of the specific illustrative
‘embodiment of the present invention which is given here-
inafter, certain circuit components and logic circuits
known in the art have been depicted in block schematic
form in the drawings to simplify both the drawings and
the description. Therefore, prior to a discussion of the
nature and operation of the illustrative embodiment of
the invention, the details and conventions of these circuit
components and logic circuits will be described.

Two basic types of diode logic “building blocks” that
are used extensively in the illustrative embodiment of
the present invention are the And gate and Or gate
which are known in the art. These And gate and Or gate
circuits may comprise diodes such as vacuum tubes,
varistors or oxide rectifiers and, as used in the illustrative
embodiment of the present invention, respond to negative
potential pulses. . ’ v

‘The circuit for the And gate is shown in Fig. 5 with
the conventions utilized in the drawings shown in Fig.
5A. In the And gate such as shown in Figs. 5 and 5A,
a negative potential will be applied to the output lead
only when all input leads are at a negative potential.
Therefore, the And gate output lead has an active signal
(negative potential) only when all input leads have an
active signal (negative potential). If one or more of the
input leads are passive, that is, at ground or a positive
potential, the output lead is passive (at ground or posi-
tive potential). The And gate shown in Figs. 5 and S5A

may have any number of input leads which will control

the operation of the gate.

The circuit for the Or gate is shown in Fig. 6 with the
conventions utilized throughout the drawings shown in
Fig. 6A. In the Or gate circuit, application of a negative
potential to any one of the input-leads biases the diode
connected thereto in a conducting direction and pulls the
output lead negative, thus the Or gate output lead will
have an active signal (a negative potential) if one or
more of the input leads is in an active condition (at a
negative potential). The Or gate, like the And gate may
have any number of input leads.

The delay circuit shown in Fig. 7 is a conventional
delay line and is utilized to delay a signal applied to the
input lead for a predetermined interval before it appears
on the output lead. The circuit convention for the delay
line circuit of Fig.-7 is shown. in Fig. 7A. :

Another circuit element which is employed in the illus-
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trative embodiment of the present invention is the
monopulser shown in Fig. 8. This monopulser is a single
stability twin triode circuit in which a negative pulse ap-
plied to the input extinguishes the conduction in the nor-
mally conducting triode and causes conduction to occur
in the normally non-conducting triode for some period of
time determined by the constants of the monopulser cir-
cuit. After this predetermined time, the monopulser will
automatically reset itself to its normal state.. The circuit
convention used for the monopulser in the drawings is
shown in Fig. 8A. The zero within the box as shown in -
Fig. 8A indicates the section of the monopulser which is

-normally conducting.

Another circuit element employed in the present in-
vention is an inverter which may advantageously be a
conventional single triode as shown in Fig. 9. The in-
verter is required to produce the negative of a given con-
dition. The output lead is active (at a negative potential)
when the input lead is passive (at ground or positive po-
tential) and vice versa. The circuit convention utilized
to represent the inverter is shown in Fig. 9A.

A further circuit element utilized in the present inven-
tion is the conventional flip-flop or bistable multi-
vibrator circuit. This comprises double stability twin
triode vacuum tube stages as shown in Fig. 10, The cir-
cuit convention used to represent the flip-flop is shown in
Fig. 10A. The zero within the box is shown on the side.
of the normally conducting stage. Therefore, when the
flip-flop as shown in Fig. 10A is normal, stage B is con-
ducting and stage A is non-conducting. With this con-
dition, output B is active (at a negative potential) and
output A is passive (at ground or a positive potential).
If a negative pulse is applied to input A, the conduction
in stage B is extinguished and conduction is initiated in
stage A. Therefore, output A becomes active (at a nega-
tive potential) and output B becomes passive (at ground
or positive potential). Under this condition, the flip-fiop
is said to be operated. The flip-flop can be reset to nor-
mal by a negative pulse applied to input B which extin-
guishes conduction in stage A and initiates conduction
again in stage B.

In the illustrative embodiment of the present invention, -
two kinds of information are stored on the magnetic
drum, permanent or semipermanent information and
short-term frequently altered information. For reasons
of economy, different types of amplifier circuits are used
to handlie these two kinds of information. A simple read-
ing amplifier suffices for the perinanent and semiper-
manent information where the recorded information need
not be altered. A more complex reading-writing am-
plifier is needed for the short-term information which
must be read and altered during a single pass of the
magnetic drum. i

The reading-writing amplifiers utilized in the illustra-
tive embodiment of the present invention are shown in
Fig. 11 and are disclosed and described in detail in an
application, Serial No. 307,108, filed August 29, 1952, by
W. A. Cornell, J. H, McGuigan and O. J. Murphy, now
Patent 2,845,610, granted July 29, 1958. The reading-
writing amplifier shown in Fig. 11 comprises a writing
circuit shown in the left-hand portion of the figure and
a reading circuit in the right-hand portion of the figure.
Except for the head coupling transformer T1 which
serves as an output transformer for the writing circuit
and an input transformer for the reading circuit, the two
circuits, that is, reading and writing circuits, are inde-
pendent. :

The writing portion of the reading-writing amplifier
shown in Fig. 11, although spoken of as a writing am-
plifier, is in reality two pulse generating circuits, one for
writing 1 and one for writing 0. Each consists of a
blocking oscillator such as oscillator BO1 and a trigger
tube such as tube TR1. When it is desired to write a 0,
for example, a positive voltage pulse will be applied to
the grid of trigger tube TR1 in the manner to. be de-
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scribed hereinafter which actuates the normally quiescent
‘blocking oscillator comprising tube BO1. The output
on the anode of the blocking oscillator tube BO1 is ap-
plied through transformer T1 over the lead to the mag-
netic recording head in the manner described in detail
in the above-cited Cornell et al. application and a 0 is
recorded on the surface of the revolving magnetic drum.
The positive voltage pulse applied to the write input leads
1-and 0 are controlled by a writing gate and flip-flop
which will be described hereinafter. One of the inputs
to each writing gate is'a write sync pulse so that the posi-
tive pulse appearing on the write 0 or write 1 leads shown
in Fig. 11 are coincident with and controlled by this
write sync pulse as will be described later.

As described in detail in the above-cited Cornell et al.
application, the peak-to-peak voltage appearing on the
input lead RI-11 to the reading amplifier periion of the
reading-writing amplifier shown in Fig, 11 as a result of
the reading of a recorded 1 on the magnetic drum is ap-
proximately 0.1 volt, while the peak-to-peak voltage ap-
pearing on-lead RI-11 as a result of the reading of a re-
corded O on the magretic drum is within the range of
0.01 to 0.03 volt. To provide the requisite output signal
with these input signals, the gain of the reading amplifier
must be relatively great. However, means must be pro-
vided to prevent overloading of the amplifier as a result
of the application of the higher voltages (of the order of
90 volts peak-to-peak) to input lead RI-11 during the
writing -process. This is accomplished as described in
the above-cited Cornell et al. application through the
use of ‘a limiting circuit comprising resistor Ri and
varistors V1 and V2. Due to the action of this limiting
circuit the signal voltage applied to the grid of the first
stage of the reading amplifier, that is, tube AZ, wil] be
limited to a total excursion of approximately 2 volts and
the parameters of the circuit are selected so that this ex-
cursion will take place about a negative 1 volt axis. It is
apparent that a reading voltage applied to lead RI-11
will not be attenuated appreciably whereas a writing volt-
age applied to lead RI-11 will be substantially attenuated.
The ratio of the writing voltage to the reading voltage
on lead RI-11 is thus greatly reduced.

The first three stages of the reading amplifier com-
prising tubes Al, A2 and A3, shown in the right-hand
portion of Fig. 11 constitute a shunt feedback amplifier
and is described in detail in the above-cited Cornell et al.
application. The fourth stage comprising tube A4 shown
in Fig. 11, acts as a threshold device and is effective to
transmit an output indication under certain conditions.
The input pulse to the grid of tube A4 must exceed a
certain amplitude and a positive going read syac pulse
must be received over the read sync input lead before an
output indication is applied to the read output lead in
the manner described below and in further detail in the
above-cited Cornell et al. application.’

Under static conditions, the anode of tube A3 may be
‘at a potential of the order of 100 volts positive, for ex-
ample. With the application to the grid of tube A3 of a
previously amplified negative going signal, the anode
voltage of tube A3 will rise to a more positive value,
becoming slightly more positive to 105 to 110 volts, for
example, if the input signal to the reading amplifier re-
sults from a reading of a 0, becoming substantially more
positive to 130 to 140 volts or more, for example, if the
input signz} to the reading amplifier resuits from the read-
ing of a 1, and becoming still more positive io 150 volts,
for example, if the input signal to the reading amplifier is
the result of a writing operation. This rise in potential
of the anode of tube A% is applied through resistor R2 to
ons. terminal of varistor V3. If varister V3 presents a
low impedance to this signal, substantially no signal wili
be applied .to the grid of tube A4 through condenser CI;
however, if varistor V3 presents a high impedance to this
signal, the signal will be applied with little atteavation
through capacitor C1 to the. grid of tube A4.
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The "impedance conditions of varistor V3. are con-
trolled by the presénce or absence of a read sync pulse
on the read sync input lead shown in Fig. 11. As will
be described hereinafter, the read sync pulse applied to
the right-hand terminal of varistor V3 is substantially a
square wave pulse having a 50-volt amplitude about a
100-volt reference line, for example. Thus, when the
reading amplifier is in its normal quiescent condition,
both terminals of varistor V3 are at a potential of about
100 volts positive. If the anode potential of tube A3
rises as a result of the reception of a signal, varistor V3
will present a low impedance path and substantially no
pulse will be applied to the grid of tube A4. If, however, at
the time that the anode of tube A3 is at a higher potential,
the potential on the right-hand electrode of varistor V3
temporarily rises to 150 volts positive as a result of the
reception of the read sync pulse, varistor V3 will present
a high impedance to the less-than-150-volt signal on the
anode of tube A3 and a signal will thereby be applied to
the grid of tube A4. During the writing operation per-
formed by the reading-writing amplifier shown in Fig.
11, no read sync pulse is applied to the reading amplifier
portion and for a substantial period after the writing
operation occurs.. Therefore, any rise in potential of
the anode of tube A3 resulting from a writing voltage
being applied to the reading amplifier will not be com-
municated to tube A4. Thus, an erroneous transmission
of a read output signal as a result of the writing opera-
tion is positively prevented.

During the limited period in which a read sync pulse
is being received, a positive going pulse will be applied
to the grid of tube A4.. As indicated above and in the
above-cited Cornell et al. application, this pulse may be
indicative of the reading of a 0 or of the reading of a
1. In the former case, the pulse will have a maximum
amplitude of somewhat less than a predetermined voltage
and in the latter case, will have a minimum amplitude
somewhat greater than a predetermined voltage. To per-
mit the circuits to discriminate between these two condi-
tions, a threshold biasing potential is applied to tube
A4 through resistor R4. This bias potential is selected
so that no output signal will be transmitted from tube
A4 over the read output lead if a 0 is read, but a nega-
tive going pulse will be transmitted over the read output
lead if a 1 has been read. This negative going pulse indi-
cating the reading of a 1 is coincident in time with the
read sync pulse.

The circuit convention utilized in the drawings to repre-
sent the reading-writing amplifiers described above with
reference to Fig. 11 is shown in Fig. 11A by the box desig-
nated RW—. For example, the reading-writing amplifier
utilized with the magnetic head in track 10 on the mag-
netic drum will be designated RW-10. Similarly, the
reading-writing amplifier used with. the magnetic head in
track 16 on the magnetic drum will be designated RW-186.

In the illustrative embodiment of the present inven-
tion an auxiliary writing head is employed in one particu-
lar track of the magnetic drum. As will be described
hereinafter, this auxiliary head is employed to write only
on the magnetic drum and the information written being
subsequently read by a different reading head. Fig. 12
of the drawings shows the writing amplifier which is as-
sociated with this auxiliary writing head. This writing
amplifier shown in Fig. 12 is identical to the writing por-
tion of the reading-writing amplifier shown in Fig. 11
which was previously described above and which is de-
scribed in detail in the above-cited Cornell et al. appli-
cation. The circuit convention utilized in the drawings
for this amplifier is shown in Fig. 12A.

As will be described in detail hereinafter, track 1 on
the magnetic drum in the illustrative embodiment of the
present invention is utilized to gemerate synchronizing
pulses which synchronize the various reading and writing
functions of the magnetic drum, -The amplifier utilized
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with the magnetlc head in this track on the magnetic
drum is shown in Fig. 13 with the circuit convention
utilized in the drawings for this amplifier being shown in
Fig. 13A. As shown in Fig. 13, this reading amplifier
comprises four stages. The first two stages which include
tubes A1 and A2 comprise a conventional two-stage linear
amplifier. The output from the reading head is fed
through transformer T1 into the grid of tube Al in the
first stage. The output from the second stage, that is,
tube A2, is fed through condenser C1 and resistor R1 into
a limiting circuit comprising varistors V1 and V2. This
limiting circuit functions in the manner similar to that
described above for the limiting circuit in the reading-
writing amplifier shown in Fig. 11 and which is described
in detail in the above-cited Cornell et al. application.
The signal applied to the grid of tube A3 in the third
stage of the reading amplifier of Fig. 13 is limited to a
maximum peak-to-peak excursion of the order of 2 volts
about a minus 1-volt axis and the signal applied to the
grid of tube A3 is essennally a square wave signal. This
square wave signal is amplified in the third stage compris-
ing tube A3 and applied to the grid of tube A4. During
the positive portion of the signal applied to the grid of
tube A4, varistor V3 offers a high impedance and sub-
stantially all of the signal will be applied to the grid of
tube A4. However, during the negative portion of the
signal, varistor V4 will offer a low impedance to the
signal and none of the signal will be applied to the grid
of tube A4. Due to the action of varistor V3 and the
grid current flowing in tube A4, the signal applied to
tube A4 is effectively clipped or limited so that the out-
put of tube A4 which is the output of the reading ampli-
fier shown in Fig. 13 is essentially a negative going pulse.
This negative going pulse will be utilized in the manner
described hereinafter to control monopulser circuits which
will provide the read sync, write sync and reset syac
pulses required for the reading and wntmg functions of
the magnetic drum circuits.

For the tracks on the magnetic drum in the exemplary
embodiment of the inveation in which permanent and
semipermanent information is recorded, a reading ampli-
fier much simpler than the circuit described above in con-
nection with Fig. 11 may be provided because there is no
writing transit to contend with. This reading amplifier
is disclosed in Fig. 14 of the drawings and comprises four
stages of amplification. The first three stages which in-
. clude tubes Al, A2 and A3 make up a conventional alter-
nating-current amplifier with feedback from the cathode
of tube A3 to the cathode of tube AL. The fourth stage
which includes tube A4 is biased to cutoff to act as a
threshold device. Under static conditions, the anode of
tube A3 may be in the vicinity of 50 volts positive, for
example, and the read sync input pulse which is the
same as that used in the. writing-reading amplifier de-
scribed above in connection with Fig. 11 is a square
wave pulse having a 50-volt amplitude about a 100-volt
reference line. The interstage between the anode of tube
A3 and the grid of tube A4 is a gate circuit for introduc-
ing the read sync pulse into the amplifier. This gate cir-
cuit includes varistor V1. To take up the difference be-
tween the two direct-current levels, the read sync pulse
is coupled to the anode of tube A3 through condenser C1.
Resistor R1, which is connected to a source of positive
potential of the order of 150 volts, for example, provides
a trickle of current which tends to maintain varistor Vi
at a low impedance except during the time the read sync
pulse is being received. The output signal from the third
stage of the amplifier which includes tube A3 is applied
to the grid of the fourth stage through condenser C2.
However, if varistor V1 presents a low impedance to the
signal from the anode of tube A3, very little signal will
be applied to the grid of tube A4. With the application
of a positive read sync pulse to the right-hand terminal
of varistor V1, this varistor will present a high impedance
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to the signal from the anode of tube A3 and-substantially

all of the signal will be applied -through- condenser C2
and resistor R2 to the grid of tube A4. The output of
the amplifier from the ancde of tube Ad is a negative
going pulse of about 50-volt amplitude starting from a
150 volt base line, for example, and is coincident in time
with the read sync pulse. The circuit convention utilized
in the drawings to represent the reading amplifiers de-
scribed above in Fig. 14 is shown in Fig. 14A by the box
designated R—. For example, the reading amplifier uti-
lized with the magnetic head in track 2 on the magnetic
drum will be designated R-2. Similarly, the reading am-
plifier utilized with the magnetic head in track 9 on the
magnetic drum will be designated R-9.

It is to be understood that the present invention is not
to be considered as limited to the particular circuits or
particular circuit components employed in the specific
illustrative embodiment described above. The type of
circuits employed and ‘the circuit conventions utilized
have been described solely to facilitate an understanding
of the description of the drawings.

Detailed description

Referring now to the drawings, the operation of one
illustrative embodiment of the magnetic drum auxiliary
sender system of the present invention will be described
in detail with reference to Figs. 22 through 67 of the
drawings when arranged as shown in Fig. 21 of the draw-
ings. The illustrative embodiment of the present inven-
tion shown in Fxgs 22 through 67 is adapted to be associ-
ated with a maximum of 198 senders. This number of
senders is illustrative only as the present invention may
be adapted to cooperate with a greater or lesser number
asrequired. The 198 senders may be either of the cross-
bar or the panel type and are numbered here for identi-
fication purposes from 0 to 98 and 100 to 198. Sender
No. 0 is shown in Fig. 22 and is a sender of the crossbar
type, sender No. 100 is shown in Fig. 23 and is a sender
of the panel type. Senders Nos. 1 through 98 and 100
through 198 are indicated in block diagram form in Fig.
24 and may be panel senders, crossbar senders, or both.
There are no senders numbered 99 or 199 in the illustra-
tive embediment of the present invention because these
two numbers will be utilized for testing purposes as will
be described in detail hereinafter.

Crossbar sender

Sender No. 0, shown in Fig. 22 of the drawings, is a
subscriber’s originating sender of a crossbar telephone
switching system of the type disclosed in the above-cited
Carpenter Patent 2,235,803. In the Carpenter patent,
this sender is disclosed in detail in Figs. 29 through 44 of
the drawings, a portion of which is shown herein in Fig.
22. Fig, 22 discloses the modications of the crossbar
sender that are required to associate it.with the magnetic
drum auvxiliary sender system of the present invention.
The heavy leads shown in Fig. 22 are the leads which
are added to the subscriber’s sender shown in Figs. 29
through 44 in the Carpenter patent. The various relays
and leads. in Fig. 22 carry the same designation as the
corresponding relays and leads shown in the drawings of
the Carpenter patent. For example, the ON1 relay desig-
nated (3000) in Fig. 22 is the 3000 relay shown in Fig.
30 of the Carpenter patent. Similarly, the other relays
and leads shown in Fig. 22 each have a designation shown
in parentheses which corresponds with the designation
used in the Carpenter patent. Three of the relays of the
sender shown in the Carpenter patent have been modi-
fied by adding an armature and associated contact thereto.
Armature 2201 and associated front contact have been
added to the S6’ relay (4011), armature 2202 and associ-
ated back contact have been added to TR1 relay (3108),
and armature 2203 and associated front contact have been

" added to TR2 relay (3109).

76

When a calling subscriber’s line is connected to sender
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No. 0-in the manner briefly described hereinbefore and
in detail in the above-cited Carpenter patent, ON1 relay
(3000) operates and in turn operates the ON3 relay
(3002). The operation of the ON1 relay (3600) sup-
plies off-normal ground to conductor (3024) and AV3
relay  (3102) operates from this off-normal ground on
conductor (3024). ONI1 relay (3000) and ON3 relay
(3002), .in . operating; close a circuit from the T and R
conductors (3019) and (3026), respectively, which ex-
tend from the: calling subscriber via the district junctor
into the sender. The L relay (3602) which is the pulsing
relay of the sender is then operated over the subscriber’s
loop.. The circuit for the operation of the L relay
(3602) may be traced from ground through the Ileft-
hand winding of TN tone coil (3004), through left-hand
armature and front contact of ON3 relay (3602), through
left-hand armature and back contact of AV4 relay (3001),
through a right-hand armature and front contact of ON1
relay (3000) over the tip conductor (3019), over the
subscriber’s loop, back over the ring conductor (3020),
through a left-hand armature and front contact of ON21
relay (3000), through a right-hand armature and back
contact of AV4 relay (3001), through a right-hand arma-
ture and front contact of  ON3 relay (3082), over con-
ductor (3614), through the center winding of L relay
(3602) to battery. The completion of this circuit sup-
plies dial tone to the subscriber as a signal to commence
dialing. The operation of L relay (3602) also completes
a circuit for the operation of L1 relay (3601) which is
a dial pulse repeating relay and the SR relay (36990)
which is a pulse train detecting relay. L relay (3602)
remains operated except for a momentary release during
each break of the dial until the sender is disconnected.
SR relay (3600) and L1 relay (3601) operate on the

first: operation of the L relay (3662) and release when ;:.
the call is completed or abandoned. The SCN- lead

which extends to the scanner shown in Fig. 25, is con-
nected to the front contact of L relay (3662). When
the L relay (3602) is operated in response to the clo-

sure of the subscriber’s loop, a ground is applied to the *

SCN-0 lead. This ground may be traced from off-nor-
mal ground supplied through a left-hand armature and
front contact of the ON1 relay (3000), over conductor
(3024), through left-hand armature and back contact of
AV1 relay (3101), over conductor (3615), through arma-
ture and front contact of L. relay (3602) to scan lead
SCN-0. When L relay (3602) releases in response to a
break of the calling subscriber’s dial, battery is supplied
through the winding of SR relay (3608) and the winding

of L1 relay (3601) to the scan lead SCN-¢ which ex-

tends to the scanner shown in Fig. 25.

The subscriber then proceeds to dial the digits of the
called number in the manner described hereinbefore and
in detail in the above-cited Carpenter patent. These
pulses are received and registered in the sender and, after
the reception of the first three digits indicating an office
code or an area code if the call is a subscriber dialed toll
call, the sender will transmit to a marker via a marker
connector: the class of service, the district frame, the
office code or area code information. The marker then
translates this information and transmits back to the
sender via the marker connector the information required
by the sender to complete the connection to the called
office.. The marker selects the required trunk which ex-
tends to the called office.

When the trunk tc the called office has heen selected
and the subscriber’s sender is ready to proceed with the
establishment of the call, $6’ relay (4611) operates in
the manner described in the above-cited Carpenter patent.
The operation of this relay extends a ground through
back contact and armature 2202 of TR1I relay (3108),
over lead ST in.cable 1-0 and cable 1, through the.oper-
ated crosspoint contacts of crossbar switch connecior
4407 shown.in Fig. 44, over one of. the eight cables 2-0
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through- 2-7 in cable 2 to one of the eight transmitters
numbered 0-7, shown in Figs. 51 through 57. Ground
on lead ST is a signal to the selected transmitter that the
selecting circuits of the sender have completed their
function and that the operaticn of the sender circuits
have advanced a point where a trunk iest to the called
office should be made to make ceriain that the called
office is ready to receive the digits of the cailed number.

The trunk test is made over the fundamental tip
and fundamental ring leads (2452) and (2453), respec-
tively, which extend over the selected trunk to the called
office via the district junctor as follows. The funda-
mental tip lead (2482) extends through normal contacts
of a left-hand armature of AV2 relay (316%), through
a left-hand armature and fromt contact of FO3 relay
{4282), through a left-hand armature and back contact
of FO2 (4261), over conductor (4214), through arma-
tures and contacts of other relays indicated by the dotted
iead 2204, over lead (3547), through front contacts and
armatures of other relays indicated by dotted lead 2285
to the winding of TG relay (4208). The fundamental
ring lead extends to the other terminal of the winding
of TG relay (4208) through contacts and armatures
of other relays indicated by dotted lead 2286 which are
shown in detail in the drawings of the Carpenter patent.
TG relay (4208) is a trunk guard or trunk test relay
which operates in response to battery and ground sup-
plied over the fundamental tip and ring leads from the
called office when the circuits thersat are ready to accept
the digits of the called number as described in detail in
the Carpenter patent. The operation of the TG relay
(4208) is a signal to the sender to start outpulsing the
digits of the called subscriber’s number tc the called
office. If the call is a customer dialed toll call, the out-
pulsing of the digits of the called number wili, as stated
hereinbefore, be controlled by one of the cight trans-
mitters shown in Figs. 51 through 57 cver the funda-
mental tip and ring leads to the distant office. The FT
fundamental tip lead and FR fundamental ring lead in
subscriber’s sender No. 0, shown in Fig. 22, are ex-
tended in cable 1-0 and cable 1, through operated cross-
point contacts of the crossbar switch connector 4407
shown in Fig. 44, over one of the eight cables 2-0
through 2-7 in cable 2 to one of the eight transmitters
numbered 0-7 shown in Figs. 51 through 57, to provide
a path for the outpulsing of the digits of the called num-
ber. If the call is a customer dialed toli call, it is, there-
fore, necessary to prevent the sender shown in Fig. 22
from outpulsing the digits of the called number.

As scon as ground on the ST lead is received by the
selected one of the transmitters nmumbered 0-7 as de-
scribed above, a ground will be applied to the FO1 lead
by the selected transmitter. The FO1 lead extends from
the transmitter to the sender shown in Fig. 22 over the
path traced above for the ST, FT and FR leads. This"
ground will cause the operation of FO2 relay (4281) in
sender No. 0 which will open the fundamental tip and
fundamental ring circuit in the sender extending o the
distant office and thus prevent the operation of the TG
relay (4288). Because TG relay (4288) cannot operate,
the pulsing circuits of sender No. 0 are prevented from
outpulsing and the outpulsing to the distant cffice will be
carried out on a multifrequency basis by the selected
transmitter shown in Figs. 51 through 57 as described
in detail hereinafter.

When the transmission to the distant office of the
called subscriber’s designation has been completed, the
selected transmitier shown in Figs. 51 through 37 will
apply a ground to the AV1 lead extending to sender No. 0
shown in Fig. 22 over the path traced above. This
ground on lead AV1 will cause the operaticn of AV%
relay (3101) in sender No. §. The operation of AV1
relay: (3161) will in turn operate AV3Z reiay (3105)
which will apply a resistance bridge comprising resistor
(3103) across' the fundamental tip-and fundamental ring
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leads. The operation of AV2 relay (3105) also causes
the release of AV3 relay (3102) and the release of AV3
relay (3102) with the operation of AV1 relay (3101)
completes a circuit for the operation of AV4 relay (3001)
over conductor (3044). The operation of AV4 relay
(3001) opens the tip and ring conductors extending to
the calling subscriber and, in the manner described in the
above-cited Carpenter patent, causes the release of the
ON1 relay (3660) and ON3 (3002) and the subsequent
release of the sender to normal. .

10 the event that trouble occurs in the distant office,
in the selected one of the transmitters shown in Figs. 51
through 57 or in the circuits of the present invention
associated with the magnetic drum, the selected trans-
mitter will place a ground on the TRL lead which extends
to sender No. 0 over the path traced above. This trouble
condition or overflow condition from the distant office
is transmitted to the selected transmitter over the funda-
mental tip and fundamental ring leads where it is recog-
nized by the selected transmitter which thereupon places
a ground on the TRL lead or, if the trouble condition
exists in the selected transmitter itself, or if the trans-
mitter is notified of a trouble or overflow condition in
the magnetic drum circuit, ground will be applied on the
TRL lead as will be described hereinafter. The ground
on the TRL lead is applied to conductor (3136), through
the left-hand armature and back contact of TR2 relay
(319), through the winding of TR1 relay (3108) to
battery. 'The operation of TR1 relay- (3108), as de-
scribed above, removes off-normal ground from the ST
lead. The removal of the ground from the ST lead is a
signal to the selected transmitter that the trouble relays
in the sender have received the trouble or overflow
condition signal and the transmitter in turn removes the
ground from the TRL lead, as will be described later.
The removal of ground from lead TRL permits TR2 relay
(3109) to operate in series with TR1 relay (3108)
through the right-hand make contact of DST relay (3166)
to off-normal ground on conductor (3024). TR1 relay
(3168) and TR2 relay (3109) operate in the manner
described in the above-cited Carpenter patent to initiate
a second trial operation. That is, a second attempt to com-
plete a connection to the called office over a different
trunk route is initiated. The sender will again connect
itself to the marker and a different trunk route will be
selected to the distant office. The selected transmitter
will proceed to retransmit the called station designation
by multifrequency pulsing means to the called office over
the new or second trial route, When TR1 relay (3108)
operates, the original connection to the distant office is
released and a new connection is established. The oper-
ation of TR2 relay (3109) closes a new path for off-
normal ground from lead (3024) to the start lead ST
which initiates the retransmission of the called sub-
scriber’s designation in the manner described above. If
the second attempt to establish the call fails, the TRL
lead will again be grounded and this ground will be
passed on through the operated contacis of TR2 relay
(3109) to other circuits of the sender in the manner de-
scribed in the above-cited Carpenter patent to set up an
overflow condition and to notify the calling subscriber
of the overflow condition by means of a tone signal.
The sender then releases and restores to normal.

Panel sender

Sender No. 100, shown in Fig. 23 of the drawings, is a
sender of a panel telephone switching system of the type
disclosed in the above-cited Raymond et al. Patent 1,862,-
549. In the Raymond patent, this sender is disclosed
in detail in Figs. 7 through 20 of the drawings, a portion
of which is shown herein in Fig..23. Fig. 23 discloses the
modifications of the panel sender that are required to as-
sociate it with the magnetic drum auxiliary sender system
of the present invention. The heavy leads shown in Fig.
23 are the leads which are added to the sender shown
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in Figs. 7 through 20 in the Raymond et al: patent.” ‘The
various relays and leads in Fig. 23 carry the same
designations as the corresponding relays and leads shown
in the drawings of the Raymond et al. patent. For
example, the FO3 relay designated (1226) in Fig. 23
is the 1226 relay shown in Fig. 12 of the Raymond et al.
patent. Similarly, the other relays and leads shown in
Fig. 23 each have a designation shown in parenthesis
which corresponds with the designation used in the Ray-
mond et al. patent.

When a calling subscriber’s line is connected to sender
No. 100 in the manner described hereinbefore and in
detail in the above-cited Raymond et al. patent, L relay
(724) is operated over the subscriber’s loop. The circuit
for the operation of L relay (724) may be traced from
battery through the winding of L relay (724) over the
ring conductor (744) over the subscriber’s loop, back
over the tip conductor (743) through resistance (729)
through the right-hand armature and back contact of
LR1 relay (1237) to ground. L relay (724) is the pulsing
relay of the sender and operates and releases in response
to the opening and ciosing of the subscriber’s dial. When L
relay (724) operates in response to a closure of the sub-
scriber’s dial, ground is applied through a right-hand
armature and back contact of LR1 relay (1237) through
the armature and front contact of L relay (724) to scan
lead SCN-108. When L relay (724) releases in response to
the opening of the subscriber’s loop in response to a break
in the calling subscriber’s dial, battery is applied through
the winding of L1 relay (716) to scan lead SCN-100. Scan
lead SCN-100 extends to the scanner shown in Fig. 25
and will be utilized as described hereinafter to observe
the condition of the pulsing relay of the sender No. 100
on a time division basis. o
~ The subscriber then proceeds to dial the digits of the
called number in the manner described hereinbefore
and in detail in the above-cited Raymond et al. patent.
These pulses are received and registered in the sender
and, after the reception of the first three digits indicating
an office code or am area code if the call is a subscriber
dialed toll call, the sender will transmit to a decoder,
via a decoder connector, the class of service and the
office code or area code information. The decoder
then translates the office code or area code information
and transmits back to the sender via the decoder con-
nector the information required by the sender to com-
plete the connection to the distant office. R2 sequence
switch (1700) makes one revolution each time the sender
is used and starts from a normal position 1 and ad-
vances to a talking position 18. Position 7 on R2
sequence switch (1706) is the position for making a
trunk test to the called office to ascertain whether the
distant office is ready to accept the digits of the called
subscriber’s designation. . The manner in which the R2
sequence switch (1700) operates and the circuits con-
trolled thereby is described in detail in the above-cited
Raymond et al. patent. In the meantime, the subscriber
has continued to dial the remaining digits of the called
party’s designation. These digits are registered in the
registers of sender No. 100 and when the thousands
digit of the called designation is registered, THL relay
(1001) which is a locking relay for the thousands digit
register relay, operates, As described in the above-cited
Raymond et al. patent, as R2 sequence switch (1709)
leaves the sixth position and advances to the seventh
position, FO1 relay (1228) will release which in turn
will release FO2 relay (1227). However, FO2 relay
(1227) is a slow-releasing relay and it starts to release
at this time. When R2 sequence switch (1700) reaches
position 7, a ground is applied through front contact and
armature of SB relay (1393), over conductor (1317),
through armature and front contacts of THL relay
(1001), over conductor (732), through left and right-
hand contacts of T2 cam (1715) to the ST lead. The
ST lead extends via cable 1-100 and. cabie 1 through
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operated crosspoint contacts of the crossbar switch con-
nector 4407 shown in Fig. 44 over one of the eight cables
2-0 through 2-7 in cable 2 to one of the eight trans-
mitters numbered 0 to 7 shown in Figs. 51 through 57.
Ground on lead ST is a signal to the selected transmifter
that the selecting circuits of the sender have completed
their functions and that the operation of the sender cir-
cuits have advanced to a point where a trunk test to the
distant office may be made to make ceriain that the
distant office is ready to receive the digits of the called
number.

The trunk test is made over the fundamental tip and
fundamental ring leads (748) and (747), respectively,
which extend over the selected trunk to the distant office
via ‘a link circuit, district selector and office selector
circuits. The fundamental tip lead (748) extends through
front contact and armature of RL1 relay (723), through
front contact and armature of CLA relay (1804), through
left-hand contacts of D2 cam (1703) (when in position 7)
over conductor (1731), through a front contact and arma-
ture of ZC3 relay (1506), through a back contact and
armature of CRS relay (1925), through the winding of
TG relay (1309). The fundamental ring lead extends
to the other terminals of the winding of TG relay (1309)
through a back contact and armature of AV relay (1231),
through left and right contacts of P2 cam (1714) (when
in position 7), through front contact and armature of
CR4 relay (1924), through resistances (1926) and (1927),
through front contact and armature of CR3 relay (1923),
through left and right contacts of L2 cam (1717) (when

in position 7), through the winding of OF relay (1225),-

through front contact and armature of FO3 relay (1226),
through back contact and armature of B0 relay (1220),
to the winding of TG relay (1309). TG relay (1309)
is-a trunk guard or trunk test relay which operates in
response to battery and ground supplied over the funda-
mental tip and ring leads from the distant office when the
circuits thereat are ready to accept the digits of the called
number as described in detail in the above-cited Raymond
et al. patent. The operation of TG relay (1309) is a
signal to the sender to start out-pulsing the digits of the
called subscriber’s number to the distant office. If the
call is a customer dialed toll call, the outpulsing of the
digits of the called number will, as stated hereinbefore,
be controlled by the one of the eight transmitters shown
in Figs. 51 through 57 over the fundamental tip and ring
leads to the called office. The FT fundamental tip lead
and FR fundamental ring lead from sender No. 100 shown
in Fig. 23 are extended in cable 1-100 and cable 1 through
operated crosspoint contacts of the crossbar switch con-
nector 4407 shown in Fig. 44 over one of the eight cables
2-0 through 2-7 in cable 2 to one of the eight trans-
mitters numbered 0 to 7 shown in Figs. 51 through 57 to
provide a path for the outpulsing of the digits of the
called number. If the call is a customer dialed toll call,
it is therefore, necessary to prevent the sender shown in
Fig. 23 from outpulsing the digits of the called number.
As soon as ground on ST lead is received by the
selected one of the transmitters numbered 0 through 7, as
described above; a ground will be applied to the FO1
lead by the transmitter which extends from: the transmit-
ter to the sender shown in Fig. 23 over the path traced
above for the ST, FT and FR leads. This ground will
be applied to the winding of FO2 relay (1227) and will
prevent the FO2 relay (1227) from releasing and thus
reoperate FD3 relay (1226). Because FO2 relay (1227)
is prevented from releasing, FO3 relay (1226) can reop-
erate and thus close the fundamental tip and ring circuit
to:the TG relay (1309) and, therefore, TG relay (1309)
will be prevented from operating and consequently, sender
No. 100 will: be prevented from ocutpulsing and, as will
be described later, the outpulsing of the called subscriber’s
digits will be carried'out on-a multifrequency basis by the
selected . transmitter shown in Figs. 51 through 57.
When the transmission to the distant office’ of the
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called subscriber’s designation has been completed, the
selected transmitter shown in Figs. 51 through 57 will
apply a ground to the AV1 lead extending to sender No.
100, shown in Fig. 23, over the path traced above. This
ground on AV1 lead will cause the operation of AV relay
(1231). The operation of AV relay (1231) will, in the
manner described in detail in the above-cited Raymond
et al. patent, cause the release of the sender and its return
to normal.

In the évent that trouble occurs in the distant office, in
the selected one of the transmitters shown in Figs. 51
through 57, or in the circuits of the present invention
associated with the magnetic drum, the selected trans-
mitter will place a ground on the TRL lead which extends
to sender No. 100 over the path traced abcve. The
ground on TRL lead is applied to the winding of OF1
relay (1224) causing its operation. The operation of
OF1 relay (1224) in the manner described in detail in
the above-cited Raymond et al. patent, sets the district
selector to overflow call condition which in turn causes
a busy tone to be returned to the calling subscriber and
the sender is released.

Sender Nos. 1 through 98 and 101 through 198 are
indicated in block diagram form in Fig. 24 of the draw-
ings. Each of these senders has a scan lead which ex-
tends to the scanner shown in Fig. 25 and six leads which
extend via cable 1 to the crossbar connector swiich 4407
shown in Fig. 44 and from there over one of the eight
cables 2-0 through 207 in cable 2 to one of the trans-
mitters numbered 0-7 shown in Figs. 51 through 57.
The FT fundamental tip lead and the FR fundamental
ring lead, the FO1, AV1, ST and TRL leads are extended
from each sender over this path to the transmitters. The
senders shown in Fig. 24 may be either of the panel or
crossbar type.

The scanner

As described hereinbefore, the senders in a crossbhar
type telephone switching system or a panel type telephone
switching system which have been associated with the
magnetic drum auxiliary sender system of the present
invention will be called in on every call to return dial tone
to a calling subscriber and to receive the dial pulses over
the subscriber’s locp. Regular local traffic will be han-
dled in the usual way by these senders. Customer dialed
toll calls will be handled by the regular senders aided by
the magnetic drum auxiliary sender system of the present
invention. It is, therefore, necessary to observe the
senders on every call and to record the essential informa-
tion in: a memory unit or magnetic drum, as will be de-
scribed hereinafter. The magnetic drum auxiliary sender
system will, in the manner described hereinbefore, observe
the digits dialed by a calling subscriber into a sender by
scanning the pulsing relay of the sender, that is, the con-
dition of a pulsing relay of the sender is detected periodi-
cally on a time division basis. Because, as assumed here-
inbefore, the present invention is arranged to cooperate
with 198 senders either of the crossbar or panel type or
both and two sender mumbers are reserved for testing
purposes, a scanner must be provided which is able to
observe the 200 senders on a time division basis at a rate
which is fast enough to insure that no dial pulse informa-
tion is lost. For purposes of testing the system of the
present invention, a test circuit is provided which pulses
test calls into the scanner. As far as the scanner is con-
cerned, this test circuit functions in the same manner as a
sender to pulse calls into the scanner. The test circuit
is connected to the scanner in place of sender No. 99 and
No. 199 as will be described later. The scanner and the
magnetic drum used for storing the essential information
must be synchronized so that the control circuits know
at all times which sender is being observed.

Various types of scanners can be advantageously used
in the present invention. For example, a cathode ray
tube type scanner such as disclosed in an application of
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C. E, Brooks, C. A. Lovell, J. H. McGuigan, O. J. Mur-
phy, D. B. Parkinson, Serial No. 183,636, filed Septem-
ber 7, 1950, now Patent 2,764,634, granted September
25, 1956, may be utilized as a scanner for the present
invention, or a capacitive type scanner as disclosed in
Patent No. 2,679,551, granted to N. D. Newby on May
25, 1954, may be advantageously utilized. Still another
type of scanner which may be advantageously utilized
with the present invention is a pentode gate multifre-
quency electronic scanner such as disclosed in an appli-
cation of W. Ulrich, Serial No. 391,900, filed November
13, 1953, now Patent 2,858,524, granted October 28,
1958. Another scanner which may be advantageously
utilized in the present invention is the diode gate scanner
disclosed in Fig. 25 of the drawings.

Referring now to Fig. 25 of the drawings, the diode
gate scanner will be described in detail. Each of the
198 scan leads designated SCN-0 through SCN-98 and

SCN-109 through SCN-198 which connect to the pulsing o

relays of the senders to be observed terminate on an in-
put resistor in the scanner, For example, scan lead
SCN-180 from sender No. 100 terminates on resistor
2527. Scan lead SCN-0 from sender No. 0 terminates
on resistance 2528. Similarly scan leads SCN-TS(99)
and SCN-MTS(199) from the test circuit shown in Figs.
59 to 67 terminate on resistances 2529 and 2501, re-
spectively, in the scanner. These scan leads comprise
the inputs to the scanner and each input is connected
to the diode network shown in Fig. 25. Feeding into

- the diode network are also a plurality of selecting or.

control leads. These leads are ten units contfol leads
designated UCO through UC9Y, ten tens control leads des-
ignated TCO through TC9 and two hundreds control
leads designated HCO and HC1, The scanning network

shown in Fig. 25 has been greatly simplified for ease of-

understanding and only a few of the 200 scan leads are
shown. It is to be understood, however, that each scan
lead terminates on an input resistor which in turn is
connected to a pair of diodes. - The first of these diodes
is connected as shown in Fig. 25 to the units con-
trol lead which corresponds to the units digit of the
sender to which the scan lead is connected: The sec-
ond of these diodes is connected to a lead which is com-
mon to all scan leads having the same tens digit- desig-
nation. This common. tens digit lead is in turn con-
nected as shown in Fig. 25 to two additional diodes, one
of which is connected to the tens control lead corre-
sponding to the tens digit designation of the common
lead; the other diode being connected to a lead which
is common to all the scan leads having the same hundreds
digit designation. This common hundreds digit lead is
in turn connected to two diodes, the first of which is
connected to the hundreds control lead corresponding to
the hundreds digit common lead designation and the sec-
ond of which is connected to the output resistor 2509
as shown in Fig. 25.

For example, scan lead SCN-9 terminates on resistor
2511. Resistor 2511 is in turn connected through diode
2512 to units control lead UC9Y and through diode 2513
to common tens digit lead 2514. Lead 2514 is con-
nected through diode 2515 to tens control lead TC9 and
through diode 2516 to common hundreds digit lead 2517.
Lead 2517 is connected through diode 2567 to hundreds
control lead HCO and through diode 2508 to common
lead 2519. Lead 2519 is in turn connected to output
resistor 2509,

As described hereinbefore, each of the scan leads Wthh
connects to the test circuit on to the pulsing relay of an
associated sender carries one of two signals: a ground
potential (active signal) if the calling subscriber’s-loop
is closed or a negative potential (passive signal) which
may be of the order of minus 48 volts if the calling sub-
scriber’s loop is open. In a manner which will be de-
scribed hereinafter, the control leads, that is, the units
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control leads UC0-UC9, the tens control leads TCO-
TC9 and the hundreds control leads HCO and HC?, like-
wise carry one of two signals: a ground potential (active
signal) or a negative —48 volt potential (passive signal).
The diodes utilized in the network shown in Fig. 25 may
be vacuum tube diodes, rectifier or semi-conductor diodes
as shown. During the scanning of any particular sender,
all but three of the control leads are passive, that is, all
but three have a —48 volt potential applied to them.
The three control leads which are active, that is, the three
which have a ground potential applied to them, are asso-
ciated with the units, tens and hundreds digit of the num-
ber of the sender or the number assigned to the test cir-
cuit being scanned at that particular time.

The scanner shown in Fig. 25, is in reality, a selecting
network which is controlled by the control leads to select
a particular one of the scan leads. The network func-
tions to shunt out active signals on all scan leads except
the selected one and-to prevent the active signals on the
control leads from affecting the output signal when the
signal on the selected scan lead is passive.

The sender number information for activating the con-
trol leads is stored on a magnetic drum, as will be de-
scribed hereinafter, in a two-out-of-five code (units and
tens digits) and a one-out-of-two code (hundreds digit).
Memory or storage is needed in the process of transfer-
ring the sender numbers from the magnetic drum to the
scanner as the signals from the magnetic drum disappear
before they can be used to set up the proper number in
the scanner. This memory or storage is provided in the
sender number register flip-flops shown in Figs. 25 and
26 which will be described in detail hereinafter. Trans-
lators are used to change the two-out-of-five code in-
formation obtained from the magnetic drum into a one-
out-of-ten code necessary to control the scanner. These
translators are shown in Figs. 25 and 26 and will be
described in detail hereinafter.

" To illustrate the operation of the scanner, a specific
example will be described. Assume that control leads
UCO, TC9 and HCO. have been activated. This means
that scan lead SCN-90 has been selected and that each
of these control leads UCO, TC9 and HCO has a ground
potential applied to it.- Assume now that the selected
scan lead SCN-90 has an active signal applied to it from
sender No. 90, an active signal being a ground potential
indicating that the subscriber’s loop connected to the
sender is closed. This active signal on scan lead SCN-
90 will have a direct path through resistor 2502, through
forward bias diodes 2504, 2506 and 2508, through out-

- put resistor. 2509 to. a negatlve source ‘of potential which
_may be, for example, minus 48 volts and consequently
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an active signal. substantially ground potential will be
applied to amplifier 2510; If the signal on scan lead
SCN-90 is passive (minus 48 volts), the active signal
(ground) on the UCO, TCO and HCO leads is blocked
from output resistor 2509 by the negatively biased diodes
2503, 2505 and 2507 and. the output applied to amphﬁer
2510 will be a passive signal or substantlally mmus 48
volts.

It will be observed from a study of the network shown
in Fig. 25 that all active signals on scan leads other than
the selected scan lead and on all control leads will be pre-
vented from reaching the output. All scan leads with
units digits between 1 and 9, which are connected to con-
trol leads UC1 through UCY, will have their active signals
shunted through a forward bias diode to the passive sig-
nal on control -UC1 leads through UC9. For example
an active signal (ground) on scan lead SCN-9 is applied
through resistor 2511 and will be shunted to the passive
signal (minus 48 volts) on control lead UC9. Because
the Tresistance of resistor 2511 is much greater than the
resistance of the forward bias diode 2512, almost the
entire voltage . drop from . the active 51gnal on the un-
selected scan lead SCN-9 to the passive signal on the
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control lead UCO occurs across resistor 2511 leaving no
signal to be appiled from the output to amplifier 2510.
Similarly, all leads with tens digits between 0 and 8 and
with hundreds digits of 1 are shunted out. This means
that the signals on all scan leads except the selected lead
SCN-90 are shunted away from the output.

The output from the scanner is supplied to amplifier
2510 and, as indicated above, is a ground potential for
an active signal when the subscriber’s loop to the scanned
sender is closed and a —48 volt potential for a passive sig-
nal when the subscriber’s loop to the scanned sender is
open. These signals are applied through amplifier 2510
which comprises an odd number of stages of amplification.
The output signals from amplifier 2510 are, therefore, the
reverse of input signals. An active input signal (ground)
will give an active output signal (minus 48 volts). A
passive input signal (minus 48 volts) will give a passive
output signal (ground). ‘

The output signals from amplifier 2510 are applied
directly to And gates 2521 and 2523. ‘The output signals
from amplifier 2510 are applied through inverter 2520 to
And gates 2522 and 2524 as shown in Fig. 25. The sec-
ond input to And gates 2521 and 2522 shown in Fig. 25
are via lead L3S whereas the second input to And gates
2523 and 2525 are via lead L1S. As will be described
in detail hereinafter, the L1S and L3S leads are made
active or, in other words, a negative potential is applied
to them, by the drum control circuits when it is desired
to scan a particular sender. If the output of amplifier
2510 is an active signal (minus 48 volts) and the lead
L3S has been made active, both inputs to And gate 2521
are, therefore, active and an active signal (minus 48 volts)
will be applied to the W1-§" lead. If the output of
amplifier 2510 is a passive signal (ground), the output to
inverter 2520 will be an active signal (minus 48 volts)
and if the L3S lead is active, And gate 2522 will cause
an active signal (minus 48 volts) to be applied to: the
WO0-S’ lead.  Similarly, if the output of amplifier 2510 is
active (minus 48 volts) and lead LIS has been made
active, And gate 2523 will cause an active signal (minus
48 volts) to be applied to the R1-S lead. On the other
hand, if the output to amplifier 2510 is passive (ground),
the output of inverter 2520 will be active (minus 48 volts)
and if L1S lead is active, And gate 2524 will cause an
active signal .(minus 48 volts) to be applied to the R0O-S
lead. The R0-S, R1-S, W0-S' and W1-S’ leads extend
to the magnetic drum circuits and will control these cir-
cuits in the manner to be described Lereinafter. Accord-
ingly it will be observed that the R1-S lead will be active
if the subscriber’s loop is closed and the L1S lead is
active. Similarly, ‘the R0-S lead will be active if the
subscriber’s loop is open. and the L1S lead is active.
Furthermore, it will be observed that the W1-S’ lead will
be active if the subscriber’s loop is closed and the L3S
lead is active and the W0-S’ lead will be active if the
subscriber’s loop is open and the 1.3S lead is active.

The magnetic drum

As described previously, when a calling subscriber
originates a call, his line is connected through part of
the switching network to a sender which registers the
digits as they are dialed. On local calls, the sender will
be comnected to an outgoing trunk and will pulse the
necessary digits to the distant office. If the call originated
by a calling subscriber is a toll call, the magnetic drum
auxiliary sender system will be called in and will, as stated
above, observe the digits as ‘they are dialed into the
sender by scanning the pulsing relay of the sender. If
the first three digits dialed comprise an area code, storage
will be provided to register the complete ten or eleven
-digits of the designation that may be dialed. " Also, the
sender will be notified not to perform any outpulsing as
the transmitter of the magnetic drum auxiliary sender
system of the present invention will transmit the ten or
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eleven digits of the calied designation to the distant office
by multifrequency pulsing means.

There are certain basic memory requirements for such
a system which are independent of the type of memory or
storage that may be used or the type of control circuits
used. This memory is used for dial pulse detection, dial
pulse counting, digit registration, sender release timing
and interdigital timing. In the illustrative embodiment
of the present invention, the first three digits dialed into
every sender are stored in the storage elements. How-

_ ever, succeeding digits need be registered only if an area
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code was dialed; in other words, if the call originated by
a calling subscriber was a customer dialed toll call.
Therefore, it is possible to economize on memory and
storage capacity by providing storage space for the addi-
tional digits for only the few calls requiring it. Any of
several types of high speed electronically controlled mem-
ory elements such as storage tubes, acoustic delay lines or
ferro-electronics can be used in the system of the present
invention. In the illustrative embodiment of the present
invention, a magnetic drum is shown as the memory ele-
ment for performing the various functions listed above.

The magnetic drum in the illustrative embodiment of
the present invention is shown in Figs. 28, 29 and 30 and
is designated MD.  This drum consists of a motor driven
cylinder (a driving motor not being shown in the draw-
ings) coated with a magnetic material. Information is
stored on the drum by magnetizing spots on the surface
of the drum. Initially, the entire drum is magnetized to
saturation in the same direction. To record a bit of in-
formation on the drum, a small spot called a cell is mag-
netized to saturation in the opposite direction by the ap-
plication of a magnetic field. The properties of the mag-
netic coating of the drum are such as to cause the mag-
netic condition impressed on the surface of the drum to
be retained until changed by other magnetic fields or
forces. Due to the retentivity of the magnetic material,
the cell will remain magnetized in that direction until
restored to normal (erased) by a field of opposite polarity.
Information is read from a cell by detecting that it is
magnetized in a different direction than the surrounding
area. Data is recorded on and read from magnetic drum
MD by reading-writing heads and associated reading-
writing amplifiers as described previously.

The structure of magnetic drum MD shown in Figs.
28, 29 and 30 is further described in an application, Serial
No. 183,636, filed September 7, 1950, of C. E. Brooks,
C. A. Lovell, J. H. McGuigan, O. J. Murphy, D. B. Park-
inson, now Patent 2,764,634, granted September 25, 1956,
and in an application Serial No. 340,471, filed March 5,
1953 of W. A. Malthaner and H. E. Vaughan, now Patent
2,723,311, granted November 8, 1955. The structure of
the magnetic drum utilized in the present invention is
not, however, to be considered limited to the drum struc-
ture disclosed in these two applications or to any par-
ticular magnetic drum structure.

Magnetic drum MD of the present invention and its
associated reading and writing circuits utilize the so-called
“single pass™ operation as described in Patent No. 2,700,-
148, granted on January 18, 1955, to J. H. McGuigan,
O.J. Murphy and N. D. Newby, or in an application Serial
No. 307,108, filed August 29, 1952, of W. A. Cornell, J. H.
McGuigan, O. J. Murphy, now Patent 2,845,610, granted
July 29, 1958. The so-called single pass operation en-
ables information to be read from a particular cell or
spot on the magnetic drum, this information combined in
logic circuits with information from external sources and
new information written in the same spot or cell on the
magnetic drum, all while this particular spot is making a
single pass under a reading-writing head.

The basic subdivision of the drum surface in which a
single magnetic spot may be recorded is called a cell.
Each group of cells which pass under a single magnetic
reading-writing head as the drum revolves is called a track
or a channel and each group of cells along the drum which



2,876,289

49

are simultaneously under the various heads is called a
slot as further described in the above-cited Brooks et al.
and McGuigan et al. applications. In the illustrative
embodiment of the present invention, magnetic drum MD
shown in Figs. 28, 29 and 30 comprises 16 tracks, each
track being numbered 1 through 16, Because the illus-
trative embodiment is adapted to cooperate with 198
senders, space must be provided on the magnetic drum
which is individually associated with each of these 198
senders to perform the functions of dial pulse detection,
dial pulse counting, digit registration, sender release timing
and interdigital timing required for each individual sender.

Fig. 18 shows the layout of one sender space on the
surface of magnetic drum MD. It will be noted that the
sender space uses five slots in 16 tracks on the drum sur-
face. The X1 register shown in slot 3 of tracks 13
through 16 is used to register the first digit dialed into
the associated sender. The 0 register shown in slot 4 of
tracks 13 through 16 is used to register the second digit
dialed into the associated sender. Similarly, the X2 regis-
ter shown in slot 5 of tracks 13 through 16 is used to
register the third digit dialed into the associated sender.
The first three digits dialed into the associated sender
are registered in these registers. As described in detail
hereinafter, a binary code requiring four code elements
per digit is used in these registers, hence, the four cells
in each register. No space is provided for counting pulses
since each digit is counted in its register. With this
method it is necessary to remember which digit is being
counted and this is accomplished in the digit dialed cells
of track 12 in slots 3, 4 and 5, as will be described in
detail Iater. Three cells are needed for dial pulse detec-
tion. These are the S’, A; and A, cells in tracks 10, 11
and 12 of slot 1 as shown in Fig. 18. Sender release
timing is accomplished in tracks 13 through 16 of slot 1
and interdigital timing is accomplished in tracks 13
through 15 of slot 2 as will be described later. Altogether
seven reading-writing tracks are used and these are tracks
10 through 16. Various other information which is
needed by the control circuits is stored in the sender
space in these tracks and will be described later. Informa-
tion written permanently in tracks 2 through 9 of the
sender space is used to define each slot of the drum.
Track 1 is used to generate the read and write sync pulses
as will be described later. Therefore, tracks 1 through 9
require only a reading head.

Because dial pulse detection is accomplished in slot 1
of each sender space as stated above, the scanner must
be set up in advance on slots 4 and.5 of the preceding
sender space in order to be ready to observe the correct
sender associated with the sender space passing under
the magnetic heads on the drum. Therefore, the sender
number for the next succeeding sender space is recorded
in each sender space in tracks 4 through 9 of slots 4 and 5
in a two-out-of-five code for.the units and tens digit of
the sender number and a one-out-of-ten code for the
hundreds digit of the sender number. For example,
sender space No. 51 associated with sender No. 51 will
have the number 52 recorded in tracks 4 through 9 of
slots 4 and 5 and the number 51 will be recorded in tracks
4 through 9 of slots 4 and 5 in sender space No. 50 asso-
ciated with sender No. 50. Because there are 198 senders
to be associated with the magnetic drum auxiliary sender
system in the illustrative embodiment of the present in-
vention, 198 sender spaces such as shown in Fig. 18 are
provided on the surface of the magnetic drum. These
sender spaces are numbered to correspond to the number-
ing of the associated senders, that is, from 0-98 and 100~
198 and are arranged on the magnetic drum in pairs as
shown in Fig. 16; sender space No., 1 being paired or
mated with sender space No. 101, etc.

As indicated previously, storage capacity can be con-
served, that is, the number of tracks and slots on the
magnetic drum can be reduced, by providing space for
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‘registering only three digits in -each sender space with 75

‘50

‘additional common register spaces being provided for

storing the digits of customer dialed toli calls. Only
enough common register spaces for storing the rest of
the digits need be provided to handle the number of cus-
tomer dialed toll calls that are expected to be concurrently
initiated. It is estimated that a maximum of eight cus-
tomer dialed toll calls will be simultaneously dialed into
the system. Therefore, only eight common register spaces
need be provided.

The layout of a common register space is shown in
Fig. 19. Space is provided therein to register 11 digits,
each in a separate slot, the 11 digit registers being located
in tracks 13 through 16 of slots 2 through 12. It would
be possible to leave the first three digits in the sender
space and register only eight digits in the common register
space, but the control circuits can be simplified by stor-
ing all 11 digits together in the manner described later.
The digit sent column in track 12, slots 2 through 12,
keeps track of which digits have been transmitted to the
distant office by one of the multifrequency transmitters
as will be described later. When digits are transferred
from a sender space to a common register space, the two
spaces are associated by writing the number of the sender
space in the common register space. As indicated in Fig.
19, the sender number for the next register space is
written in track 10, slots 1 through 16. The reason for
this will be explained later. Likewise, the common reg-
ister number for the next common register space is writ-
ten in tracks 4 through 8 of slot 1. This common reg-
ister number together with other information recorded
and read from the common register space is required by
the control circuits as will be described later. As in the
sender space, tracks 2 through 9 of the common register
space are used for slot definition and track 1 is used for
the generation of the various sync pulses.

The eight common register spaces are located around
the surface of the magnetic drum interspersed among the
sender spaces. In other words, there are about 25 sender
spaces between adjacent common register spaces in the
illustrative embodiment of the present invention. The
common register space$ on the surface of the magnetic
drum are numbered for identification purposes from 0-7.

In addition to the sender spaces and common register
spaces described above, a test sender space, a test reg-
ister space, and a test space are provided on the surface
of the magnetic drum. The test sender space is identical
to every other sender space except for a distinctive code
combination recorded in the first seat, The test register
space is identical to every other common register space.
In the illustrative embodiment of the present invention
the test sender space is numbered 99 and the test register
space is numbered 8. The test space is shown in detail
in Fig. 20. The test sender space, test register space
and test space are located on the magnetic drum as shown
in Fig. 17. The purpose and function of these spaces will
be described in detail later in connection with the de-
scription of the test circuit.

The layout of the magnetic drum surface as shown in
Figs. 16, 17, 18, 19 and 20 is illustrative only as there
are many arrangements which can be utilized. For ex-
ample, each sender could be associated with one slot on
the magnetic drum which would register all of the digits.
This would require many tracks and only two hundred
slots (assuming two hundred senders are to be served).
Another possibility would be to register every digit for
each sender on a separate slot. To store 11 digits and
meet the other requirements, 14 slots would be needed.
Many other arrangements could be devised without de-
parting from the scope and spirit of the invention.

As indicated hereinbefore, magnetic drum MD in the
illustrative embodiment of the present invention contains
16 .tracks with tracks 1 through 9 requiring a reading
head while tracks 10 through 16 require a reading-writ-
ing head. As shown in Figs. 28, 29 and 30, the 16
magnetic heads which are associated with the 16 tracks
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on magnetic drum MD are designated H-1 through H-16
of which H-3 through H-8 and H-11 through H-15 are
not shown. These magnetic heads comprise a core of
ferro-magnetic material having pole tips brought close
together and placed in close proximity to the magnetic
drum surface. A coil is wound on each of these cores
and when employed for recording or writing, a current
is caused to flow through the coil to produce a magnetic
flux between the pole tips which alters the magnetic con-
dition of the surface of the drum underneath the pole
tips. . When a coil is used to recover or respond to or
read recorded signals, the magnetic condition on the drum
induces a flux change between the pole-pieces and thus
within the core structure. Consequently, the winding
surrounding these cores has a voltage induced in it in
accordance with the magnetic condition of the drum.
The nature of the current and voltage changes in the
magnetic heads is described in detail in the above-cited
Cornell et al. application.

As shown in Fig. 28, magnetic head H-1, situated in
track 1 on magnetic drum MD, is connected to reading
amplifier R-S. This amplifier is disclosed in detail in
Fig. 13 of the drawings and was described previously.
‘As indicated above, tracks 2 through 9 on magnetic drum
MD contain permanently recorded information and, there-
fore, reading amplifiers only are required. As shown in
Fig. 28, magnetic heads H-2 through H-9, situated in
tracks 2 through 9, respectively, on magnetic drum MD,
are connected to reading amplifiers' R-2 through R-9,
respectively,  These reading amplifiers are disclosed in
detail in Fig. 14 and were described previously. As fur-
ther indicated hereinbefore, tracks 10 through 16 on mag-
netic drum MD are used for the various storage and con-
trol functions of the illustrative embodiment of the pres-
ent invention and, therefore, require combined writing-
reading amplifiers. As shown in Figs. 29 and 30, mag-
netic heads H-10 through H-16, situated in tracks 10
through 16, respactively, on magnetic drum MD, are con-
nected to writing-reading amplifiers RW-16 through
RW-16, respectively. These writing-reading amplifiers
are shown in detail in Fig. 11 and were previously de-
scribed.

In addition to the magnetic heads and associated ampli-
fiers described above, the magnetic drum in the illustra-
tive embodiment of the present invention has an auxil-
iary head H-10’ located in track 10. As shown in Fig. 29,
auxiliary head H-19’ is connected to writing amplifier
W-10’, This writing amplifier is shown in detail in Fig.
12 of the drawings and a description thereof was given
hereinbefore.

As indicated above, the scanner in the illustrative em-
bodiment of the present invention must observe the 198
senders connected to the system on a time division basis at
a rate which is fast enough to insure that no dial pulse
information is lost. Because of the size of the magnetic
drum in the illustrative embodiment of the present in-
vention, the speed of rotation of the magnetic drum
would have to be of the order of 5450 revolutions per
minute in order to insure that dial pulse information
is not lost. . It will be advantageous to operate the mag-
netic drum at a slower rate of speed because, as indi-
cated above, the reading and writing amplifiers which
respond to the magnetic conditions recorded on the drum
must read the information from a cell, combine this
information in logic circuits with information from ex-
ternal sources and in turn write new information in the
same cell on the magnetic drum, all while the particular
cell is making a single pass under a reading-writing head.
Therefore, if the speed of operation of the magnetic
drum can be reduced, the design of the reading-writing
amplifier circuits can be greatly simplified and made
less costly. However, the speed of the magnetic drum
rotation cannot be reduced to a point where dial pulse
information will be lost. Accordingly, it is advantageous
tc scan each sender twice per revolution of the magaetic
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drum. In this way, dial pulse information will not be
lost and the time allowed for the combined reading and
writing operation in each cell will be increased. The
scanning of each sender two times per revolution of the
magnetic drum is accomplished through the use of the
auxiliary writing head H~10" mentioned above.

When a particular sender space such as shown in Fig,
18 is passing under the main heads on the magnetic
drum, the scanner is set up to the sender associated
therewith so that the condition of the pulsing relay can
be recorded in slot 1 of that sender space. As men-
tioned above, the sender was set up in advance on slots
4 and 5 in the sender space which has just passed under
the main heads. While slots 2 and 3 of a sender space
are passing under the main heads, the scanner is free for
other uses. It is during this time that the scanner is
set up to observe a sender which has its associated sender
space located on the opposite side of the magnetic drum.
This latter sender is called a mate sender. Senders with
the same tens and units digits are paired. For example,
sender No. 1 and sender No. 101 are mate senders.
Similarly, sender No, 50 and sender No. 150 are mate
senders. The condition of the pulsing relay of the mate
sender is recorded in slot 1 of the mate sender space
by means of the auxiliary writing head H-18’ located
on the opposite side of the drum in track 10. The in-
formation recorded by the auxiliary writing head H-10’
will be used when the mate sender space passes under
the main heads to inform the pulse detecting circuits
the condition of the pulsing relay of the mate sender one-
half revolution earlier.

The sequence of events is as follows.  As slots 4 and
5 of a sender space pass under the main heads on the
magnetic drum, the scanner is set up to observe the
sender associated with the next succeeding sender space
to pass under the main heads. As the drum continues
to rotate and as slot 1 of this sender space passes under
the main heads on the drum, the condition of the puls-
ing relay of the sender associated therewith will be ob-
served and recorded. During the time slot 2 of this
sender space is passing under the main heads on the
drum, the scanner is set up to observe the mate sender.
When slot 3 in this sender space passes under the main
heads of the drum, the condition of the pulsing relay in
the mate sender is observed, and recorded in slot 1 of
the sender space associated with the mate sender. On
slots 4 and 5 of the sender space, the scanmer is set
up to observe the sender associated with the next succeed-
ing sender space to pass under the main heads. For ex-
ample, when slots 4 and 5 of the sender space for sender
No. 50 are passing under the main heads on the mag-
netic drum, the scanner will be set up to observe sender
No. 51. As the drum continues to rotate and slot 1 of
sender space 51 comes under the main heads, the condi-
tion of the pulsing relay in sender No. 51 will be ob-
served and recorded. As slot 2 of sender space 51 comes
under the main heads, the scanner is set up to observe
sender No. 151. As slot 3 of sender space 51 passes
under the main heads, the scanner observes the condition
of the pulsing relay in sender No. 151 and records this
information in slot ! in sender space 151 on the op-
posite side of the drum through the auxiliary writing
head H-10". As slots 4 and 5 of sender space 51 pass
under the main heads on the magnetic drum, the scan-
ner will be set up to observe sender No. 52 so that when
slot 1 of the sender space for sender No. 52 passes under
the main heads, the scanner will be ready to observe
the condition of the pulsing relay therein.

The location of auxiliary writing head H-19" with re-
spect to the main head H-10 is shown in Fig. 16, It
will be noted that as slot 3 of the sender space for sender
No. 1 shown in Fig. 16 passes under main head H-10,
slot 1 of the sender space for mate sender No. 101 is
passing under the auxiliary writing head H-1¢’. The
manner in which the control circuits function to pro-
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videithe double scanning mentloned above will be de-
scribed- in detail hereinafter.

As indicated prevxously, the reading and writing func-
tions of ‘the magnetic drum in the illustrative embodi-
ment of the present invention are synchronized by means
of pulses. These pulses include a read sync pulse, a
write sync pulse and a reset sync pulse and are generated
from track 1 of the magnetic drum. The circuits re-
quired for generating the various synchronizing pulses
.are shown in the left-hand portion of Fig. 28 and include
magnetic -head H-1, amplifier RS, monopulser 2801,
monopulser 2802 and condenser 2803. As previously
stated, a 1 is recorded in each cell of track 1 on the mag-
netic drum and, therefore, as the drum rotates from
slot to slot, this recorded 1 will be read by magnetc
head H-1 and applied to amplifier R-2. The signal out-
put from amplifier R-S is a negative going square wave
pulse as described previously in connection with the de-
tailed description of amplifier RS shown in Fig, 13 of
the drawings. The negative going square wave pulse from
the output of amplifier R-S is applied to monopulser
2801. This negative pulse extinguishes the conduction
ir the right-hand section of monopulser 2801 and initiates
conduction in the left-hand section. After some time
which is determined by the constants of the monopuliser
circuit, the conduction in the left-hand section will be
extinguished and reinitiated in the right-hand section.
The output of monopulser 2801 is, therefore, a positive
square wave pulse. This positive pulse is applied to the
read sync lead R-SY which extends to the various read-
ing amplifier circuits shown in Figs. 28, 29 and 30.

The positive square wave pulse on read sync lead
R-SY is also applied to the input of monopulser 2802.
The leading edge of the read sync pulse will have no
effect upon the monopulser 2802 because, referring to the
detailed circuit for the monopulser shown in Fig. 8, the
right-hand section of this monopulser is already conduct-
ting. However, when the trailing edge of the positive
read sync pulse is applied to monopulser 2802, the nega-
tive going voltage of the trailing edge will cause the con-
duction in the right-hand section of monopulser 2862
to be extinguished and conduction to be initiated in the
left-hand section. After some time determined by the
constants of the monopulser 2802, this condition of con-
duction will reverse and reset to normal. The output
of monopulser 2802 is, therefore, a positive square wave
pulse and is apphed to the write sync lead W-SY which

extends to the various writing amplifier circuits shown in .

Figs. 29 and 30.

The positive square wave write sync pulses from the
output of monopulser 2802 are also used to generate the
required reset pulses. These write sync pulses are applied
to a differentiating circuit comprising condenser 2803
and a load resistance in the flip-flop circuits requiring re-
'setting. A sharp positive pulse coincident with the lead-
ing edge of each write sync pulse and a sharp negative
pulse coincident with the trailing edge of each write sync
pulse are, therefore, obtained. These pulses are applied
over the RS-SY lead to the various flip-flop circuits of
the present invention which require resetting. Referring
to Fig. 10 of the drawings, assume that the flip-flop cir-
cuit shown therein has been operated which, as previously
stated, means that stage A is conducting and stage B is
cut off. Assume now that the differentiated write sync
pulse is applied to input B. The sharp positive pulse

. will not affect the circuit as stage A is already conducting.
However, the sharp negative pulse, when applied to input
B, would extinguish the conduction in stage A and ini-
tiate conduction in stage B, thus resetting the flip-flop
circuit to normal, Accordingly, it will be observed that
the flip-flop circuits are reset at the end of the write sync
pulse.

The time relationship between the various pulses gen-
erated by the synchronizing circuit, that is, the read sync
pulse, the write sync pulse and the reset sync pulse, is
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depicted by the time’ chart shown-in Fig. 15. It will be
noted that the read sync pulses are spaced one cell length
apart. It is to be understood, however, that these pulses
do not define either the beginning, end or center of a
cell, but actually occur at a time when somewhat less than
a cell length has passed under the magnetic head H-1, It
will be noted that the write sync pulses do not appear until
after the corresponding read sync pulses have ended.
These write sync pulses occur at a time when the center
of a cell is approximately under the magnetic head. It
will also be noted that the reset sync pulses occur and
are coincident with the trailing edge of the write sync
pulses. The method of generating the synchronizing
pulses described above and shown in Fig. 28 is illustrative
only as these pulses may be generated in a number of
ways.

As previously described, two types of information are
stored on the magnetic drum in the illustrative embodi-
ment of the present invention. Permanent or semiperma-
nent information is stored in tracks 2 through 9 on the
drum which require reading amplifiers only as no writ-
ing function will be performed. Short-term frequently
altered information is stored in tracks 10 through 16
on the drum where combined reading-writing amplifiers
are required. Reading amplifiers R-2 through R-9, de-
scribed in detail heréinbefore with reference to Fig. 14
of the drawings, are shown in block diagram form in
Fig. 28 and are connected, respectively, to magnetic
heads H-2 through H-9. Reading-writing amplifiers
RW-10 through RW-18, described in detail hereinbefore
with reference to Fig. 11,  are shown in block diagram
form in Figs. 29 and 30 and are connected, respectively,
to magnetic heads H-10 through H-16. A gating circuit
comprising two semiconductor diodes, a resistor, an in-
verter and a positive source of potential are connected
to each of these amplifiers to provide a means for apply-
ing active signal conditions to the output leads which ex-
tend to the drum control circuits. As shown in Figs. 28,
29 and 30, there are two output leads from the gating
circuit associated with the amplifier in each of tracks 2
through 16 on magnetic drum MD. One of these leads "
is designated R1- and the other is designated R0-. For
example, the two leads from the gating circuit associated
with track 2 on magnetic drum MD are designated R1-2
and RO-2. Similarly, the two leads from the gating
circuit-associated with track 16 on magnetic drum MD are
designated R1-16 and R0-16. These R1- and R0O- leads
are used to indicate to the control circuits in the illustrative
embodiment of the present invention whether a 0 or a 1
was read in particular cells of magnetic- drum MD. If
a2 1 was read from a cell in track 5, for example, an
active signal (a negative pulse) will be apphed to the
R1-5 lead, or if a 0 was read from a cell in track 9, for
example, an active signal (a negatlve pulse) will be
applied to the R0-9 lead.

The manner in which the active s1gnals are applled to
the output leads when a 1 or a 0 is read will now be
described with reference to the specific gating circuit
shown in Fig. 28 associated with reading amplifier R-2
connected to magnetic head H-2 in track 2 of magnetic
drum MD. This description is equally applicable to
the gating circuit and associated reading amplifiers con-
nected to the magnetic heads in any of tracks 2 through
16 on magnetlc drum MD.

As shown in Fig. 28, the gating circuit components
associated with readmg amplifier R-2 - include diode
2804, diode 2805, inverter 2806, resistor 2807 and po-
tential source 2808. This gating circuit is interposed be-
tween the output of reading amplifier R-2 and the two
leads which extend to the drum contro! circuits desig-
nated R1-2 and R0-2.  The output of reading amplifier
R-2 is applied directly to lead R1-2 and the read
sync pulses on lead R-SY are applied to amplifier R-2
over the SY-IN lead.” As. described previously, the
output of reading amplifier R~2 is a negative going
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square wave pulse when magnetic head H-2 associated
therewith reads a 1 on the magnetic drum and there is no
signal pulse output from reading: amplifier R-2 when the
associated magnetic head H-2 reads a 0 on the magnetic
drum. Under static conditions, the potential on the
output lead from reading amplifier R-2 may be at poten-
tial of 150 volts positive, for example. This potential is
somewhat more positive than the potential of source
2808 and, therefore, diode 2804 is back biased and con-
ducts no current. As indicated previously, the read sync
pulses- applied over the R-SY lead to the SY-IN lead
are positive . pulses which may be, for example, of the
order of 50 volts in magnitude about a base line of 100
volts positive. Under static conditions, when no read

" sync pulse is being applied to R-2 reading amplifier, lead
SY-IN is slightly less positive than source 2808 and
diode 2805 is, therefore, biased in the forward direction.
The current flowing through diode 2895 in turn canses
a voltage drop across resistor 2897.

When a 1 is read in track 2 on magnetic drum MD,
a negative pulse will be applied to the output lead of
reading amplifier R-2 which is in turn applied to the
R1-2 lead extending to the drum control circuits. This
negative pulse is the active signal conditicn on the R1-2
lead and indicates that a 1 has been read from the mag-
netic drum. Coincident in time with ihis negative out-
put pulse from reading amplifier R-2, a positive read
sync pulse is applied to the SY-IN lead from the R—S5Y
lead. This positive pulse is of sufficient magnitude to
back bias diode 2805 which in turn ceases conducting
current.” The effect of the negative pulse applied to
the output lead of the reading amplifier R-2, however,
biases diode 2805 in a conducting direction which main-
tains the current through resistor 2887 and the voltage
at point 2809 in the circuit at substantially the same
value. Since there is no voltage change at the left-hand
terminal of inverter 2806, there will be no change at its
output terminal and no signal will be applied to the R9-2
lead.

When a 0 is read in track 2 on magnetic drum MD,
no negative pulse will be applied to the output lead from
reading amplifier R-2. However, the positive read sync
pulse will be applied to the SY-IN conductor to ampli-
fier R-2. * This positive read sync pulse will back bias
diode 2805 and halt conduction therethrough. Since
current flowing through diode 2805 has been halted,
there will be no voltage drop across resistor 2897 and
the potential at point 2809 in the circuit will rise to
approximately the value of the positive potential from
source 2808. Thus, a positive voltage pulse is applied
to the input or left-hand terminal of inverter 2866 which
results in- a negative output pulse from inverter 2806
being applied to lead RO-2. Therefore, it will be ob-
served that when a 1 is read in track 2 cn magnetic
drum MD, an active signal (a negative pulse) will be
applied to the R1-2 lead and when a 0 is read in track
2 on magnetic drum MD, an active signal (a negative
pulse) will be applied to the R0-2 lead. FEach of the
other reading amplifiers in tracks 3 through 9 of mag-
netic drum MD have circuits similar to those described

- above. Likewise, similar circuits are provided for the
reading-writing amplifiers associated with tracks 10
through 16 of magnetic drumm MD. These circuits func-
tion in the same manner described above with respect
to reading amplifier R-2. Therefore, when a 1 is read
in any track of magnetic drum MD, the associated Ri—
lead will be made active, Likewise, when a 0 is read in
any track of magnetic drum MD, the associated R lead
will be active.

“The manner in which the reading-writing -amplifiers
RW-10 through RW-16 used in tracks 10 through- 16
of magnetic drum MD dre controlled to perform their
writing functions will now be described. As indicated
heteinbefore, when a positivé potential is applied to.the
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write input leads, the writing amplifier portion of these
reading-writing amplifiers will cause either 2 1 or a O
to be recorded on the surface of magnetic drum MD.
For example, if a positive potential is applied to the W1
input lead to amplifier RW--10, a 1 wiil be recorded in
a czll of track 10 on magnetic drum MD. Similarly,
if a positive potential is applied to the W§ input lead
to amplifier RW-16, a 0 will be recorded in a cell of
track 10 on magnetic drum MD.  As indicated herein-
before, the positive potential pulses applied to the write
input leads W9 and W1 are controlled by a writing gate
and a flip-flop circuit. As shown in Figs. 29 and 30,
each W1 lead and WO lead associated, respectively, with
each of the reading-writing amplifiers RW-16 through
RW-16, 'is connected to a gate circuit comprising two-
semiconductor diodes, a resister and a source of positive
potential. This gate circuit is a conventional And gate
circuit and is similer to the And gate circuit described
in detsil hereinbefore except that it responds to posi-
tive potential pulses rather than negative potential pulses
which the And gate shown in Fig. 5 of the drawings
requires. One of the inputs to each of these And gate
circuits is connected to the output of an asscciated flip-
flop circuit and the other input is connecied to the source
of write sync pulses. Each flip-flop circuit in turn is
operated by the output from an asscciated Or gate cir-
cuit. For example, the WO input lead to reading-writing
amplifier RW-16 shown in Fig. 29, is connected to-an
And gate circuit comprising semiconductor diodes 2901
and 2982, resistor 2993 and source of positive potential
2964. One input lead to this And gate circuit is con-
nected to the write sync lead W-SY. The other input
lead to this Aud gate circuit is connected to the output
of the Wg-16 flip-flop.  The input to the W0-10 flip-
fiop is in turn connected to the output of Or gate OR0-10.
The various leads which comprise the inputs to Or gate
OR6-19 extend to control circuits in the illustrative em-
bodiment of the present invemtion which function to
conirol the writing of a 0 in a cell in track 10 on mag-
netic drum MD.

The manner in which the flip-flop circuit, the And
gate circuit and the Or gate circuit associated with each
of the write input leads to the reading-writing ampli-
fiers operate to control the writing of a lora O in a
cell on magnetic drum MD will now be described in
detail. Assume that it is desired to write a 0 in track
10 on magnetic drum MD. One of the input leads
WO-18A through W8-10X to Or gate OR2-10 will be
made active in a manner described in detail hereinafter.
The active condition on this lead, which, as indicated
previously is a negative pulse, will in turn cause the
output lead W-19 from Or gate OR6-1§ to become
active. The active signal on lead W§-1¢ (a negative
pulse) from Or gate OR6-10 will be applied to the right-
hand input of flip-flop W0-10. This negative pulse will
extinguish the conduction through the left-hand section
of flip-flop Wé-19 and initiate conducticn through its
right-hand section. When conduction is extinguished in
the left-hand section of flip-flop W0-18, a positive poten-
tial will be applied to the right-hand terminal of diode
2902 which back biases this diode. Under static con-
ditions, diodes 2981 and 2992 are both conducting cur-
rent which causes a voltage drop across resistor 2903
so ihat point 2965 in the circuit is at a lower potential
than source 2904. When a write sync pulse which, as
indicated hereinbefore is a positive square wave pulse,
is applied o the right-hand terminal of diode 2901 from
write sync lead W-SY, diode 2901 is back biased and
conduction of current is halted. When the reception of
the write sync pulse and the positive potential from the
cutput of the W0-1¢ flip-flop are coincident, neither
diode 2881 or diode 2562 will conduct current and the
potential at point 2905 in the circuit will rise to approxi-
mately the value of the positive potential from- source
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2904. Thus, a positive voltage pulse is applied to the
‘W0 lead which is the write 0 input lead to the reading-
writing amplifier RW-10. This positive pulse applied to
the WO lead of reading-writing amplifier RW-10 will
cause this amplifier to function in the manner described
hereinbefore to write 2 0 in a cell of track 10 on mag-
netic drum MD.

It will be noted that each of the reading-writing ampli-
fiers in tracks 10 through 16 of magnetic drum MD have
a W0 and W1 input lead and each of these W0 and W1
input leads in turn is associated with an And gate, a flip-
flop and an Or gate in the manner described above.
Therefore, if it is desired to write either a 1 or a 0 in any
track on magnetic drum MD, it is necessary to energize at
least one of the write input leads to the Or gate associated
with the reading-writing amplifier of the desired track.
For example, if it is desired to write a 1 in track 16
on magnetic drum MD, it is necessary to make either
the W1-16A, W1-16B or W1-16C leads active. These
leads are the input leads to Or gate OR1-16 and in turn
will cause the output lead W1-16 from Or gate OR1-16
to be active which in turn will operate flip-flop W1-16.
The output from flip-lop W1-16 is then applied to the
And gate circuit associated with reading-writing ampli-
fier RW-16 in coincidence with the write sync pulse and
will cause a positive pulse to be applied to the W-1 write
input lead to reading-writing amplifier RW-16 in the
manner described above.

In addition to the reading-writing amplifiers in tracks
10 through 16 on magnetic drum MD, an auxiliary writ-
ing head H-10’ is located in track 10 as described above.
Magnetic head H~10’ is associated with writing amplifier
W-10’. The input leads W1 and W0 to writing ampli~
fier W-10’ are associated with And gate circuits and
flip-flop circuits identical to those described above for
the main heads of magnetic drum MD. For example,
the W1 write input lead to W-10’ amplifier terminates
in an And gate circuit comprising diodes 2906 and 2907,
resistor 2908 and potential source 2909. This And
gate circuit in turn is controlled by the Wi-10’ flip-flop
and the write sync pulse over the write sync lead W-SY.
The flip-flop circuits asscciated with the writing am-
plifier W-1¢’, however, are not controlled by Or gate
circuits as in the case of the main reading-writing ampli-
fiers, but are controlled by the scanner over the W1-S’
and the W0-S’ leads in the manner described herein-
before. When an active signal (a negative pulse) is ap-
plied to the W1-§' lead, the W1-10’ flip-flop is operated
and applies a positive output potential to the associated
And gate circuit. When this positive output potential
coincides with a positive write sync pulse obtained over
the W-SY lead, a positive pulse is applied to the W1
write input lead to amplifier W-10’ and a 1 is written
in a cell of track 10 on magnetic drum MD. The cir-
cuits associated with the W0 input lead to writing ampli-
fier W~1€’ required for writing a 0 in track 10 of mag-
netic drum MD are identical to those described above
and operate in the same manner.

Each of the flip-flop circuits associated with the W0
and W1 write input leads to each of the reading-writing
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amplifiers RW-16 through RW-16 and each of the flip- .

flop circuits associated with the W0 and W1 write input
leads to write amplifier W~10’ is connected to the reset
sync lead RS-SY as shown in Figs. 29 and 30. After
each writing function controlled by the operated ones
of these flip-flop circuits is completed in a particular slot
on magnetic drum MD, the flip-flop circuits are reset to
normal by the reset sync pulse in order that the circuits
will be available to receive data to be written in a suc-
ceeding slot on magnetic drum MD. For example, when
a 0 was written in track 10 on magnetic drum MD as de-
scribed above, the W0-10 flip-flop was operated by
the negative pulse over the W0-10 lead. The reset sync
pulse which, as indicated previously, is a sharp negative
pulse and coincides ‘with the trailing edge of the write
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sync pulse, is applied to- the W0-10 flip-flop " aftér the
writing function performed by reading-writing amplifier
RW-10 is completed. The application of this negative
pulse to the left-hand input to W0-10 flip-flop extin-
guishes the conduction in the right-hand section of W0-10
flip-flop and reinitiates the conduction through the left-
hand section which is its normal state as indicated by
the 0 within the block diagram representation of the
W0-10 flip-flop shown in Fig. 29. The other flip-flop
circuits shown in Figs. 29 and 30 associated with the
reading-writing ampliﬁers used with tracks 10 through
16 and with the writing amphﬁer used with track 10 are
all reset at the end of each writing function in the same
manner,
The sender number register

As indicated previously, memory or storage is needed
in the process of tramsferring the sender numbers re-
corded in the sender spaces on the magnetic drum to the
scanner because the signals from the magnetic drum dis-
appear before they can be used to set up the proper num-
ber in the scanner. This memory or storage is provided
in the sender number register shown in Figs. 26 and 27
of the drawings. As shown in Fig. 18 and as stated
previously, the sender numbers are registered in slots 4
and 5 of tracks 4 through 9 in each sender space in a two-
out-of-five code (units and tens digits) and a one-out-
of-two code (hundreds digit). The two-out-of-five code
used for registering the units and tens digits of a sender

‘number in a sender space is as follows:

AN 1) 4 5 6 7 8
Decimal Digit 0 1 2 4 7
1 1 1 0 0 0
2 1 0 1 0 0
3 0 1 1 0 0
4 1 0 0 1 0
5 0 1 ] 1 0
6 0 0 1 1 0
7 1 0 0 1 0
8 0 1 0 0 1
9 0 0 1 0 1
0 0 0 0 1 1

For example, if the units digit of the sender number is
§, the U0, U1, U2, U4 and U7 cells in slot 4 of tracks 4
through 8 of a sender space would have the following
two-out-of-five code registered, 01010, in respective cells.
Similarly, if the tens digit of a sender number is 9, for
example, the TO, T1, T2, T4 and T7 cells of slot § in
tracks 4 through 8 of a sender space would have the
following two-out-of-five code registered, 00101, in re-
spective cells. The hundreds digit of a sender number
is registered in each sender space in a one-out-of-two .
code. As shown in Fig. 18, this code is registered in
two cells of track 9 of a sender space, one in slot 4 and
one in slot 5. These cells are designated HO and HI1,
respectively. For example, if the hundreds digit of a
sender number is 0, a 1 would be recorded (indicating an
active signal) in the HO cell and a 0 would be recorded
in the H1 cell. On the other hand, if the hundreds dgit
of a sender number is 1, a 0 would be recorded in the
HO cell and a 1 would be recorded in the Hi cell of the
sender space.

As shown in Figs. 26 and 27, the sender number
register comprises a plurality of flip-flop circuits, each
flip-flop circuit corresponding to associated cells in the
sender spaces on the magnetic drum. For example, the
flip-flops designated FF-U0, FF-U1, FF-U4 and FF-U7
are used to register the units digit of a sender number
and each of these flip-flops corresponds to the associated
cells U0, Ul, U2, U4 and U7 in slot 4 of the sender
spaces on the magnetic drum. Similarly, the flip-flops
designated FF~T0, FF-T1, FF-T2, FF-T4 and FF-T7
are used {o register the tens digit of a sender number and
each of these flip-flops corresponds to the associated cells
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TO, T1, T2, T4 and T7 in slot 5 of the sender spaces.
Flip-flop FF-H, shown in Fig. 27, is uséd to register the
bundreds digit of a sender number and it is associated
with the HO celt of the sender spaces. As indicated pre-
viously, if the hundreds digit is 0, the HO cell will have a
1 recorded in it, or,; if the hundreds digit is 1, the HO
cell will have a O recorded in it. These two bits of
information are all that is required to identify the
hundreds: digit of a sender number recorded in any
sender space and, therefore, for purposes of the sender
pumber registration, only the information recorded in
the HO cell is observed.

The flip-flops used as the sender number registers are
shown in block diagram form in Figs. 26 and 27 with
the FF-H flip-flop being shown in detail. The units and
tens digits flip-flops are identical to the hundreds digit
flip-flop FF=H and by referring to the detailed circuit of
the ‘FF-H flip-flop, theé operation of the sender number
register ¢an be readily understood.

1t will be noted that each flip-flop circuit has two input
ieads, one desighated I- —0 and one designated I--1. For
éxample, the input leads to the FF-U® flip-flop are
designiated TU00 and 1U0L. Each flip-flop also has two
corfesponding ountput leads, one designated —-0 and one
designated ——1. As shown in Fig. 26, the output leads
for the FPE-UY flip-flop aré designated U89 and UlLL
Similarly, the iaput leads for the FF-T7 flip-flop are desig-
fatéd IT7¢ and IT71, réspectivély, and the corresponding
outpiit leads from this flip-flop are designated T70 and
T71, respectively. The input leads to the FF-H flip-
flop are designated THO and IH1 and the output leads
from the FF-H flip-flop are correspondingly designated
HO and H1. When an active signal is applied to one
of the two input leads to a flip-flop, the flip-flop will be
operated so that the corresponding output lead will have
an active signal. For exdmple, if the 1U20 input lead to
the FFE-U2 flip-flop is made active, flip-flop FF-U2 will
be operated so that the corresponding output lead U208
will be active. When the U20 input lead is active, the
1U21 input lead will be passivé and when the FF-U2
flip-flop operatés in response to the active signal on the
U20 input lead, the U21 output lead Wwill be passive.
“The flip-flop will remain operated in this fashion until its
condition is altered by the application of an active signal
on the U21 input lead.

The gates which control the operation of the flip-flop
dirciits are shown to the right of the associated flip-flops
in Figs. 26 and 27. Each of the input leads to the flip-
flops terminates in the output of an And gate. These
ate conventional And gates and were described in detail
Heréinbefore in connection with Fig. 5 of the drawings.
The And gates are designated 2601 through 2616 for the
units digit flip-flops, 2761 through 2716 for the tens
digit flip-flops and 2711 and 2712 for the hundreds digit
flip-flops. Each And gaté has two input leads, one of
which is connected to an associated read output lead
from the magnetic drum reading circuits and the other of
which is connected to a slot definition lead. For ex-

. ample, the output of And gate 2603 is connected to the
1U10 input lead to the FF-U1 flip-flop. One of the in-
puts to And gate 2603 is connected to lead L4S which will
be made active when slot 4 of a sender space is read in
the manner to be described later. The other input to
And gate 2603 is connected to the RO-5 lead which is
made active when a 0 is read in track 5 of maguetic drum
MD.

The manner in which the And gate ¢ircuits and flip-
flop circuits of the sender number register operates to
effect the registration of a sender number recorded on
magnetic drum MD will now be described in detail.
Assumeé for purposes of this illtistration that the sender
number recorded in the sender space on magnétic drum
MD is 159. Therefore, in slot 4, tracks 5 through 8 of
this sender spdce, a iwo-out-of-five code 00101 will be
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recorded to represent the units digit 9. This means that
when slot 4 of this sendeér space is redd by the reading
circuits of the magnetic drum, a 0 will be read from the
U0 cell in track 4 and, accordingly, the R6-4 lead will
be made active. In like manner, a 0 will be read from
the UT cell in track 5 and the R1-5 lead will be active.
Similarly, a 1 will be read from the U2 cell in track 6
and the R1-6 lead will be active, a 0 will be read in the
U4 cell of track 7 and the R1-7 lead will be active and
a 1 will be read in the U7 cell of track 8 and the R1-8
lead will be active. The active signals on the RO-4,
R9-5, R1-6, RQ-7 and R1-8 leads are applied to And

"gates 2681, 2603 2606, 2667 and 2610, respectively, and

when an active signal is applied to the L4S lead in a
manner to be described later, these And gates will operate
and apply active signals to the IUG9 input lead to the
FF-U$ fiip-flop, the IUS1 input lead to the FF-U1 flip-
flop, the IU21 input lead to the F¥F-U2 flip-flop, the
TUG4 lead to the FF-U4 flip-flop and the IU71 lead to
the Fr--U7 flip-flop. The units digit flip-flops will then
operate in response to these active signals to register the
code: which was recorded in slot 4, tracks 4 through 8
on the magneétic drum. The corresponding output-leads
from these flip-flops are also made active to give an indi-
cation in a two-out-of-five code of the digital value of
the units digit registered therein.

During the reading of slot 4 of the sender space on
the magnetic drum, an indication of the hundreds digit
recorded on the magnetic drum is registered in the sender
aumber register. As assumed above; the hundreds digit
for the number 159 is 1 and, therefore, a 0 will be re-
corded in the HO cell of track 9. When this 0 is read by
the magnetic reading head in track 9, the R0-9 lead will
be made active. This active signal on the R0-9 lead will
be applied to one input of And gate 2712, the other input
of which is connected to the L4S lead and, therefore, the
output of And gate 2712 is active. The active signal on
the output of And gate 2712 is applied to Or gate 2714
which in turn gives an active signal to be applied on the
IH1 input lead to the FF-H flip-flop. The FF-H flip-
flop operates in response to this active signal and in turn
applies an active signal to the H1 output lead from the
FF-H flip-flop.

The tens digit 5 of the assumed number 159 is re-
corded in slot 5 of the sender space on the magnetic
drum in the following code, 01010. This means that when
this slot is read by the reading circuits of the magnetic
drum a 0 will be read in the TO cell of track 4 and the
RO-4 lead will be made active. In like manner; a 1 will
be read in the T1 cell of track 5 and the R1-5 lead will
be active. Similarly, a 0 will be read in the T2 cell of
track 6 and the R0-6 lead will be active, as 1 will be read
in the T4 cell of track 7 and the R1-7 lead will be ac-
tive and a 0 will be read in the T7 cell of track 8 and the
RO-8 lead will be active. In a manner to be described
later, L5S lead which is multipled to the And gates 2701
through 2716 will be made active when slot 5 of the
magnetic drum is read and, therefore, the active signals
on the R0-4, R1=5, RO-6, R1-7 and R0-8 leads will
cause the operation of And gates 2761, 2704, 2765, 2708
and 2709. The operation of these And gates will in turn
cause active signals to be applied to the IT00 input lead to
flip-flop FF-T$, and the IT11 input lead to flip-flop FF=
T1, the 1T20 input lead to flip-fiop FF-T2, the IT41 lead
to flip-flop FF-T4 and the YT78 lead to flip-flop FF-T7.
The tens digit flip-flops will be operated in response to
the active signals on the above-mentioned input leads and
the corresponding output leads will be made active. In
the manner above described, the sender number 159 is
registered in the flip-flop circuits shown in Figs. 26 and
27. This number remains registered in these flip-flops
until 5 subsequent registration is entered. The output
leads from theé sender number register flip-flops are ‘used
to control thé transfer circuit shown in Fig. 39 as will
be destribéd later. The output leads from the units
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digit flip-flops are designated 'U00, U01, U10, U11, U20,
U21, U406, U41, U70 and U71 and extend via cable 3-1
and cable 3 to the transfer circuit flip-flops shown in Fig.
39. The output leads from the tens digit flip-flops are
designated T00, TO01, T10, T11, T20, T21, T40, T41,
T70 and T71 and extend via cable 3-2 and cable 3 to the
transfer circuit flip-flops shown in Fig. 39. Similarly, the
output leads from the hundreds digit flip-flops are desig-
nated HO and H1 and extend via cable 3-3 and cable 3
to the transfer circuit fiip-flops shown in Fig. 39. The
output from the sender number register are also used, as
mentioned above, to control the operation of the scanner
shown in Fig. 25 as will be described hereinbelow.

It will be observed from the above description that

when the number 159 is registered in the sender number,

register flip-flops shown in Figs. 26 and 27, the code
00101 for the units digit 9 will be registered in the units
digit flip-flops shown in Fig. 26 which will cause active
signals to be applied to the Ud0, U10, U21, U40 and
U71 output leads and passive signals to be applied to
the U01, Ull, U20, U41 and U70 output leads. Sim-
ilarly, the code 01010 for the tens digit 5 will be regis-
tered in the tens digit flip-flops shown in Fig. 27 and
will cause active signals to be applied to the T60, T11,
'T20, T4l and T70 output leads and passive signals to be
applied to the T01, T10, T21, T40 and T71 output leads.
The hundreds digit 1 of this assumed number will be reg-
istered in the hundreds digit flip-flop FF-H shown in
Fig. 27 and will cause an active signal to be applied to
the H1 output lead and a passive signal to be applied
to the HO output lead. The circuit parameters and bias-
ing potentials for the flip-flop circuits of the sender num-
ber register may be selected so that the potential on all ac-
tive output leads is of the order of minus 48 volts, for
example, while all passive output leads are at approxi-
mately ground potential.

As indicated previously, the senders in the illustrative
embodiment of the present invention having the same
units and tens digits are mated and, as slot 2 of a sender
space passes under the reading heads of the magnetic
drum, the scanner is set up to observe the associated mate
sender so that when slot 3 of the sender space passes un-
der the reading heads, the condition of the pulsing relay
of the mate sender can be observed and recorded in the
mate sender space by auxiliary writing head H-16’, This
setting up of the scanner to the mate sender in slot 2 of 2
sender space is accomplished by changing the registration
of the hundreds digit in the sender number register. For
example, if the sender number recorded in the sender num-
ber register is 159, the mate sender for sender No. 159 js
sender No. 59. Therefore, to set the scanner to sender
No. 59, all that is needed is to change the hundreds digit
registered in the sender number register flip-flop FF-H
from 1 to 0. This change of registration in the sender
number register is accomplished by simultanecusly ap-
plying an active signal (a negative pulse) to both input
leads of the hundreds digit flip-flop FF-H. This active
signal is gated to both the IH§ and TH1 input leads of
the hundreds digit flip-flop FF-H from the L2S lead
through Or gates 2713 and 2714, respectively. The ac-
tive signal is applied to the L2S lead in the manner de-
scribed hereinafter when slot 2 of a sender space is being
read. If the FF-H flip-flop was previously set to record
a hundreds digit 1, the left-hand section of the flip-flop
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will be cut off and the right-hand section will be con- ¢5

ducting. Under this condition, the HO output lead will
be passive and the Hi output lead will be active. There-
fore, when both input leads IHO and IH1 are made ac-
tive, that is, pulsed with a negative pulse, the negative
pulse on the IT1 lead will have no effect because the
left-hand section of the FF-H flip-flop is already cut off.
However, the negative pulse applied onthe THO lead to
the grid of .the right-hand section of the FF-H flip-flop
will extinguish the conduction in the right-hand section
of "this flip-flop and initiate conduction in-the left-hand

(4]

section. ~ Therefore, the- state of thé flip-flop is reversed
which gives a passive condition on the H1 output lead
and an active condition on the HO output lead.

The translator

As described hereinbefore, the scanner shown in Fig.
25 is controlled by the ten units control leads UCH
through UC9, the ten tens control leads TCO through
TC9 and the two hundreds contro] leads HCO and HC1.
The code which is utilized with these leads to control the
operation of the scanner is a one-out-of-ten code for the
units and tens digits and a one-outwof-two code for the
hundreds digit. . As mentioned above, the output of the
sender number register flip-flops is used to control the
scanner over these control leads. It will be noted that
the output of the sender number register flip-flops is
available only in a two-out-of-five code for the units and
tens digits, and a one-out-of-two code for the hundreds
digit. Therefore, means must be provided for translat-
ing the two-out-of-five code of the units and tens digit
flip-flops in the sender number register into the one-out-
of-ten code required by the scanner. This translation is
performed in the translator shown in Figs. 26 and 27 of
the drawings. The units digit translator is shown in de-
tail within the dotted rectangle designated 2600 in Fig.
26. The tens digit translator is indicated by the dotted
rectangle designated 2700 in Fig. 27 and is identical to
the circuit shown for the units digit translator. No
translation is required for the hundreds digit as it is
recorded ‘in the sender number register flip-flops in a
one-out-of-two code. ’ -

As shown in Fig. 26, the units digit translator com-
prises five input leads designated TUO, TUL, TU2, TU4
and TU7. These input leads terminate in associated
cathode follower circuits designated CT-U0 through
CT-U7, respectively. The output leads IU0Q, 1U1, 1U2,
1U4 and 1U7 from the cathode follower circuits are fed
into a diode matrix network as shown. The output of
this diode matrix network comprises ten output leads
designated TRUO through TRU9. Output leads TRUO
through TRU9. are connected to associated resistances
RUO through RU9 in the matrix network as shown in
Fig. 26. Each of these resistances is in turn connected
to a source of potential which, for example, may be
ground, as shown. The input leads and the output leads
of the diode matrix network are interconnected by means
of diodes as shown in Fig. 26. Under static conditions,
that is, with no active signals being applied to the input
leads, the output leads TRUQ through TRU9 are main+
tained at a potential of approximately minus 48 volts, as
will be described hereinafter. The units digit translator
diede matrix network shown in Fig. 26 accomplishes a
translation when two of the five input leads are made
active to provide an active signal on one only of the out-
put leads. For example, if input leads IU2 and IU7 are
active, which is the two-out-of-five cede for the decimal
digit 9, the translator network will cause an active signal
to be applied to the TRU® output lead.

- As indicated previously, the control leads UCO through
UC9, TCO through TC9, HC® and HC1 which control
the selecting network of the scanner shown in Fig. 25,
require an active signal potential which is ground or
slightly positive and a passive signal potential which may
be, for example, minus 48 volts. These signal condi-
tions, ground potential for active and a negative poten-
tial for passive, are the opposite of that provided at the
output of the sender number register flip-flops. There-
fore, a reversal of conditions between the sender num-
ber register and the translator is required. This re-
versal is made at the point where the input leads TU®,
TU1, TU2, TU4 and TU7 to the translator connect to -
the -output leads from the sender number register flip- -
flops. As indicated previously, when a 1 is recorded in
the FF-U0 flip-flop of the sender number register for
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sxample the U00 ocutput- lead- from this flip-flop will be
at a ground potential and. the U0L output lead will be at
a potential of approximately minus 48 volts. Similarly,
when a 0 is recorded in the FF-UQ flip-flop, the U80
output lead will be at a negative potential of minus 48
volts while the U01 output lead will be at ground: poten-
tial. Thus, the U00 output lead will be at negative po~
tential when a 0 is recorded in the FF-U0 flip-flop and
will be at ground potential when a 1 is recorded in the
FF-U0 flip-flop. Therefore, by connecting the input
lead TUO of the units digit translator to the U80 output
ledid of the: FF-UO flip-flop, the TUO lead will be at
ground potential when a .1 is registered in the FF-U®

10

flip-flop and will be at a potential of minus 48 volts when -

a 0 is registered in the FF-UQ flip-flop: The remaining
input leads to the units digit translator, that is, leads
TU1, TU2, TU4 and TU7, are connected, respectively,
to the U10 output lead of the FF~U1 flip-flop, the U20
output of the FF-U2 flip:flop, the U40 output lead of
the FF-U4 flip-flop and the W70 output lead of the
FF-U7 flip-flop. The input leads to the tens digit trans+
lator- which are designated TTO, TT1, TT2, TT4 and
TT7, are connected to the output leads of the tens digit
flip-flops of the sender number register in a similar man-
ner. Therefore, when the units digit of a sender number
is registered- in' the units digit flip-flops, two of the five
input leads to the units digit translator shown in Fig. 26
will be at a ground potential and three of the input leads
will be af a potential of minus 48 volts. For example,
if the units digit recorded in the units digit sender num-
ber register flip-flops is 5, the TU1 and TU4 leads will
be at ground potential and the TUO, TU2 and TU7 leads
will be at a potential of approximately minus 48 voits.
This is true also for the tens digit input leads to the tens
digit translator.

The output of the sender number register flip-flops is
fed into cathode follower circuits in the translator for
two réasons. First, to prevent the flip-flops from being
too- heavily loaded and, secondly, to provide a more
exact voltage indicating the state of the flip-flop. When
a sender number register flip-flop is in ome state, the
cathode of its associated cathode follower will be at a po-
is registered in the units digit flip-flops, two- of the five
tential which closely approximates the anode supply po-
imately ground potential. When a sender rumber regis-
ter flip-flop is in its other state, the associated cathode
follower is cut off and the cathode of this cathode fol-
lower will be at the cathode supply potential which, as
indicated previously, is approximately minus 48 volts.

The diode matrix network for the units digit trans-
lator and the tens digit translator operates as follows.
Assunie that the digit 5 is registered in the units digit
sender number register flip-flops which, as indicated
above, will cause the input leads TUL ard TU4 to the
units digit translator to be active, that is, at a ground
potential, and the TUO, TU2 and TU7 input leads to the
units digit translator to be passive, that is, at a potential
of minus 48 volts. The negative potential on the three
passive input leads TUO, TU2 -and TUT will cause the
associated cathode followers CT-U0, CT-U2 and CT-U7
to be cut off. Because these cathode followers are not
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conducting current, the input leads IU®, U2 and TU7
to the diode matrix network will be at the cathode supply

potential, that is, minus 48 volts. The ground or posi-
tive potential on the two active input leads TU1 and
TU4 to the units digit translator will cause the associated
cathode followers CT-U1 and CT-U4 to conduct. The

current flowing through resistances RF-U1 and RF-U4 .

as a result of the conduction of cathode followers CT-U1.

and CT-U4 will raise the potential on input leads IU1

-+.-and TU4 of the diode matrix network from minus 48
" .volts to a potential slichtly greater than ground. The

diodes in the matrix network of Fig. 26 connected to
. megative input leads TUO, JU2 and IU7 will be biased
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in: the conducting: direction while the diodes connected
to the positive input leads YUl and TU4 will be biased
in the non-conducting direction. Under these assumed
conditions, the potential of all output leads from the
matrix. network: will be maintained at minus 48 volts
except the one which is connected to the back biased
diodes. The potential on the TRU® output lead, for
example, is maintained at minus 48 volis because diode
2611 interconnecting the TRUO output lead and the TU7
input lead is biased in a conducting direction so that the
current flowing from ground through resistance RU-0
and forward-biased diode 2611 through resistance RF-U7
to negative battery will establish a voltage drop across
resistance RU-0 and maintain the potential on output
lead TRUO at approximately minus 48 volts. Similarly,
the potential on the TRU7 output lead is maintained at
minus 48 volts because diodes 2612 and 2613 intercon-
necting the IU® and the IU7 leads and the TRU7 output
lead are biased in a conducting direction, thus maintain-
ing the potential on the output lead TRU7 at approxi-
mately minus 48 volts. However, diodes 2614 and 2615
interconnecting the: TRUS output lead and the IU1 and
1U4 input leads are back biased by the ground or slightly
positive potential on the IU1 and TU4 input leads. Be-
cause there is no current flowing through resistance RU-5,
the potential on output lead TRUS will rise from minus
48 volts to approximately ground potential. From this,
it-will be noted that all of the output leads TRUO through
TRUSY are at a negative potential of approximately minus
48: volts except the TRUS output-lead which is at ground
potential. Thus, a translation has been made from the
two-out-of-five code to the one-out-of-ten code by the
The tens digit translator shown
in block form- in Fig. 27 operates in the same fashion.

To supply the necessary current for the scanner con-
trol ieads, the outputs of the translator shown in Figs.
26' and 27 drive a series of cathode followers. These
cathode followers are shown in Fig. 25. The TRUO
through TRU9 output leads of the units digit translator
are extended to cathode followers CFU-0 through CFU-9
shown in Fig. 25 over cable 6. Similarly, the TRTO
through TRT9Y output leads from the tens digit translator
are extended to cathode followers CFT-0 through CFT-9
in Fig. 25 over cable 5. Because no translation is neces-
sary for the hundreds digit, no intermediate cathode fol-
lower is needed between the hundreds digit flip-flop FF-H
of the sender number register and' the cathode followers
CFH—0 and CFH-1 which are connected to the control
leads HCO and HCI of the scanmner. Therefore, the
input leads TRHO and TRH1 to cathode followers
CFH-0 and CFH-1, respectively, are connected directly
via cable 4 to the output leads H1 and HO, respectively,
of the hundreds digit flip-flop FF-H of the sender num-
ber register as shown in Figs. 25 and 27. Cathode fol-
lowers are used in this part of the circuit fo obtain a low
output impedance so that the cathede voltage is almost
independent of the cathode load. Although intermediate
cathode followers: are not provided for the hundreds digit
control leads, one diode is connected to each of the con-
trol leads HCO and HC1 in order to supply a more ac-
curafe passive control voltage than flip-flop FF-H is
capable of delivering. These diodes are shown in Fig.
25 and are designated 2525 for the HC1 control lead
and 2526 for the HCO control lead.

Sender space control circuit

The sender spdace control circuit shown in detail in
Figs. 31 through 35 of the drawings processes the in-
formation contained in the sender spaces on the magnetic
drum. This circuit detects the dial pulses, adding a one
to the proper register in'a sender space at the end of
each dial pulse. The circuit also performs the functions
of timing the period between pulses, the interdigital period
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detween digits, the ‘sender release ‘timing :periods and
‘station .delay periods,

‘Each slot in :a sender Spacz, -a :common ‘register space
:and the test space on the magnetic drum :is identified by
-2 distinctive code recorded in:tracks 2 through ‘9 .on -the
‘magnetic drum. The function of recognizing «each of
these codes, although .used throughout ithe magnetic drum
‘auxiliary sender system of the present invention, is shown
as part of the sender space.control circuit and will .now
-be described,

Slot definition circuits

It is mecessary, in many:instances in the illustrative.em-
bodiment of the ‘Present.inventicn, to {use pulses or active
signal conditions that ‘occur only while a particular siot
‘on the magnetic -drum is being :read. For ‘example, it
is ‘necessary ‘to -know ‘when 'slot 1 of a -sender space on
the ‘magnetic drum ig being read iso that ;the ‘output of
‘the scanner may be gated .into the pulse detecting circuits
of -the present invention. The circuits within the sender
space ccnfrol circuit which are used to:identify ‘the par-
ticular slots being read on the-magnetic -drum are shown
dn detail in Figs, 31,732 and 33 of ‘the-drawings. Every
slot on the magnetic drum-is associated with-a :correspond-
ing lead which extends ‘throughout the logic circuits in
the illustrative -embodiment of the present -invention and
which, when activated, -that is, when an active -condition
ds applied to it, indicates that the associated :slot -on the
magnetic drum is being read. The various leads used
in the illustrative embodiment of the present invention
to identify particular slots on the.magnetic drum are as
follows. Leads Li§ through .L.5S are associated - with
:and correspond to slots 1 through 5, ‘respectively, of .a
sender space shown in Fig. 18 -of the drawings. Simi-
larly, leads LIR through L12R are associated -with and

-correspond to slots 1 through 12 of a ‘common register
" Space shown in Fig, 19 of the drawings. Likewise, leads
LOT through 1.26T are associated with and correspond
1o the 27 slots in the test ‘space shown:in Fig. 20 of the
drawings. By referring to Figs. 18, 19 and 20, it will .be
observed that a distinctive code for each -of these -slots
is.recorded in fracks 2-through 9 on the magnetic drum.
The inputs to the slot-definition circuits -shown in Figs,
31, 32 and 33 are the outputs of the reading amplifier
circuits for ‘tracks 2 tarough 9 .on the magnetic drum.
RO6-2 through leads Ri-9 and
R0¢-9 form the inputs to the stot .definition circuits. As
indicated hereinbefore, when a .1 is read .in -track 2,-for
-example, the associated R1-2 lead will -be ‘made .activg,
that is, have a negative pulse applied to jt, and similarly,
if 2-0 is read in'track 9, for example, the associated RG-9
lead will be active. The active signal condition -on the
-output ‘leads of the reading amplifier .circuits in tracks
2 through 9 on ‘magnetic drum MD are:combined in ‘the
logical And and Cr gate circuits shown in Figs. 31, 32
-and 33 to give a-Separate. output :for each type -of slot
on the magnetic drum.

Referring to Figs. 31,32 :and 33 of the drawings, it
will be observed that certain of the ‘And ‘and -Or gate
‘circuits show a code within the circle -indicating :the .gate
circuit, For -example, And gate. 3101, -shown -in Fig, 31,
has the digits 2 and 3 above the “A” designating .And
igate and the-digits 0.0 below the “A” :as follows:

2 3
A
0 0

This code within the circle for And :gate 3191 :indicates
:that the output lead from .And :gate 3101 will ‘be :active
whenever a 0 is read in tracks 2 and 3. It will be noted
that the R0-2 and Rg-3 leads are connected to the input
of And gate 3101. Similarly, -And ‘gate . 3113, .shown
dn,Fig. 31, has the digits 2 3.4 5 .6.in the-circle.above
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‘the “A” indicating And, -and the digits 0 0 00 0 "below
‘the “A” :as follows:

23 456
A
000900

This distinctive.code in And -gate 3131 indicates that an
active output signal from this -And gate will be obtained
only when zeros are read in tracks 2, 3, 4, 5 and 6.on
the magnetic drum. In like manner, Or gate 3301, shown
in ‘Fig. 33, has the digits 7 and -8 .above the “0” indi-
cating Or within the circle and-digits -0 .0 .below the “O”
within the circle as follows:

7 8
0]
0 0

This ccde within-Or ‘gate 3301 indicates that-the output
lead from this Or gate will -be active when a-0 is read
either in track 7 or in track 8 -or both.

:As -mentioned above, the leads corresponding to and
associated with each of the slots of the magnetic drum
‘bave a separate -designation. These leads will ‘have an
active signal applied to-them whenever their correspond-
ing slots on the magnetic drum are being read. For ex-
ample, when slot 1 of a sender space on -the :magnetic
drum is being read, lead L1S will'be active. The manner
in ‘which lead LiS is made -active ‘when a slot 1 of a
:sender space is read ‘will ‘be observed -by -noting in Fig.
18 that the code in .tracks 2 through -9 of slot 1 of a
sender ‘space on the magnetic drum js 00000001, respec-
tively, Thercfore, when slot 1.of a sender space is being
read by the reading .circuits of the magnetic drum, leads
RO-2, RO-3, RO, R8-5, R0-6, R0-7, R0-8 and ‘R1-9
will have an active signal applied to them. The active
signals cn the R0-2 and RO-3 ‘leads are combined -in
And gate 3101 which will give an active output on lead
SDF1. The active signals on the R0-4, R0-5 and R0-6
leads are combined with the -active signal on lead SDF1

‘in And gate 3113 to give an active signal on lead SDF2.

The active signal on lead :SDF2, it will be noted,

99 is 00101010 respectively. = Therefore ‘when slot .1 of
the test -sender space is .being read leads R0-2, R0-3,
Ri-4, R0-5, R1-6, RO-7, R1-8 and R0-9 will be active,
The active signals.on the ‘R8-2 and RO-3 lead are com-
bined in And gate 3101 to provide -an active :signal :on
lead SDF1. The active signals -on ‘leads -SDF1, :R1-4,
RO-5 and R1-6 are combined-in And gate 3228 to pro-
vide -an active signal on lead ‘SDF4, ‘The active signalg
R1-8-and RO-9 are combined in And

input of Or gate 3122. The actuation of Or .gate 3122
will, as described above, apply .on active signal to lead
L1S. Therefore lead L18 will -also -be .active when slot
1 of the test sender space is .read. ,

In a similar manner, the LI2R lead, shown at the
output of And.gate 3129, will be made -active -when -slot
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12 of ‘a common: register. spaceis being read. " It will
be noted that the code in tracks 2 through 9:of slot: 12
of the common register space shown in Fig. 19 of the
drawings is as follows, 00001110. " Therefore, when slot
2 of a common register space is
RO-3, R0-4, R0-5, R1-6, R1-7, R1-8 and R0-9 will be
active. The active signals on the R0-2 and R0-3 leads
are combined in And gate 3101 to provide an active
‘signal on lead SDFL. The active signals on leads R0-4,
RO0-5 and R1-6 are combined with the active signal on
‘lead SDF1 and And gate 3114 to provide an active signal
on lead SDF7. It will be noted that lead SDF7 will be
“active only when a 0 is read in tracks 2, 3, 4 and § and
a 1 is read in track 6. The active signals on leads R1-7,

R1-8 and RO-8 are combined in And gate 3111 to pro- -

vide an active signal on lead SDF8. The active signal
on lead SDF8 and the active signal on lead SDF7 are
combined in And gate 3129 to provide an active signal
on conductor L12R. Thus, when slot 12 of a common
register space is being read, lead LI2R will be active.

* - Another specific example will be given to illustrate
‘the manner in which a particular lead corresponding to
a particular slot on the magnetic drum is made active.
'As shown in Fig. 20, slot 19 in a test space on the mag-
netic drum has the following code recorded in tracks
2 through 9, 00100010, Therefore, when slot 19 of the
test space is being read, leads R0-2, R0-3, R1-4, R0-5,
‘R0-6, RO-7, R1-8 and RO-9 are active. The active sig-
‘nals on leads RO-2 and RO-3 are combined in And gate
3101 shown in Fig. 31 to provide an active signal on
qead SDF1.. The active signals on conductors R1-4,
RO0-5 and RO-6 are combined with the active signal on
Jead SDFT in And gate 3219 to provide an active signal
‘on lead SDF9 shown in Fig. 32. It will be noted that
lead SDF9 is active only when zeros are read in tracks
2,3, 5 and 6 and'a 1 is read in track 4 of the magnetic
‘drum.  The active signals on the- R0-7, R1-8 and RO-9
leads are combined in And -gate 3107 shown in Fig. 31
to provide an active signal on lead SDF5. The active
signal on lead SDF5 is combined with the active signal
on lead SDF9 in And gate 3222 to provide an active
signal on lead L19T. Therefore, when slot 19 of the
test space on the magnetic drum is being read, lead L19T
will be. active. Further detailed description concerning
.the. manner in which all of the leads L1S through LSS,
L1R through L12R and LOT through L26T are made
active when their corresponding slots on the magnetic
drum are being read will not be given, as the description
for the specific examples given above illustrates the man-
:ner in which the activation of these leads is accomplished.

In addition to the leads mentioned above, leads corre-
sponding to certain combinations of slots on the mag-
‘petic drum are required-in various parts of the magnetic
drum control circuits. The logical And and Or gate cir-
cuits which combine the active signals on the slot defini-
tion leads to provide active signals for the required com-
‘bination leads are shown in Fig. 33 of the drawings.
For example, lead L(1,3-5)T, shown at the output of
And gate 3303, is active during the time that slot 1 and
slots 3 through 5 of the test space on the magnetic drum
are being read. Similarly, lead L{1-12)R, shown at the
output of Or gate 3326, will be active at all times during
‘the reading of slots 1 through 12 of a common register
.space. Likewise, lead L(1-18,20-26)T, which -termi-
nates at the output of And gate 3312, will be active when
‘slots 1 through 18 and 20 through 26 of the test space
are being read. Other output leads shown in Fig. 33 are
required for specific combinations of slots on the mag-
petic drum and will not be mentioned further at the
present time.

Two specific examples will now be described to show
the manner in which these combination leads are made
active. The manner in which lead L(1-12)R is made
active during the reading of slots 1 through 12 of a com-
mon -register space will be described first. ~This lead is

being read, leads RO-2, -
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‘connected to:the: output of Or gate 3326. One of ‘the

inputs to Or gate 3326 is lead L1R which, as above indi-
cated, will be active whenever slot 1 of a common regis-
ter space is being read. Therefore, lead L(1-12)R will
also be active due to the actuation of Or gate 3326 dur-
ing the reading of slot 1 of a common register space. The
other input to Or gate 3326 is connected to the output of
And gate 3325. Input A of And gate 3325 is in turn
connected to the output of And gate 3304 which, as in-
dicated, is actuated when a 0 is read in tracks 2 and 3.
Input B of And gate 3325 is connected to the R0-4 lead
and will be active when a 0 is read in track 4. Input C

-of And gate 3325 is connected to the output of Or gate

3324, Input D of And gate 3325 is connected to the
RO-5 lead and will be active when a 0 is read in track
gate 3324 is in turn connected to the
output of And gate 3323 which, as indicated, is actuated
when a 0 is read in track 6 and a 1 is read in track 7.
Input B of Or gate 3324 is connected to the output of
And gate 3327 which, as indicated, is actuated when a 1
is read in track 6 and a 0 is read in track 7. Input C of
Or gate 3324 is connected to the output of And gate
3329. Input A of And gate 3329 is connected to the
output of Or gate 3328, which, as indicated, is active
when a 0 is read in track 8 or a 0 is read in track 9.
Input B of And gate 3329 is connected to the R1-6 lead
and is active when 2 1 is read in track 6. Imput C of
And gate 3329 is connected to the R1-7 lead and is
active when a 1 is read in track 7.
By referring to Fig. 19 of the drawings, it will-be noted
that zeros are recorded in tracks 2, 3, 4 and 5 of slots 2
through 12 of a common register space. Therefore, in-
put A, input B and input D of And gate 3325 will be
active at all times during the reading of a common regis-
ter space. It will be noted from Fig. 19 that a 0 is
recorded in track - 6- of -slots 2 through 5 and a 1 is re-
7 of slots 2 through 5 of 2 common
register space. Therefore, And gate 3323 will apply an
active signal to Or gate 3324 which in turn’ will apply
an active signal to input C of And gate 3325 during the
reading of these slots. Therefore, the output lead of And
gate 3325 will be activated during the reading of slots 2
through 5 of the common register space.
As described thus far, the reading of slots 1 through
5 of a common register space has caused the activation
of the L(1-12)R lead. Referring to Fig. 19, it will be
noted thata 1 is recorded in track 6 of slots 6 through 9
and a 0 is recorded in track 7 of slots 6 through 9 of a
common register space. During the reading of -these
slots, that is, slots 6, 7, 8 and 9 inputs A and B to And
gate 3327 will be active and And gate 3327 will there-
fore be actuated. The actuation of And gate 3327 will
apply an active signal to input C of And gate 3325. In-
puts A, B and D of And gate 3325 are also active, as
stated- above, during the reading of slots 6 through 9 and
therefore And gate 3325 will be actuated during the
reading of these slots. The actuation of And gate 3325
will in turn actuate Or gate 3326 which will apply an
active signal to the L(1-12)R lead. Therefore, lead
L(1-12)R, as described up until now, is made active
during the reading of slots 1 through 9 of a common
register space. .
Referring again to Fig. 19, it will be noted that ones
are recorded in tracks 6 and 7 of slots 10 through 12 of 2
common register space and that at least one 0 is recorded
in tracks 8 or 9 of the same slots. The active signals
on the R0-8 or R0-9 leads will cause the actuation of
Or gate 3328 during the reading of slots 10 through 12.
The activation of Or gate 3328 will cause an active signal
d gate 3329 and this active
of And gate 3329 is combined therein
with the active signals on the R1_6 and R1-7 leads con-
nected respectively to input B and C thereof when slots
10 through 12 of the common register space are read.
And gate 3329 is therefore activated during the reading
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of slots 10 through 12 of a common register §pace. The
acthation of And gate 3329 will in turn apply an' active
$ignal to input C of Or gate 3324 which as: described
above will be actuated to in turn actuate And gate 3325.
The actuation of And gate 3325 during the reading. of
slots 10 through 12 in this'manner will in turn actuate
Or gate 3326 which will apply an active signal to the
L(1-12)R lead. From the above description, it will be
noted that lead L(1-12)R from the output of Or gate
3326 has an active signal applied thereto during the
reading of slots 1 through 12 of a common register space,

‘One additional example illustrating the manner in
which the combination leads of Fig. 33 are made active
will be given. The output of And gate 3303 is a lead
designated L(1,3-5)T. This lead will have an active
condition applxed to it during the reading of slots 1 and
3 through 5 of the test. space. Refcrrmg to Flg 20, it
will. be noted that a 0 is recorded in each cell in slots 1
through 3 of tracks 2, 3, 4 and 6 and a 1 is recorded in
track 5 in each of these slots. The active signals on the
R0-2, R3-3, R8-4, R1-5 and RO-6 leads wherever these
slots are being read are combined in the And and Or
gate circuits of Fig. 33 as follows. The active signals
on leads R@-2 and R8-3 are combined in And gate 3304,
the output of which is connected to input C of And gate
3305. The active signals on the R0—4 and R1-5 leads
are combined in And gate 3309, the output of which is
connected to input D of And gate 33058. The active sig-
nal on the R@-6 lead is connected directly to input'B of
And gate 3365. The remaining input to And gate 3305,
that is, input A, is connected to the output of Or gate
3301. Input A of Or gate 3391 is connected directly to
the RO-7 icad which is active when a 0 is'read in track
7 of the magnetic drum. JInput B of Or gate 3301 is
connected to the output of And gate 3333 which as indi-
cated will be actuated when a O'is read in tracks 8 and
9 of the drum. Referring to Fig. 20, it will be noted that
2’0 is recorded in slots 1 through 4 of track 7 and that
a' 0 is recorded in both tracks 8 and 9 of slots 1 and 2
of the test space. Therefore the active signal on the
R0~7 lead will actuate Or gate 3301 during the reading
of slots 1 through 4 of the test space. The actuation of
And gate 3333 due to the reading of a 0 in both tracks 8
and 9 of slots 1 and 5 of the test space will cause the
actuation of Or gate 3301 when slots 1 and 5 are read.
The actnation of Or gate 3301 as above described during
the reading of slots 1 through 5 of the test space will
apply an active signal to input A of And gate 3305 which
in turn is activated to provide an active signal at the
output. The output of And gate 33€5 is connected to
input B of And gate 3383. Input A of And gate 3303
is.connected through inverter 3382 to lead L2T. As indi-
cated above, lead L2T will have an active signal applied
to. it whenever slot 2 of a test space is being read. At
all other times, lead L2T will be passive. The passive
signal during the reading of all other slots applied to the
input of inverter 3302 will be inserted and cause an active
signal output which is applied to input A of And gate
3303. However during the reading of slot 2 of the test
space, the input to inverter 3362 will be active and, corre-
spondingly, its output will be passive; therefore, And gate
3303 will not be actuated. Accordingly, it will be ob-
served that the output of And gate 3303, which is the
L(1,3-5)T lead, is active only during the reading of slot
1 and slots 3 through 5 of the test space.

A detailed description of the manner in which an ac-
tive signal is applied to each of the other combination
leads of Fig. 33 will not be given herein as the two spe-
¢ific examples described in detail above illustrate in gen-
eral the. manner in which this is accomplished.

There are two remaining functions of the sender space.
control circuit shown in Figs. 31 through 35 yet to be de-

scribed. . These are sender release timing and stations
delay timing. Although these functions are performed
by the circuits of the illustrative- embodiment of the pres-
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ént: invention: at’ a later- time, they will be described” in
detail now while referénce is-being’ made to the sender
space control. circuit.

Sender release timing

If a calling subscriber hangs up or if the subscriber’s
call is ¢completed in the normal manner and the sender
releases, the scanner will observe an open loop condition.
This open loop condition is distinguished from the open
loop of a dial pulse by timing. The number of revolu-
tions that a subscriber’s loop is open is counted in.the
four cells in tracks 13 through 16 of slot 1 of a'sender
space. These cells are designated Sender Release Timer
as shown in Fig. 18 of the drawings. The circuit which
controls the counting of the revolutions that a subscriber’s
loop is open is shown in the dotted rectangle 3418 in
Fig. 34 and consists of And gate 3419. As shown in
Fig. 34, the inputs of And gate 3419 are connected to
the LIS lead, the R0O-S lead, the R0-10 lead and the
R1-11 lead. The output of And gate 3419 is connected
to input B of Or gate 3435. While slot 1 of a sender
space is being read, if the scanner observes an open loop
condition, lead R0-S will be active. If the loop was
opened a half revolution of the magnetic drum earlier,
a 0 will be read in the S’ cell of track 10 in slot 1 of the
sender space and the R0-10 lead will be active. If the
sender is off-normal, R1-11 lead will have an active sig-
nal. applied to it and the LIS lead will be active during
the reading of slot 1. When these conditions are ful-
filled, And gate 3419 will be actuated to provide an ac:
tive signal to input B of Of gate 3435, The actuation
of Or gate 3435 applies an active signal to the -1 lead
which extends to binary accumulator 3500 shown in Fig.
35. - The active signal on the --1.lead will cause the op-
eration of the binary accumnilator 3500, in the manner
described previously, to record a count of one revolu-
tion in a binary code in the sender release timer cells in
tracks 13 through 16 of slot 1 of a sender space.

" The binary code used in the sender release timer cells
of slot 1 of a sender space to count the revolutions made
by the magnetic drum while the subscriber’s loop is open
is the same as the code used in the X1, 0 and X2 digit
register cells of slots 3, 4 and 5, respectively, of a sender
space to count dial pulses and the binary code used in
the interdigital timer cells in slot 2 to count the revolu-
tions made by the magnetic drum while the subscriber’s
loop is closed. By referring to the previously given code,
it will be noted that 0101 will be recorded in tracks 13
through 16, respectively, one the magnetic drum when
the tenth pulse is detected. This same binary code i8
extended to include sixteen pulses-as: follows:

Tracks
Pulse No.:
13 14 15 | 16
10 0 1 0 1
11 -1 1 [i} 1
12 0 0 1 1
13 1 0 1 1
14 0 1 1 1
15 1 1 1 1
16 0 0 0 0

In the illustrative embodiment of the present invention,
the accumulation of a count of sixteen revolutions of
the magnetic- drum in the sender release timer cells of
tracks 13 through 16 in slot 1 of a sender space indicates
that the associated sender has released and that a sender
release timeout has been detected.

The observance of a. closed. loop condition by -the
scanner before a sender release timeout is detected indi-'
cates that the previous open loop condition was not the
result of the release of a sender but was the result of a:
dial pulse. Therefore, the count accumulated in the:
sender release timer cells in slot 1 o a sender space dur»
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ing an open: logp:condition of 2 dial:pulse must be erased
at the: end of each dial pulse to prevent the count from
accumulating from pulse to pulse to indicate a . sender
release timeout. The gates which accomplish the eras-
ing of the count in the sénder release timer cells in slot
1 of a sender space at the termination of each dial pulse
are located in. the dial pulse detector circuit 3408 and
in the cancel timing circuit .3425. These gates operate
as follows. During the reading of slot 1 of a sender
space, the L1S lead will be active as stated hereinbefore.
Likewise, the R1-S lead will be active if the scanner
observes a closed loop. condition while slot 1 of the
sender space is being read. A 1 will be read in the S’
cell-in slot 1 of track 10 of the sender space if the sub-
scriber’s loop was.closed a half revolution of the mag-
netic drum earlier.
slot.1 of track 12 of the sender space if the subscriber’s
loop ‘was open a full revolution of the magnetic drum
carlier. A 1 will be read in the A, cell in slot 1 of track
11 of the sender space as the sender is off-normal.” There-
fore, under these condition, the following leads will be
active: R1-S, L1S, R1-10, R1-11 and R1-12. Because
the pulse detection cells in tracks 10 through 12 of slot
1..of the sender space indicate that the subscriber’s loop
is closed and that it was ‘closed over a half revolution of
the magnetic drum earlier, the 1 recorded in ‘the A,
cell must be changed to a 0 to indicate that the sub-
-scriber’s loop which was previously open is now closed.
In the manner described: previously, this is accomplished
by combining the ‘active’ mgnals on the R1-S lead, the
L1S lead and the R1-12 lead in And gate 3402 Wthh in
turn applies an active signal to the W-12D lead. The
active signal on the W0-12D lead is in turn applied to
the writing circuits associated with:track 12 of the mag-
netic drum to record a 1 in the:A; cell of track 12 of
thé sender space. The active signal on the W0-12D lead
is. also applied over.lead DP1 to input C of Or gate 3432
which is actuated . to apply an active signal to the
WO0(13-16) A lead. " This lead multiples to the W0-13F,
W0-14B, W0-15C and the W0-16D leads. These latter
leads are the input leads to the writing circuits -associated
with tracks 13 through 16 of magnetic drum MD and
the active signals applied thereto will cause a 0 to be
written in each of the'cells of the.sender release timer in
tracks: 13 through 16 of slot 1 of the sender space, thus
erasing the sender release timer count recorded therein. -

As indicated previously, when the end of a dial pulse

is. detected while reading slot 1 of -a.sender space, the
R1-12 lead, the L1S lead and the R1-S lead are active.
These active signals are combined in And gate 3403 which
applies an active signal:to an input of Or gate 3466. The
active signal output from And gate 3403 is also applied
over lead DP2 to input D of Or gate 3462 which operates,
as descnbed above, to erase the sender .release timing re-
corded in tracks 13 through 16 of slot 1 of the sender
space.
It will therefore be observed that when an open loop
condition is detected, sender release timer 3418 will cause
an active signal pulse to be applied to the input of the
binary accumulator 3500 for each revolution of magnetic
drum MD which takes place while the open loop con-
dition continues. Furthérmore, it will be observed that
when a closed loop condition is detected, the accumulated
count of the number of revolutions the loop was pre-
viously opened which is recorded-in the sender release
timer cells in tracks 13 through.16 of slot 1 of the sender
space will be erased...

: If the subscriber’s. loop remains open for sixteen suc-
cessive revolutions of the magnetic drum, a pulse will
appear on the Carry B lead from the output of And gate
3508 in the binary accumulator 3500. This active sig-
nal on the Carry B lead is applied to one input of And

gate 3520 which is located within the dotted rectangle
3519 desxgnated sender Ielease w1pe -out c1rcu1t shown in 78, 10 in slot 2.

B}
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A1 will be read in the A cell in

20
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Fig: 35. ‘The scnder telease wipe:out circuit 3519-in Fig:
35 functions in response to a sender release timeout to,
clear a sender space of all information and to prepare it
for receiving subsequent information from another call:
During the reading of slot 1 of the sender space after a
sender release timeout, the active signal on the L1S lead
will be combined with the active signal on the Carry B
lead in And gate 3520 to provide an active signal on thé
W0(11-12) lead which multiples to the W0-11C and
WO0-12E leads associated with the writing circuits of
tracks 11 and 12 of the magnetic drum. Therefore, the
active signals applied to the W0-11C lead and the Wo0—
12E lead cause the writing circuits to write 0 in the Ay
and A, cells of slot 1 of the sender space. The S’ cell
in track 10 of slot 1 of the sender space will have O re-
corded in it by auxiliary writing head H~10" when the
open loop condition was first detected. A 0 will be re:
corded in each of the four cells of the sender release
timer in tracks 13 through 16 of slot 1 of the sender
space when an active signal is received over the +1

" lead from Or gate 3435 for the sixteenth revolution of the

magnetic drum. It will be noted that the binary code
recorded in the sender release timer cells of slot 1 of a
sender space by binary accumulator 3500 when the six-

' teenth pulse is received over the -1 lead is 0000. The

" active signal at the output of And gate 3520 is applied

to the input of W@ flip-flop 3523 to operate this flip-flop.
When WO flip-flop 3523 operates, an active signal will
be applied to the W0(11,13-16) lead which multiples .to

. the W0-11G, W0-13E, W8-14A, W0-15B and W0-16C

" leads associated  with the writing circuits in tracks 11
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and 13 through 16 of the magnetic drum. The activa-
tion of these leads will cause the writing circuits to write
0 in tracks 11 and- 13 through 16 on magnetic drum MD.

With WO flip-flop 3523 operated as described above;
all of the cells in the sender space are erased except the
WOF cell in track 10 of slot 2 as described below. The
output of W0 flip-flop 3523 will be active during the read-
ing of slots 1 through 5 of the sender space and, there-
fore, the cells in tracks 11 and 13 through 16 of these
slots will be changed to read 0. The output of the W0
flip-flop 3523 is also applied to an input of And gate.
3524. The other input to And gate 3524 is connected.
through inverter 3525 to the L2S lead. During the
reading of slot 2 of the sender space, L2S lead will be
active which, in the manner described previously, means
that the output of inverter 3525 applied to And gate
3524 will be passive. However, during the reading of-
all other slots except slot 2, lead L2S will be passive
and, accordingly, the output of inverter 3525 will be
active. Therefore, And gate 3524 will be actuated during
the reading of slots 1 and 3 through 5 of the sender space.:
The output of And gate 3524 is applied over lead
W0(10,12)C to the W0-10I and WO0-12E leads. The.
active signals on the W0-16I and WO0-12E leads will:
cause a 0 to be written in tracks 10 and 12 of slots1 and 3
through 5 of the sender space.

During the reading of slot 2 of a sender space, if a 1
is read in the XO0X transferred cell located in track 11
of slot 2 which, as will be described in detail later, in-:
dicates that a common register space has been seized for
this sender space, a 1 will be written in the WOF cell of
track 10 in slot 2 of the sender space. The writing of a 1.
in the WOF cell in track 10 of slot 2 is accomplished by
And gate 3521 shown in Fig. 35. When slot 2 of the.
sender space is being read, the L2S lead will be active.
Lead R1-11 will be active if, as indicated previously, al
is read in the X0X transferred cell of track 11 in slot 2
and lead W@(11,13-16) which is also applied to an
mput of And gate 3521 -will be active. These three active
signals.are combined in And gate 3521 to provide an
active signal on lead W1-10H which extends to the writ--
ing circuits associated with track 10 of magnetic drum:
MD to effect the writing of a 1 in the WOF cell of track..
In the manner to. be .described in detail.
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Jater, -the recording ‘of ‘2 -1-in ‘the-WOF :céll-of track 10
n-slot 2 of a-senderspace will cause the transfer circuit
when it is idle to wipe out-any information that may have
been written in the common register. space. It will also
‘be noted referring to the W8 flip-flop 3523 that when
lead WO0(11,13-16) 'is active, a pulse will also be ap-
plied through condenser 3526 to lead SRT which extends
o the test circuit shown in Fig. 65. The purpose of this
lead will be described in detail later.

The W0 flip-flop 3523 in the sender release wipeout
circuit 3519 will be reset to normal after slot 5 has been
tead. The resetting lead of the WO flip-flop 3523 .is
-connected to lead L3S through delay circuit 3522 and, as
indicated previously, lead L5S will be active when slot 5
of the. sender space is read. This active :signal will be
delayed a predetermined interval in delay circuit 3522
‘before being applied to the reset input lead of WO flip-flop
3523. The.resetting of the W0 flip-flop 3523 is delayed
;after the reading of slot 5 to permit the writing .of the
zeros in slot 5 to clear the information stored in tracks
10 through 16 of slot 5.

Dial pulse counting and registration

As shown in Fig. 18 of the drawings, three register
spaces are provided in each sender space for registering
the first three digits dialed into the sender -associated
therewith. These are the X1, 0 and X2 registers and are
located in tracks 13 through 16 of slots 3 through 5,
respectively, in each sender space. No space is pro-
vided on the drum for counting the dial pulses because the
pulses for each digit will be counted in its register. Space
is provided on the drum, however, for determining which
digit is being counted. - The cells for accomplishing this
are designated digit dialed cells and-are located in track
12 of slots 3 through 5 of the sender space as shown in
Fig. 18. Each digit dialed cell is associated with one of
the digit registers. For example, the digit dialed cell in
track 12 of slot 3 of a sender space is associated with the
X1 register in slot 3 of the sender space. The digit dialed
cell in track 12 of slot 4 is associated with the O register
in slot 4 of the sender space. Likewise, the digit:dialed
cell in track 12 of slot 5 is associated with the X2 register
in slot 5 of the sender space. The dialed digits are re-
corded in the X1 register in slot 3, in the O register in
slot 4 and in the X2 register in slot 5 in each sender space
in the following binary code:

Tracks
Decimal Digit

15 | 16

Y
o

14

- DOTO0

O 0 00 a3 O3 & i LI LD bt
OO DO O
HNEORMROON O
OO MO SO

When the end of a dial pulse is detected while reading
slot 1 of a sender space as described above, a 1 will be
added to the count in one of the three registers X1, 0
and X2 in slots 3, 4 or 5, respectively, of the sender space.
This 1 will be added to the first register in slots 3, 4 and
S in this order which has a 0 recorded in the digit dialed
cell associated therewith. For example, if there are
zeros.in slots 3, 4 and 5 of track 12, the 1 will be added
to the count in the X1 register because, as will be de-
scribed later, the pulse is one of the pulses of the first
digit. However, if a 1 is recorded in the digit dialed
cell of slot 3 in track 12 which indicates that the registra-
tion of the first digit has been completed, the 1 -will be
added to-the count in the O register in slot 4 if a 0.is re-
corded in the digit dialed cell of slot -4 in track 12. Sim-
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ilarly, if .1 is recorded .in the digit dialed .cells -of slots 78

74

3 and 4 4n track .12 -indicating that :the ‘first ‘two digits

-have -been received -and registered, the 1 will -be added

to the count in the X2 register if a2 0 is recorded in the
«digit dialed cell of slot 5 in track 12. Should there
be a 1 .recorded in all three of the digit dialed cells in
track 12, a 1 will be written in the OF cell of track 10
in-slot 5. 'This indicates a dial pulse has occurred that
cannot be counted and the call is mutilated as will be
described later.

As indicated above, when the end of a dial pulse is
detected by the pulse detecting circuits within the dotted
rectangle 3440 shown in Fig. 34, an active signal is applied
from the output of Or gate 3486 to the left-hand input of
EDP flipflop 3408. EDP flipflop 3408 is shown :in
dotted rectangle 3497 which, in addition, contains logical
And and Or gate circuits for dial pulse steering and over-
flow indication. -As shown in Fig. 34, the right-hand input
to.EDP fiip-flop 3468 is the resetting input for this flip-flop.
The active condition of the resetting input.lead to EDP
flip-flop 3408 is controlled by Or gate 3411, And gate
3412 and Or gate 3413. As shown in Fig. 34, the two
inputs to Or gate 3413 are connected to the L3S and L4S
leads ‘and, therefore, an active output from the Or gate
3413 will be applied to the input of And gate 3412 while
either -slot 3 .or slot 4 of a sender space is being read.
The upper input of And gate 3412 is connected to the
RO-12 lead which is active when a 0 is being read in
track 12. The cutput of And gate 3412 is applied to Or
gate 3411 which, when actuated, will cause an active sig-
14l to be applied to the resetting lead of the EDP flip-flop
3408. It will also be observed that Or gate 3411 has-an
input lead connected to the L5S lead which is active when
slot 5 of a sender space is being read. Therefore, EDP
flip-flop 3408 will be reset when slot 3 of a sender space
is read if a 0 is recorded in the digit dialed cell of track
12 in slot 3. EDP flip-flop 3468 will be reset when slot
4 of a sender space is'tead if a 0 is recorded in the digit
dialed cell of track 12 in slot 4. In any event, EDP.flip-
flop 3488 will be reset when slot 5 of a sender space is
read.

When EDP flip-flop 3408 is reset, an output pulse is
derived from its right-hand output through condenser
3434 and applied to the inputs of And gates 3419 and
3469 shown within the dotted rectangle 3407. If EDP
fiip-flop 3468 is Teset while a 1'is read in a digit dialed
cell of track 12 which can occur only in slot 5, a 1, is
written in the OF cell of track 10 of slot 5 as an overflow
indication. This is accomplished in the following manuer.
The active signal (negative output pulse) from the output
of the EDP flip-flop 2408 through condenser 3434 is com-
bined with an active signal on the R1-12 lead in And
gate 3469. The activation of And gate 3469 in turn ap-
plies an active signal to the W1-10G lead which extends
to Or gate OR1-16 and which, in the manner described
hereinbefore, controls the writing of a 1 in track 10. Ifa
0 is read in track 12 as EDP flip-flop 3498 is reset, the
active signal on the RO-12 lead and the active signal
from the output of the EDP flip-flop 3408 are combined
in And gate 3410. The activation of And gate 3410 in
turn applies an active sigaal to input D of Or gate 3435
which in turn applies an active signal on the -+1 lead
which extends to the binary accumulator 3560 shown in
Fig. 35.

The binary accumulator shown within the dotted rec-
tangle 3500 in Fig. 35 comprises eight And gate circuits.
These And gate circuits are designated 3561 through
3508, respectively, and control the writing of cnes and
zeroes in tracks 13 through 16 of a sender space on the
magnetic drum. ‘Initially, a 0 will be recorded in each of
the cells of the X1, O and X2 registers ‘in tracks 13
through 16 of slots 3, 4 and 5 of a sender space. "At the
end of the first dial pulse, the EDP flip-flop 3498 will, as
described above, cause an active signal to be applied to
the 41 lead. The active signal on the +1 lead-is-com-
bined with -an active :signal on the R8-13 lead in .And
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.gate 3501 which' in turn causes an active signal to be
‘applied to the W1-13B lead which extends to the writing
circuits in track 13. In this manner, a 1 will be recorded
in the cell of slot 3 in track 13 in the X1 register. When
A succeeding pulse is detected, the active signal on the -1
‘lead will be combined with the active signal on the R1-13
lead in And gate 3502 because, as mentioned above, a 1
has been recorded in track 13 by And gate 3501. The
output of And gate 3502is applied to the W-13D lead
‘which extends to the writing circuits of track 13 and
‘effects the change of the registration in track 13 from a
1 to a 0. The active signal on the output of And gate
3502 is also combined with the active signal on the R0-14
lead in And gate 3503 which in turn applies an active
signal to the 'W1-14B lead and causes a 1 to be written
in track 14 of the X1 register in slot 3. It will be observed
that as each dial pulse is detected a 1 is added to the num-
ber written in tracks 13 through 16 by first changing the
least significant digit in track 13, that is, if a 0 is read, a
1'is written; if a 1 is read, a O is written. If the digit is
changed from 1 to 0, an active signal will be carried for-
ward to the next higher place in the binary register and
the registration there will also be changed. For example,
if six pulses have been received and registered in the X1
register of tracks 13 through 16 in slot 3, the binary code
registered in the X1 register is as follows. A 0 will be
recorded in track 13, a 1 will be recorded in track 14, and
a'1 will be recorded in track 15 and a 0 will be recorded
in track 14 of the X1 register in slot 3. It will be observed
pulse for the first digit is received and detected. As de-
scribed .above, an active signal will be applied to the -1
lead. A 0 will be read in track 13 and, therefore, the
active signals on the R0-13 lead and the 41 lead will be
combined in And gate 3501 to cause the registration of
the 0 in track 13 to be changed to a 1, thus giving a regis-
tration in the X1 register of the binary code 1110 for the
decimal digit 7. Assume that the first digit dialed by the
subscriber was the digit 8. Therefore, one additional
pulse will be received and detected by the pulse detection
circuits as described above and an active signal will again
be applied to the 41 lead. The active signal on the -1
lead will be combined with the active signal on the R1-13
lead in And gate 3502 to cause a 0 to be written in track
13. The active signal on the output of And gate 3502
will also be combined with the active signal on the R1-14
lead in And gate 3504 which will cause a 0 to be written
in track 14. The output of And gate 3504 will also be
combined with the active signal on the R1-15 lead in And
gate 3506 to cause a 1 to be written in track 15. The
active signal at the output of And gate 3506 will be com-
bined with the active signal on the R0-16 lead in And
gate 3507 to cause a 1 to be written in track 16. Thus,
binary code 0001 for the digit 8 is registered in the X1
register.

After completlon of the registration of the puises for
the first digit in the X1 register of slot 3, a 1 will be writ-
ten in the digit dialed cell in track 12 of slot 3 in the
manner described in detail hereinafter., When subse-
quent pulses for the second digit are received, EDP
flip-flop 3408 will be reset, in the manner described
above, on slot 4 of the sender space so that these pulses
are recorded in the 0 register of slot 4. After reception
of all of the pulses of the second dialed digit and their
registration in the 0 register of slot 4, a 1 will be recorded
in the digit dialed cell in track 12 of slot 4, as described
below, to indicate that the registration of the second digit
has been completed. When the pulses of the third digit
are received, EDP flip-flop 3408 will be reset on siot 5 of
the sender space and the pulses accordingly, will be re-
corded in the X2 register of slot 5 in the manner de-
scribed above.

. Tt is pointed out that binary accumulator 3560 shown
in Fig. 35 and described above is not used exclusively for
the counting and registration of dialed pulses. Ina man-
ner to be:described in detail hereinafter, the binary accum-
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ulator is uséd to count the revolutions of the magnetic

«drum for 'sender release timing, interdigital timing pulse

timing and stations delay timing. When utilized to per-
form the varous timing functions to be described later,
the binary accumulator controls the writing of ones and
zeros in tracks 13 through 16 on the magnetic drum. As

‘indicated above, the input to the binary accumulator is

connected over the -1 lead to the output of Or gate
3435 shown in Fig. 34. The inputs of Or gate 3435 in
turn connect to the various circuits in the illustrative
embodiment of the present invention which require count-
ing. As shown in Fig. 34, input A of Or gate 3435 is
connected over lead AQ to the transmitter control circuit
shown in Fig. 40. Input B of Or gate 3435 is connected
to the sender release timing circuit 3418 shown in Fig. 34.
Input C to Or gate 3435 is connected to the interdigital
timing circuit 3414 shown in Fig. 34. Input D of Or
gate 3435, as described above, is connected to the dial
pulse steering and overflow indication circuit 3407 shown
in Fig. 34. Input E of Or gate 3435 is connected to the
stations delay timing circuit 34290 shown in Fig. 34.. An
active output signal applied from any of these circuits to
the associated input lead to Or gate 3435 will cause an
active signal pulse to be applied to the -1 lead which
extends to the input of binary accumulator 3500. Binary
accumulator 3500 operates as described in detail here-
inbefore to add a 1 to the binary count registered in the
associated counter registers or digit registers in a sender
space or common register space. The Carry A and
Carry B output leads from binary accumulator 3500 are
not used when counting dial pulses in the digit registers
X1, 0 and X2. These leads, however, are used when
counting revolutions of magnetic drum MD for the vari-
ous timing functions as will be described later.

Interdigital timing

After a digit has been completely dialed, the inter-
digital interval must be recognized. To distinguish the
closed loop interval between dialed pulses and the closed
loop interval between dialed digits, timing is required.
This timing is provided by counting the revolutions made
by magnetic drum MD during the time the subscriber’s
loop remains closed. If the loop remains closed for eight
successive revolutions of the magnetic drum, an inter-
digital interval is recognized. Any number of revolu-
tions of the magnetic drum less than eight will indicate
an interval between dialed pulses. The latter interval
varies according to the operating speed of the subscriber’s
dials. The number of revolutions made by the magnetic
drum is accumulated in a binary code in the three cells
located in tracks 13, 14 and 15 of slot 2 in a sender space.
These three cells are designated interdigital timer as shown
in Fig. 18 and the counting of the number of revolutions
made by the magnetic drum while the loop remains closed
is accomplished by the interdigital timing circuit in the
dotted rectangle 3414 shown in Fig. 34 and the binary
accumulator in the dotted rectangle 3500 shown in Fig. 35.

Interdigital timing circuit 3414 comprises And gate
3415, IDT {flip-flop 3416 and condenser 3417 shown in
Fig. 34. The inputs to And gate 3415 are connected
to the L1S lead which is active when slot 1 of a sender
space is being read, the R1-S lead which is active when
the subscriber’s loop .is closed while slot 1 of a sender
space is bemg read and the R1-10 lead which is active
when a 1 is read from the S’ cell in slot 1 of track 10 of
a sender space. If, during the reading of slot 1 of a
sender space, the scanner indicates a closed loop (active
signal ‘on the R1-S lead) and the loop was closed a half
revolution earlier (the reading of a 1 in the S’ cell causing
an active signal on the R1-19 lead), IDT flip-flop 3416
in the interdigital timing circuit will be operated. The
dctive signals on the L1S lead, the R1-S lead and the
R1-10 lead are combined in And gate 3415 to provide
an active output signal for the operation of IDT flip-flop
3416. * As shown in Fig. 34, IDT flip-flop 3416.is reset
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when slot 2 of a sender space is read by the-active signal:
on the L2S lead. When IDT flip-flop 3416 is reset, an-
active signal will be. applied from its right-hand output’

through condenser 3417 to input C or Or gate 3435. The
actuation of Or gate 3435 will in turn apply an active
signal pulse to the -1 lead which extends to the binary
accumulator 3500 shown in Fig. 35. Therefore, each

time that IDT flip-flop 3415 is reset when slot 2 of a’

sender space is read, an active signal will be applied over
the -1 lead to the binary accumulator which will cause

a 1 to be added to the binary count recorded in the inter--

digital timer cells of tracks 13, 14 and 15 in slot 2 of the
sender space in the manner described above for the regis-
tration of the dial pulses in the X1, 0 or X2 registers of
a sender space.

Cancel timing

Because the subscriber’s loop may remain closed for

several revolutions (up to seven) between dial pulses,

the interdigital timer must be erased each time the loop
is opened indicating the start of a mew dial pulse. This
is accomplished through the cancel timing circuit with-
in the dotted rectangle 3425 shown in Fig. 34. Cancel
timing circuit 3425 includes CT flip-flop 3429 whose op-
eration is controlled by And gate 3427 and Or gate 3426.
The inputs of Or gate 3426 are connected to the R0O-S
lead and the R0-10 lead. The output of Or gate 3426
is active when an active signal is present on the R0-S
lead indicating that the scaner has found a subscriber’s
lIoop open or when an active signal is present on the
R0-10 lead indicating that a 0 was read from the §’
cell of track 10 or both conditions are present. The

active signal at the output of Or gate 3426 is applied

to an input of And gate 3427. The active signal from
the output of Or gate 3426 is combined with the active
signal on the L1S lead when slot 1 of a sendsr space
is being read and with an active signal on the R0-12
lead when a 0 is read in the A; cell of slot 1 of a sender
space. Therefore, CT flip-flop 3429 will be operated
when an open loop condition is detected by the scanner
or there is a 0 recorded in the S’ cell and there is also
a 0 in the A, cell of slot 1 of a sender space. The

requirement that a 0 be present in the A, cell before -
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operation of the CT flip-flop 3429 is provided because .

the timer need be wiped out only if the loop was closed
a revolution earlier., When CT flip-flop 3429 operates,
an active signal will be applied to the lower input of
And gate 3428 which will be combined with the active
signal on the L2S lead during the reading of slot 2 of
a sender space to provide an active signal on the output
of And gate 3428. This active signal is fed into input

A of Or gate 3432 which, when activated, places an active -

signal on the WO(13-16)A lead. The WO(13-16)A
lead extends to the magnetic drum writing circuits in
tracks 13 through 16 and, correspondingly, will place
an active signal on the W0-13F lead, the W0-14B lead,
the W0-15C lead and the W0-16D lead. The applica-
tion of the active signals to these latter leads in turn
causes the writing circuits in tracks 13 through 16 of
the magnetic drum to write a 0 in each of these tracks
as described hereinbefore. Therefore, each time an open
loop condition is detected during the reading of slot 1
of a sender space and if the loop was closed a revolu-
tion . earlier, CT flip-flop 3429 is operated. During the
reading of slot 2 of the sender space, the binary count
of the number of revolutions made by the magnetic
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drum during the previous closed loop condition and re- -

corded in the interdigital ‘timer cells in tracks 13, 14
and 15 of slot 2 of the sender space is erased. As

70

shown in Fig. 34, the resetting lead for CT flip-flop -

3429 is connected to the L3S lead which means that
this flip-lop will be reset when slot 3 of a sender space
is read. CT flip-flop 3429 remains operated until slot

3 of a sender space is read to also wipe out the stations 78

8
delay timer cells in slot-3 of the-sendér

described in detail hereinafter. S
’ Digit steering

. If the subscriber’s loop remains closed for eight suc-
cessive revolutions, the interdigital timer will time out:
and a 1 will be written in the digit dialed cell associated
with the register in which the previous dialed pulses
were recorded. This 1 recorded in the digit dialed cell
indicates that all of the dialed pulses for that particu-:
lar digit have been received. The manmer in which
this is accomplished will now be described. Assume.
that the count in the interdigital timer cells of tracks
13 through 15 in slot 2 of a sender space stands at 7.
This indicates that after the closure of the subscriber’s.
loop at the end of the last dial pulse received and de-
tected, the magnetic drum has made seven revolutions.
This count will be recorded in the interdigital timer.
cells. in the same binary code used for recording the
dialed pulses in the X1, 0 and X2 registers in the sender .
space. Referring to this binary code given hereinbefore, -
it will be observed that a 1 will be recorded in tracks
13, 14 and 15. When the count for the eighth revolu--
tion after the closure of the subscriber’s loop is com-.
pleted, IDT flip-flop 3416 will apply an active signal .
to input C of Or gate 3435 as described above which -
in turn will apply an active signal to the -}-1 lead to:
the binary accumulator 3500 shown in Fig. 35. The
active signal on the -1 lead will be combined with-
the active signal on the R1-13 lead when a 1 is read in;
track 13 in And gate 3502. The actuation of And gate
3502 will cause an active signal to be applied to lead
W0-13D to cause a 0 to be written in track 13. The
active signal at the output of And gate 3562 will also
be combined in And gate 3504 with the active signal
on the R1-14 lead when a 1 is read in track 14 which
will result in the writing of a 0 in track 14. Similarly,
the active signal at the output of And gate 3504 will .
be combined in And gate 3506 with the active signal on
lead R1-15 when a 1 is read in track 15 which will.
result in the writing of a 0 in track 15 on the magnetic
drum. The active signal at the output of And gate
3506 is applied to the Carry A lead which extends to the -
upper input of And gate 3518. :

And gate 3518 is shown in Fig. 35 as a part of the
digit steering and preliminary pulse absorption circuit in
the dotted rectangle 3509. The digit steering and pre-
liminary pulse absorption circuit 3509 in addition io-
cludes DS flip-flop 3515, And gate 3510, And gate 3511,
Or gate 3512, Or gate 3513, inverter 3514 and two con-
densers, 3516 and 3517, respectively. The active signal
on the Carry A lead will be combined in And gate 3518
wtih the active signal on the L2S lead during the read-
ing of slot 2 of a sender space to provide an active out-
put signal to operate DS flip-flop 3515. The operation
of DS flip-flop 3515 will cause an active signal pulse -
to be applied through condenser 3517 over lead IDT:
which extends to the test circuit shown in Fig. 66 and
will be described later. The active signal on the IDT -
lead is an indication that an interdigital time out has
been made. It will be observed that DS flip-flop 3515
will be operated during the reading of slot 2 of a sender -
space whenever an interdigital timeout is detected. The ;
operation of DS flip-flop 3515, as described above, is
an indication of an interdigital interval between digits-
and that all of the pulses for -a particular digit have
been received. If the dialed pulses which have just
been received are pulses of the first digit of the called
subscriber’s number, these puises will have been counted .
in the X1 register. of tracks 13 through 16 in slot 3 -
of the sender space in the manner described herein--.
before. As shown in Figs. 34 and 35, the resetting -
input lead on the left-hand side of DS flip-flop 3515 is -
connected by lead DP3 to the output of Or gate 3411 -

space: as'will be:

in- the dial pulse steering and: overflow indication cir<~
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euit 3407 shown in Fig. 34. As indicated previously,
the output of Or gate 3411 will be active during the
reading of slot 3 of a sender space if a O is read in the
digit dialed cell of track 12 of the sender space. Simi-
larly, the output of Or gate 3411 will be active during
the reading of slot 4 of the sender space if a 0 is read
in the digit dialed cell of track 12 of the sender space.
The output of Or gate 3411 will also be active in any
event during the reading of slot 5 of a sender space.
It will, therefore, be observed that the DS flip-flop 3515
will be réset during the reading of slot 3 of a sender
space if a 0 is recorded in the digit dialed cell associated
with the X1 register of slot 3.  Similarly, DS flip-flop
3515 will be reset during the reading of slot 4 of the
sender space if a 0 is recorded in the digit dialed cell
of slot 4. In any event, the DS flip-flop 3515 will be
reset during the reading of slot 5 of the sender space.
As indicated previously, if a 0 is recorded in all three
of the digit dialed cells in track 12 of a sender space,
the dial pulses received and detected by the dial pulse
detector circuit 3490 will be pulses for the first digit
dialed by a subscriber and these pulses will be counted
in the X1 register of slot 3 of the sender space. If,
during the reading of slot 3 of the sender space, a 1 is
read in track 14, track 15 or track 16 of the sender
space which indicates that a digit other than the digit
1 has been recorded in the X1 register of slot 3, the
R1-16, R1-15 or R1-14 leads will be active. These
leads connect to the input.of Or gate 3512, the actua-
tion of which will apply an active signal to the lower
input of And gate 3511. Therefore, if a 0 is read from
the digit dialed cell of track 12 in slot 3, an active sig-
nal will be applied over lead DP3 to the resetting input
of DS flip-flop 3515. When DS flip-flop 3515 is reset,
an active signal pulse will be applied through condenser
3516 to the upper input of And gate 3511. Because
both inputs to And gate 3511 are active, an active sig-
nal will be applied to the W1-12D lead which extends
to the writing circuits associated with track 12 of the
magnetic drom.  These circuits operate in the manner

described previously to cause a 1 to be written in the-

digit dialed cell of track 12 in slot 3 associated with
the X1 register. The 1 written in this digit dialed cell
is an indication that all of the pulses of the first dialed
digit have been rteceived and that the subsequent pulses
received will be pulses of the second dialed digit. When
subsequent pulses are detected by the dial pulse detec-
tion circuit 3409, they will be counted in the O register
of slot 4 in the sender space because, as indicated pre-
viously, the | recorded in the digit dialed cell of slot 3
will cause the dial pulse steering circuit 3407 to operate
to control the entry of the received pulses into the 0
register in tracks 13 through 16 of slot 4 of the sender
space. When the interdigital interval after the last of
the pulses of the second digit is detected, DS flip-flop
3515 will operate in the manner described above and
will be reset when slot 4 of the sender space is read.
In the manner described previously, this will cause a 1
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to be written in the digit dialed cell associated with the

0 register in slot 4. In the same manner, the dial pulses
of the third digit will be detected and counted in the
X2 register of slot 5. When the interdigital interval
after the last of the pulses for the third digit is detected,
the DS flip-flop 3515 will again be operated and will be
reset when slot 5 of the sender space is read causing a
1 to be written in the digit dialed cell in track 12 of
slot § which is associated with the X2 register in slot 5.

Or gate 3512 has one additional input, not mentioned
above, which comes from the output of And gate 3513.
The inputs of And gate 3513 are in turn connected to
the R1-13 lead and to inverter 3514.- And gate 3513
will be actuated when a 1 is read in track 13 of a sender
space during the reading of all slots of a sender space
except slot 3.
verter 3514 connects- to- the L3S lead which is active

As shown in Fig. 35, the input to in-:
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only during the reading of slot 3. Therefore, during
the reading of slot 3, the active signal input to inverter
3514 will be inverted and a passive signal will be ap-
plied to the input of And gate 3513. However, during
the reading of all slots of a sender space except slot 3,
a passive signal will be applied to the input of inverter
3514 which in turn will apply an active signal to the
input of And gate 3513. Accordingly, if during the read-
ing of slots 4 or 5 of the sender space a 1 is read in
tracks 13, 14, 15 or 16, Or gate 3512 will be actuated
and in turn apply an active signal to the lower input
of And gate 3511. This active signal will be combined
with the active signal from the output of DS flip-flop
3515 through condenser 3516 when DS flip-flop 3515 is
reset on slots 4 or 5 to write a 1 in the digit dialed cell
associated with the 0 and X2 registers in slots 4 and 5,
respectively. The interdigital timer may time out sev-
eral times, that is, may count several interdigital inter-
vals between a digit if the dialer is slow. The first time
after the completion of a digit, a 1 will be recorded in
the appropriate digit dialed cell of track 12 in the manner
described above. On succeeding timeouts, DS flip-flop
3515 will be reset on a slot in which the register is empty
which will have no effect because there will be zeros in
tracks 13 through 16 which will prevent the activation of
And gate 3511.

Preliminary pulse absorption

The illustrative embodiment of the present invention
is arranged to disregard preliminary pulses caused by
improper operation of the switchhook contacts or for other
reasons and a single dialed pulse indicating a dialed digit
1 for the first digit dialed into the sender. If, after the
detection of the first pulse by dial pulse detector 3400,
an interdigital timeout is counted in the manner de-
scribed above, DS flip-flop 3515 will be operated dur-
ing the reading of slot 2 of the sender space. When
the DS flip-flop 3515 is reset on the reading of slot 3
of the sender space in the manner described above, the
active signal pulse applied through condenser 3516 at
the left-hand output of DS flip-flop 3515 will be applied
to input E of And gate 351¢. Input A of And gate 3510
is connected to the R0-16 lead. Input B of And gate
3519 is connected to the R0-15 lead. Input C of And
gate 3510 is connected to the R0-14 lead and input D
of And gate 3510 is connected to the L3S lead. There-
fore, And gate 3510 will be actuated when a 0 is read in
tracks 14, 15 and 16 of the X1 register during the read-
ing of slot 3 of the sender space. The fact that zeros
are registered in tracks 14, 15 and 16 indicates that the
first digit detected by the dial pulse detector and recorded
in the X1 register is the digit. 1. The actuation of
And gate 3510 will in turn cause on active signal to
the be applied to the W8—13C lead. This lead extends
to the writing circuits associated with track 13 of the
magnetic drum and causes a 0 to be written in the first
cell of the X1 register of slot 3 in the sender space. In
this manner, when the first digit detected is a 1, the
count of this digit in track 13 of slot 3 in the X1 register
of the sender space will be erased and the pulses of the
second digit will be counted in the X1 register. It will
be noted that following an interdigital timeout after the
reception of a first digit 1, a 1 will not be recorded in
the digit dialed cell associated with the X1 register in
slot 3 of the sender space. Therefore, the pulses of the
second digit will be detected and counted in the X1 reg-
ister of the sender space.

Stations delay timing

After the units digit of a called subscriber’s designa-
tion has been dialed into the magnetic drum auxiliary
sender system of the present invention, it will not be
known whether or not a station letter or digit will be
dialed. Therefore, a period of a little over four seconds
is timed: after the termination of the last pulse of the



1nits digit of the called designation If a statlons dlglt
or letter is not started within this interval, it is assumed
that none will be forthcoming. Because this timing is
required only after the tenth digit of the called desngna—
tion has been received, the first digit register that is the
X1 register in slot 3 of a sender space may be utilized
for this timing. As shown in Fig. 18, the X1 reglster in
tracks 13 through 16 of slot 3 of a sender space is also
designated stations delay timer. After the closure of
the calling subscriber’s loop at the end of the last pulse
of the tenth digit, the interdigital timer will start to
count the revolutions made by the magnetic drum dur-
ing this closed loop interval. As indicated previously,
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sender space in the same manner as the count in the
interdigital -timer cells slot 2 of the sender space were
erased. This erasing is performed by cancel timing cir-
cuit 3425 which was described hereinbefore. - When an
open loop condition is detected while reading slot 1 ‘of a
sender space, CT ﬂlp-ﬁop 3429 in cancel timing circuit
3425 will be operated in the manner described herein-
before. CT ﬁlp-ﬂop 3429 will be reset when slot 3 of

. a sender space is being read because, as shown in Fig. 34,

this count will be made in the three interdigital timer -

cells in tracks 13, 14 and 15 of slot 2 of a sender space.
Thus, -it is possible to count a total of eight revolutions
in the interdigital timer cells in slot 2. The stations. delay
cell is added in track 16 slot 2 of a sender space to extend
the count which may be made in slot 2 to sixteen. There-
fore, every time sixteen successive closed loop ‘conditions
are counted, a pulse will be applied to the Carry B lead
from the binary accumulator 3500 in a manner similar
to that described hereinbefore for the sender release timer
of slot 1 of a sender space. This pulse on the Carry
B lead is applied to the stations delay timing circuit with-
in the dotted rectangle 3426 shown in Fig. 34. Stations
delay timing circuit 3420 includes And gate 3423, And
gate 3424, SDT flip-flop 3422, And gate 3421 and con-
denser 3433 as shown in Fig.. 34. While reading slot 2
of a sender space, if the count accumulated in the in-
terdigital timer cells and the station delay cell of slot 2
of the sender space indicates that the magnetic drum has
made sixteen revolutions since the closure of the calling
subscriber’s loop at the end of the tenth dialed digit, the
active signal on the Carry B lead will be combined with
the active signal on the L2S lead in And gate 3423, The
actuation of And gate 3423 will in turn apply an active
signal to the input of SDT flip-flop 3422 and this flip-flop
will operate at this time. As shown in Fig. 34, the re-
setting input of SDT flip-flop 3422 is connected to the
1.3S lead which is active while slot 3 of a sender space
is being read. Therefore, SDT flip-flop 3422, if operated
during the reading of slot 2 of a sender space, will be
reset during the reading of slot 3 of the sender space.
When SDT flip-flop 3422 is reset, it sends an active sig-
nal pulse through condenser 3433 to the upper input of
And gate 3421. The lower input of And gate 3421 is
connected to the R1-11 lead which is active -when a 1
is read in track 11 of the magnetic drum. Referring to
Fig. 18, it will be noted that the cell in slot 3 of track 11
of a sender space is designated units dialed celi and a 1
is written in this cell by the. transfer circuit after it has
transferred the tenth digit from the sender space to a
common register space in the manner to be described in
detail hereinafter. Therefore, if the tenth digit has
been transferred to a common register space, a 1 will
be read in the units dialed cell in slot 3 of track 11 of
the sender space and, therefore, And gate 3421 will
be actuated during the reading of slot 3 by the active
output signal from SD flip-flop 3422 and the active sig-
nal on the Ri-il lead. The output of And gate 3421
is connected to input E of Or gate 3435 and the active
signal on the output of And gate 3421 will actuate Or
gate 3435 to cause an active signal to be applied to-the
41 lead which extends to binary -accumulator 3500.
Binary accumulator 3500, upon receiving the active sig-
nal on the +1 lead, will cause a count of 1 to be added
to the stations delay timer cells in tracks 13 through 16
of slot 3 of the sender space. Therefore, each time that

a count of sixteen revolutions is made in slot 2 of the

sender space, a count of 1 will be added to the stations
delay timer cells in slot 3 of the sender space.

- The beginning of a dial pulse will erase the revolu-
tion count in the stations delay timer cells of slot 3 of C
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the resetting mput for CT flip-flop 3429 is connected to
lead L3S which is active while slot 3 of a sender space
is being read. When CT flip-flop 3429 is reset, an active
signal pulse will be applied through condenser 3430 to the
lower input of And gate 3421. If durmg the reading of
slot 3 of a sender space, a 1 is read in the units dialed
cell of track 11 the R1-11 lead will be active. The active
signal on the R1~11 lead will be combined with the active
signal from the rxghthand output of CT flip-flop 3429 in
And gate 3431, The active signal at the output of And
gate 3431 is applied to input B of Or gate 3432 which
is actuated to apply an active signal to the W8(13-16)A
lead. This lead, as mentioned hereinbefore, extends to
the writing circuits in tracks 13 through 16 of the mag-
netic drum and the active signal thereon will cause a 0
to be written in tracks 13 through 16, thus erasing the
accumulated count in the stations delay timer cells of
tracks 13 through 16 in slot 3 of the sender space. The
active signal ouput of And gate 3431 is also applied over
the W0-11B lead which extends to the writing circuits
associated with track 11 of the magnetic drum. The active
signal on this lead causes a 0 to be written in the units
dialed cell of track 11 in slot 3 of the sender space to
prevent any stations delay timing after the stations digit
or letter has been dialed.

While slot 3 of a sender space is being read, if the ac-
cumulated count in the stations delay timer cells in slot 3
indicates that the magnetic drum has made 256 revolu-
tions since the closure of the calling subscriber’s loop at
the end of the last pulse of the tenth digit, an active
signal will be applied to the Carry B lead from the binary
accumulator 3500 in the manner described hereinbefore.
This active signal will be combined in And gate 3424 in
the stations delay timing circuit 3420 with the active signal
on the L3S lead and an active signal on the R0-10 lead
when a 0 is read in the stations timeout cell in track 10
of slot 3 of the sender space. When a 1 is recorded in
the stations timeout cell in track 10 of slot 3 of a sender
space, this indicates that a stations timeout has been
completed. Therefore, prior to the completion of a sta-
tions timeout, a 0 will be recorded in this cell. The
active signals on the Carry B lead, the L3S lead and
the R0-19 lead are combined in And gate 3424 to cause
an active signal to be applied to the W1-10F lead. - The
active signal on the W1-10F lead causes the writing cir-
cuits associated with track 10 of the magnetic drum to
write a 1 in the stations timeout cell of slot 3 in the
sender space as shown in Fig. 18. When the transfer cir-
cuit reads the 1 in the stations timeout cell in track 10 of
slot 3 of the sender space; it will, in the manner de-
scribed hereinafter, find the corresponding common reg-
ister space and notify the transmitter associated there-
with that all digits that are expected have been received.

Dial pulse detection

Three cells in each sender space on magnetic drum
MD -are required for dial pulse detection. These cells
are the S’, A, and A, cells located in tracks 10, 11 and 12
of slot 1 of each sender space as shown in Fig. 18 of the
drawings. The S’ cell in track 10 of slot 1 is used to re-
cord the condition of the subscriber’s loop a half revolu-
tion of the magnetic-drum earlier. A 0 is recorded in
the S’ cell in track 10 to indicate that the subscriber’s
loop connected to the sender associated with the particu-
lar sender space is open. A 1 isrecorded in the S’ cell of
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track 10 to indicate that the subscriber’s loop to the
sender .associated with the particular sender space is
closed.. The information, that is, the 1 or 0 indicating
the condition of the subscriber’s loop, is written in the
S" cell by the auxiliary writing head H-10", while the
sender space is on the opposite side of the drum from
the main heads in the manner described hereinbefore.
The Aj cell of track 11 in slot 1 is used to provide an ofi-
normal indication and a 1 is written in the A, cell when
a closed loop condition is detected. The 1 remazins in the
A; cell until a sender release timeout is detected as will
be ‘described later. The A, cell is used to record the
condition of a subscriber’s loop of a revolution earlier.
A 0 is written in the A, cell if the subscriber’s loop is
closed and a 1 is written in the A, cell if the subscriber’s
loop is open. The writing in the A, and A, cells is con-
{rolled by the And and Or gate circuits within the dotted
rectangle 3400 shown in Fig, 34 of the drawings.

And gate 3401, shown in Fig. 34, controls the writing
of a 1 in the A, cell of track 11 on the magnetic drum.
When an active signal is applied from the output of And
gate 3401 over the W1-11C lead, Or gate OR1-11 will

be activated to in turn actuate the writing circuits of -

track 11 to effect the writing of a 1 in track 11 in the
manner described previously, The inputs to And gate
3401 consist of the RO-11 lead, the L1S lead and the
R1-8 lead. Thus, before a 1 is written in the A; cell of
track 11, a 0 must be read in track 11 which will cause
an active signal on the RO—11 lead, the magnetic heads

must be reading slot 1 of a sender space which will cause

an active signal to be applied to the L1S lead and sub-
scriber’s loop must be closed which, as described here-
inbefore, will cause an active signal to be applied to the
R1-S lead.

And gate 3402 shown in Fig. 34 controls the writing
of a'0 in the A; cell of track 12 over the W0-12D lead.
This lead extends to Or gate OR0-12 and, when actuated,
will effect the writing of a 0 in the A, cell of track 12
in the manner described previously. The output of
And gate 3402 is also applied on lead DP1 to input of
Or gate 3432 in the cancel timing circuit shown within
the dotted rectangle 3425. The purpose of this lead will
be described later. The input leads to And gate 3402
include the R1-S lead which is active when the sub-
scriber’s loop is closed, the L1S lead which is active when
slot 1 of a sender space is being read and the R1-12
lead which is active when a 1 is read in the A, cell of
track: 12.

And gate 3403 and 3404 shown in Fig. 34 are used
to detect the end of dial pulses. The output -of And
gate 3403 is applied to an input of Or gate 3406 and
over conductor DP2 to input D of Or gate 3432 in the
cancel -timing circuit shown within the dotted rectangle
3425. The output of Or gate 3406 is in turn applied
to the dial pulse steering and overflow indication cir-
cuits shown within the dotted rectangle 3497 which will
be described later. The inputs to And gate 3403 com-
prises the R1-12 lead which, as indicated above, is
active when a 1 is read in the A, cell of track 12 the
L1S lead which is active when slot 1 of a sender space
is being read and the R1-10 lead which is active when
a 1 is read in the S’ cell of track 10.

And gate 3404 in a similar manner controls Or gate
3406.  The inputs to And gate 3404 include the R0-10
lead which is active when a 0 is read in the S’ cell of
track 10, the R1-S lead which is active when the sub-
scriber’s loop is closed, the L1S lead which is active
. when slot 1 of a sender space is being read and the
R1-11 lead which is active when a 1 is read in the Ay
cell of track 11.

And gate 3405 shown in Fig. 34 controls the writing
ofia 1 in the A, cell of track 12 over the W1-12C lead
which extends.to Or gate OR0-12 shown in Fig. 29. The
inputs to And gate’ 3405 are the R1-11 lead which. is
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active when a 1 is read in the A, cell of track 11, the
RO-S lead which is active when the subscriber’s loop is
open, the R0~12 lead which is active when a 0 is read
in the Ay cell of track 12 and the LIS lead which is
active when slot 1 of a sender space is being read. It
will be noted that before a 1 can be written in the A
cell of track 12, a 1 must have previously been written in
the A; cell of track 11 as one of the inputs to And gate
3405 which controls the writing of a 1 in track 12 is
the R1-11 lead which is active only when a 1 is read
in the A, cell of track 11. This is to prevent writing
anything in the A, cell until the sender is off-normal
as indicated by a 1 being recorded in the A; cell.

The operation of the dial pulse detecting circuits can
perhaps be best illustrated by describing a specific ex-
ample. Assume for purposes of illustration that a sub-
scriber initiating a call seizes sender No. 50 in the man-
ner described hereinbefore and, therefore, as described
hereinbefore, when slots 3 and 4 of sender space 49 are
passing under the main heads on magnetic drum MD,
the scanner is set up to scan the pulsing relay of sender
No. 50. Subsequently, when slot 1 of sender space No.
50 passes under the main heads, the condition of the
pulsing relay in sender No. 50 will be observed and re-
corded in slot 1 of sender space No. 50. Because the
subscriber’s loop is closed, an active signal will be ap-
plied to And gate 2523 shown in Fig. 25 when sender
No. 50 is scanned. This active signal will be combined
in And gate 2523 with the active signal on lead L1S while
slot 1 of sender space No. 50 is being read to apply an
active signal condition on the RI-S lead. The active
signal on the R1-S lead is applied to an input of And
gate 3401 shown in Fig. 34. This active signal is com-
bined with the active signal on the L1S lead and an
active signal on the R@-11 lead to provide an active sig-
nal on the Wi-11C lead extending to the reading-writing
circuits of track 11 which will effect the writing of a 1
in the A; cell of track 11. Previous to this, a 0 was
recorded in the §’, A; and A, cells during the time
sender No. 50 was normal. Therefore, on the first
pass of sender space No. 50 under the main heads after
sender No. 50 is seized, the 0 recorded in the A; cell
of slot 1 is changed to a 1 to give an off-normal indica-
tion. As the drum continues to rotate, the sender space
for sender No. 150 (mate sender of sender No. 50)
will pass under the main heads and, as described here-
inbefore, when slot 2 of sender space Mo. 150 passes
under the main heads, the scanner is set up to scan
sender No. 50 so that when slot 3 of the mate sender
space No. 150 passes under the main heads, the condi-
tion of the pulsing relay in sender No. 50 may be re-
corded in the S’ cell in slot 1 in sender space No. 50
by auxiliary writing head H~16". The subscriber’s loop
to sender No. 50 is closed and, therefore, an active signal
will be applied to the input of And gate 2521 showz in
Fig. 25. This active signal will be combined with the
active signal on the L3S lead which, as indicated previ-
ously, is active when slot 3 of a sender space is being
read, to provide an active signal on the W1-S’ lead. The
‘W1-S' lead extends to the Wi-10’ flip-flop associated
with the writing circuits of the auxiliary writing head
H-10' and, in the manner described previously, a 1
will be recorded in the §’ cell in track 10 of slot 1 in
sender space No. 50. As the drum continues to rotate,
slot 1 of sender space No. 50 will again pass under the
main heads. At this time, a 1 will be read in the. 8 cell
of track 10, a 1 will be read in the A; cell of track 11
and a 0 will be read in the A, cell of track 12. The
R1-S lead will be active at this time because the sub-
scriber’s loop has remained closed. This condition in the
three cells, that is, the 1 in the S’ cell, the 1 in the Ay
cell and the 0 in the Ay cell, will remain unchanged
for subsequent revolutions of magnetic drum MD until
the subscriber dials the first digit. Assume that the
subscriber’s loop opens in response to the operation of



the dxal some tlme between the passmg of sender space'

No. 50 under the auxiliary writing head H~10’ and the
passing of the sender space No. 50 under the main heads.
Therefore, when sender space No. 50 subsequently passes
under the main heads after the opening of the sub-

scriber’s loop, the R0O-S lead will be active, indicating:

that the subscriber’s loop is open. The active signal
on the R0-S lead will be combined with the active signal
on the R1-11 lead, the L1S lead and the R0-12 lead
in And gate 3405 to provide an active signal on the
output lead W1-12C. The active signal on this lead
will control the writing circuits associated with track 12
of the magnetic drum to effect the writing of a 1.in the
A, cell of track 12. This 1 in the A, cell of track 12
is an indication that the subscriber’s loop is open. As
sender space No. 50 again passes under the auxiliary
writing head H-10’, the subscriber’s loop will be open
and, therefore, the W0-S’ input lead to the writing cir-
cuits of track 10 will be active and a 0 will be written
in the S’ cell of track 10 indicating that the subscriber’s
loop is open. The 0 recorded in the S’ cell, the 1 re-
corded in the A; cell and the 1 recorded in the A, cell
of slot 1 of sender space No. 50 will remain unchanged
until the subscriber’s loop closes at the end of the first
dial pulse.

Assume that the end of the first dial pulse occurs some
time after sender space No. 50 passes under the main
heads and before .it passes under the auxiliary writing
head H-10’. Therefore, when slot 1 of sender space
No. 50 passes under auxiliary writing head H-10’ the
W1-S’ lead will be- active and a 1 will be recorded in
the S’ cell of track 10 by the auxiliary writing head
H-10'. When sender space No. 50 subsequently passes
under the main heads, a 1 will be read in the S’ cell
of track 10, a 1 will be read in the A; cell of track 11
and a 1 will be read in the A, cell of track 12. The
R1-S lead will be active because the subscriber’s loop
will again be closed and the L1S lead will be active when
slot 1 of sender space No. 50 is being read. The active
signals on the R1-S lead, the L1S lead and the R1-12
lead will be combined in And gate 3402 to provide an
active signal on the W0-12D lead. The active signal
on this lead will, in the manner described previously,
cause the writing circuits associated with track 12 to
write a 0 in the A, cell of track 12. The active signal
on the W0-12D lead is also applied over lead DP1 to
input C of Or gate 3432 in the cancel timing circuit 3425.
The purpose of this lead will be described later. The
active signals on the R1--12 lead, the L1S lead and R1-1¢
lead will be combined in And gate 3403 to provide an
active signal on an input to Or gate 3406 which in turn
applies an active signal to the EDP flip-flop 3408 in
the dial pulse steering and overflow indication circuits
3407. Likewise, an active signal will be applied from
the output of And gate 3403 over lead DP2 to input
D of Or gate 3432 in the cancel timing circuit 3425.
The operation of cancel timing circuit and the dial pulse

steering and overflow indication circuits will be described.

in detail below.

- If the reclosure of the subscriber’s loop at the end of.

the first dial pulse takes place at some time after sender
space No. 50 passes under auxiliary writing head H-10’
and before sender space No. 50 passes under the main
heads, a 0 will be read in the §" cell of track 10, a 1
will be read in the A, cell of track 11 and a 1 will be
read in the A, cell of track 12. The R1-S lead will be
active as the subsriber’s loop has been closed and the
L1S lead will be active when slot 1 of sender space No.
50 is read. The active signals on the R0-10 lead, the
R1-S lead, the L1S lead and the R1-11 lead will be

combined . in And gate 3404 to provide an active output.

signal which is applied to Or gate 3406. The actuation
of Or gate 3406 in this manner in turn sends an active
signal:into the EDP flip-flop 3408 in the dial pulse steer-
ing and overflow indication circuits 3407. At the same
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nme, the actlve sxgnal on the RI—S 'iead the LlS lead;
and the R1-12 lead are again combined in And gate
3402 to provide an active signal on the W0-12D lead
which extends to the writing circuits associated with track
12 of the magnetic drum. This active signal on the
W0-12D lead will cause a 0 to- be written in the Ay
cell of track 12 in slot 1 in the manner described above.
Similarly, an active signal will be applied from the
output of And gate 3462 over lead DP1 to input -C
of Or gate 3432 in the cancel timing circuit 3425, It
will be observed that whether the end of the dial pulse
is detected after sender space No. 50 passes under the
main heads or after it passes under the auxiliary heads,

.. an end of dial pulse indication which is an active signal-

applied to the EDP flip-flop 3408 will be transmitted to
this flip-flop circuit as soon as the sender space again
passes under the main heads on the magnpetic drum.

“The drum continues to rotate and when the subscriber’s

. loop is again opened at the start of the second dial pulse,
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a 1 will be recorded in the A, cell of track 12 and a ¢
will be recorded in the S’ cell of track 10. When the
subscriber’s loop subsequently recloses at the end of the:
second dial puise, a 1 will be recorded in the S’ cell of
track 10 and a 0 will be recorded in the A; cell of
track 12. The subsequent opening and closing of the
subscriber’s loop in response to the operation of the dial
will cause the dial pulse detecting circuits 3409 to trans--
mit an active signal to EDP flip-flop 3408 in the dial

" pulse steering and overflow indication circuits at the end

of each pulse of each digit.
Transfer circuit

The transfer circuit shown in detail in Figs, 36 through
39 of the drawings performs the function of reading
information from a sender space, finding an idle com-
mon register space and writing information in it. As
indicated hereinbefore, eight common register spaces are
provided on the magnetic drum in the illustrative embodi-
ment of the present invention to serve 198 sender spaces.
In addition a test register space is provided to serve the
test sender space and test circuit. A common register
space is associated with a particular sender space, while
a call is being handled, by writing the number of the
sender space in the preceding common register space as
will be described. Similarly the test register space is
associated with the test sender space while a test call
is being handled by writing the number of the test sender
space in the common register space preceding the test
register space as will be described. The transfer circuit,
to find a particular common register space, must remem-
ber the sender number and, as the magnetic drum ro-
tates, read the numbers written in the common register
spaces until it finds that number. Means are therefore.
provided in the transfer circuit for recording sender
space numbers, The transfer circuit must. be able to
recognize when a sender space requires a common regis-
ter space, that is, when the first three digits dialed into
any sender comprise an area code.. The transfer cir-
cuit must then hunt for and find an idle common regis-
ter space, make this common register space busy, as-
sociate it with the sender space and transfer the dialed
digits from the sender space to the seized common regis-
ter space.

Area code check

After the first three digits dialed into a sender have
been registered in thé associated sender space on the mag-
netic drum in the manner described hereinbefore, these
digits must be checked to determine if the call is to be
handled by the magnetic drum auxiliary sender system’
of. the present invention. As indicated previously, if
the first three digits comprise an area code, a common
register space must be provided to store the digits of

. the complete call designation as well as the area code.

75

If the first three digits do not comprise an area code, the
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succeeding digits dialed into the sender will be ignored
by the auxiliary sender system and the sender will furnc-
tion in its normal ‘manner to establish the call. The
first job then of the transfer circuit is to recognize an
area code. As indicated hereinbefore, this area code
may be X0X, X1X or X01, where X is any of the digits
2 through 9. The logic circuits in the transfer circuit
which recognize an area code are shown in the left-hand
side of Fig. 36 of the drawings. In the upper left-hand
corner of Fig. 36, And gate 3601 is shown with four in-
puts, A, B,.C and D.  Input A is connected to the Rg-13
lead, input B is- connected to the R1-14 lead, input C is
connected to the R0-15 lead and input D is connected to
the R1-16 lead. Therefore, if the binary code 0101
which, as indicated hereinbefore, represents a decimal 0,
is read in tracks 13 through 16 of the magnetic drumi,
And gate 3601 will be actuated and will apply an active
signal to its output lead 6T." Similarly, And gate 3604,
shown in the upper left-hand corner of Fig. 36, has four
inputs, A, B, C and D, input A being connected to the
R1-13 lead, input B being connected to the R0-14 lead,
input C being connected to the RO-15 lead and input D
being connected to the R6-16 lead. Therefore, if the
binary code 1000 which represents the decimal 1 is read
in tracks 13 through 16 of the magnetic drum, And gate
3604 will be actuated and will apply an active signal to
its output lead 1T. The active signal on cutput lead 6T
from And gate 3601 and the active signal on output lead
1T from And gate 3694 are combined in Or gate 3692,
the output of which is fed through inverter 3603. The
output of inverter 3693 will, therefore, be active if any-
thing but a 0 or a 1 is read in tracks 13 through 16 of
the magnetic drum. The output lead of inverter 3603 is
designated (2-9)T and is applied to input B of And gate
3695, input B of And gate 3607 and input B of And gate
3611, shown in Fig. 36. If a decimal 0 is read in tracks
13 through 16, lead 0T from the output of And gate 3601
will be active which in turn will actuate Or gate 3602.
The active signal at the output of Or gate 3602 is applied
to the input of inverter 3603 which will cause lead
(2-9)T from the output of inverter 3683 to be passive.
Similarly, if a decimal 1 is read in tracks 13 through 16
of the magnetic drum, And gate 3684 will be actuated
applying an active signal to the 1T lead. The active sig-
nal on the 1T lead will cause the actuation of Or gate
3602 which will similarly cause a passive signal to be
applied to the (2-9)T lead from the output of inverter
3603. However, if the binary code for any digit other
than a 0 or a 1 is read in tracks 13 through 16 of the
magnetic drum, leads 0T and 1T from And gates 3601
and 3604, respectively, will be passive and the output
lead of Or gate 3602 which is connected to the imput of
inverter 3603 will be passive. Since the input of in-
verter 3603 is passive, the output lead (2-9)T will be
active. Therefore, lead (2-9)T is active at all times ex-
cept when the binary code for the decimal 1 or the
decimal O is read in tracks 13 through 16 of the magnetic
drum.

As indicated previously, the first digit of an area code
will always be one of the digits 2 through 9, inclusive.
Therefore, when the first digit of an area code is dialed,
one of the digits 2 through 9 will be registered in the X1
register in slot 3 of a sender space. If the transfer cir-
cuit is idle, lead TFI, which is applied to input C of And
gate 3605 shown in Fig. 36, will be active.
in which lead TFI is made active will be described in
detail hereinafter. Lead L3S, which is active when slot
3 of a sender space is being read, is connected to input
A of And gate 3605. When one of the digits 2 through
9, inclusive, is read in the X! register of slot 3 of a
sender space, the active signals on leads L3S, (2-9)T
and TFI are combined in And gate 3685 to provide an
active output signal for the operation of X1 flip-flop
3606. Therefore, if the digit registered in the X1 register
in slot 3 of a sender space is one of the digits 2 through
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9, X1 flip-flop 3606 will be operated. If one of the digits
2 through 9 is registered in the 0 register of slot 4 of a’
sender space, the X1 flip-flop. 3606 will be reset when slot
4 is read because this code cannot be an area code. The
resetting of the X1 flip-flop 3606 during the reading of
slot 4, if one of the digits 2 through 9 is read in the 0
register of slot 4, is accomplished through And gate 3607
and Or gate 3608. Input A of And gate 3697 is con-
nected to the L4S lead which is active during the reading
of slot 4 of a sender space. Input B of And gate 3607 is
connected to the (2-9)T lead which, as indicated above,
is active when any of the digits 2 through 9 are being
read. The active signals on these two leads are com-
bined in And gate 3697 to provide an active output signal
from And gate 3697. This active output signal is ap-
plied to input B of Or gate 3608. The actuation of Or
gate 3698 in this manner applies an active signal on the
resetting input lead of X1 flip-flop 3606. The active
signal on the resetling input of this flip-flop will cause
the flip-flop to be reset to normal. If the digit recorded
in binary code in the O register of slot 4 of the sender
space is a 0 or a 1, lead (2-9)T which is applied to input
B of And gate 3687 will be passive, as described above,
and X1 flip-flop 3686 will not be reset during the reading
of slot 4 of the sender space. Accordingly, if X1 flip-
flop 3686 is not reset during the reading of slot 4 of the
sender space, it means that the second digit dialed into
the sender and recorded in the 0 register of the asso-
ciated sender space is either the digit 0 or 1.

If the second digit dialed into the sender and. recorded
in the O register of the sender space is a 0, X0 flip-flop
3610 will be operated as follows. An active signal on
the L4S lead during the reading of slot 4 of the sender
space is applied to input B of And gate 3689. Input A
of And gate 3609 is connected to the left-hand output
of X1 flip-flop 3686 which, as mentioned above, is op-
erated if the first digit recorded in the X1 register of the
sender space is one of the digits 2 through 9 and the 0T
lead applied to the input C of And gate 3609 will be
active if a 0 is read. Therefore, if the first digit is one
of the digits 2 through 9 and if the second digit is a 0,
And gate 3669 will be actuated during the reading of slot
4 of the sender space and apply an active signal to the
input lead of X0 flip-flop 3610, thus causing this flip-flop
to operate.

And gate 3611, shown in Fig. 36, has its input A con-
nected to the output of the X1 flip-flop 3606 and this
input will be active if the X1 flip-flop 3606 is operated
indicating that the first digit is one of the digits 2 through
9. Similarly, input B of And gate 3611 is connected to
the (2-9)T lead which, as indicated above, is active.
when one of the digits 2 through 9 is read from tracks 13
through 16 of the magnetic drum. The active signals on
these two leads are combined in And gate 3611 to provide
an active signal on input A of Or gate 3612. The actua-
tion of Or gate 3612 in turn applies an active signal to
input A of And gate 3614. Similarly, And gate 3613
has two inputs, input A being connected to the output of
X0 flip-fiop 3610 and input B being connected to the
1T lead. Therefore, if the first digit registered in the
X1 register of slot 3 of a sender space is one of the
digits 2 through 9, if second digit registered in the 0
register of slot 4 of a sender space is 0, and if the third
digit registered in the X2 register of slot 5 of a sender
space is a 1 causing an active signal to be applied to the
1T lead, And gate 3613 will be actuated to in turn apply
an active signal through Or gate 3612 to input A of And
gate 3614. Input B of And gate 3614 is connected to the
L5S lead which is active during the reading of slot 5
of a sender space. Input C of And gate 3614 is con-
nected to the RO-i1 lead and will be active when a 0
is read in track 11 of a sender space. As will be de-
scribed in detail hereinafter, a 0 in the X0X~TF cell of
track 11 in slot 5 of a sender space indicates that a com<
mon. register space has not been- already seized for this



sender space. Input D of

reading of slot 5 when a .l is read in the digit dialed

cell in slot 5 .of track 12 of the sender space which, as

indicated hereinbefore, indicates that the third digit has
been completely dialed. Input E of And gate 3614 is con-

nected to the RIT lead. The RIT lead is connected to :

the output of Or gate 3644. As shown in Fig. 36, input
A of Or gate 3644 is connected to the RI lead and input
B of Or gate 3644 is connected to the TST lead. The

after, if at least one common register space and its asso-
ciated transmitter are idle and available for use with the
sender. space when a call is being handled. As shown in
Fig. 36 the TST lead connects to the left hand output of

TST flip-flop 3619 and will be active when this flip-flop .

is operated. The operating input of TST. flip-flop 3619
is connected to the output of And gate 3617. And gate
3617 will be actuated when active signals are present on
the TFI and LIST leads. The TFI.lead will be active
when the transfer circuit is idle and LIST lead will be
active when slot 1 of the test sender space is read.
Therefore Or gate 3644 will be actuated to apply an
active signal on the RIT lead to input E of And gate 3614
if a regular call is being handled and at.least one com-
mon register space and associated transmitter are idle as
indicated by an active signal on the RI lead or if the
call is a test call and TST flip-flop 3619 is operated. In-
put F of And gate 3614 is connected to the TOF lead
which extends to Fig. 65 in the test circuit. The TOP
lead will normally be active except for certain of the
test calls as will be described in detail hereinafter.
During the reading of slot 5 of a sender space, if all of
the above-described conditions are fulfilled, that is, active
signals on inputs A through F And gate 3614 will be
actuated to provide an active signal on the left-hand in-
put of X0X flip-flop 3618. Therefore, it will be ob-
served that X0X flip-flop 3618 will be operated during
the reading of slot 5 of a sender space only if an area
code is recorded in the X1, 0, and X2 registers of slots 3,
4 and- 5 of the sender space.
operating, indicates that the first three digits dialed into
the sender and recorded in the associated sender space
represent an area code and, therefore, an area code
check has been made. This check is a signal to the
transfer circuit that the call being initiated is a customer
dialed toll call and that a common register space will be
required for registering all of the digits of the dialed toll
call and that a common register space will be required
for registering all of the digits of the dialed designation.

The operation of X0X flip-flop 3618 applies an active
signal over the X0X lead to input A of Or gate 3615.
The actuation of Or gate 3615 in turn will apply an
active signal from its output to lead TFB. The active
signal on the TFB lead is an indication that the transfer

circuit is busy and is not available for use with other -

sender spaces. . It will be cbserved that Or gate 3615 may
be actuated over any of its five other input leads DT,
U, WOA, TMT or OF as will be described hereinafter.
The activation of any one of these leads will cause the
transfer circuit to become busy. . .
Referring to Fig. 36, it will be noted that the output of
Or gate 3615 is applied to inverter 3616, the output of
which is applied to the TFI lead. Therefore, if the TFB
lead is active, indicating that the transfer circuit is busy,
the TFI lead will be passive. Conversely, if the TFB lead

is passive, indicating that the transfer circuit.bis idle, the -

TFI lead will be active. S

X0X flip-flop 3618 will remain - operated until “the
function ‘of seizing a common -register space and the
transferring of the digits' from the sender space to this
common Tegister space is performed. - X1 flip-flop 3606

and X0 flip-flop 3610 are reset to normal during the read-
ing of slot ‘1 of the next sender space as these flip-flops -

are no longer needed. Input A of Or gate 3608 is con-

And. ga{é 3614 is cbﬁn‘eéte&.:
to the Ri-12 lead. R1-12.lcad will be active during the .

X0X flip-flop 3618, in"

?:

-10
RI lead is active, as will be described in detail herein- -
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nected to the LIS lead which, as indicated hereinbefore;
is active during the reading of slot 1 of a sender space.
This active signal applied to input A of Or gate 3608 will
in turn actuate Or gate 3608 to apply an active signal
to.the resetting input of X1 flip-flop 3606. The resetting
input of X0 flip-flop 3610. is connected directly to the
L1S lead and, similarly, will be reset when L1S lead
is active during the reading of slot 1 of a succeeding.
sender space. . . .
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‘Transfer circuit sender number storage

- When a common register space is seized by the. trans--
fer circuit'in the manner to be described hereinafter, the
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sender space by writing the sender number in the preced-
ing common register space. Therefore, the transfer cir-
cuit must remember the sender:number which requires.
a common register space while it hunts for this common:
" register space. - This memory is provided in a set of 12
flip-flop circuits, one for each binary code clement of
a-sender number. Four of these flip-flop circuits are:
shown in Fig. 39 of the drawings. For example, U0 flip-
flop 3908 is associated with the UOQ cell of slot 4 in
‘track 4 of a sender space. Similarly, Ul flip-flop 3923
is associated with the Ul cell of track 5 in slot 4 of a
sender space.. Likewise, the HO flip-flop 3905, shown
in"Fig. 39, is associated with the HO cell of track 9 in
slot 4 of a sender space and lastly, the H1 flip-flop
3948.is associated with the H1 cell of track 9 in slot 5 of
a sender space. ‘The U2, U4, U7, TO, T1, T2, T4 and
T7 flip-flops also included in this group of 12 flip-flops
which are associated, respectively, with corresponding
cells in slots 4 and 5 of a sender space, are not shown in
Fig. 39. The operation of any one of the flip-flops such
as UQ flip-flop 3908 of U1 flip-flop 3923, shown in Fig.
39, to its operated condition is an indication that a 1 is
read in the corresponding cell on the magnetic drum.
For example, the operation of HO flip-flop 3935 so that
its right-hand section is conducting, is an indication that
a 1 has been read in the HO cell of a sender space on .
the magnetic drum.
The leads which control the operation of the 12 flip-
flops of the transfer circuit shown or indicated in Fig..
39 are extended over cable 3 from the sender number
register flip-flops shown in Figs. 26 and 27. For exam-
ple, the U0O and U01 leads. which control the operation
of the U0 flip-flop 3908 in Fig. 39 extend via cable 3
and cable 3-1 to the U00 and U1 output leads of flip-
.flop FE-U0 in the sender number register shown in Fig.
26. Similarly, the H00 and H01 leads which control the
operation’ of the HO flip-flop. 3935 as connected, re-
spectively, to the H1 and HO leads which extend via
cable 3 and cable 3-3 to the sender number register flip-
“flop FF-H shown in Fig. 27. As indicated hereinbefore,’
one output lead from each of the flip-flops of the sender
number register shown in Figs. 26 and 27 will be active
and one will be passive during the scanning of any par-.
ticular 'sender. For example, if the FF-U0 flip-flop in
the sender number register shown in Fig. 26 is operated, .
indicating that a 1 was read in the UO cell in track 4 of
slot 4 in a sender space, the U01 output lead of sender-
number register flip-flop FF-U0 will be -active and the
V00 output lead from the sender number register FF-Uo
flip-flop will be passive. Correspondingly, the U01 in-
put lead to And gate 3914 in. Fig. 39 will be active and
the U00 input lead to And gate 3913 in Fig. 39 will be
passive. The leads in cable 3 ‘which control the 12 flip-
flops of Fig. 39 of which flip-flops U2, U4, U7, T0, T1,
T2, T4 and T7 are now shown; are connected to And
gates such as And gate 3913 in which lead U00 termi-
nates and ‘And gate 3914 in which lead U01 terminates
for U0 flip-flop 3908.. Similarly, leads Ul¢ and Ull,.
which ‘control U1 flop-flop 3923, terinmate in And gates

. 3928 and 3929, respectively. -Leads H00 and HO1, which E

%

control HO flip-flop 3935 and which are connected to
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the H1 and HO leads respectively in cable 3, terminate
in -And gates ‘3940 and 3941, respectively. Leads H10
and H11, which control' H1 flip-flop 3948 "and which
are connected to the HO -and HI1 leads respectively in
cable 3, terminate in And gates 3953 and 3954, respec-
tively.. In a similar manner, ‘the other leads, U20, U21,
U40, U41, U70, U71, T109, T01, T20, T21, T40, T4%,
T70 and T71 in cable 3, terminate .in ‘And gates not
shown in Fig. 39. The other input to these And gates
is connected to the L1S lead as shown in Fig. 39. Lead
L1S, as indicated previously, is active during the reading
of slot 1 of a sender space. Therefore, during the read-
ing of slot 1 of a sender space, one And gate of each
pair. of And gates associated with each of the 12 flip-
flops in the transfer circuit will be actuated because, as
indicated above, one lead of each pair of leads in cable
3 will be active and ‘one will be passive. The output
of each of the And gates in which each of the leads of
cable 3 terminates is applied to an And gate and an Or
gate. .As shown in Fig. 39, the output of And gate 3313
is applied to Or gate 3909 and And gate 3910. Simi-
larly, the output of And gate 3914 is applied to Or gate
3911 and And gate 3912.  Likewise, the output of And
gate 3928 is applied to Or.gate 3924 and And gate 3925.
The output of each of the remaining And gates in which
the leads of cable 3 terminate are applied to an Or gate
and an And gate, as indicated in Fig. 39. The other
input to each of this second group of And gates such
as And gates 3910, 3911, 3925, 3926, 3937, 3938, 3550
and 3951 is connected to the TFI lead. Therefore, dur-
ing the reading of slot 1 of a sender space, if the trans-
fer circuit is- idle, as indicated by an active signal on
the TFI lead, one side of each flip-flop in the transfer
circuit is pulsed. - If the flip-flop is already operated.to
the side pulsed, it does. not change, but if it is operated
to the other side, it is reoperated to the side pulsed.

It will, therefore, be observed that each of the flip-
flops of the transfer circuit shown or indicated in Fig.
39 is set to agree with the corresponding one of the
flip-flops .of the sender number register shown in Figs.
26 and 27. For example, if flip-flop FF=UO in the sender
number register of Fig. 26 is operated in response to
the reading of a 1 in track 4 of slot 4 in a sender space,
the output lead U01 therefrom, will be active. This ac-
tive signal on lead UO01 is extended via cable 3—1 and
cable 3 to the input of And gate 3914 shown in Fig. 39.
This active signal will be combined in And gate 3914
with the active signal on the L1S lead during the read-
ing of slot .1 of the sender space to provide an active
output signal. The active output signal from And gate
3914 is applied to And gate 3911 and Or gate 3912. If
the transfer circuit is idle, lead TFI will be active and
And gate 3911 will be actuated to apply an active signal
to the right-hand input of UQ flip-flop 3908. U9 flip-
flop 3908 will thereby be operated to correspond to the
registration in the FF-U0 flip-flop of the sender number
register of Fig. 26. Similarly, the other flip-flops of the
transfer circuit are set to agree with the corresponding
flip-flops of the sender number register. Therefore, dur-
ing of the reading of slot 1 of the sender space assigned
to any particular sender, And gates such as And gates
3913, 3914, 3928, 3929, 3940, 3941, 3953 and 3954
which have active signals applied to them over the leads
in cable 3 from the sender number register flip-flops,
will be actuated to in turn apply active signals to addi-
tional .And gates such as And gates 3910, 3911, 3925,
3926, -3937, 3638, 3950 and 3951 associated with the
corresponding flip-flop circuits. Furthermore, if the
transfer circuit is idle, these latter And gates will in
turn set the transfer circuit flip-flops, shown or indi-
cated ‘in Fig. 39, to agree with the setting of the corre-
sponding flip-flop circuits of the sender number register,
shown in Figs. 26 and 27. As long as the transfer cir-
cuit remains idle, the setting of the transfer circuit flip-
flops.of Fig. 39 s changed during .the reading of slot 1

2,876,288

10

15

20

30

35

40

50

55

60

85

70

5

92

of each sender space to agree with the setting in the
sender number register for that sender space. If it is-
found that some: sender space requires the use of the
transfer circuit, the transfer circuit is made busy during
some slot other than the first-slot of the sender space.
When the transfer circuit is- made busy, the active con-
dition on the TFI lead is removed, as described above,
and the setting of the flip-flops of the transfer circuit
shown in Fig. 39 cannot be changed. Thus, the number
of the sender space for which the transfer circunit was
seized will be stored in the transfer circuit flip-flops of
Fig. 39 until the transfer circuit is again made idle.

Finding and seizing an idle register space

After an area code check has been completed, as de<
scribed above, ‘and X0X flip-flop 3618 operated, the
next function -that the transfer circuit must pérform is
to find an idle common register space and seize this
common register space, as indicated above, by writing
the sender number in the preceding common register
space. As shown in Fig. 19, a sender number is writ-
ten in track 10 of the common register space one digit
in each slot. The reason that the sender number writ-
ten in any particular common register space corresponds
to the next register space is that as the transfer circuit
locks for a particular register space, it checks the digits
in track 1G against the digits recorded in the transfer
circuit flip-flops one at a time and does not know until
after reading slot 12 of a common register space whether
or not the sender numbers are the same. Therefore,
if the transfer circuit dees find that the numbers agree,
it knows that the next common register space which will
come under the reading-writing heads of the magnetic
drum as the drum rotates is the one in which it is in-
terested. .

The circuits of the transfer circuit which control the
finding and seizing of an idle common register space are
shown in Fig. 36 of the drawings and include And gate
3623, And gate 3624, And gate 3236, Or gate 3625 and
TSN1 flip-flep 3649. As the first slot of a common regis-
ter space passes under the reading-writing heads of the
magnetic drum after an area code check has been made,
the transfer circuit tests whether or not the next common
register space and associated transmitter are busy. If
they are busy, nothing is done until: the next register
space passes under the reading-writing heads. If the
next common register space and its associated trans-
mitter are idle, an active signal will be applied over lead
NRI, as will be described in detail hereinafter, to input
C of And gate 3623. Input A of And gate 3623 is con-
nected to the XO0X lead which has an. active signal ap-
plied to it as described above when XO0X flip-flop 3618
is operated indicating that an area code check has been
made. Input B of And gate 3623 is connected to the
L1R lead which is active during the reading of slot 1
of a common register space. Therefore, during the read-
ing of slot 1 of any common register space, if a code
check has previously been made and the next common
register space to pass under the reading-writing heads
on the magnetic drum is idle, And gate 3623 will be actu-
ated to apply an active signal to input C of And gate
3624 and input A of And gate 3626. Input B of And
gate 3624 is connected to the R0-9 lead which will be
ac¢tive when a 0 is read in track 9 of the magnetic drum.
Referring to Fig. 19, it will be noted that the cell in
track 9 of slot | of a common register space is designated
TST-REG-NEXT. A 0 will be recorded in this cell
in all of the common register spaces on the magnetic
drum except the one which passes under the magnetic
heads immediately preceding the test register space.

In the illustrative embodiment of the present inven-
tion the common register spaces are numbered from 0.
through 7 and the test register space is numbered 8. As
shown in Fig. 17, common register space No. 7 passes

under the heads of the magnetic drum imraediately pre- -
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ceding test register space No. 8 and therefore the only
common register space on the magnetic drum to have a
1 recorded in the TST-REG-NEXT cell in track 9 of
slot 1 will be common register space No. 7. As will be
described in detail hereinafter, the test register space
will be utilized for testing the circuits of the magnetic
drum auxiliary sender system of the present invention
and, therefore, it is desirable not to utilize this test reg-
ister space in the handling of any call except a test call.
Therefore, when a 1 is read in track 9 of slot 1 of com-
mon register space No. 7 an indication is given that the
next register space to pass under the magnetic heads of
the drum is test register space No. 8 and this test reg-
ister space should not be seized for handling of a call.
Therefore, referring again to And gate 3624, if a 0 is
- read in track 9 of slot 1 of a common register space, an
indication is given that the next common register space
to pass under the magnetic heads is not the test register
space but is one that may be utilized for handling a call.
Input A of And gate 3624 is connected to the TST’ lead
and this lead is active except on test calls. As shown
in Fig. 36, the TST’ lead is connected to the right-hand
output of TST flip-flop 3619 and as long as this flip-
flop is normal or unoperated TST" lead will be active.
As indicated above TST flip-flop 3619 will be normal ex-
cept during the handling of a test call, Therefore, the
active signals on the TST’ lead, the R0-9 lead and the
output of And gate 3623 applied to input C of And gate
3624 are combined in And gate 3624 to apply an active
signal to input A of Or gate 3625. Or gate 3625 is ac-
tuated and applies an active signal to the left-hand input
of TSN1 flip-flop 3640. TSN1 flip-flop 3640 is, there-
fore, operated during the reading of slot 1 of a common
register space if X0X flip-flop 3618 is operated indi-
cating that an area code check has been made, if a 0
is read in track 9 indicating that the next common reg-
ister space is not the test register space, if the call is not
a test call as indicated by the active signal on the TST'
lead and if the next common register space to pass under
the magnetic heads is idle as indicated by the active sig-
nal on the NRI lead. .

If the call being handled is a test call the transfer cir-
cuit must make certain that the test register space is the
register space seized and not one of the common register
spaces. As indicated previously TST flip-flop 3619 will
be operated when slot 1 of the test sender space is read
by the active signal on the L1ST lead. When TST flip-
flop 3619 operates the active signal is removed from the
'TST’ lead and an active signa! is applied to the TST
lead. After an area code or X0X check is made, And
gate 3623 will be actuated when slot 1 of a regiser space
is read if the next register space is idle (a line signal on
the NRI lead). However And gate 3624 cannot be actu-
ated to operate TSN1 flip-flop 3640 because the operation
of TST flip-flop 3619 has removed the active signal from
the TST’ lead. As shown in Fig. 36 the actuation of And
gate 3623 also applies an active signal to input A of And
gate 3626. Input B of And gate 3626 is connected to the
TST lead which is active because TST flip-flop 3619 is
operated. Input C of And gate 3626 is connected to the
R1-9 lead and will be active when a 1 is read in the
TST-REG-NEXT cell in track 9 of slot 1 of common
register space No. 7. And gate 3676 is actuated only
during the reading of slot 1 of common register space
No. 7 to operate TSN1 flip-flop 3640 and seize the next
register space wheel as indicated above is test register
space No. 8.

As shown in Fig. 36, the resetting input of TST flip-flop
3619 is connected to the output of And gate 3620. The
inputs to And gate 3620 are connected to the X0X’ lead
which is active where X0X flip-flop 3618 is normal and
to the L1R lead which is active when slot 1 of a register
space is read. Therefore TST flip-flop 3619 will be reset
when X0X flip-flop 3618 is reset as will be described and
when.slot 1 of a register space is read.
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When TSN1 flip-flop 3640 operates during the reading
of slot 1 of a register space indicating that the next suc-
ceeding register space is idle, the sender number for which
the transfer circuit is seeking an idle register space must
be written in track 10 of slots 1 through 12 of the register
space now passing under the magnetic heads. As indi-
cated above and as shown in Fig. 19, the number of the
sender space to be associated with any particular register
space is recorded in the register space which passes under
the reading-writing heads of the magnetic drum im-
mediately preceding the register space to be seized. )
TSN1 flip-flop 3640, in operating, applies an active sig-
nal to the TSN1 lead which, through condenser 3643, ap-
plies an active signal pulse over the TSN lead which ex-
tends via cable 14 to an input of And gate 3919 shown
in Fig. 39. From the above description it will be re-
membered that the number of the sender space for which
the transfer circuit is seeking an idle common register
space is recorded in the settings of the transfer circuit
flip-flops shown or indicated in Fig. 39. Therefore, if
the U0 flip-flop 3908 has been operated so that its right-
hand section is conducting indicating the registration of
a 1, an active signal from the right-hand output of U0
flip-flop 3968 will also be applied to an input of And gate
3919. The active signals on the TSN lead and from the

‘right-hand output of U0 flip-flop 3908 will be combined

in And gate 3919 to provide an active signal on the
W1-10I lead which extends via cable 11 to the writing
amplifier circuits associated with track 10 of the magnetic
drum. The active signal on the W1-10I lead will cause
a 1 to be written in track 10 of slot 1 of the common
register space. In other words, when TSN1 flip-flop 3640
operates during the reading of slot 1 of a common register
space, a 1 will be written in track 10 of slot 1 of that com-
mon register space if the U0 flip-flop 3908 was operated
indicating the registration of a 1 in the U0 cell of the
sender number. However, if U0 flip-flop 3908 is not
operated, indicating a registration of a 0 in the U0 cell,
the active signal on the TSN lead from the TSN1 flip-
flop 3640 will have no effect and the 0 recorded in the
U0 cell of track 10 in slot 1 of that common register
space will remain unchanged.

The rest of the sender number recorded in the transfer
circuit flip-flops of Fig. 39 is written in track 10 of the
common register space in a slightly different manner.
When the next register space is idle, there will be zeros
written in each of the cells of track 10 of the common
register space immediately passing under the magnetic
heads. Thus, And gate 3918 in the lower left-hand corner
of Fig. 39 will produce an active signal as each slot of
the common register space is read, because, as indicated
previously, the transfer circuit is busy which places an
active signal on the TFB lead and zeros are read in each
of the cells of track 10 of the common register space which
will cause an active signal to be applied on the R0-18
lead. As slot 1 of this common register space is read, the
active signal on the R0-10 lead and TFB lead is combined
in And gate 3918 and an active signal will be applied to-
one input of And gate 3915. This active signal is com-
bined with the active signal on the L1R lead to provide
an active signal on one input to Or gate 3909. The out- '
put of Or gate 3909 is applied to an input of And gate
3906. The other input of And gate 3906 will be active
if U0 flip-flop 3908 is normal or unoperated. On the other
hand, with U6 flip-flop 3908 normal, both inputs to And-
gate 3906 are active and this And gate will be actuated.
And gate 3906 will not be actuated if U0 flip-flop 3908

is operated. If And gate 3906 is actuated, it will in: turn - ’

apply an active signal through Or gate 3905 to an input
of And gate 3904, The active signal on this input of
And gate 3904 is combined with the active signal on the
L1R lead applied to the other input of And gate 3904 to
apply an active signal on the OFR1 lead. The OFR1 lead .

is extended via cable 14 to the FR1 flip-flop 3634 in Fig.
36 and the active signal on this lead will cause the opera-
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tion of this flip-flop. However, the operation of FR1
flip-flop 3634 at ‘this time performs no useful function.
It will be observed that during the reading of slot 1 of the
common register space, the actuation of And gate 3918
does not affect the registration in the UQ cell of track 10
in slot 1 of the common register space, the registration of
the sender number in this cell being accomplished as de-
scribed above through And gate 3919.

As slot 2 of the common: register space is read, lead
L2R will be active as indicated hereinbefore, and the
active signal from the output of And gate 3918 resulting
from the reading of a 0 in the Ul cell in track 10 of
slot 2 of ‘the common register space will be combined
with the active signal on the L2R lead in And gate 3931.
The- actuation of And gate 3931 in turn will apply an
active-signal to an input of Or gate 3927. Or gate 3927,
being actuated, in turn will apply an active signal to an
input -of And gate 3922. If the Ul flip-flop 3923 is
operated to indicate a registration of a 1, the other input
of ‘And: gate 3922 will be active and And gate 3922 will
be‘actuated. The actuation of And gate 3922 will apply
an active signal to an input of Or gate 3926 which is
actuated to in turn apply an active signal to an input of
the 1l-input Or gate 3963. The actuation of Or gate
3903 will in turn apply an active signal to the lower input
of And gate 3901. The upper input of And gate 3981
is ‘connected to the L(2-12)R lead which, as indicated
hereinbefore, is ‘active during the reading of slots 2
through 12 of a common register space. The actuation
of And gate 3901 in this manner will cause an active
signal to be applied to the RFR1 lead. The RFR1 lead
is extended via cable 14 to an input of Or gate 3635 in
Fig. 36. The actuation of Or gate 3635 by the active
signal on the RFR1 lead will in turn cause an active
signal to be applied to the resetting input of FR1 flip-
flop 3634, thus resetting this flip-flop if it is operated.
The resetting of FR1 flip-flop 3634 at this time performs
no useful function. However, the active signal on the
RFR1 lead is also applied to input A of And gate 3502
as'shown in Fig. 39. Input B of And gate 3902 is con-
nected to the TSN1 lead which extends via cable 14 to
the TSN1 flip-flop 3640. TSN1 lead will be aciive if
TSN1 flip-flop 3640 is operated. Input C of And gate
3902 is connectéd to the TSN2’ lead which extends via
cable 14 to the right-hand output of TSN2 flip-flop 3641.
TSN2’ lead will have an active signal applied thereto
if TSN2 flip-flop 3641 is unoperated. Therefore, the
active-signal on inputs A, B, and C of And gate 3982
will cause the actuation of this And gate and the applica-
tion: of an -active signal on the Wi-18J lead which ex-
tends via cable 11 to the writing amplifier circuits asso-
ciated with track 10 of the magnetic drum. The aciive
signal on the WI-10J lead will cause a 1 to be written
in the U1 cell of track 10 of the common register space.
If, however, the Ul flip-flop 3923 is not operated, And
gate 3922 will not be actuated and the 0 recorded in the
Ul cell of track 10 in slot 2 of the common register space
will not be changed. Thus, a 1 will be written in the
Ul cell-of track 10 of the common register space if the
Ul flip-flop 3923 is operated. If this flip-flop is not
operated, the 0 recorded in the U1 cell will be unchanged.
In a similar manner, a 1 will be written in the U2 ceil
of track 10 in slot 3 of the common register space if
the U2 flip-flop, not shown in Fig. 39, is operated.. A 1
will be written in the U4 cell of track 10 in slot 4 of the
common register space if the U4 flip-flop, not shown in
Fig:. 39, is operated.. Similarly a 1 will be written in
the TO, T1, T2, T4 and T7 cells of track 10 of the
commen register space if the corresponding transfer cir-
cuit-flip-flops TO, T1, T2, T4 and T7 not shown in Fig.
39 -are operated. Likewise, a 1 will be written in the
HO:cell of track 10 in slot 11 of the common register
space ‘if the HO flip-flop 3935, shown in Fig. 39, is op-
erated, and, lastly, a 1 will be written in the H1 cell
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of track 10 in slot 12 of the common register space if
the H1 flip-flop 3948, shown in Fig. 39, is operated. In
this way, the number of the sender space stored in the
transfer circuit flip-flops of Fig. 39 is recorded in track
10 of a common register space if the succeeding common
register space to pass under the magnetic heads is idle.

After completion of the writing of the sender number
in track 10 slots 1 through 12 of a common register
space as described above when TSNI flip-flop 3640 op-
erated, TSN2 flip-flop 3641 will be operated during the
reading of slot 1 of the first sender space following this
common register space. The circuit which accomplishes
the operation of TSN2 flip-flop 3641 shown in Fig. 31
is And gate 3627 shown in Fig. 36." The upper input
of And gate 3627 is connected to lead TSNI which is
active because TSN1 flip-flop 3640 is operated as de-
scribed above. The other input of And gate 3627 is.
connected to the L1S lead which will be active during the
reading of slot 1 of a sender space. TSNZ flip-flop 3641,
in operating, removes the active signal condition from
lead TSN2’ which extends via cable 14 to input C of
And gate 3902 and thus prevents the writing of the sender
number stored in the transfer circuit flip-flops of Fig.
39 in any other common register space.

During the time that TSN1 flip-flop 3640 is operated
and TSN2 flip-flop 3641 is normal, an active signal on the
TSN1 lead will be applied to input A of And gate 3642
and an active signal on the TSN2’ lead will be applied to
input C of And gate 3642. Input B of And gate 3642
is connected to the L2R lead as shown in Fig. 36 and,
therefore, during the reading of slot 2 of the common
register space, the active signals on the TSN1 lead, L2R
lead and the TSN2’ lead will be combined in And gate
3642 to provide an active signal on the SNR lead. This
lead extends via cable 16 through the transmitter gates-
to operate a flip-flop circuit in the transmitter asso-
ciated with the seized common register space. As will be
described in detail hereinafter, the operation of this flip-
flop circuit causes the transmitter to test busy so as to
prevent the transmitter from being seized for another
sender. In the event that the call being handled is a
test call, the active signal on the SNR lead will be gated
with the test circuit as will be described and cause the
operation of a flip-flop therein.

Finding a sender space

After the transfer circuit finds an idle common register
space and seizes this common register space by recording
the number of the sender space in track 10 of the preced-
ing common register space as described above, the trans:
fer circuit must again find the original sender space on
the magnetic drum so that the first three digits of the
dialed designation recorded therein may be transferred
from this sender space to the seized common register
space. Also, in other cases, it is necessary to transfer
certain information from a register space back to the
sender space. The transfer circuit hunts for the original
sender space by comparing the sender number stored in
its flip-flop circuits with the number registered in the
sender number register flip-flops as each of the sender-
spaces on the magnetic drum pass under the reading-
writing heads of the drum. The circuits for accomplish-
ing this comparison are shown in Fig. 39. The same leads
via cable 3 from the sender number register flip-flops :
of Figs. 26 and 27 which were used for originally oper-
ating the flip-flops in the transfer circuit of Fig. 39 are
now used for matching the setting of the sender number
register flip-flops of Figs. 26 and 27 with the setting of
the transfer circuit flip-flops of Fig. 39. The outputs from
the sender number register flip-flops are extended via cable
3 to the transfer circuit where they are gated during the
reading of slot 1 of each sender space through And gates -
such as And gates 3913, 3914, 3928, 3929, 3940, 3941,
3553 and 3954 shown in Fig. 39 into the Or gate circuits
associated with the fip-flops in the transfer circuit. As
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indicated previously, if an active signal is applied to the
U00 lead, for example, which is connected to the input of
And gate 3913, an active output signal will be applied
to And gate 3910 and Or gate 3909 during the reading
of slot 1 of the sender space. However, because the trans-
fer circuit is busy, there is no active signal on the TFI
lead. Therefore, the active signal from the output of And
gate 3913 will not actuate And gate 3910 associated with'
the left-hand section of U flip-flop 3908, but will actuate!
only Or gate 3909, The active signal on the outputs of the'
And gates such as And gates 3913, 3914, 3928, etc., in-
stead of actuating the second group of And gates such as
And gates 3910, 3911, 3925, etc., are applied instead to
associated Or gates such as Or gates 3909, 3912, 3924,

3927, 3936, 3939, 3949 or 3952 on each side of respec-'

tive flip-flops. For example, the output of And gate 3913
which is active during the reading of slot 1 if the U00
input lead to And gate 3913 is active, is applied to Or gate
3909. The actuation of Or gate 3909 in this manner in
turn applies an active signal to an input of And gate 3906.
If U0 flip-flop 3908 is normal indicating a registration of
a 0, the left-hand output of U0 flip-flop 3908 will be ac-
tive and will be combined with the active signal from the
output of Or gate 3909 in And gate 3906. The actuation
of And gate 3906 in this manner in turn applies an active
signal to an input of Or gate 3905. The actuation of Or
gate 3905 which is located above the U0 flip-flop 3908 in
Fig. 39 applies an active signal to one input of 14-input
And gate 3944. In a similar manner, there will be an
active signal from the output of each Or gate located
above and associated with each of the flip-flops shown
in Fig. 39 when the setting of the flip-flop agrees with the
setting of the flip-flop in the sender number register. For
example, if flip-flop FF-U1 in the sender number register
is set to record a 0, the U10 input lead to And gate 3928
shown in Fig. 39 will be active. This active signal will be
combined with the active signal on the L1S lead during
the reading of slot 1 of the sender space to provide an ac-
tive input signal to Or gate 3924. The actuation of Or
gate 3924 in turn applies an active signal to an input of
And gate 3921. If the setting of the Ul flip-flop 3923
agrees with the setting of the flip-flop FF-U1 in the sender
number register which, as assumed above, was 0, the Ul
flip-flop 3923 will be normal and its left-hand output will
be active. The active signal on this output will be com-
bined with the active signal from the output of Or gate
3924 in And gate 3921. The actuation of And gate 3921
in this manner will in turn apply an active signal to Or
gate 3920 which in turn is actuated to apply an active
signal to one input of the 14-input And gate 3944 shown
in Fig. 39. Therefore, if the setting of each of the trans-
fer circuit flip-flops of Fig. 39 agrees with the setting of
the sender number register flip-flops of Figs. 26 and 27,
and if lead TFB is active and lead DT’ is active, And
gate 3944 shown in Fig. 39 will be actuated to apply an
active signal to the FSA lead. The TFB lead input to
And gate 3944 is active as hereinbefore indicated, only
while the transfer circuit is busy. The DT’ input lead to
And gate 3944 is active only when the DT flip-flop 3713
shown in Fig. 37 is normal. The active signal on the FSA
lead from the output of And gate 3944 is extended via
cable 14 to the left-hand input of FS flip-flop 3631 actuat-
ing this flip-flop. The operation of FS flip-flop 3631 gives
an indication that the sender number registered in the
sender number register flip-flops shown in Figs. 26 and
27 is the same as the sender number registered in the trans-
fer circuit flip-flops shown in Fig. 39. The operation of
the FS flip-flop indicates that the transfer circuit has again
found the original sender space for which the common
register space was seized. The inclusion of the TFB
lead as one of the inputs to And gate 3944 insures that
FS flip-flop 3631 will be operated only while the trans-
fer circuit has been seized by a sender space, that is, only
while the transfer circuit is busy as evidenced by the active
signal on-the TFB lead. The inclusion of the DT’ lead
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- the desired common register space.

as one of the inputs to And gate 3944 insures that FS flip-
flop 3631 will not be operaied when, during the transfer’
of a digit from a sender space to a common register space,
the original sender space must be passed in order to reach
This occurs, as will
be described in detail hereinafter, when the seized com-
mon register space is the first register space passed after.
reading the sender space.

Transferring first area code digit from sender space to
transfer circuit

Summarizing briefly the operation described to this
point, as the first slot of each sender space is read, the
number for that sender space is stored in the transfer
circuit flip-flops shown in Fig. 39 as described herein-
before. As slots 3, 4 and 5 of a particular sender space
are read, the digits stored there are checked to see if
they comprise an area code in the manner described
previously. If these digits comprise an area code, if
the digits have not already been transferred, if the third
digit has been completely dialed and if there is at least
one idle common register space and associated trans-
mitter, X0X flip-flop 3618, shown in Fig. 36, will be
operated during the reading of slot 5 of the sender space.
The operation of X0X flip-flop 3618 makes the transfer
circuit busy which, as described hereinbefore, holds the
number of the sender space in the transfer circuit flip-
flops. As the magnetic drum rotates, the first idle com-
mon register space detected will be seized as described
hereinbefore, and the number of the sender space for
which this common register space is seized will be re-
corded in track 10 of the immediately preceding com-
mon register space, Because one of the conditions for
the operation of X0X flip-flop 3618 was that at least
one idle common register be available, flip-flops TSN1
and TSN2 will be operated before the sender space for
which the transfer circuit was seized is again read.
When this sender space is again found, as described
above, FS flip-flop 3631 operates indicating a match
between the sender number stored in the transfer circuit
flip-flops and that stored in the $ender number register.

With FS flip-flop 3631 operated and TSN2 flip-flop
3641 operated (meaning that the area code is in the
process of being transferred and that a common register
space has been seized), DT flip-flop 3713, shown in Fig.
37, is operated. The circuits which control the opera-
tion of DR flip-flop 3713 are And gate 3701 and Or
gate 3708. As shown in Fig. 37, input A of And gate
3701 is connected to the FS lead which is active when
FS flip-flop 3731 is operated. Input B of And gate
3701 is connected to the TSN2 lead which, as indicated
hereinbefore, is active when the TSN2 flip-flop 3641 is
operated. The active signals on these two leads are
combined in And gate 3701 to provide an active signal
on input A of Or gate 3708. The actuation of Or gate
3708 in turn applies an active signal to the left-hand
input of DT flip-flop 3713, thus actuating this flip-flop.
The actuation of DT flip-flop 3713 occurs during the
reading of slot 1 of the sender space. DT {lip-flop 3713
in operating applies an active signal to the DT lead
which extends to input B of Or gate 3615 and which,
as stated hereinbefore, holds the active signal on the
TFB lead to maintain a busy condition in the transfer
circuit. This busy condition is not necessary at this
time, however, as the transfer circuit is being held busy
by the operated X0X flip-flop 3618. The actuation of 0T
flip-flop 3713 also causes an active signal pulse to be ap-
plied through condenser 3714 to lead DT0 which extends
to Fig. 66 in the test circuit. The purpose of this lead
will be described later. During the reading of slot 2
of the sender space, a 1 is written in the X0X transferred
cell in track 11 of slot 2 of the sender space as shown
in Fig. 18. This is accomplished through And gate 3709
shown in Fig. 37. The output of And gate 3701 which
is applied to input A of Or gate 3708 is also applied to
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mput A of And gate 3709.  Input B of And gate 3709
is connected to.the 1.2S lead which is active during the
reading of slot 2 of the sender space. The active signals
on the two inputs A and B of And gate 3709 will actuate
this And gate and cause an active signal to be applied to
the W1-11D lead which extends to the writing amplifier
circuits associated with track 11 of the magnetic drum.
The active signal on the Wi-11D lead will cause a 1
to be.written in the X0X~TF cell of track 11 in slot 2 of
the sender space as shown in Fig. 18. The 1 recorded
in this cell will be an indication on subsequent passes
of this sender space under the magnetic heads that the
area code digits recorded in the X1, 0 and X2 registers
of the sender space are in the process of being transferred
or have been transferred to the seized common register
space.

During the reading of slot 3 of the sender space, the digit
recorded in the X1 register in slot 3 of the sender space
will be read and an active signal will be applied to the
RFS lead from the output of And gate 3710 shown in
the center of Fig. 37 as follows. Imput A of And gate
3710 is connected to the output of Or gate 3704. Input
A of Or gate 3704 is in turn connected to the L3S lead
which will be active during the reading of slot 3 of the
sender space. Input B to Or gate 3704 is connected to
the L4S lead. Therefore, the output of Or gate 3704
will be active during the reading of slots 3 or 4 of the
sender space. Input B of And gate 3710 is shown con-
nected to the output of Or gate 3785. Input A of Or
gate 3705 is connected to the R1-13 lead, input B is
connected to the R1-14 lead, input C is connected to
the R1-15 lead and input D is connected to the R1-16
lead. Therefore, during the reading of slot 3 of the
sender space, if a 1 is read in any of tracks 13, 14, 15 or
16, And gate 3710 will be actuated to apply an active
signal on the RFS lead. A 1 will be read in at least
one of these tracks if a digit is recorded in the X1 reg-
ister of the sender space. The RFS lead extends to
an input of Or gate 3633 which is actuated to in turn
apply an active signal to the resetting lead of FS flip-
flop 3631. As FS flip-flop 3631 is reset, an active signal
pulse is applied through condenser 3632 to the FSR
lead.” The FSR lead extends to input A of And gate
3706 shown in Fig. 37. Input B of And gate 3706 is
shown connected to the TSN2 lead which is active, as
indicated hereinbefore, when TSN2 flip-flop 3641 is in
its operated condition. The active signals on the FSR
lead and the TSN2 lead are combined in And gate 3706
to provide an active signal on input A of Or gate 3707.

The actnation of Or gate 3707 in turn applies an active :

signal on the W8(13-16)B lead. The WO(13-16)B lead
as shown in Fig. 37, is applied to one input of And gates
3727, 3728, 3729 and 3738, thus conditioning each of
these And gates. The other input of And gate 3727 is
connected to the R1-13 lead. The other input of And
gate 3728 is connected to the R1-14 lead, the other in-
put of And gate 3729 is connected to the R1-15 lead
and the other input of And gate 3730 is connected to
the R1-16 lead. Therefore, during the reading of the
X1 register in slot 3 of the sender space, if a 1 is read in
any of tracks 13 through 16, the respective And gates
3728 through 3730 will be actuated. The actuation of
these And gates will in turn cause the operation of their
associated flip-flops shown in Fig. 37. For example,
if a 1 is read in track 13 of slot 3 of the sender space,
D1 flip-flop 3722 will be operated. Similarly, if a 1
is read in track 14 of slot 3 of the sender space, D2 flip-
flop 3723 will be operated. If a 1 is read in track 15,
D4 flip-flop 3724 will be operated and lastly, if a 1 is
read in track 16, D8 flip-flop 3723 will be operated. Thus,
the digits stored in tracks 13 through 16 of slot 3 of the
sender space (which, as shown in Fig. 18, is the X1 reg-
ister) are registered in the D flip-fiops in the transfer
circuit shown in Fig. 37." At the same time that the digit
reglstered in the X1 register of a sender-space is recorded
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in the D flip-flops of Fig.-37, the X1 register itself is
erased by the active signal on the W0(13-16)B lead which
extends to the W-13B, W0-14C, W0-15D and W0-16A
leads, respectively, associated with the writing amplifier
circuits of tracks 13 through 16 of the magnetic drum.
Therefore, during this pass of the sender space under
the heads of the magnetic drum, the digit recorded in
the X1 register of the sender space is. transferred to the
D flip-flops of the transfer circuit and zeros are recorded
in the X1 register, thus erasing the registration therein.

Finding a particular comumon register space

When the first digit of the area code is recorded in
the D flip-flops of the transfer circuit shown in Fig. 37
as described above, the transfer circuit must now find
the particular common register space which was seized
for this sender space so that the digit recorded in the
D flipflops of the transfer circuit may be written in
appropriate cells in the seized common register space.
As shown in Fig. 19, registers are provided in tracks 13
through 16 of a common register space for each of the
cleven digits of a customer dialed toll call. The first
digit of the area code will be registered in the X1 register
in slot 2, the second digit of the area code will be reg-
istered in the O register in slot 3, the third digit of the area
code will be registered in the X2 register in slot 4, the
A, B and C registers in slot 5, 6 and 7, respectively, are
provided for registering the three digits of the office code
and, similarly, the TH, H, T, U and STA registers of
slots 8 through 12, respectively, are provided for register-
ing the thousands, hundreds, tens, units and stations
digits of the called designation. Digits of a called
designation are registered in the eleven registers of a
common register space in the same binary code used for
registering digits in a sender space.

The transfer circuit hunts for the seized common reg-
ister space by comparing the sender number stored in
the transfer circuit flip-flops of Fig. 39 with the sender
number written in track 10 of each of the common reg-
ister spaces on the magnetic drum. When a match of
these two numbers is made, the transfer circuit knows
that the proper common register space has been found.
As indicated previously, the sender number associated
with a particular common register space is written in
the first common register space preceding the one seized
for this sender space and, referring to Fig. 19, it will
be noted that a match cannot be obtained between a
sender number recorded in a common register space and
that recorded in the transfer circuit flip-flops until the
last slot, that is, slot 12 of the common register space, has
been read. Therefore, when a match is obtained be-
tween these two numbers, the transfer circuit knows
that the next common register space to come under the
magnetic heads of the magnetic drum will be the com-
mon register space which was seized for the particular
sender space.

The circuits for actually matching the sender num-
bers stored in the transfer circuit flip-flops shown in
Fig. 39 and the sender numbers read from track 10 of the
commeon register spaces on the magaetic drum are shown
in Fig. 39. And gates 3917 and 3918 shown in the left-
hand corner of Fig. 39 are connected, respectively, to
the R1-18 lead and the RO-10 lead. The other input
to each of these And gates is the TFB lead which will
have an active signal applied thereto during the time the
transfer circuit is busy. Therefore, as track 10 of a
common register space is read, an active signal will ap-
pear either at the output of And gate 3917 or at the
cutput of And gate 3918, depending upon whether a 1
or a 0 is read in the cells of track 10. As slot 1 of a
commion register space is read, lead LI1R will be active,
as indicated previously, and as shown in Fig. 39, lead
LIR extends to an input of And gate 3915 and And gate
39i6. The output of And gate 3917 is applied to the
other input of And gate 3916 and the output of And
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gate 3918 is applied to the other input of And gate 3915.
Therefore, during the reading of slot 1, of a common
register space, an-active signal appearing at the output
of And gate 3917, if a 1 is read in the U0 cell of track
10 of the common register space, will be gated through
And gate 3916 and applied to an input of Or gate 3912.
Similarly, during the reading of slot 1 of a common
register space, an active signal on the output of And
gate 3918, if a 0 is read in the U0 cell of track 10 of
slot 1 in the common register space, will be gated through
And gate 3915 and applied to an input of Or gate 3909.
The actuation of Or gate 3909 or Or gate 3912 by the
active signals applied to their inputs in turn will apply
active signals to And gate 3906 or 3907, respectively.
If UO flip-flop 3908 is operated and 2 1 is read in the U0
cell of track 10 in slot 1 of the common register space,
And gate 3907 will be actuated to apply an active signal
to the input of Or gate 3905. However, if a 1 is read
in the UO cell of track 10 in slot 1 of a common register
space and if the U0 flip-flop 3908 is normal indicating
the registration of a 0, And gate 3907 will not be actuated
nor will Or gate 3905. Therefore, the output from Or
gate 3905 will be active if the setting of the U0 flip-flop
3908 agrees with the reading of the UO cell in a com-
mon register space. The output of Or gate 3905 will
be passive, that is, no active signal applied thereto, if
the setting of the U0 flip-flop 3908 does not agree with
what is read from the UO cell in track 10 of the mag-
netic drum. © If the setting of U0 flip-flop 3908 agrees
with what was read in the UO cell from the common
register space, the active signal from the output of Or
gate 3905 will be combined with an active signal on the
LIR lead in And gate 3904, thus actuating this And
gate. The actuation of And gate 3904 will apply an
active signal to the OFR1 lead which extends via cable
14 to the left-hand input of FR1 flipflop 3634 shown
in Fig. 36. FR1 flip-flop 3634 and FR2 flip-flop 3637
shown in Fig. 36 are used, as described hereinafter, to
determine when the sender number recorded in a com-
mon register space matches the sender number recorded
in the transfer circuit flip-fiops. FR1 flip-flop 3634
operates during the reading of slot 1 of a common reg-
ister space if the digit written in the UO cell of track 10
in slot 1 agrees with the setting of the U0 flip-flop 3908
in the transfer circuit. If any of the succeeding digits
read from track 10 of this common register space do
not agree with the setting of the corresponding flip-flops
in the transfer circuit, FR1 flip-flop 3634 will be reset
as described below. It will be noted that the leads
which connect from the output of And gate 3917 and
And gate 3918 to the inputs of And gates 3930, 3931,
3942, 3943, 3955 and 3954 are reversed for the remain-
ing digits registered in the transfer circuit flip-flops. For
instance, on slot 2, if a 1 is read in the U 1 cell in track
10 of the common register space, the active signal from
the output of And gate 3917 will be combined with
the active signal on the L2R lead in And gate 3930
which in turn will cause the actuation of Or gate 3924.
The actuation of Or gate 3924 will in turn apply an
active signal to an input of And gate 3921. The other
input of And gate 3921 will be active when the Ul
flipflop 3923 is normal indicating a registration of a
0. Therefore, And gate 3921 will be active only when
a 1 is read in the Ul cell in track 10 of the common
register space and a 0 is recorded by the setting of the
Ul flipflop 3923. Similarly, And gate 3922 will be
actuated when a 0 is read in the Ul cell of track 10 in
the common register space and the Ul flip-flop 3923
is operated to represent a registration of a 1. The ac-
tuation of And gate 3921 or And gate 3922 will in turn
cause the actuation of Or gate 3920 located above and
associated with U1 flip-flop 3923. Therefore, the output
of Or gate 3920 will be active only if the digit registered
in the U1 cell in track 10 of the common register space
does not agree with the setting of the U1 flip-flop 3923 in
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the transfer circuit flip-flops. If the output of Or gate
3920 is active, an active signal will be applied to one
input of the 1l-input Or gate 3903 which is actuated.
The actuation of Or gate 3903 in turn causes an active
signal to be applied to the lower input of And gate
3901. This active signal is combined in And gate 3901
with an active signal on the L(2-12)R lead to cause an
active signal to be applied to the RFR1 lead extending
via cable 14 to the upper input of Or gate 3635 shown
in Fig. 36. The actuation of Or gate 3635 in turn applies
an active signal to the resetting input of FR1 flip-flop
3634. The comparison of the digit read from track ‘
16 of a common register space with the setting of the
transfer circuit flip-flops of Fig. 39 is accomplished in
the same manner for the remaining digits. If any digit
written on the drum from Ul to H1 disagrees with
the setting of the corresponding flip-flop in the transfer
circuit of Fig. 39, an active signal will be applied from
the output of Or gate 3903 to an input of And gate
3901 which in turn causes an active signal to be applied
to the RFR1 lead. Any active signal on the RFR1
lead will reset the FR1 flip-flop 3634 shown in Fig. 36.
FR1 flip-flop 3634 operates only on the first slot of
a common register space if the first digits agree and if
FR1 flip-flop 3634 remains operated throughout the partic-
ular register space, the number read from track 10 of the
common register space on the drum is the same as the
number stored in the flip-flop circuits of Fig. 39. If
FR1 ilipflop 3634 remains operated after the reading
of slot 12 of the common register space, an indication
is given that the sender number written in track 10 of this
common register space is the same as the one stored in
the transfer circuit flip-flops of Fig. 39. With FR1 flip-
flop 3634 operated, FR2 flip-flop 3637 will be operated
during the reading of slot 1 of the first succeeding sender
space. As shown in Fig. 36, the left-hand output of
FR1 flip-flop 3634 which is active when FR1 flip-flop
3634 is operated is applied to input A of And gate 3630.
Input B of And gate 3630 is connected to the L1S lead
which is active during the reading of slot 1 of a sender
space. The active signals on inputs A and B of And
gate 3630 will cause the actuation of this And gate which
in turn will apply an active signal to the left-hand input
of FR2 flip-flop 3637, thus operating this flip-flop. FR2
flip-flop 3637 in operating will cause an active signal to
be applied to the FR2 lead. The next common register
space to pass under the magnetic heads will be the com-
con register space seized for the original sender space.
During the time that the slots of the seized common
register space are being read, FR2 flip-flop 3637 will
remain operated.

Writing first area code digit in seized common register
space

When the common register space associated with the
sender has been found again in the manner described
above, the first digit of the area code which is recorded
in the setting of the D flip-flops shown in Fig. 37 must
be written in the X1 register in slot 2 of the seized
common register space. The writing of the first digit of
the area code in the X1 register is accomplished as
follows. During the time that the slots of the seized
common register space are under the heads of the mag-
netic drum, FR1 flip-flop 3634 and FR2 flip-flop 3637
are operated in the manner described above. The cir-
cuits which control the writing of the digit stored in
the D flip-flops of the transfer register are shown in Fig.
37 and include And gate 3703, Or gate 3715, And gates
3718, 3719, 3720 and 3721, and And gate 3716. Asshown
in Fig. 37, input A of And gate 3703 is connected to the
L 2-12)R lead which, as indicated previously, is active
during the time that slots 2 through 12 of the common
register space are being read. Input B of And gate 3703
is connected to the FR2 lead which is active when FR2
flip-flop 3637 is operated. Input C of And gate 3703



2,876,288

103
is connected to the R0-13 lead and input D of And
gate 3703 is connected to the R0-14 lead. Similarly,
input E of this And gate is connected to the R0-~15 lead
and input F of And gate 3763 is connected to the R8-16
lead. Because there has been no registration of
a digit in any of the cieven registers in the seized
common register space, the cells of tracks 13 through
16 ‘in slots 2 thrcugh 12 of the common register space
will have zeros recorded therein. Therefore, when
slot 2 of the seized common register space is read,
zeros will be read in each of tracks 13 through
16, thus causing active signals to be applied over leads
R0-13, R0-14, R0-15 and R0-16 to inputs C, D, E and
F, respectively, of And gate 3703. During the read-
ing of slot 2 of the common register space, input A of
And gate 3703 connected to the L(2-12)R lead and

input B of this And gate, connected to the FR2 lead,

will be active, The active signals on these six input
leads, A through F, respectively, will be combined in

And gate 3703 to provide an active signal on the left- ©

hand input of Or gate 3715, thus actuating this Or gate.
The actuation of Or gate 3715 in turn applies an ac-
tive signal to the resetting input lead of DT flip-flop
3713.  When DT flip-flop 3713 is reset, an active sig-
nal pulse will be applied over the DT lead, through
condenser 3715 and over the DTR lead to the left-
hand input of And gate 3736. As shown in Fig. 37,
the right hand input of And gate 3716 is connected to
the L(2-12)R lead which is active during the reading
of slots 2 through 12 of the common register space.
Therefore, And gate 3716 will be actuated to in turn
apply an active signal to the right-hand input of And
gates 3718, 3719, 3720 and 3721, respectively. As de-
scribed hereinbefore, the binary code for the first digit
of the area code has been set into the D flip-flops shown
in Fig. 37. The respective flip-flops are operated to in-
dicate a binary 1 and are normal to indicate a binary
0.  Assume for example, that the first area code digit
was the decimal 7 which, as indicated previously, is
represented by the binary code 1110. With this code
set in the D flip-flops of Fig. 37, D1 flip-flop 3722, D2
flip-flop 3723 and D4 flip-flop 3724 will be operated and
D8 flip-flop 3725 will be normal or unoperated. FEach
of the And gates 3718 through 3721 is associated with
and connected to the right-hand cutput of one of the four
flip-flop circuits as shown in Fig. 37. The output lead
“from each of the operated D flip-flop circuits will be active.
Therefore, the left-hand input of And gates 3718, 3719
and 3720, respectively, in the assumed example, will be
active' and the left-hand input of And gate 3721 will
be passive. When the active signal from the output
of And gate 3716 is applied to the three And gates 3718,
3719 and 3720, their corresponding output leads will in
turn be made active. The active signal from the output
of And gate 3718 is applied over lead Wi-13A to the
writing amplifier circuits asscciated with track 13 of
the magnstic drum. Similarly, an active signal from
the cutput of And gate 3719 is applied over lead Wi-
14A to the writing amplifier circuits associated with
track 14 on the magnetic drum. An active signal from
the output of And gate 3729 is applied over lead Wi-15C
to the ‘writing amplifier circuits associated with track
15 on the magnetic drum. Because, in the assumed ex-
ample, the output lead from And gate 3721 is passive,
there will be no active signal applied over lead W1—
16C to the writing amplifier associated with track 16
on the magnetic drum. Therefore, when any of the And
gates 3718 through 3721 are actuated to cause an active
signal to be applied to their respective output leads, a 1
will be written in tracks 13 through 16, respectively, in
slot 2 of the seized common register space on the mag-
netic drum. In the example assumed above where the
first area code digit was the decimal 7, the actuation
of And gates 3718, 3719 and 3720 will cause a 1 to be
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written in tracks 13, 14 and 15 of the X1 register in slot 2.
in the seized common register space. The zero already
recorded in track 16 in slot 2 of this register space will
not be changed. As indicated hereinbefore, this binary
code 1110 represents the decimal 7. .

Alter the binary ccde for the first digit of the area
code has been recorded in the X1 register in slot 2
of the seized common register space, the magnetic drum
continues to rotate and when slot 12 of this common
register space is read, the active signal on the L12R
fead will be combined in And gate 3636 with the active
signal on the FR2 lead from the left-hand output of
operated FR2 flip-flop 3637 to provide an active signal
on the jower input of Or gate 3635. The actuation of
Or gate 3635 in turn applies an active signal to the re-
setting input of FR1 flip-flop 3634. When FR1 flip-
fiop 3634 is reset, an active signal will be applied to the
FRY’ lead from its right-hand output. During the read-
ing of slot 1 of the next succeeding sender space, the
active signal on the FR1’ lead will be combined with
the active signal on the L1S lead in And gate 3639, thus
actuating this And gate. The actuation of And gate 3639
in turn applies an active signal to the resetting input
of FR2 flip-flop 3637, thus resetting this flip-flip to nor-

O mal.

During the reading of slot 1 of the first succeeding
sender space to pass under the heads of the magnetic
drum after the seized commeon register space passes, the
active signal on the DT lead from the right-hand out-
put of DT flip-flop 3713 is combined with the active
signal on the L1S lead in And gate 3726, thus causing
this And gate tc be actuated. The actuation of And gate
3726 in turn applies an active signal to the resetting in-
put lead of each of the D flip-flops shown in Fig. 37 of
the drawings. In this manner, each of these flip-flops is
set to nermal when siot 1 of the first succeeding sender
space passes under the heads of the magnetic drum.

Transferring second and third area code digits from
sender space to a common register space

After the first digit of the area code has been recorded
iz the X1 register of the common register space as de-
scribed above, the transfer circuit must again find the
criginal sender space. This is done in the manner de-
scribed previously by comparing the seader number re-
corded in the sender number flip-flops of Figs. 26 and
27 with the sender number recorded in the transfer cir-
cuit flip-fiops of Fig. 39. When a match is found, FS
Rip-flop 363%, shown in Fig. 36, operates in turn operat-
ing DT flip-flop 3713 in the manner described above.
During the reading of slot 3 of the sender space, Or
gate 3703, shown in Fig. 37, will not be actuated because,
as stated previously, zeros have been recorded in each
of the tracks 13 through 16 in the X1 register in slot 3
of the sender space. FHowever, during the reading of
slot 4 of the sender space, at least one of the input leads
A, B, C or ID connected, respectively, to the Ri-13,
Ri-14, R1-15 and RI-16 leads, will be active because
at least one 1 will be recorded in the cells of tracks 13
through 16 in slot 4 of the sender space. The actuation
or Or gate 3705 during the reading of slot 4 of the
sender space will cause an active signal to be applied
to input B of And gate 3718. Input A of And gate 3710
will be active during the reading of slot 4 because it is
connetced to the cutput of Or gate 3764 which has input
A thereof connected to the 14S lead. The actuation of
And gate 3719 during the reading of slot 4 of the sender
space will cause an active signal to be applied over the
R¥S Iead to the upper imput of Cr gate 3633, the actu-
ation of which, as described above, will cause FS flip-
flop 3631 to be reset. The resetting of FS flip-flop 3631
in the manner described above during the reading of
slot 4 of the sender space will cause an active signal
pulse to be applied through condenser 3632 over lead
FSR to input A of And gate 3736. Input B of And gate
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3706 is connected to the TSN2 lead which is active.
The actuation of And gate 3706 in turn causes the
actuation of Or gate 3767 which in turn causes an active
signal to be applied to the W0(13-16)B lead. The.
active signal on the W0(13-16)B lead in the manner de-
scribed previously will cause the binary code for the

second digit of the area code read from the 0 register in’

slot 4 of the sender space to be set in the D flip-flops
shown in Fig. 37. At the same time, zeros are recorded
in the O register cell in slot 4 of the sender space, thus
erasing the registration therein.

The seized common register space is again found, as
described above, by matching the sender number re-
corded in the transfer circuit flip-flops of Fig. 39 with
the sender number recorded in track 10 of the common
register spaces. When a match is found, FR1 flip-flop
3634 operates and remains operated. When slot 1 of
the first succeeding sender space thereafter is read, FR2
flip-flop 3637 operates as described above. When the
slots of the seized common register space pass under
the reading-writing heads of the magnetic drum, DT
flip-flop 3713 will not be reset on slot 2 as described
ahbove because in tracks 13 through 16 of slot 2, which
comprise the X1 register in the common register space,
at least one 1 will be recorded. It is not until slot 3 of
the common register space is read that a 0 will be found
in each of these tracks. When. slot 3 of the common
register space is read, And gate 3703 will be actuated in
the manner described hereinbefore to apply an active
signal through Or gate 3715 to the reset input of DT
flip-flop 37i3. DT flipflop 3713, in resetting, causes
an active signal pulse to be applied over the DT’ lead
through condenser 3717 over lead DTR to an input of
And gate 3716. The actuation of And gate 3716 ap-
plies an enabling active signal to And gates 3718, 3719,
3720 and 3721 which, as described hereinbefore, will
cause a 1 to be written in the required tracks 13 through
16, respectively, of the 0 register in slot 3 of the common
register space. As the drum continues to rotate, FR1
flip-flop 3634 will be reset when slot 12 of the common
register space is read. When slot 1 of the first succeed-
ing sender space is read thereafter, FR2 flip-flop 3637
will be reset. Also, during the reading of slot 1 of the
first succeeding sender space, the D flip-flop of Fig. 37
will reset as described above.

Thus far the first two digits of the dialed area code
have been transferred from the X! and 0. registers in
slots 3 and 4, respectively, of the sender space to the X1
and O registers of slots 2 and 3 of the seized common
register space. The original sender space is again found
in the manner described above and the FS flip-flop 3631
and DT flip-flop 3713 operate. 'FS flip-flop 3631 will
not reset on slots 3 or 4 of the sender space because, as
indicated hereinbefore, zeros have been recorded in both
the X1 and O registers of the sender space. However,
during the reading of slot 5 of the sender space, FS flip-
flop 3631 will be reset. When slot 5 of the sender space
is read an active signal on the LSS lead is applied to the
lower input of Or gate 3633, thus actuating this Or
gate. The actuation of Or gate 3633 in this manner
will cause FS flip-flop 3631 to be reset. FS flip-flop
3631, in resetting, applies an active signal pulse through
condenser 3632 over the FSR lead to input A of And
gate 3706. The actuation of And gate 3706 as described
hereinbefore, in turn applies an active signal to input A
of Or gate 3707. The actuation of Or gate 3707 in turn
causes an active signal to be applied to the W0(13-16)B
lead which, in the manner described above, causes the
binary code read from the X2 register in slot 5 of the
sender space to be set in the D flip-flops shown in Fig.
37 of the transfer circuit, The active signal from the
output of And gate 3706 is also combined with an active
signal on the L5S lead in And gate 3711 as shown in
Fig. 37, The actuation of And gate 3711 will cause
an active signal to be applied to the RX0X lead which

10

15

20

25

30

35

40

45

50

b5

60

65

2,876,288

106

connects to lead W1-11E extending to the writing am-
plifier circuits associated with track 11 of the magnetic
drum. This active signal on the W1-11E lead causes a
1 to be written in the X0X~TF cell in track 11 of slot 5
of the sender space. The 1 written in this cell gives an
indication that the first three digits comprising the area
code of the called designation have been transferred to a
common register space. The active signal on the RX0X
lead from the output of And gate 3711 is also applied
to the upper input of Or gate 3712. The actuation of
Or gate 3712 causes an active signal to be applied to the
W0-12G lead which extends to the writing amplifier
circuits associated with track 12 of the magnetic drum.
The active signal on the W0-12G lead causes a 0 to be
written in the digit dialed cell in track 12 of slot 5 of
the sender space. The active signal from the output of
And gate 3711 is also extended via lead RX0X to the
upper input of Or gate 3621 shown in Fig. 36. The
actuation of Or gate 3621 applies an active signal to the
resetting input of X0X flip-flop 3618, thus resetting this
flip-flop. -With X0X flip-flop 3618 reset to normal, the
transfer circuit is held busy over the DT lead which
extends- from the left-hand output of DT flip-flop 3713
to input B of Or gate 3615 shown in Fig. 36.

With X0X flip-flop 3618 released, an active signal is .
applied over the X0X’ lead to input B of And gate 3628
and to the upper input of And gate 3626. An active
signal pulse will also be applied from the X0X' lead
through condenser 3622 to the XOXR lead which ex-
tends to Fig. 66 in the test circuit. The purpose of this
lead will be described later. During the reading of slot
1 of the next succeeding sender space, an active signal
on the L1S lead is applied to input A of And gate 3628,
thus actuating this And gate. The actuation of And gate
3628 in turn applies an active signal to input A of Or
gate 3629, thus actuating this Or gate. The actuation
of Or gate 3629 in turn applies an active signal to the:
resetting: input of TSN1 flip-flop 3640 and TSN2 flip-
flop 3641, thus resetting both of these flip-flops. When
slot 1 of the next register space is read, TST flip-flop
3619 will be reset (if it was operated) by the active
signals on the X0X’ and LIR leads connected to the in-
puts of And gate 3620.

The seized common register space is again found in
the manner described hereinbefore, FR1 flip-flop 3631
being operated when a match is obtained between the
sender number stored in the flip-flop circuits of Fig. 39
and the sender number read from track 10 of a common
register space. FR2 flip-flop 3627 operates as described
above when the first slot of the succeeding sender space
passes under the reading heads on the magnetic drum.
When the slots of the seized common register space pass
under the reading-writing heads of the magnetic drum,
DT flip-flop 3713 will not be reset until slot 4 of the
common register space is read because, as described
previously, at least one 1 will be written in tracks 13
through 16 of slot 2 and one 1 will be written in tracks
13 through 16 of slot 3.of the common register space:
with DT flip-flop 3713 reset on the reading of slot 4
of the common register space, the binary code for the
third digit of the area code which was set in the D flip-
flops of Fig. 37, will be written in the X2 register in
slot 4 of the common register space. The FR1 flip-flop
3634 will be restored to normal when slot 12 of the
common register space is read. FR2 flip-flop 3637 will
be restored to normal when slot 1 of the first succeeding

* sender space is read. The D flip-flops of Fig. 37 will

70
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be restored to normal in the manner described herein-
before when the first slot of the succeeding sender space
is read. Because DT flip-flop 3713 is restored to normal,
the DT lead which extends to input B of Or gate 3615
will be passive and the active signal applied from the
output of Or gate 3715 to the TFB lead will be re-
moved. Thus, the TFB lead will become passive indi-
cating that the transfer circuit is idle. With the TFB
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lead passive, the TFI lead connected to the output of
inverter 3616 will be active which, as stated hereinbe-
fore, gives a further indication that the transfer circuit
is idle. The transfer circuit has been used to transfer
the first three digits of the area code which were origi-
nally registered in the X1, 0 and X2 registers of a
sender space to corresponding registers in a seized com-
mon register space. The transfer circuit is now idle and
may be used for other customer dialed tcil calls or used
again to transfer further digits of this dialed designation
as described below.

Transferring Office code digits and thousands, hundreds
and tens digits of called designation to seized com-
mon register space

As described hereinbefore, the first three digits of the
called designation which ccmprise an area ccde have
been transferred by the transfer circuit shown in Figs.
36 through 39 to a common register space which was
seized for the sender space associated with the sender.
After completing the transfer of these three digits, the
transfer circuit was released and made available for
transferring information from any other sender space to
a different common register space. As the fourth digit
which is the first digit of the office code is dialed by the
calling subscriber, the pulses of this digit are detected
in the dial pulse detection cells of tracks 10, 11 and 12
in slot 1 of the sender space in the manmner described
previously. At the end of each dial pulise of this digit as
detected by the dialed pulse detection circuits, a 1 will
be' added to the binary count in the X2 register in tracks
13 through 16 of slot 5 of the sender space. As de-
scribed hereinbefore, when the first three digits of the
area code ‘were transferred to the seized common regis-
ter- space by the transfer circuit, the binary code re-
corded in the X1, 0 and X2 registers in slots 3, 4 and 53,
respectively, of the sender space were erased. At the
same time, the 1 recorded in the digit dialed cell of slot 5
was erased and a 0 recorded therein. As previously de-
scribed, the dial pulses for a digit are countsd in the first
of the three registers in the sender space which has a 0
recorded in the associated digit dialed cell.  The 1 re-
corded in track 12 of slot 3 and the 1 recorded in track
12 of slot 4 were not changed. Howsver, as mentioned
above, the 1 recorded in track 12 of slot 5 was changed
to 0 and, therefore, the succeeding digits detected in the
pulse detection cells will be counted in the X2 register
of slot 5 of the sender space.

After an interdigital timeout, that is, after the com-
pletion of the dialing of the pulses of the fourth digit,
a 1.will be again recorded in the digit dialed cell in track
12 of slot 5 in the manner described hereinbefore. When
slot. 5 of this sender space is again read, And gate 3762
will be actuated to in turn actuate Or gate 3708 and the
actuation of Or gate 3768 will in turn cause the operation
of DT flip-flop- 3717 as follows. Input A of And. gate
3702 is connected to the L5S lead which is active during
the reading of slot 5 of a sender space. Input B of And
gate 3702 is connected to the TFI lead which, as men-
tioned hereinbefore, is active when the transfer circuit
is idle. Input C of And gate 3762 is connected to the
R1-11 lead which is active when a 1 is read ia track 11
- of slot 5 of the sender space. As shown in Fig. 18, the
cell in track 11 of slot 5 of the sender space is designated
X0X-TF. 1If the first three digits comprising the areca
code dialed by the calling subscriber have been transferred
to a-seized. common register space, a 1 will have been
reécorded in the XO0X-TF cell in track 11 of slot 3, as
described above. Therefcre, under this condition, the
R1-11 lead will be active. Imput D of And gate 3792
is :connected to the Ri-12 lead and will be active if a
1is recorded in the digit dialed cell in track 12 of slot §
of the sender space. As mentionsd above, after the inter-
digital timeout is detected, indicating the completion of
the dialing of pulses of the fourth digit, a 1 will be re-
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corded in the digit dialed cell in track 12 of slot 5 of
the sender space and hence the R1-12 lead will be active.
Input E of And gate 3702 is connected to the R0-16 lead
and will be active when a 0 is recorded in track 10 of
slot 5 of the sender space. As shown in Fig. 18, the cell
in track 10 of slot 5 is designated OF and a 0 recorded
in this cell indicates that there is no overflow condition.
The active signal conditions on the five input leads of And
gate 3702 are the conditions for transferring digits other
than the first three digits to the seized common register
space. When And gate 3702 is actuated by active signals
on its five input leads, it in turn applies an active signal
to input B of Or gate 3708. The actuation of Or gate
3708 in turn applies an active signal to DT fiip-flop 3713,
actuating this flipflop. The output of And gate 3702
which is applied to the input of Or gate 3708 is also ap-
plied to input B of Or gate 3767 and to the lower input
of Or gate 3712 as shown in Fig. 37. The actuation of
Or gate 3712 by the active signal on its lower input lead
will cause an active signal to be applied to the W6-12G
lead which extends to the writing amplifier circuits asso-
ciated with track 12 of the magnetic drum. The active
signal on the W0-12G lead will cause a 0 to be written
in the digit dialed cell in track 12 of slot 5 of the sender
space. The actuation of Or gate 3767 by the active signal
on its input B will cause an active signal to be applied to
the W0(13-16)B lead which is connected to the left-
hand input of each of And gates 3727 through 3730,
respectively. The right-hand input of each of these And
gates is connected to the R1-13 through Ri-16 leads,
respectively. It will, therefore, be observed fhat the bi-
nary code recorded in tracks 13 through 16 of slot 5 of
the sender space will cause active signals to be applied
to the Ri-13 through R1-16 leads, respectively, if a
1 is recorded in any of these tracks. The active signal
on the W0(13-16)B lead will enable And gates 3727
through 3730, respectively, which have active signals
applied to their other input leads, to in turn cause the
operation of the D flip-flops of the transfer circuit to set
these flip-flops to agree with the binary code of the digit
recorded in tracks 13 through 16 of slot 5 of the seader
space. .

The operation of DT flip-flop 3713 as described. above
will apply an active signal over the DT lead to input B
of Or gate 3615. The actuation of Or gate 3615, shown
in Fig. 36, will cause an active signal to be applied to the
TFB lead which, as described hereinbefore, causes the
transfer circuit to become busy. The active signal on the
TFB lead and conversely the removal of the active signal
from the TFI lead will cause the sender number recorded
in the transfer circuit flip-flops of Fig. 39 tc remain un-
changed, thus storing the sender number in these trans-
fer circuit flip-flops.

When the D flip-flops of Fig. 37 have been set to
agree with the registration of the binary code for the
fourth dialed digit, the transfer circuit then hunts for the
original common register space which was previousty as-
sociated with this particular sender space in the manner
described hereinbefore. The sender number recorded in
the transfer circuit flip-flops of Fig. 39 is compared with
the sender number recorded in the common register
spaces, as described hereinbefore, and when a match of
these two numbers is made, FRI flip-flop 3634 operates
as described hereinbefore. On slot 1 of the first succeed-
ing sender space thereafter, FR2 flip-flop 3637 operates
so that when slot 1 of the seized common register space
is read, FRI flip-flop 3634 and FR2 flip-flop 3637 will be
in an operated condition. As described previously, the
DT flip-flop 3713 will be reset on the first slot of the com-
mon register space which is empty, that is, which has
zeros recorded in each of the tracks 13 through 16. Since
this is the fourth dialed digit, the first slot of the common
register space which will be empty will be the A register
in slot 5 as shown in Fig. 19. Therefore, when slot 5 of
the common register space is read, the zeros recorded in
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the tracks 13 through 16 of slot 5 will cause active signals
to be applied to the R0-13, R0-14, R0-15 and R0-16
leads. The active signals on these leads will be combined
with the active signal on the L(2-12)R lead and the
active signal on the FR2 lead in And gate 3703. The
actuation of And gate 3763 will in turn apply an active
signal to the left-hand input of Or gate 3715. The actua-
tion of Or gate 3715 will in turn apply an active signal
to the resetting input of DT flip-flop 3713, thus resetting
this flip-flop.

When DT flip-flop 3713 is reset, an active signal pulse
will be applied over the DT” lead through condenser 3717
over DTR lead to the left-hand input of And gate 3716.
As shown in Fig. 37, the right-hand input of And gate
3716 will be active during the reading of slots 2 through
12 of the common register space as it is connected to
the L(2-12)R lead. The actuation of And gate 3716 will,
in the manner described hereinbefore, cause the actua-
tion of the respective And gates 3718 through 3721 whose
other input is active. In the manner described herein-
before, the binary code for the fourth dialed digit re-
corded in the D flip-flops of Fig. 37 is written in the A
register in slot 5 of the common register space. ' '

When slot 12 of the common register space is read,
FRI flip-flop 3634 will be reset as described hereinbefore.
The D flip-flops are reset by the active signal on the DT”
lead applied through And gate 3726 shown in Fig. 37
during the reading of slot 1 of the first succeeding sender
space. When slot 1 of the succeeding sender space is read,
FR2 flip-flop 3637 will be reset in the manner previously
described. With DT flip-flop 3713 normal, the transfer
circuit is made idle and an active signal is again applied to
the TFI lead, the TFB lead becoming passive again. Be-
cause the transfer circuit is again idle, it is available and
ready for use to tramsfer information from any other
sender space to a different common register space.

The above-described cycle of operation is repeated for
the second digit of the office code, the third digit of the
office code and the first three digits, that is, the thousands,.
hundreds and tens digit, of the dialed designation. These:
digits are recorded, respectively, in the B register, C regis-
ter, TH register, H register and T register in slots 6 through
10 of the seized common register space.

Transferring units digit to seized common register space

After the units digit of the called designation has been
dialed and recorded in tracks 13 through 16 of slot 5 of
the sender space in the manner described above, it is nec-
essary to time a stations delay. The sender space has no

way of telling which digit, after the first three, is being:

dialed and so this information must be transferred from:
the common register space to the sender space. The units.
digit, after it is dialed, is transferred in the same manner
as the preceding digits to the common Tregister space..
DT flip-flop 3713, however, will be reset when slot 11 of’
the common register space is.read and the units digit writ--
ten in slot 11 of the common register space. . The reset-
ting of DT flip-flop 3713 during the reading of slot 11 of’
the common register space causes an active signal pulse to
be applied over the DT’ lead through condenser 3717
over lead DTR to input A of And gate 3801. Input B:
of And gate 3801 is shown connected to the L1IR lead
which is active during the reading of slot 11 of a common.
register space. The active signal on the two inputs of And.
gate 3801 will cause the actuation of this And gate which:
in turn will apply an active signal to the left-hand input:
of U flip-flop 3810 shown in Fig. 38. U flip-flop 3810, in.
operating, provides an active signal on the U lead which.
extends via cable 13 to input C of Or gate 3615. The:
actuation of Or gate 3615 at this time will cause an active:
signal to be applied to the TFB lead and the removal of’
an active signal from the TFI lead as described here-
inbefore, thus making the transfer circuit busy and hold-
ing the sender number in the transfer circuit flip-flops of:
Fig. 39 as described above.

The transfer circuit then.
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hunts for the original sender space in the manner described
hereinbefore.  The sender number which is recorded in
the transfer circuit flip-flops of Fig. 39 is compared with
the sender number read in each of the sender spaces on
the magnetic drum, When a match of these sender mem-
bers is obtained, the FSA lead from the output of And
gate 3944 will be made active in the manner described
hereinbefore and the active signal on the FSA lead will
cause the operation of FS flip-flop 3631 shown in Fig. 36.
When FS flip-flop 3631 operates, an active signal will be
applied to the FS lead. This léad extends to input B of
And gate 3802 shown in Fig. 38, Input A of And gate
3802 is shown connected to the L3S lead which is active
during the reading of slot 3 of the sender space. There-
fore, with FS flip-flop 3631 operated, And gate 3802 will
be actunated during the ‘reading of slot 3 of the sender
space. - The actuation of And gate 3802 will cause an ac-
tive signal to be applied to the Tesetting input lead of U
flip-flop 3810, When U flip-flop 3810 is reset during the
reading of slot 3 of a sender space, an active signal pulse
from its right-hand output will be applied through con-
denser 3811 to the W1-11G lead. The W1-11G lead
extends via cable 11 to the writing amplifier circuits asso-
ciated with track 11 of the magnetic drum.. The active
signal on this lead will cause a 1 to be written in the
U-DLD cell (units dialed cell) in track 11 of slot 3 of
the sender space. The 1 recorded in this cell gives an
indication that the units digit of the called designation
has been dialed. When U flip-flop 3810 is reset as de-
scribed above, the active signal on the U lead which ex-
tends via cable 13 to input C of Or gate 3615 is removed,
thus causing the removal of the active signal from the
TFB lead. Therefore, the transfer circuit once again be-
comes idle and available for use with any sender space.
When slot 5 of the sender space is read, an active signal
on the L5S lead will cause the actuation of Or gate 3633
shown in Fig. 36. The actuation of Or gate 3633 at this
time will cause an active signal to be applied to the re-
setting input of FS flip-flop 3631 and FS flip-flop 3631 is
reset and restored to normal.  The transfer circuit is now
completely restored to normal.

Transferring stations digit to seized common register space

When the stations digit dialed by the calling subscriber
is detected and registered in slot.5 of the common register
space in the manner described above, the digit is trams-
ferred to the associated common register space in the same
manper. DT flip-flop 3713 is reset during the reading of
slot 12 of the common register space and the stations digit
is recorded in the STA register of slot 12 of the common
register space. When DT flip-flop 3713 is reset during
the reading of slot 12 of the register space, an active signal
pulse will be applied over. DT’ lead through condenser
3713 to lead DTR. ' This active signal will be applied to
input A of And gate 3803 shown in Fig. 38. Input B of
And gate 3803 is shown connected to the L12R lead which
is active during the reading of slot 12 of the common reg-
ister space. The actuation of And gate 3803 during the
reading of slot 12 of the common register space causes
an active signal to be applied to input A of Or gate 3824.
The actuation of Or gate 3824 causes an active signal to
be applied to lead DF which extends via cable 16 to the
transmitter circuit associated with the seized common
register space. The active signal on the DF lead (drum
full) to this transmitter through the transmitter gate cir-
cuit tells the transmitter that the drum is full, that all dig-

- its have been received and for the transmitter to start send-

ing. The active signal output from And gate 3803 is
also applied to input B of And gate 3825. Input A of
And ‘gate 3825 is shown connected to the R1-12 lead
and input C of And gate 3825 is shown connected to the
RO-11 lead. The Ri-12 lead connected to input A of
And gate 3825 will be active if a 1 is recorded in the digit
sent cell in track 12 of slot 12 of the common register
space which will be the case if there has previously been’
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a stations delay timeout as described below. The R0-11
lead which is connecteéd to input C of And gate 3825 will
be active if a start signal or ST signal has not already
been sent to the associated transmitter, the 0 in this cell
indicating that the ‘start signal has not been sent. With
the active signal conditions on inputs A, B and C of And
gate 3825, this And gate will be actuated to cause an
active signal to be applied to the W0-12H lead. Lead

WO0-12H extends via cable 11 to the writing amplifier’

circuits associated with track 12 of the magnetlc drum to
cause a 0-to be written in the digit sent cell in track 12
of slot 12 of the common register space. Thus, if there
is a delay longer than a stations timeout after the reception
of the units digit, a 1 will be recorded in the digit sent cell
in track 12 of slot 12 as described below. However, if
the stations digit is subsequently received prior to the
transmission of the ‘ST signal as evidenced by a 0 being
present in the ST-SENT cell in track 11 of slot 2, the 1
recorded in the digit sent cell of track 12 in slot 12 will
be changed to a 0 and the STA digit entered in the STA
register in tracks 13 through 16 of slot 12 of the register
space when it is completely received.

Operation of transfer circuit for a stations delay timeout
As indicated herembefore when a called designation is

dialed into a sender, it will not be known beforehand’

whether a stations digit or letter will be dialed and, there-
fore, after the pulses of the units dlglt have been received
and registered, a stations delay timeout is made by the
stations delay timing circuit 3420 shown in Fxg 34 in the
manner described hereinbefore. If there is a staticn
delay timeout in the sender space, the transmitter Whlch
has been associated with this particular call must be
notified- that -all digits that are expected have been re-
ceived. Because access can be had to a particular trans-
mitter only while its associated common register space
is being read, ‘the transfer circuit must be used to carry
this -inforation. As indicated hereinbefore, when a sta-
tions delay timeout is made, a 1 is written in he STA—
TMT cell (stations timeout cell) in track 10 of slot 3 of the
sender space and, as indicated above, after the units digit
has been dialed and registered in the common register
space associated with the sender space, a 1 is recorded in
the U-DLD cell (units dialed cell). With a 1 recorded
in the STA-TMT cell in track 10 and a 1 recorded in the
U-DLD cell in track 11 of the sender space, the respective
R1-10 and R1-11 leads will be active when slot 3 of the
sender space is read. As shown in Fig. 38, And gate
3804 has its input D connected to the Ri-11 lead. Input
C of And gate 3804 is connected to the R1-10 lead, input
B of And gate 3804 is connected to the TFI lead and
input A of And gate 3804 is connected to the L3S lead.
Therefore, during the reading of slot 3 of.the sender space,
And gate 3804 will be actuated if the transfer circuit is
idle as indicated by an.active signal on the TFI lead, if a
1 is read in the stations timeout cell STA-TMT in track
10'and if a 1 is read in the units dialed cell in track 11 of
slot 3 of the sénder space. The actuaticn of And gate
3804 as described above will cause an active signal to be
apphed to the left-hand input of TMT flip-flop 3812 shown
in Fig. 38,
active signal to be applied to the TMT lead which extends
via cable 13 to input E of Or gate 3615. The actuation
of Or gate 3615 in this manner will cause an active sig-
nal to be applied tc the TFB lead and the removal of the
active signal from the TFI lead, as described hereinbe-

. fore, thus making the transfer circuit busy and holding
the sender number in the transfér circuit flip-flops of Fig.
39 as described above.

Referring once again to the active signal output from
And gate 3804 which operated TMT flip-fiop 3812, it will
be noted ‘that this active signal is also applied to the
W0-11D lead which extends via cable 11 to the writing
amplifier circuits associated with track 11 of the mag-
netic drum. The active sngnal on the W0-11D lead will
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cause a 0 to be written in the units dialed cell U-DLD in
track 11 of slot 3 of the sender space so that TMT flip-
flop 3812 will not be reoperated on succeeding revolutions
of the magnetic drum.

The transfer circuit now hunts for the common regis-
ter space which was previously seized for this particular
sender space in the manner described hereinbefore, The
sender number held in the transfer circuit flip-flops of
Fig. 39 is compared with the sender numbers recorded in
the common register spaces as described hereinbefore.
When a match of these two numbers is made, FR1 flip-
flop 3634 operates as described above. On slot 1 of the
first succeeding sender space thereafter, FR2 flip-flop 3637
operates so that both FR2 flip-fiop 3637 and FR1 fiip-
flop 3634 are operated when the slots of the seized com-
mon register space are read. When slot 12 of the seized
common register space is read, TMT flip-flop 3812 is reset
as follows. The active signal on the L12R lead is com-
bined with the active signal on the FR2 lead in And gate
3805, thus actuating this And gate. The FR2 lead will
be active at this time because, as previously noted, FR2
flip-flop 3637 is operated. The L12R lead will be active
during the reading of slot 12 of the common register space.
The actuation of And gate 3805 causes an active signal
to be applied to the resetting input of TMT flip-flop 3812.
When TMT flip-flop 3812 is reset, an active signal pulse
is applied from its right-hand cutput through condenser
3813 to input B of Or gate 3824, The actuation of Or
gate 3824 in this manner causes an active signal to be
applied to the DF lead which extends via cable 16 to the
transmitter associated with the seized common register
space. The active signal on the DF lead (drum full) to
this transmitter through the transmitter gate circuits, tells
the transmitter that all of the-digits which are to be re-
ceived have been received and for the transmitter to start
sending. The active signal pulse from the right-hand out-
put of TMT flip-flop 3812 is also applied through conden-
ser 3813 to the W1-12E lead which extends via cable 11 to
the writing amplifier circuits associated with track 12 of
the magnetic drum. The active signal on the W1-12E lead
causes a 1 to be written in the digit sent cell in track 12 of
slot 12, of the common register space so that the stations
digit will be skipped as the digits of the called designation
are transmitted by the transmitter as will be described
hereinafter. As was noted above, if the stations digit is re-
ceived after a station delay timeout but before the start
signal is transmitted, it will be registered in the STA
register in tracks 13 through 16 of slot 12 of the common
register space and the digit sent indication (a 1 recorded
in the digit sent cell) is erased. With TMT fip-flop 3812
normal, the active signal on the TMT lead which actu-
ated Or gate 3615 is removed and the active signal is re-
moved from: lead TFB. The transfer circuit is again idle
and may be used for any sender space.

Operation of transfer circuit for overflow condition when
area code digits have not been transferred

In the event that all of the common register spaces
are busy or that the transfer circuit is busy when the
first three digits have been dialed into a particular sender
and these three digits do not get transferred from the
associated sender space to a common register space
before the fourth digit is dialed, an overflow condition
will exist as described hercinbefore. In this event, the
sender space control circuit shown in Figs. 31 through
35, upon recognizing the end of the first pulse of the
fourth digit and upon finding a 1 recorded in the digit
dialed cell associated with the X2 register in slot 5 of a
sender space, will function as described hereinbefore to
write 2 1 in the OF cell (overflow) in track 10 of slot
5 of the sénder space. As indicated previously, a 1
recorded in the OF cell in slot 5 of the sender space
indicates that an overflow condition exists. The transfer
circuit must recognize this overflow condition and tell
a trapsmitter to send an overflow signal back to the
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sender. ‘The operation of the transfer circuit to accom-
plish this function is as.follows. X0X flip-flop 3618,
shown in Fig. 36, will operate as described hereinbefore
as if an overflow condition did not exist. As indicated
previously, the conditions for the operation of X0X flip-
flop 3618 are that the first three digits dialed into the
sender comprise an area code, this area code has not
already been transferred as evidenced by a O recorded
in the XOX~TF cell in track 11 of slot 5 of the sender
space, the third digit has been completely dialed as
evidenced by a 1 being recorded in the digit dialed cell
in track 12 of slot 5 of the sender space and at least
one common register space is idle as indicated by an
active signal on the RIT lead. When X0X flip-flop 3618
operates with the transfer circuit idle, OF flip-flop 3814
shown in Fig. 38 will be operated if a 1 is read in the
OF. cell in track 10 of slot 5 of the sender space.
shown in Fig.- 38;: the operating input of OF flip-flop
3314 is connzcted from the output of -And gate 3806.
Input A of And gate 3806 is shown connected to the
L5S lead which is active during the -reading of slot 5
of the sender space. Input B of And gate 3806 is shown

connected to the TFI lead which is active when the’

transfer circuit is idle. Input C of And gate 3806 is
connected to the R1-10 lead which will be active if a
1is read in the OF cell in track 10 of slot 5 of the sender
space. Input D is connected to the output of Or gate
3807. Input A of Or gate 3807 is shown connected to
the X0X lead which, as indicated previously, will be
active when X0X flip-flop 3618 is operated. Accordingly,
during the reading of slot 5 of the sender space, And
gate 3806 will be actuated if X0X flip-flop 3618 is op-
erated to apply an active signal over the X0X lead to
input A of Or gate 3807 which in turn applies an active
signal to input D of And gate 3806, if a 1 is recorded in
the OF cell in track 10 of slot 5 of the sender space and
if the transfer circuit was idle as indicated by the active
signal on the TFI lead. The actuation of And gate 3806
applies an active signal to the left-hand input of OF
flip-flop 3814, thus operating this flip-flop. The active
signal from the output of And gate 3806 is also applied
to lead WO(10,12)W1(11). The active signal on this
lead is extended via cable 11 and leads W0-10K, W1-111
and W0-12I to the writing amplifier circuits associated
with tracks 10, 11 and 12 of the magnetic drum. The
active signal on the W0-10K lead will cause a O to be
written in the OF cell in track 10 of slot 5 of the sender
space so that OF flip-flop 3814 will not be operated on
succeeding revolutions.. The active signal on the Wi1-11I
lead will cause a 1 to.be written in the X0X-TF cell in
track 11 of slot 5 of the sender space and the active
signal on the W0-12I lead will cause a 0 to be written
in the digit dialed cell in track 12 of slot 5 of the sender
space. The presence of a 1 in the XO0X-TF cell and a
0 in the digit dialed cell in tracks 11 and 12, respectively,

of-slot 5 of the sender space will prevent the transfer-

circuit from operating to transfer further digits to a seized
common register space.

When XO0X flip-flop 3618 operates, the transfer circuit
‘functions as described hereinbefore to seize an idle
common register space and to write the sender number
requiring this register space in the first common register
space preceding the seized common register space, as
described above. When X0X fiip-flop 3618 operates it
applies an active signal to the X0X lead which, as de-
scribed hereinbefore, causes the actuation of Or gate
3615 which in turn applies an active signal to the TFB
lead. At the same time, the active signal on the TFI
léad from the output of inverter 3616 is removed, thus
storing the sender number requiring a common register
space in the transfer circuit flip-flops of Fig. 39 as de-
scribed previously. When an idle register space is found,
TSN1 flip-flop 3640 operates as described hereinbefore
and the sender number is written in track 10 of the com-
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mon register space passing under the heads.of the mag-
petic drum. This common register space, as indicated .
previously, is the first common register space preceding
the one to be seized for the particular sender space.

- When slot 1 of a first succeeding sender space there-

after passes under the heads of the magnetic drum, TSN2
flip-flop 3641 operates as described hereinbefore. With
TSN2 flip-flop 3641 and OF flip-flop 3814 operated, lead

' OFA from the output of And gate 3817 will be made-
-active when slot 1 of the seized common register space

isread. As shown in Fig. 38, TSN2 lead, which is active’
when TSN2 flip-flop 3641 is operated, connects to input
B of Or gate 3808, thus actuating this Or gate. The
actuation of Or gate 3808 in turn applies an active signal
to input B of And gate 3817. Input A of And gate
3817 is connected to the LIR lead which is active during
the reading of slot 1 of a common register space. Input
C.of And gate 3817 is connected to the OFB lead from
the -left-hand output of OF flip-flop 3814. "This lead
is active when OF flip-flop 3814 is operated. The active
signal on the OFA lead from the output of And gate
3817 is applied to input' B of Or gate 4026 in the trans-
mitter control circuit of Fig. 40 which in turn will cause
dn active signal to be applied to the OF lead from the
output of this Or gate. The active signal on the OF
lead from the output of Or gate 4026 is extended via'
cable 16 through the transmitter gate to the ‘transmitter
associated with the seized common register space and,
in the manner to be described hereinafter, notifies this
transmitter to send an overflow ‘signal to the associated
sender. A

"With TSN2 flip-flop 3641 and OF flip-flop 3814 oper--
ated, X0X flip-flop 3618, TSN1 flip-flop 364¢ and TSN2
flip-flop 3641 will be reset when slot 3 of the seized com-
mon register space is read;” As shown in Fig. 38, input

A of And gate 3816 is connected to the OFB lead from

the output of OF flip-flop 3814. This input' to And
gate 3816 will be active during the time that OF flip-flop
3814 is operated. Input B of And gate 3816 is shown
connected .to the L3R lead which is, active when slot 3
of a common register space is read. Input .C of And
gate 3816 is connected to the TSN2 lead which, as indi-.
cated previously, is active when TSN2 flip-flop 3641 is
operated. The active signal on these three inputs to And
gate 3816 causes this And gate to be actuated and an
active signal to be applied to the RTSN lead. The RTSN

“1ead extends to input B of Or gate 3629 shown in Fig. 36,
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the ‘actuation of which applies an active signal to the re-
setting input of TSN1 flip-flop 3640 and TSN2 flip-
flop 3641, thus resetting. these two flip-flop circuits.
As shown in Fig. 36, the RTSN lead also connects to. the!
RXO0XA lead which is connected to the lower input
of Or gate 3621. The active signal on the RTSN
lead is thereby applied via the RX0XA lead to this input,
of Or gate 3621. " The actuation of Or gate 3621 in this’
manner causes an active signal to be applied to the reset-
ting input of X0X flip-flop 3618, thus resetting this flip-
flop to normal. The transfer circuit, which was previ-,
ously held busy by the active signal on the X0X lead,
is now held busy by an active signal applied thereto from
the output of OF flip-flop 3814 over the OFB lead which
extends via cable 13 to input F of Or gate 3615. Thus,
when X0X flip-flop 3818 is reset, the transfer circuit
is held busy by the OF flip-flop 3814.

The transfer circuit now hunts for the original sender
space in the mannmer described hereinbefore. When this
sender space is found, FS flip-flop 3631 will operate.
With FS flip-flop 3631 operated and OF flip-flop 3814 op-
erated as described above, OF flip-fiop 3814 will be reset
when slot 2 of the sender space is read. As shown in Fig.
38, input A of And gate 3822 is connected to the L2S
lead which is active during the reading of slot 2 of the
sender space. Input B of And gate 3822 is connected
to the FS lead which is active when FS flip-flop 3631 is
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operated; The- active-signal on these  two input leads -

causes the actuation of And gate 3822 which in turn ap- -

plies an active signal to the upper input of Or gate 3820.
The actuation of Or gate 382¢ in turn applies an' active

signal to the resetting input of OF flip-flop 3814. As OF-

flip-flop 3814 is reset, an active signal pulse will be ap-
plied through condenser 3815 to input A of And gate
3823. - As shown in Fig, 38, input B of And gate 3823
is connected to the output of And gate 3822 which is
active as described above. In this manner, And gate 3823
is actuated to apply an active signal to the W1-11F lead
which extends via cable 11 to the writing amplifier cir-
cuits associated with track 11 of the magnetic drum.
The -active signal on the Wi-11F lead will cause a 1
to be written in the X0X-~TF cell in track 11 of slot 2
of the sender space. The 1 recorded in the X0X-TF cell

in track 11 of slot 2 of the sender space will cause the cir-.
cuits: to function as: described  hereinafter to wipe out-
or erase the registration found in the seized common reg-.
ister space after a sender release timeout. With -OF flip-.

flop 3814 normal, the active signal on the OFB lead which
has held the transfer circuit busy is removed, thus making

the transfer circuit idle and available for use with other

senders.- FS flip-ficp 3631 is reset when slot 5 of the sender
space is read in the manner described hereinbefore. The
transfer circuit is now completely restored to normal.

It: will be noted that when the-first three digits do not .

comprise.an area code, these three digits will not be
transferred  as indicated herecinbefore because an X0X
check is not made. When the fourth digit is dialed, a 1
will be written in the OF cell in track 10 of slot 5 of the
sender space. as indicated hereinbefore. However, this 1
will be ignored by the transfer circuit because X0X flip-
flop 3618 will not be operated and, therefore, the suc-
ceeding digits of the call are ignored and the call, which
is.a local call, will be hanidled by.the regular sender in
the normal manner.

Operation of transfer circiiit for overflow condition when'

area code digits have been transferred

If a digit other than the fourth digit is dialed before

the preceding one has been transferred out of slot 5 of
the sender space to a seized common register space due
to the transfer circuit being too. busy, the transmitter
which has already been seized for this call must be noti-
fied of the overflow condition. For example, if after
the completion of the dialing of the hundreds digit of the
called designation the transfer circuit was so busy that it
did not have time to transfer this hundreds digit to the
seized common register space be‘ore the tens digit was
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dialed, the call, of course, will be mutilated and the seized .

transmitter must be notified to send back an overflow sig-
nal to the sender. When this condition exists, a 1 will be
written in-the OF cell (overflow) in track 10 of slot§
of the sender space as described hereinbefore. When siot
1 of the sendér space is read, the sender number wil] be
stored in the transfer circuit flip-fiops of Fig. 39 in the
manner described previously. When slot 5 of the sender
space is read, OF flip-flop~3814 will be operated if a 1
is read in the OF cell in track 10 of slot 5 and if a 1 is
read in the X0X-TF cell in track 11 of slot 5. When a 1
is read in the OF cell in track 10 of slot S, an active sig-
nal will appear on the R1-10 lead. This lead is shown
connected to input C of And gate 3806. When a 1
is read in the XOX~TF cell in track 11 of slot 5, an active
signal will be applied to the R1-11 lead which is con-
nected to input B of Or gate 3887, The actuation of Or
gate 3807 by the active signal on the R1-11 lead will
in turn apply an active signal to input D of And gate 3806.
And gate 3806 will bé actuated, as described hereinbe-
fore, by the active signal from the L58 lead applied to
input A, the active signal from the TFI lead applied to
input-B, the active signal from the R1-18 lead applied
to input C and the active-signal from the output of Or

gate 3807 applied to-input D. The actuation of Or gate:
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3806 in turn opérates OF flip-flop 3814 as described here-
inbefore. The actuation of And gate 3806 also applies.
an active signal over the W9(10,12)W1(11) lead which
extends via cable- 11 to the leads W0-10K, Wi1-11I and
W1-121. The active-signals on these-leads in the man-.
ner described :previcusly will cause a 0 to be written in the
OF:cell in track 10 of slot 5, a 1 to be written in the
XOX-TF cell in track 11 of slot 5 (a1 is already present
in this cell and, therefore, the active signal on the W1-11I
lead will have no efiect) and a 0 to be written in the digit
dialed cell in track 12 of slot 5 of the sender space. Thus,
the transfer circuit will be prevented from transferring
any further digits to the seized.common register space.

The common register space which was seized for this
sender space and in which a portion of the dialed desig-
nation has been recorded is found in the manner de-
scribed hereinbefore. FR1 flip-flop 3634 operates when-
the sender number read in track 10 of a-common register
space: agrees with the sender number set in the transfer
circuit-flip-flops of Fig. 39. FR2 flip-flop 3637 operates -
when slot 1. of the first succeeding sender space there-
after is read. When slot 1 of the seized common register
space is:read with FR2 flip-fiop 3637 operated and OF
flip-flop 3814 operated, OFA lead which extends, as de-
scribed hereinbefore, from the output of And gate 3817
to input B of Or gate 4028 in the transmitter control
circuit, will be made active. The active signal on the
OFA lead will cause Or gate 4626 to be actuated and in
turn apply an active signal to the OF lead which extends
via cable 16 through the transmitter gate to the trans-
mitter associated with the seized common register space
to tell this transmitter to transmit an overflow condition
signal to the sender. CFA lead is made active by And
gate 3817 shown in Fig. 38 as follows: Input A of And
gate 3817 is connected to the LiR lead which is active
during the reading of slot 1 of a common register space.
Input C of And gate 3817 is connected to the OFB lead
frem the output of OF flip-flop 3814, This lead, as in-
dicated previously, is made active when OF fiip-flop 3314~
is operated. Input B of And gate 3817 is connected to
the output of Or gate 3888. As shown in Fig. 38, input A
of Or gate 3868 is connected to the FR2 lead which is
active when FR2 flip-flop 3637 is operated.

With FR2 flip-flop 3637 operated, thus applying an-
active signal to the FR2 lead, OF flip-flop 3814 will be
reset when slot 2 of the common register space is read.
As shown in Fig. 38, input A of And gate 3821 is con-
nected to the L2R lead which is active during the read-
ing of slot 2 of the common register space: Input B
of And gate 3§21 is connected to the FR2 lead which is
active as indicated above. The actuation of And gate
3821 will apply an active signal to the lower input of
Or gate 3820. The actuation of Or gate 3820 will in
turn-apply an active signal to the resetting input of OF:
flip-flop 3814, thus resctting this flip-flop to normal. FR1
flip-flop 3634 will be reset during the reading of slot 12

- of the common register-space: as- described hereinbefore:
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and, in the manner described previously, FR2 flip-flop
3637 will be reset when slot 1 of the first succeeding
sender space:is read: The release of OF flip-flop 3814
will as- described above remove the active signal from
lead OFB which has held the transfer circuit busy through.
Or gate 3615. The transfer circuit is thus restored to.
normal and is available for use in transferring informa-
tion from other sender spaces to a different commeon reg-
ister space.

Operation of transfer circuit for a sender release timeout

As indicated hereinbefore, after a sender release time-
out is timed, a 1 is-written in the WOF cell in track 10
of slot 2 of the sender space. After such a timeout has-
been made, the transfer circuit must wipe out or erase
the information stored in the common register space.
seized for this particular sendsr space if one has been
associated. with the.call. During the:reading.of slot 1 of:
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the sender space, if the transfer circuit is idle, it will
store the number of the sender space in the transfer cir-
cuit flip-flops of Fig. 39 in the manner described here-
inbefore. When slot 2 of the sender space is read, WO
flip-flop 3818 shown in Fig. 38 will be operated if a 1 is
read in the WOF cell in track 10 of slot 2 of the sender
space. The circuit which controls the operation of wo
flip-flop 3818 is And gate 3809. As shown in Fig. 38,
input A of And gate 3899 is connected to the L2S lead
which is active during the reading of slot 2 of the sender
space. Input B of And gate 3809 is connected to the TFI
lead which is active if the transfer circuit is idle and in-
put C of And gate 3809 is connected to the R1-10 lead
which will be active if a 1 is read from the WOF cell in
track 10 of slot 2 of the sender space. The actuation
of ‘And gate 3889 during the reading of slot 2 of the
sender space under these conditions, causes an active
signal 1o be applied to the WO flip-flop 3818. WO flip-
flop 3818, in operating, applies an active signal over the
WOA lead which extends via cable 13 to input D of Or
gate 3615, The actuation of Or gate 3615 in this man-
ner causes the transfer circuit to become busy and holds
the number of the sender space in the transfer circuit
flip-flops of Fig. 39. The common register space which
was seized for this particular sender space will be found
in the manner described hereinbefore. FR1 flip-flop 3634
and FR2 flip-flop 3637 will be operated. With FR2 flip-
fiop 3637 operated and WO flip-flop 3818 operated, And
gate 3819 will be actuated during the reading of any of the
slots of a common register space. As shown in Fig. 38,
input A of And gate 3819 is connected to the WOA lead
from the output of WO flip-flop 3818 and this lead is ac-
tive when WO flip-flop 3818 is operated. Input B is
shown connected tc the L(1-12)R lead which is active
during the reading of all of the slots of a common reg-
ister space. Input C of And gate 3819 is shown con-
nected to the FR2 lead which is active when FR2 flip-
flop 3637 is operated. It will, therefore, be observed
that with WO flip-flop 3818 and FR2 flip-flop 3637 op-
erated, And gate 3819 will be actuated on the reading
of all of the slots of the common register space. The
actuation of And gate 3819 in turn applies an active sig-
nal to the W6(11-16) lead which extends via cable 11
to leads WO0-11F, W0-12K, W0-13A, We-14E, W0-15E
and WO0-16E which in turn extend to the writing amplifier
circuits associated with tracks 11 through 16 of the mag-
netic drum. The active signals on these leads will cause
zeros to be written in each of the cells in tracks 11
through 16 of slots 1 through 12 of the common register
space on the magnetic drum. These zeros completely
erase any information stored in the common register
space.

The active signal from the output of And gate 3819
on the Wd(11-16) lead is also applied to the RL lead
which extends via cable 16 through the transmitter gate
circuits to the transmitter which was seized for this par-
ticular call. The active signal on the RL lead will, in
the manner described hereinafter, operate a flip-flop cir-
cuit in the transmitier and restore the transmitter to nor-
mal. As indicated previously, the sender number which
was associated with this call was written in the preceding
common register space. This sender number will be
erased from this preceding common register space by a
method which will be described in detail hereinafter.
When slot 1 of the first succeeding sender space after slot
12 of the seized common register space is read, FR2
flip-flop 3637 will be reset in the manner described here-
inbefore. FR2 flip-flop 3637 in resetting applies an ac-
tive signal pulse through condenser 3638 to the FR2R
lead. This lead extends to the resetting input of WO
flip-flop 3818, thus resetting W@ flip-flop 3818. WO fiip-
flop 3818 being reset, removes the active signal from the
WOA lead which was holding the transfer circuit busy
and the transfer circuit is thus made idle and again avail-
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able for use in the transfer of information from other
sender spaces to a different common register space.

Operation of transfer circuit when sender space is located
betweéen seized common register space and the imme-
diately preceding register space

In the operation of the transfer circuit given herein-
before, it was assumed that the sender space which re-
quired the use of a common register space was located
on the magnetic drum so that one or more common
register spaces passed under the heads of the drum pre-
vious to the idle register space which was seized. In this
manner, after an X0X check was made and it was deter-
mined that the services of a common register space were
required, the first common register space to pass under
the reading heads of the magnetic drum was not the one
which was seized for use with the sender space. In the
event that the first common register space to pass under
the heads of the magnetic drum after an area code check
has been made is the only register space which is idle,
the register space cannot be seized on this pass under the
magnetic heads because, as described hereinbefore, it is
seized by writing the sender number in the preceding
common register space which passed under the heads
of the magnetic drum before the area code check was
made in the sender space. Therefore, the magnetic drum-
must make an almost complete revolution before the
common register space in which the sender number is
to be written will again be under the magnetic heads.
When this common register space comes under the heads,
the sender number will be written in track 10 thereof
in the manner described hereinbefore. In this way, the
only idle common register space on the drum-is seized.,
Therefore, when a digit is transferred from the sender
space to the seized common register space, the drum must
make almost a full revolution before matching sender:
numbers and before operating the FR1 and FR2 flip-
flops. In so doing, it must pass the original sender space
again before it reaches the seized register space to which
the digit is to be transferred. In passing the sender
space, FS flip-flop 3631 must be prevented from operat-
ing. This is accomplished by having one of the inputs
of And gate 3944 shown in Fig. 39 connected via the
DT’ lead to the normal output of DT flip-flop 3713.
Therefore, And gate 3944 can be operated when a match
of sender numbers is obtained only if DT flip-flop 3713
is in its normal condition. If DT flip-flop 3713 is op-
erated during the transferring operation of digits from
the sender space to a common register space, DT’ lead
from the right-hand output of DT flip-flop 3713 will be.
passive and, therefore, And gate 3944 cannot be actuated
to in turn operate FS flip-flop 3631. In this manner,
a match of the sender number stored in the transfer cir-
cuit flip-flops and the sender number read from the mag-
netic drum as the sender space passes under the magnetic
heads while a digit is being transferred will have no ef-.
fect upon the FS flip-flop 3631 and the circuits will op-
erate in the manner described hereinbefore only when
the seized common register space is found.

Register number register and distributor

The function of the register number register shown in
Fig. 50 of the drawings is to store the number of a regis-
ter space while it is being read by the heads of the
magnetic drum, and the function of the distributor which
comprises a plurality of And gate circuits and associated
network shown in the lower portion of Fig. 50 is to en-
able gates in the particular transmitter corresponding to
the register space that is being read and to enable gates
associated with the test circuit where the slots of the test
register. space are being read. As stated hereinbefore,
eight common register spaces and one test register space:
are provided around the surface of the magnetic drum
in the illustrative embodiment of the invention described
herein. These common register spaces are numbered
from. 0 to 7, inclusive, and: the test register space is num»
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bered 8:  Asshown in Fig: 19 of the drawings; the num-:

ber of the register spaces is recorded in tracks 4 through
8 of slot 1 of each register space. The register number
recorded in these tracks of slot 1 of the particular regis-
ter space will correspond to the number of the next
register space to pass under the heads of the magnetic
drum. 'The register numbers are recorded in these tracks
in the same two-out-of-five code utilized to record sender
numbers .in sender spaces as described hereinbefore.
Each of ‘the eight transmitters in the iilustrative embodi-
ment -of the present invention is associated with a dif-
ferent one of the eight common register spaces and is
numbered correspondingly; transmitted No. 5. is asso-
ciated with common register space No. 5; transmitter WNo.
4 is associated with commen register space No. 4, et
cetera, and as: indicated hereinbefore the test circuit is
associated with test register space No. 8. Assume that

slot: 1 of common register space.No. 5 is under the:

heads. of  the magnetic drum. As.indicated above, the
two-out-of-five code representing the number 6 will be
read from tracks 4 through 8 of slot 1 of register space
No. 5 because the register number recorded in slot 1
of ‘register space No. 5 will be the number for the next
succeeding register space to pass under the heads of the
magnetic drum and this will be register space Mo, 6.

As:shown in Fig. 50, the register number register com-
prises five flip-flop circuits. Each of these flip-flop cir-
cuits is associated with a particular track of the mag-
netic: drum. For example, REG-9 flip-flop 5092 is as-
sociated with track 4 of the magnetic drum. When a
1 is read in track 4 of the magaetic drum, REG-§ flip-
flop 5002 will be operated. Similarly, REG-1 flip-flop
5004- is associated with track 5 of the magnetic drum,
REG-2 flip-flop 5006 is associated with track 6 of the
magnetic drum, REG-4 flip-fiop 5088 is associated with
track 7 of the magnetic drum and, lastly, REG-7 flip-
flop. 5010 is- associated with track 8§ of the magnetic
drum. The operating input for each of the REG- flip-
flops is- shown connected to an associated And gate.
For' example, the operating input of REG-9 flip-fiop
5002 is connected to the output of And gate 5691. Each
of the And gates 5001, 5893, 5085, 5007 and 5689 which
are associated, respectively, with one of the five REG—
flip-flops has one input connected to the LIR lead. The
other input-of these And gates is connected as shown
to one of the leads R1-4 through R1-8, respectively.
Therefore, during the reading of slot 1 of a regisier
space, lead LIR wiil be active and will enable each of
these And gates. The And gates whose other input is
active as the result of the reading of a 1 in the associ-
ated track on the magnetic drum, will be actuated to
in turn operate the associated flip-flop. For example,
if ‘the two-out-of-five code for the register No, 6 is read
in. track 1 of a common register space, And gates 5885
and 5007 will be actuated because, as indicated pre-
viously, the two-out-of-five code which will be read in
track 1 of this register space will be 00110. The actu-
ation of ‘And gates 5985 and 5007 will in turn cause the
operation of the REG-2 flip-flop 5006 and the REG—4
flip-flop 5008, respectively. The remaining flip-flops in
the register number register shown in Fig. 50 for this
example will remain unoperated because their operating
inputs will be passive.

The. output .of the register number register flip-flops
shown in Fig. 50 is applied to a translating network
which includes And gates 5011 through 5819, inclusive.
The. output of each of these And gates is in turn applied
to a sync lead which extends to one of the transmitiers
of .the illustrative embodiment of the present invention
or to the. gates associated with the test circuit. The out-
put of And gate 5011 is applied to sync lead SYG-8
which extends-to the And gates shown im Fig. 57 as-
sociated with the test circuit. The output of And gate
5012 -is .applied to sync leads SY1-0 which extends to
transmitter: No:. 0. . Sync:lead: SY2~1. from . the ouiput
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of And gate 5013 extends to.transmitter No. 1. Sync:
lead SY3-2 from the output of And gate 5014 extends
to transmitter No. 2. Similarly, the output of And gates.
5615, 59016, 5017, 5018, and 5019 is applied, respec-
tively, to sync.leads SY4-3, SY5-4, SY6-5, SY7-6 and.
5Y8-7 which extend to transmitter Nos. 3, 4, 5, 6 and
7, respectively. The digit preceding the dash in each
of the sync lead designations is an indication of the
register number which is read in track 1 of a register.
space and the digit following the dash in each of these
designations indicates the number of the transmitter to
which it is connected. In the case of sync lead SY$-8,
the 0 is read in slot-'1 of test register space No. & and
therefore the sync lead is associated with the test circuit
and not a transmitier and is connected to the And gate
circuit shown in Fig. 57. As indicated above, it is neces-
sary to activate the synchronizing lead extending to the
transmitter which is- associated with the register space:
actually being read at any particular time. Because the-
number which is-recorded in slot 1 of each register space
corresponds to the next succeeding register space and’
transmitter, the output leads from the And gates of the
distributing network shown in the lower portion of Fig.
50 are slipped so that if a-2 is read in a register space,
the sync lead of transmitter No. 1 will be made active
or if a 4 is read, the sync lead to transmitter No. 3 will
be made active.

Returning to the above example where the two-out-of-
five code for register No. 6 was read in slot 1 of a reg-
ister space Mo. 5 and keeping in mind that the number
6 represents the number for the next succeeding register
space and that the register space which is presently pass-
ing under the magnetic heads is actually register space
No. 5, the transmitter which is associated with register
space No. 5 must be gated. Referring to Fig. 50, it
will te noted that the outputs of REG-2 flip-flop 5006
and REG-4 flip-flop 5808 were made active by the read-
ing of the two-out-of-five code for the number 6 in slot
1 of common register space No. 5. The active signal
on these two outputs will be combined in And gate 5017
to provide an active signal on the SY6-5 lead which
extends to tramsmitter No. 5. The active signal on the
SY6-5 lead will cause the operation of gate circuits in
transmitter No. 5 (actually a series of gates as will be
described hereinafter) so that signals may be passed to
transmitter Mo. 5 while the slots of register space No.
5 are being read. It will, therefore, be observed that

information can be passed to a. transmitter only while

the slots of its associated common register space are
being read. '

The register number register flip-flops of Fig. 50 will
be. reset to normal during the reading of slot 1 of the
first succeeding sender space to be read. As shown in
Fig. 59, the resetting input of these flip-flops is connected
to the LIS lead which is active during the reading of
slot 1 of a-sender space. Thus, the flip-flops are restored
and prepared for reading the number of the register space:
in slot 1 of the next register space to pass under the heads
of the magnetic drum.

Connector control circuit

The function of the connector control circuit shown in
Fig. 42 of the drawings is to read the register number
and the sender number from a common register space
and pass them to the transmitter link controlier shown in
Figs. 43 through 49 of the drawings. The transmitter
link controller will in turn, as described in detail here-
inafter, proceed to set up a connection on crossbar switch
4407 shown in Fig. 44 of the drawings between the
transmitter . associated with the common register space.
and the required sender. As shown in Fig. 42, the con-
nector control circuit comprises a plurality of ‘And gate
circuits. And-gates 4202 through 4266 are-used to gate
the register number read from tracks 4 through 8 of slot
1 of the -common- register space to-the transmitter-link:
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confrofler circuit. The right-hand inputs of these And
gates are connected to the R1-4 through Ri-8 leads,
respectively, as shown in Fig. 42. These leads extend

via cable 21 to the reading amplifier circuits associated

" with tracks 4 through 8 of the magnetic drum. One of
the inputs of each of the And gates 4202 through 4206
is also connected to the LIR lead. And gates 4207
through 4218 are used to gate the sender number read in
track 10 of slots 1 through 12 of a common register
space to the transmitter link controller circuit. As shown
in Fig. 42, the right-hand input to each of these And
gates is connected to one of the leads LiR through L12R,

respectively. These leads extend via cable 7 to the slot

definition circuits of Fig. 31. One input of each of these
And gates is also connected to the R1-10 lead as shown
in Fig. 42 which extends to the reading amplifier circuit
associated with track 10 of the magnetic drum. And
gates 4207 through 4211 are utilized to gate the units
digit of the sender number read in track 10 of slots 1
through 5 of the common register space. And gates
4212 through 4216 are used to gate the tens digit of the
sender number read in track 10 of slots 6 through 10 of
the common register space. Finally, And gates 4217
and 4218 are utilized to gate the hundreds digit of the
sender number read in track 10 of slots 11 and 12 of
the common register space.

As shown in Fig. 42, the left-hand input of each of
the And gates 4202 through 4218 is connected to the
output of And gate 4200 and, therefore, none of these
And gates can be actuated until And gate 2409 is actu-
ated, The left-hand input of And gate 4200 is connected
through inverter 4201 to the NRI lead and the right-hand
input of And gate 4200 is connected to the TS lead. The
NRI and TS leads extend to the transmitter gate circuits
shown in Fig. 57 of the drawings. While a register space

is being read, the gates in the corresponding transmitter

are enabled as described above. As will be described in
detail hereinafter, the TS lead which connects to the right-
hand input of And gate 4200 will be active if a link con-
nection has not been established between the transmitter
and sender. The NRI lead will be passive if the particular
transmitter has been seized. Therefore, each time that
a common register space is read, if the transmitter assc-
ciated with the next common register space has been
seized and if a link connection between this transmitter
and the required sender has not been established, And
gate 4200 will be actuated. The passive signal on the NRI
lead will cause the output of inverter 4201 to apply an
active signal to the left-hand input of And gate 4200.
This active signal will be combined in And gate 4200 with
the active signal on the TS lead and will cause the actu-
ation of And gate 4200. Therefore, during the reading
of slot 1 of the common register space, the register num-
ber recorded in tracks 4 through 8 will be gated through
And gates 4202 through 4206 to the tramsmitter link
controller. . _

For example, assume the register number recorded in
the slot 1 of a common register space is the number 4
which, as indicated previously, is represented by the two-
out-of-five code 10010. When this code is read from
tracks 4 through 8 of the magunetic drum, an active signal
will be applied to the R1-4 lead and the R1-7 lead. The
active signal on lead R1-4 will be combined in And gate
4202 with the active signal on the LIR lead and the active
signal from the output of And gate 4208 to provide an
active signal on the RO lead. The active signal on the
R1-7 lead will be combined in And gate 4285 with the
-active signal on the LIR lead and the active signal from
the output of And gate 4200 to provide an active signal
on the R4 lead. The RO and R4 leads extend via cable
17 to a portion of the transmitter link- controller circuit
shown in Fig. 43. )

At the same time that the register number read in slot
1 of a comthon register space is gated to the transmitter
link controller, the UO code element of the units. digit
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of the sender number read in track 10 of slot 1 of the
common register space is gated to a portion of the trans-
mitter link controller circuit shown in Fig. 45. As each
succeeding slot of the commona register space is read, the
sender number digit code element read in that slot in
track 10 is gated to the transmitter link controller. When
slot 12 of the common register space is read, the last code
element will have been transmitted or gated to the trans-
mitter link controller. As shown in Fig. 42, the units
digit of the sender number read from track 10 of the
common register space is gated to the transmitter link
controller via leads Ud, U1, U2, U4 and U7 in cable 18,
The tens digit of the sender number read in track 10
of the common register space is gated to the transmitter
link controller via leads T, T1, T2, T4 and T7 in cable
19.  The hundreds digit of the sender mumber read in.
track 10 of the common register space is gated to the
transmitter link contreller circuit via leads HRO and HR1
in cable 20. As will be described in detail hereinafter,
if the transmitter link controller circuit is engaged or busy
at the particular time that the digits of a register number
and a sender number are gated to it by the connector con-
troller circuit of Fig. 42, the transmitter link controller
will ignore these digits and the transmission thereof will
have no effect. : . ‘

As indicated hereinbzfore, sender space No. 99 has
been designated the test sender space and instead of being
associated with a sender, it is associated with the test
circuit. Similarly, register space No. 8 has been desig-
nated the test register space and instead of being asso-
ciated with a transmitter, it is associated with the test
circuit. As will be described later, to prevent the con-
nector control circuit of Fig. 42 and Figs. 43 through 49
from attempting to establish a link connection from a.
transmitter to a sender when the number of the test
sender space and the number of the test register ‘space
are read in the slots of common register space No. 7 (the
register space preceding the test register space), the active
signal on the TS lead to the input of And gate 4260 is
removed. .
Transmitter link controller

The transmitter link controller circuit shown in Figs.
43 through 49 of the drawings controls the establish-
ment of a connection through crossbar switch 4407 shown
in Fig. 44 between a transmitter associated with a par-
ticular register space and the required sender. As indi-
cated above, the connector control circuit of Fig. 42
reads the number of the register space and the number
of the required sender from a common register space and
transmits these numbers via the leads in cables 17, 18,
19 and 20 to the transmitter link controller. Because

the transmitters associated, respectively, with the com-

55

mon register spaces are correspondingly numbered, the
register space number read from any common register
space will also be the transmitter number from which a
link connection to a particular sender is required. In
the transmitter link controller, the transmitter number

. and the sender number are recorded in flip-flop circuits.
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The flip-flops which record the transmitter number, which
number also corresponds to the number of the associated
common register space, are shown in Fig. 43 and are
RO flip-flop 4306, R1 flip-flop 4307, R2 flip-flop 4308, R4
flip-flop 4309 and R7 flip-flop 4310. The number of the
transmitter is transmitted to the R— flip-flops in Fig. 43
of the transmitter link controller in a two-out-of-five
code. For example, assume that the number of the com-
mon register space and transmitter read from a com-
mon register space is the number 6 which, as indicated
previously, is represented by the two-out-of-five code
00110. When this code is gated through the connector
control circuit of Fig. 42, the R2 and R4 leads in cable’
17 will be active and the RO, R1 and R7 leads in cable
17 will be passive. _'
The active signals on the leads of cable 17 which carry
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the- transmitter- number in a two-out-of-five code from
the connector control circuit to the transmitter link con-
troller are simultaneously gated into the R— flip-flops
shown in Fig. 43 through And gates 4301 through 4305.
As shown in Fig. 43, the left-hand input of each of these
And gates is connected to lead CR which extends through
armature 1 and back contact of CR1 relay 4645 shown
in Fig. 46 through resistance 4687 to negative batterv.
Therefore, if CR1 relay 4695 is normal, an active signal
(a negative potential through resistance 46¢7) will be ap-
plied to lead CR which will partially enable each of the
And gates 4301 through 4393 shown in Fig. 43. The right-
hand input of And gates 4301 through 4385 is connected
to lead CRK which extends to the anode circuit of RK
tube 4401 shown in Fig. 44. As long as RK tube 4481
is' conducting, an active signal (a negative potential)
will be applied to lead CRK by the voltage divider com-
prising resistances 4419, 4411 and 4412 between the pos-
itive potential supply and the negative potential supply.
When RK tube 4491 is cut off, as will be described be-
low, its anode potential will rise and a more positive po-
tential (passive signal) will be applied to lead CRK.

As indicated previously, the active signals in the two-
out-of-five code representing the transmitter number are
received simultaneously over the RO, Ri, R2, R4 and
R7 leads of cable 17 from the connector control circuit.
Therefore, if leads CR and CRK are active, the active
signals on the two of the five leads from the connector
control circuit will be simultaneously gated through the

corresponding two of the five And gates 4361 through

4385 to operate the corresponding two of the five R~
flip-fiops of Fig. 43. In the example assumed above, the
transmitter number was 6 and leads R2 and R4 were
active. Therefore, when the active signals are gated to

the K2 and R4 leads by the connector control circuit

and if the CR and CRK leads are active, R2 flip-flop
4308 and R4 flip-filop 4309 will be operated, thus reg-
istering the two-out-of-five code 00110 representing the
numeral 6 in these flip-flops.

As shown in Fig. 43, the right-hand output of each of
the R~ flip-flop circuits is connected through a voltage
divider to the grid of a cathode follower. For exam-
ple, the right-hand output of RO flip-flop 4306 is ap-
plied through a voltage divider comprising resistances
4322 and 4323 to the grid of RC® cathode follower
4311. When RO flip-flop 4386 is in its normal or un-
operated condition, the output of R¢ flip-flop 4306 ap-
plied to the grid of RC cathode follower 4311 will be
negative and the cathode follower will be cut off. How-
ever, when RO flip-flop 4306 is operated by the reception
. of an active signal over the RO input lead to And gate
4301, the right-hand output of R9.flip-flop 4306 will be-
come positive and in turn cause RCO cathode follower
4311 to conduct. As shown in Fig. 43, R0 flip-flop 4306,
R1 flip-flop 4387, R2 flip-flop 4308, R4 flip-flop 4309
and R7 flip-flop 4319 are connected, respectively, to RCO
cathode follower 4311, RC1 cathode follower 4312, RC2
cathode follower 4313, RC4 cathode follower 4314 and
RC7 cathode follower 4315.

Each of the RC- cathode followers in Fig. 43 has
a relay comnected in its cathode circuit. The winding
of RRO relay 4316 is connected in the cathode circuit of
RC9 cathode follower 4311. Similarly, the windings of
RR1 relay 4317, RR2 relay 4318, RR4 relay 4319 and
RR7 relay 4320 are connected in-the cathode circuit of
RC1 cathode follower 4312, RC2 cathode follower 4313,
RC4 cathode: follower 4314 and RC7 cathode follower
4315, respectively, as'shown in Fig. 43. When the RC-

cathode followers are rendered: conductive by the op- -

eration of their associated. R— flip-flops, a circuit is closed
through the ‘winding of the associated RR= relays .for
energizing these relays. Therefore, if RC2 cathode fol-
lower 4313 and RC4 cathode follower 4314 are conduci-
ing:in response. to:the operation-of R2.flip-flop 4308 and
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R4 flip flop 4309, RR2 relay 4318 and RR4 relay 4319
will be operated.

The contacts and armatures of the RR~ relays shown
in Fig. 43 are connected in a translating network which
translates the two-out-of-five code by which the trans-
mitter number is received by the transmitter link con-
troller into a one-cut-of-ten code, or in this case, a one-
out-of-eight code because there are only a total of eight
transmitters in the illustrative embodiment of the in-
vention. The operation of two of the five RR~ relays
shown in Fig. 43 will compiste a path for the connec-
tion of ground to one of ihe leads RG-0 through RG-7
shown in Fig. 43 which extend via cable 22 to the se:
iect magnets SEL-0 through SEL-7 of crossbar switch
4407 shown in Fig. 44. For example, the operation of

‘RR2 relay 4318 and RR4 relay 4319, when the two-out-

of-five code for the transmitter number 6 is received,
will cause a ground to be applied through armature 2
and front contact of RR2 relay 4318, through front con-
tact and armature 2 of RR4 relay 4319 to the RG—6 lead
which extends via cable 22 through the winding of select
magnst SEL—-6 (not shown) to battery, thus operating
this select magnet. The numbering of the select magnets
SEL-¢ through SEL-7 of crossbar switch 4407 corre-
sponds to the 0-7 numbering of the common register
spaces and transmitters, and the leads in cable 22 over
which the select magnets are operated are correspond-
ingly numbered RG-0 through RG-7. Therefore, when
two of the RR- relays of Fig. 43 are operated in re-
sponse to a two-out-of-five code for a transmitter num-
ber, the select magnet of crossbar switch 4407 corre-
sponding to this number will be operated. If, for ex-
ample, RRO relay 4316 and RR1 relay 4317 are operated
in response o the two-out-of-five code 11000 represent-
the number 1, ground will be applied to lead RG-1,
through armature 2 and front contact of RR1 relay 4317
and armature | and front contact of RRO relay 4316, to
operate select magnet SEL-1 (not shown). Similarly,
the operation of RR4 relay 4319 and RR7 relay 4320
in response to the two-out-of-five code 00011 for the
number 0, will cause the operation of select magnet
SEL-0 over lead RG-0.

It will be noted that the anode supply potential for
the RC~ cathode followers associated with the R— flip-
flops shown in Fig. 43 is obtained from lead GR which
in turn is connected through resistance 4321 to a posi-
tive source of potential and through resistance 4409 and
resistance 4408 to a negative source of potential. Re-
sistance 4321, lead GR, resistance 4409 and resistance:
4408 form a voltage divider which controls the con-
duction in RK tube 4401 shown in Fig. 44. These re-
sistances are selected in value so that when two or more
of the cathode followers of Fig. 43 are rendered con-
ductive, the increased voltage drop across resistance 4321
will cause the grid of RK tube 4401 to go negative, thus .
cutting off this tube. When RK tube 4401 is cut off, a
more positive potential is thereby applied to lead CRK,
thus effectively applying a passive signal to each of the
And gates 4301 through 4305 of Fig. 43 to block the
reception of further transmitter numbers by the associ-
ated R-— flip-flops. Thus, RK tube 4481 is effectively a:
check tube which prevents the gating of additional two-
out-of-five code signals into the R- flip-flops of Fig. 43
if there is already a registration present in these flip-
flops. If the R— flip-flops are normal and in condition
to receive a registration, RK tube 4401 conditions And
gates 4301 through 4385 over lead CRK to receive the
two-out-of-five code active signals.

From the above description, it will be noted that when
the two-out-of-five code signals representing a transmit-
ter - number are simultaneously transmitted to the And
gates associated with the transmitter number  register
flip-flops -of Fig. 43, two of the five R— flip-flops-will be
operated and in turn cause their associated CT-. cathode
followers ta conduct.  The .conduction of .two:-of .tha
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five cathode followers will immediately disable the And
gates through the action of RK tube 4401 and will cause
the operation of two of the five associated RR~ relays
shown in Fig. 43. The operation of these relays trans-
lates the two-out-of-five code representing the transmitter
number and applies a ground to one of the leads RG-0
through RG-7 which extends via cable 22 to one of the
select magnets SEL-0 through SEL-7 of crossbar
switch 4407.

As indicated previously, the units digit of the sender
number and the tens digit of a sender number are trans-
mitted from the connector control circuit of Fig. 42
to the transmitter link controller in a two-out-of-five code
while the hundreds digit of the sender number is trans-
mitted from the connector control circuit to the trans-
mitter link controller in a one-out-of-two. code. How-
ever, the sender number is not transmitted simultaneously
as was the transmitter number, but is transmitted se-
quentially one code element at a time. The code ele-
ments for the units digit of the sender number are trans-
mitted via leads U0, Ul, U2, U4 and U7 in cable 18
from the connector control circuit to And gates 4501
through 4505, respectively, as shown in Fig. 45. Each
of these And gates has two additional inputs, one con-
nected to the CR lead and one connected to the CUK
lead. The CR lead is connected through armature 1
and back contact of CR1 relay 4605 through resistance
4697 to negative battery as described above and, accord-
ingly, will be active if CR1 relay 4605 is normal. CUK
lead is connected to the anode circuit of UK tube 4601
shown in Fig. 46. This lead will have a negative po-
tential (an active signal condition) applied thereto if
UK tube 4601 is conducting. The units digit of the
sender number is recorded in the transmitter link con-
troller in the flip-flop circuits shown in Fig. 45. The
UO code element is recorded in SUQ flip-flop 4506, the
U1 code element is recorded in the SU1 flip-flop 4507,
the U2 code element is recorded in the SU2 flip-flop 4508,
the U4 code element is recorded in the SU4 flip-flop
4509 and the U7 code element is recorded in the SU7
flip-flop 4510. The operation of any of these flip-flops
will in turn cause the operation of associated cathode
follower circuits in the same manner as described above
with respect to the transmitter number register fiip-flops
of Fig. 43. The operation of SU9 flip-flop 4506 will
cause CUO cathode follower 4511 to conduct. The con-
duction of this cathode follower will in turn cause the
operation of the associated RU6 relay 4516. Similarly,
the operation of SU1 flip-flop 4507 causes CU1 cathode
follower 4512 to conduct and RU1 relay 4517 to oper-
ate. The operation of SU2 flip-flop 4508 will cause CU2
cathode follower 4513 to conduct and RU2 relay 4518
to operate. The operation of SU4 flip-flop 4509 will
cause CU4 cathode follower 4514 to conduct and RU4
relay 4519 to operate. Lastly, the operation of SU7
flip-flop 4510 will cause CU7 cathode follower 4515 to
conduct and RU7 relay 4520 to operate. The contacts of
the relays shown in Fig. 45 are connected in a translat-

ing network which translates the two-out-of-five code for

the units digit of the sender number into 2 one-out-of-
ten code. When two of the five RU- relays are operated,
a path will be completed from ground on lead GUC (ap-
plied thereto as described below) through contacts of
the RU- relays to one of the leads SN1 through SNO
which extend to the armatures of RHO relay 4707 and
RHI1 relay 4708 shown in Fig. 47. The contacts of the
RU- relays are also connected in a two-out-of-five check
circuit which will connect ground from armature 1 of
RU7 relay 4520 to the GU lead connected to armature 1
of RU4 relay 4516 if two and only two of the five relays
are ‘operated. . e -
UK check tube 4601 shown in Fig..46 controls the
operation of And gates 4501 through 4505 in Fig. 45
in the following manner. While UK tube 4601 is con-
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ducting, an active’ signal is applied to the CUK lead.
When two of the RU- relays of Fig. 45 have operated
in response to the reception of a two-out-of-five code,
ground is applied to lead GU as indicated above. This
ground is applied through the voltage divider network
comprising resistances 4616 and 4611 to positive battery
and effectively lowers the grid of UK tube 4601 below
cutoff. When UK tube 4601 is cut off, a more positive
potential (passive signal condition) is applied to the CUK
lead through the action of voltage divider network com-
prising resistances 4612, 4613 and 4614. In this way, a
‘passive signal condition is applied to the inputs of each
of the And gates 4501 through 4505 over lead CUK
which thus blocks the reception of any further two-out-
of-five code signals for the units digit by the transmitter
link controller circuit. The circuit for cutting off UK
tube 4601 differs from that described hereinbefore with
respect to RK tube 4401 shown in Fig. 44 because the
code elements for the units digit of the sender number
are received sequentially and, therefore, the And gates
of Fig. 45 must be enabled until the two-out-of-five
code is sequentially received.

The two-out-of-five code signals for the tens digit of
the sender number are received from the connector con-
trol circuit of Fig. 42 over leads T8, T1, T2, T4 and T7
in cable 19. These leads connect to corresponding And
gates 4801, 4802, 4803, 4991 and 4902 shown in Figs.
48 and 49. The output of each of these And gates is in
turn connected to corresponding flip-flop circuits such
as STO flip-flop 4894, ST1 flip-flop 4805, ST2 flip-flop
4806, ST4 flip-flop 4903 and ST7 flip-flop 4904. The
left-hand input of each of And gates 43801, 4802, 4803,
4901 and 4902 is connected to lead CR which extends,
as described hereinbefore, through back contact and
armature 1 of CR1 relay 4605 through resistance 4607
{o negative battery, thus effectively applying an active
signal condition to lead CR. The right-hand input of
each of these And gates is connected to the CTK lead
which in turn connects to the anode circuit of TK tube
4915 shown in Fig. 49. While TK tube 4915 is con-
ducting, the action of the voltage divider comprising re-
sistances 4916, 4917 and 4918 will apply an active signal
(a negative potential) to lead CTK, thus partially en-
abling each of the And gate circuits.

The output of each of the ST- flip-flops shown in Figs.
48 and 49 is applied to a translating network comprising
conductors B0, B, B2, B4 and B7 shown in Figs. 48 and
49. The two of the five ST— flip-flops which are operated
in response to a particular two-out-of-five code represent-
ing the tens digit of a sender number will apply a posi-
tive potential to two of the conductors of this network
to which they are connected. For example, if STO flip-
flop 4804 is operated, a positive potential will be applied
from the voltage divider comprising resistances 4817
and 4818 to the BO lead. Similarly, if ST1 flip-flop 4805
is operated, a positive potential will be applied to the
Bl lead. The B0 and B1 leads connect to grids of CT1
cathode follower 4807 and thus cause this tube to con-
duct. It will be observed that the two-out-of-five code
which would cause the operation of STO flip-flop 4804
and ST1 flip-flop 4805 represents the numerical digit 1
and the operation of these two flip-flops in turn causes

' conduction through CT1 flip-flop 4807. In this manner,
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the two-out-of-five code represented by the operated ones
of the ST- flip-flops shown in Figs. 48 and 49 is trans-
lated to a one-out-of-ten code through the operation of
one of the ten cathode followers. These cathode:fol-
lowers are designated CT1 cathode follower 4807, CT2.
cathode follower 4808, CT3 cathode follower 4809, CT4
cathode follower 4810, CT5 cathode follower 4811, all
shown. in® Fig. 48, CT6 cathode:follower 4905, CT7

i cathode’ follower 4906 and CT8. cathode follower 4907,

75

CT9 cathode fallower 4908 and CTO cathode follower
4909 shown in Fig. 49... Each of the CT- cathode fol=: |
lowers of Figs. 48 and 49 are biased. such that before
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conduction can be initiated therein.a positive: potential
must.be applied to both grids. A positive potential ap-
plied to one grid only will not render the tubes conduct-
ing.” Each of the CT- cathode followers shown in Figs.
48 and 49 is connected to an associated RT- relay as
shown. The winding of RT1 relay 4812 is connected in
the. cathode circuit of CT1 cathode follower 4807. The
windings of RT2 relay 4813, RT3 relay 4814, RT4 relay
4815, RT5 relay 4816, RT6 relay 4910, RT7 relay 4911,
RT8 relay 4912, RT9 relay 4913 and RTO relay 4914
are- connected, respectively, in the cathode circuits. of
CT2 cathode follower 4808, CT3 cathode follower 4809,
CT4 cathode follower 4810, CT5 cathode follower 4811,
CT6 cathode follower 4285, CT7 cathode follower 498§,
CT8 cathode follower 4907, CT9 cathode follower 4908
and CTO cathode follower 4909. When any of the CT—
cathode followers conduct, a path is completed for the
operation: of its associated- RT— relay. Therefore, the
operation of two of the five ST flip-flops shown in Figs.
48 -and 49 in response to the reception of a two-out-of-
five code representing the tens digit of a sender number
will cause a translation of this two-out-of-five code and
the operation of one of the ten RT- relays shown in
Figs. 48 and 49 which corresponds to the digital value
of this two-out-of-five code.

As shown in Figs. 48 and 49, the contacts and arma-
tures of each of the RT- relays are divided into two
groups, armatures 1-10 and associated contacts being
used to connect the SN11 through SN10 Ieads in cable 23
from RHI relay 4708 to leads in cable 25 and armatures
11-20 and associated contacts being used to connect the
SN61 through SNG® leads in cable 24 from RH9 relay
4707 to leads in cable 25. The leads in cable 25 are
designated SN090 through SN199 and extend to the wind-
ing of hold magnets H-O through H-199, respectively,
in crossbar switch 4407,

The ancde supply potential for each of the ten CT-
cathode followers shown in Figs. 48 and 49 is.obtained
from lead GT. Lead GT is connected to a positive
source .of potential through resistance 4819 and through
resistances 4929 and 4919 to a negative source of po-
tential. Resistance 4819, lead GT. and resistances 4920
and 4919 comprise a voltage divider which controls the
conduction in TK tube 4915 shown in Fig. 49. When
all of the CT- cathode followers are normal, TK tube
4915 is biased above cutoff and in conducting applies an
active signal condition (a negative potential) to lead
CTK. However, when a two-out-of-five code represent-
ing the tens digit of a sender number is received and
one of the CT- cathode follower tubes of Figs. 48 and
49 conducts, the increased. voltage drop through resist-
ance 4819 ‘will cause a negative potential to be applied
to the grid of TX tube 4915, thus cutting off this tube.
When TK tube 4915 is cut off, 2 more positive potential
(a passive signal condition) is applied to the CTK lead
which will disable the And gates shown in Figs. 48 and
49 and thus prevent the reception of further two-out-of-
five code signals representing the tems digit of a sender
number.

The one-out-of-two code representing: the hundreds
digit- of the sender number is transmitted from the
connector control circuit of Fig. 42 over the HR® and
HR1 leads of cable 20 to the transmitter link controller.
These two leads conmect to inputs of And gates 4701
and 4702 shown in Fig. 47. One input of each of these
And gates is connected to lead CR which extends through
armature- 1 and back contact of CR1 relay 4605 through
resistance 4697 to. negative battery, Thus, when CR1
relay 4683 is normal, an active signal .condition is ap-
plied: to lead CR, thus partially enabling And . gates 4701
and :4702.. And . gate 4701 has: two additional inputs
which are connected, respectively, to:the-output..of in-
verter:4709:and-the -output of inverter. 4710.. One.input
to: these inveriers.is. connected 'to a velfage divider in the
anode-‘circuit ‘of : a: cathode :follower. - The'input of. i~
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verter 4709 is connected to a voltage divider comprising
resistances 4711, 4712 and 4713 in the anode circuit of
CHS@ cathode follower 47¢5. If CHO cathode follower
4705 is not conducting, a passive signal (a positive po-
tential) will be applied to the input of inerter 4709 and
its .output will correspondingly be active (negative), thus
enabling one input of And gate 4701 and one-input of
And gate 4702. Similarly, the input of inverter 4710:is
connected to a voltage divider comprising resistances
4714, 4715 and 4716 in the anode circuit of CH1 cath-
ode follower 4766. If CHL cathode follower 4706 is
not conducting, a passive signal (a positive potential)
will be applied to the input of inverter 4710 and corre-
spondingly an active signal (negative) will be applied from
its ontput to one input of And gate 4702 and one input of
And gate 4781. Thus, if both CH- cathode followers
are normal, both And gates 4761 and 4762 may be actu-
ated by the application of an active signal to their. re-
spective HRO and HR1 input leads. The actuation. of
And gate 4781 or And gate 4702 will in turn cause the
operation of SHO flip-flop 4703 or SH1 flip-flop 4704,
respectively. When either of these flip-flops is operated,
its corresponding cathode follower will be rendered con-
ducting which in turn will cause a passive signal to be
applied to both And gates 4781 and 47602, thus block-
ing the reception of any further signals from the con-
nector control circuit of Fig. 42. For example, if an
active signal is applied over the HRO lead to actuate
And gate 4701, SHO flip-flop 4783 will be operated.
The operation of SH® fiip-flop 4793 will cause a positive
potential to be applied through a voltage divider. com-
prising resistances 4717 and 4718 to the grid of the as-
sociated CH® cathode follower 4765. The conduction
through CHS cathode. follower 4765 will in turn cause
the operation of RHO relay 4897. Similarly, the opera-
tion of SH1 cathode follower 4704 will cause conduction
through CH1 cathode follocwer 4706 and the operation
of RHI1 relay 4768. Armatures 1-10 and associated
contacts of RHO relay 4787 are used to connect leads
SNi through SN0 from the RU- relays of Fig. 45 to leads
SNG1 through SN®9 of cable 24 which extend to arma-
tures 11 through 20 of the RT- relays shown in Figs. 48
and 49. Armatures 1-10 and associated contacts of
RH1 relay 4768 are used to connect leads SN1 through
SN@ from the RU- relays of Fig. 45 to leads SN11
through SNi8 of cable 23 which extend to armatures 1
through 10 of the RT- relays shown in Figs. 48 and 49.

In the manner described hereinbefore, the units,. tens
and hundreds digits of the sender number are recorded
in the flip-flop circuits of the transmitter link controller.
As a result of the operation of these flip-flop circuits, a
circuit will be established for the operation of the required
hold magnet of the crossbar switch 4487 shown in Fig. 44.

Crossbar switch 4487, shown in Fig. 44, may-be any
of the conventional crossbar switches or group of switches
well known in the art which have at least eight select
magnets and 198 hold magnets. As shown in Fig. 44,
the select magnets are designated SEL-0 through SEL-7
and, as indicated hereinbefore, the numbering of the
select magnets corresponds to the 0—7 numbering of the
transmitters in the illustrative embodiment of the pres-
ent invention with which they are associated. The 198
hold magnets of crossbar switch 44807 are designated
H-0 through H-98 and H-186 through H-199. The
numbering of the hold magnets corresponds to the 0-98,
100-198 pumbering of the 198 senders in the illustrative
embodiment of the present invention with which they are
associated. As$ shown in the drawings, the FT, FR,
FQ1, AVE, ST and TRL leads in cables such as cable
2-0 from transmitter No. 0, cable 2—-1 from transmitter
No. 1, cable 2-2 from. transmitier No. 2 and.cable.2-7
from transmitter No. 7, are extended via cable 2 to crosss
bar switch 4487. These leads are then connected through
operated crosspoint contacts of crossbar.switch 4407 to
corresponding-leads in cable 1 which extend:via cables
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1-0 through 1-98 and 1-100 through 1-198 to senders 1
through 98 and 100 through 198, respectively. There-
fore, to connect the FT, FR, FO1, AV1, ST and TRL
leads from a particular transmitter to corresponding leads
to a particular sender, it is necessary to operate the se-
lect magnet in crossbar switch 4407 which is associated
with the transmitter and to operate the hold magnet of
cross switch 4407 which is associated with the sender.
Assume for example, that a connection from transmitter
No. 1 to sender No. 100 must be established. To com-
plete this connection, select magnet SEL-1 and hold
magnet H-100 will be operated and the FT, FR, FO1,
AV1, ST and TRL leads of cable 2-1 and cable 2 will be

10

connected through operated crosspoint contacts of cross-

bar switch 4407 to corresponding leads in cable 1 and

cable 1-100 which extend to sender 100. B
Before tracing the circuit for the operation of a .par-

ticular hold magnet of crossbar switch 4407, it should

15

be noted that when a select magnet operates in response . .

to the registration of a transmitter number in the flip-
flops of Fig. 43 as described above, ground is applied
to the LSN lead .through a front contact and armature
of the operated select magnet. LSN lead extends from

crossbar switch 4407 through the winding of SN1 relay

4602 to battery, thus operating this relay., It should be
noted also that when either of the hundreds relays, RH@
relay 4707 or RH1 relay 4708 operated, ground was
applied through armature 11 and front contact of the
operated one of these relays to lead GH which extends
through the winding of HCK relay 4609 to battery, thus
operating this relay. . N

A circuit will now be traced for the operation of a
particular hold magnet of crossbar switch 4407. Assume
for the purposes of this illustration, that the sender num-
ber “received by the tramsmittér link controller circuit
from the connector control circuit of Fig. 42 was the
number 198, With this assumption, RU1 relay 4517 and
RU7 relay 4520 in Fig. 45, RH1 relay 4708 in Fig. 47
and RT9 relay 4913 in Fig. 49 will be operated. A cir-
cuit may be traced from ground through armature 1 and
front contact of RU7 relay 4520, through armature 1 and
back contact of RU4 relay 4519, through armature 2
and back contact of RU2 relay 4518, through armature
2 and front contact of RU1 relay 4517, through arma-
ture 1 and back contact of RUO relay 4516, over lead
GU, through front -contact and armature of HCK relay
4609, through contact and armature 2 of SN1 relay
4602, through the winding of CK relay 4603, over lead
GUC, through front contact and armature 3 -of RU1
relay 4517, through front contact and armature 4 of
RU7 relay 4520, over lead SN8, through. front contact
and armature 3 of RH1 relay 4708, over lead SN18
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When hold magnet H~198 operated as described above,
it locked operated through its own contact to ground
on the FO1 lead. This ground is supplied over the FOX
lead in cable 1 and 1-198 from the sender at the pres-
ent time. However, after the operation of an off-normal
relay in the transmitter, as will be described hereinafter,
ground for locking the hold magnet operated will be
supplied from the transmitter. It will be noted that
CK relay 4663 shown in Fig, 46 operated in series with
the hold magnet. When the hold magnet operates, how-
ever, it closes a shunting circuit through the locking
contacts of the hold magnet for shunting down CX relay
4693, thus allowing this relay to release. Ground is
applied over lead GU through armature 2 and front con-
tact of SN1 relay 4602 to the upper winding terminal
of 'CK 'relay 4603. Ground is also connected to the
lower winding terminal of CK relay 4603 over lead
GUC, through operated contacts of the RU-relays of Fig.
45, through operated contacts of either RHO relay 4707
or RH1 relay 4708 of Fig. 48, through operated con-
tacts of one of the RT— relays of Figs. 48 and 49, over
one of the leads SN@#9 through SN@¢%8 and SN100
through SN198, through the armature and front contact
of the operated hold magnet over lead FO1 in cable 1
from the sender. Ground on both winding terminals
of CK relay 4663 will shunt down CK relay 4603 caus-
ing its release. CK relay 4663, in releasing, completes
a circuit for the operation of CR1 relay 4665. This
circuit may be traced from ground through front con-
tact and armature 1 of SN1 relay 4602, through back
contact and armature of CK relay 4663, through front
contact and armature 1 of HM relay 4604, through back

. contact and armature 2 of CR2 relay 4602, through the
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which extends via cable 23 to the RT- relays of Figs. 48 -

and 49, through armature 3 and front contact of RT% |

relay 4913, over lead SN198 which extends via cable
25 to crossbar switch 4407, through the winding of hold

56

magnet- H-198 in crossbar switch 4407 shown in Fig. -

44 to battery. The operation of hold magnet H-198
and the previous operation of the required select mag-
net completes a connection from the transmitter to the
sender for leads FT, FR, FO1, AV1, ST and TRL as
described above through the operated crosspoints of cross-
bar switch 4407.

Hold magnet H-198 in crossbar switch 4467 operated
in series with CK relay 4603 as the operation path for
the hold magnet was traced through the winding of CK
relay 4603. The operation of CK relay 4603 completes
a circuit for the operation of HM relay 4604 which
may be traced from ground through front contact and
armature 1 of SN1 relay 4602, through front contact
of CK relay 4603, through the winding of HM relay 4604
to battery. HM relay 4604, in operating, locks operated
through its own front contact and armature 2 through
front .contact and armature 1 of SNI relay. 4602 to
ground, ' '
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winding of CR1 relay 4605 to battery. CR1 relay 4605,
in operating, locks operated through its. own armature
2 and front contact to ground through front contact and
armature 1 of SN1 relay 4602, CR1 relay, in operating,
also completes a circuit for the operation of CR2 relay
4602. CR1 relay 46901, in operating, also removes the
active signal condition applied from negative battery
through resistor 4607 to the CR lead and places a passive
signal from positive battery source through resistor 4608
to the CR lead. This passive signal applied to lead CR
will disable the And gates shown in Figs. 43, 45, 47,
48 and 49 and thus prevent the reception of further trans-

_mitter numbers and sender numbers from the connector

control circuit of Fig. 42.

~CR2 relay 4602, in operating, connects a ground
through its front contact and armature 1 to the right-
hand terminal of resistance 4615. The left-hand ter-

“minal of resistance 4615 is connected to posidve bat-

tery. . Therefore, when ground is applied to the right-

"hand terminal of the resistance 4615, the voltage drop
_at this terminal will be applied over lead RS to the re-

setting input of all of the flip-flop circuits in Figs. 43,
45, 47,-48 and 49. This negative voltage is differen-
tiated by the input condenser in each of these flip-flops
to cause these flip-flops to be reset and returned to

“normal,

When the R~ flip-flops of Fig. 43 are reset, the RC-
cathode followers which were conducting will be cut off

" and the operated ones of the RR relays shown in Fig. 43
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will be released. The release of the RR~ relays of Fig.
43 will in turn cause the release of the operated select
magnet in crossbar switch 4407 shown in Fig. 44. The
release of this select magnet will remove the ground from
lead LSN which is holding the SN1 relay 4682 operated.
The release of SN1 relay 4602 removes the locking

. ground for HM relay 4604, CR1 relay 4602 and the
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operating ground from CR2 relay 4606. CR1 relay 4605
is a slow releasing relay and, after CR2 relay 4606 re-
leases and before CR1 relay 4605 releases, a circuit is
completed from negative battery, through resistance 4616, -
through front contact and armature 4 of CR1 relay 4605,
through back contact and armature 3 of CR2 relay 4606,
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to lead RST. Resistance 4616, lead RST and resistance
4413 form a voltage divider which will apply an active
signal (negative potential) to the resetting input of TML
flip-flop 4492. The purpose of the TML flip-flop 4402
and of resetting this flip-flop will be described later.

The active signal condition applied to the RS lead
will cause the release of SU- flip-flops of Fig. 45, ths
ST- {flip-flops of Figs. 48 and 49 and the SH- flip-flops
of Fig. 47 in the same manner as described in connection
with the R flip-flops of Fig. 43. The release of these
flip-flops will in turn cause the release of the operated
ones of the associated relays in Figs. 45, 47, 48 and 49.
When these relays release, the operating circuit for the
operated hold magnet is opened. When the RU- relays
of Fig. 45 release, ground is removed from lead GU
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which permits UK tube 4601 to conduct, thus applying an

active signal condition to lead CUX which connects to
one input of each of the And gates 4401 to 4405. The

cutoff of the conducting one of the cathode followers -

CHO cathode follower 4785 or CHI cathode follower

20°

4706 in Fig. 47 and the release of the associated relays -

will remove the passive signal condition applied to one

input to each of And gates 4701 and 4702. The release .

of the ST- flip-flops of Figs. 48 and 49 will in turn
cut off the conducting one of the cathode followers CT—
shown in Figs. 48 and 49 and the release of its associated
relay. The halting of conduction in the conducting cath-
ode followers CT— of Figs. 48 and 49 will cause TK tube
4915 to conduct which in turn will apply an active signal
condition to the CTX lead which connects to one of the
inputs of And gates 4801, 4802, 4803, 4901 and 4962.
When: CR1 relay 4605 releases, the active signal condi-
tion is again applied from negative battery through resist-
ance 4607 to lead CR. The active signal condition on
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lead CR is applied to one input of each of the And gates * -

of Figs. 43, 45, 48 and 49 and thus, these And gates
are enabled and are ready to receive a new transmitter
number and a new sender number from the connector
control circuit of Fig. 42. * CR1 relay 4695 is the last
relay in the transmitter link controller circuit to release.
This relay is slow releasing and does not apply an
enabling active signal condition to the And gates of the

transmitter link controller until after all of the flip flops, .
cathode followers and relays of Figs. 43, 45, 47, 48 and

49 have been released and returned to normal. Thus, the
slow release of this relay insures that the transmitter link
controller circuit has returned to normal and is ready to
receive the new registration before the And gates of ths

transmitter link controller circuit can be again enabled. |

Referring to Fig. 44, it will be noted that And gate 4493
has five inputs. Input A is connected to the CH1K lead
which extends to the output of inverter 4710 shown. in
Fig. 47. As indicated previously, the cutput of inverter
4710 will be active whan CH1 cathode follower 4796 is
cut off.
CTK leak which extends to the anode circuit of TK tube
4915 shown in Fig. 49. As indicated previously, CTK
lead will be active when TK tube 4515 is conducting.
Input C of And gate 4403 is connected to the CRX
lead which extends to the anode circuit of RK tubs 4481
and, as indicated previously, will be active when RK tube
4401 is conducting. Input D of And gate 4493 is con-
nected to the CUK lead which extends to the anode cir-
cuit of UK tube 4601 and, as indicated previously, will
be active: when UK tube 46981 is conducting. Input E
of And gate 4403 is connecied to the CHOK lead which
extends to the output of inverter 4789. As indicated pre-
viously, the output of inverter 4789 will be active when
CHO cathode follower 4785 is cut off or not conducting.
It will be observed that when all of the flip-flop circuits of
Figs. 43, 45, 47, 48 and 49 are normal and are ready to
receive a registration of a transmitter number and a
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Input B of And gate 4403 is connected to the
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sender number from the connector.control circuit of Fig.
42 the five input leads to And gate 4403 will be active.
These active signals are combined in And gate 4403 to
provide an active signal to the input of inverter 4416.
The output of inverter 4416 under this condition will be
passive and this passive signal is applied to the left-hand
input of TML flip-flop 4482 shown in Fig. 44. When any
registration is received by the flip-flop circuits of the
transmitter link contrcller and when any of the check
tubes such as RK tube 4401, UK tube 4691, TK tube
4915 or inverters 4709 and 4710 are operated, the active
signal condition will be removed from the corresponding
lead CRX, CUK, CTK, CHOK or CH1K which will cause
a passive signal to be applied from the output of And gate
4403 to the input of inverter 4416. Under this con-
dition, the output of inverter 4416 will be active and this
active signal will in turn causé the operation of TML

flip-flop 4402. The operation of TML flip-flop 4462 will

in turn cause its right-hand output to become positive
and this positive potential applied through the voltage
divider comprising resistances 4434 and 4415 will cause
the grid of TMLA tube 4404 to be biased above cutoff
and TMLA tube 4404 will conduct. When TMLA tube
4404 conducts, TC relay 4405 which is connected in its
cathode circuit will be operated. The operation of TC
relay 4405 will apply a ground to timer 4496. Timer
4406 may be a conventional polar relay, RC network
controlled timer circuit, or any suitable timer known in
the art. After the interval has elapsed for which timer
4406 is set, a potential (battery or ground) is connected
to a lead extending to a trouble indicator alarm circuit
which will function to sound an alarm. As described
above, a connection between a transmitter and a sender
is established through the operated crosspoints of cross-

bar switch 4467 and this connection is held under con-

trol of the sender. Later, as will be described below,
the connection will be held under control of the trans-
mitter. In case trouble is encountered in establishing this
connection, a timeout is required to prevent the magnetic
drum and transmitter from being taken out of service
by the failure of one call. The function of And gatz: 44903,
inverter 4407, TML flip-flop 4402, TMLA tube 44904,
TC relay 4405 and timer 4466 is to prevent just such
an eventuality. As described above, TML flip-flop 402

- will be operated when the transmitter link controller

circuit is seized and either a transmitter number or a
s?nde.r number is registered in the associated flip-flop
circuits. 1f, through scmz trouble condition, TML flip-

‘flop 4482 is not reset as described above before a time-

cut by timer 4496, a trouble alarm will be soundsd. Nor
mally, the transmitter link controller circuit will com
plete the establishment of a connection between a particu
lar transmitter and sender before this timeout and T™ML
flip-flop 4462 will be reset before an alarm is sounded.
When TML flip flop 4402 is reset; TMLA tube 4464 is
cut off and TC relay 4405 releases. The release of TC
relay 4405 deenergizes timer 4406 and it returns o
normal.

The transmitter control circuit

* The transmitter control circuit shown in detail in Figs.
40 and 41 reads th= digits from a common register space

- and passes these digits to the associated transmitter one
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digit at a time. The transmitter control circuit also
reads the digits registered in the test register space and
passes these digits to the test circuit one digit at a time.
The digits received by a transmitter will, in turn, be
transmitted to the distant office by the transmitter as
multifrequency pulses. The digits recsived by the test cir-
cuit will be checked ‘against the digits pulsed into the
scanner by the test circuit to determine if the magnetic
drum control circuits of the illustrative embodiment of

-the present invention have functioned properly as will



5.678,888

. 133 -
he described hereinafter. The multifrequency pulses
transmitted by the transmitter and the interdigital in-
tervals between pulses are timed in the common register
space under control of the transmitter control circuit.
Referring to Fig. 19 of the drawings, it will be recalled
that the 11 digits of a dialed designation are recorded
in binary code in slots 2 through 12 of tracks 13 through
16 of the register spaces. = As shown in Fig. 19, there are
two cells designated “Pulse Time” in tracks 13 and 14
of slot 1 which are used to time the duration of a pulse
transmitted to the distant office by the transmitter and
to time the duration of the interdigital interval between
pulses. The cells in tracks 15 and 16 of slot 1 in the
register spaces designated “Second Trial” are utilized to
control the second trial functions in case an overflow
condition is detected as will be described hereinafter. In
track 12 slot 1 of each common register space is a cell
designated KP-SENT. A0 is recorded in this KP-SENT
cell to indicate that a KP signal has not been transmitted
to the distant office by the transmitter A 1 recorded in
the KP-SENT cell indicates that the transmitter has
transmitted the KP signal to the distant office. Asso-
ciated with each of the digit registers in slots 2 through
12 of each common register space is an associated digit
sent cell in track 12. Zeros recorded in the digit sent
cells in track 12 of a common register space indicate
that the particular digit has not been transmitted to
the distant office. A 1 is recorded in the digit sent cells
track 12 to indicate that the associated digit has been
transmitted to the distant office. In track 11 of slot 12
of each common register space is a cell designated ST—
SENT. A 0 is recorded in this cell to give an indication
that the start or ST signal has not been transmitted to
the distant office. A 1 recorded in the ST-SENT cell
in track 11 of slot 12 of the common register space indi-
cates that the start or ST signal has been transmitted
to the distant office. As indicated previously,. the digits
of the called designation are recorded in binary code in
the digit registers of slots 2 through 12 of the register
spaces. The transmitter control circuit will read these
registers and translate the binary code read therein into
two-out-of-five code and will place an active signal on
two of five leads extending from the transmitter control
circuit to the seized transmitter or to the test circuit
if the call is a test call. These leads are designated TRY,
TR1Y, TR2, TR4 and TR7 and extend from the transmitter
control .circuit to the transmitters and test circuit via
cable 16. )

In addition to these five leads, another 1lead designated
TR10 extends from the transmitter control circuit to the
transmitter and test circuit via cable 16. The TR10 lead
and one of the five leads TRO, TR1, TR2, TR4 and TR7
are used to transmit the KP and ST signals to the trans-
mitter and test circuit. In addition to the TR- lead,
cable 16 also includes the UN, OF, SR, RC, DF, RL,
CL, BY and SNR leads over which control signals are
passed as will be described below. The transmitter con-
trol circuit has no way of distinguishing a common regis-
ter space from the test register space or of distinguishing
the test circuit from any of the transmitter. The trans-
mitter control circuit treats a test call the same as a sub-
scribe dialed call with respect to the active signal passed
to and received from the transmitter and test circuit over
the leads in cable 16.

Given below is ths binary code in which the digits of
the called designation are recorded in tracks 13 through
16 in the register spaces and the code with which the
decimal digits and KP and ST signals are passed to the
transmitter and test circuit by the transmitter control
circuit. The zeros and ones in the code under the head-
ing. TR~ leads 0, 1, 2, 4, 7, 10 indicate a passive and
active condition respectively on the TR~ leads.
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BINARY CODE

Tracks TR~ Leads
Decimal [____

Digit
13| 141516 ol1l21417}]10
110 0] 0 1 1] 1] 00| 0f0
0 110{ 0 2 1] 0| 1{ 0| 0}0
1] 1} 0{0 3 o[ 1 1] 0] 0f0
0} 0 110 4 16| 0 11 010
10110 5 o 1[0} 1} 0}0.
0 1 110 ] 0] 0 1 1 010
1 1 1{ 0 7 1/ 0f 0] 0f 1}0
ojofof1 8 o 1y 0[O0 Y}O
11001 9 ol of 1] 0] 140
01 110711 0 of 0] 0 1 110

KP ol 0| 1] 0] 01

8T ol olofo] 1|1

" From the above codes, it will be noted that two of the
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TR-— leads extending to the transmitters -and test circuit
from the transmitter control circuit will be made active
for each digit which is read from a register space and
for the KP and ST digits. It will be noted that the code
for the numerical digits is an additional two-out-of-five
code on leads TR0, TR1, TR2, TR4 and TR7 and that
the TR10 lead is combined with the TR2 lead for the
KP signal and with the TR7 lead for the ST signals.’

As will be described in detail hereinafter, each trans-
mitter in the illustrative embodiment of the present
invention contains six flip-flop circuits, one to transmit
each of the six frequencies used for multifrequency
signaling, These flip-flops are operated over the TR-
leads two at a time by the transmitter control circuit
and will cause the continued transmission of the two
associated frequency signals until restored to normal by
the transmitter control circuit. i

Send KP

As will be described in detail hereinafter, when a
particular transmitter of the test circuit is seized on a
call a flip-flop will be operated therein which will apply
an active signal to the BY lead extending from the
transmitter or test circuit to the transmitter control cir-
cuit via cable 16. As soon as all of the digits of the
called designation have been recorded in the digit regis-
ters of a register space, the transfer circuit sends a DF
signal (drum full) to the transmitter or test circuit indi-
cating that all of the digits have been received. After
receiving the drum full signal, the transmitter makes a
trunk test and is then ready to accept digits to be trans-
mitted to the distant office. As will be described later,
the test circuit also simulates this function. When the
transmitter is in condition to accept a digit from the
transmitter control circuit to be transmitted to the distant
office or when the test circuit is ready to receive the
pulsed digit of a test call an active signal is applied
to the CL lead which extends from the transmitter or
test circuit to the transmitter control circuit via cable-16.
The first signal which must be transmitted to the distant
ofﬁce or to the test circuit is the KP signal. This KP
signal is a gate cpening signal for the multifrequency
receiver at the called office. The KP signal is used
to prevent the voice frequencies of conversation from
registering false digits in the multifrequency receiver at
the distant office. As shown in the-table given herein-
before the transmitter is told to transmit the KP signal
to the distant office when active signals are placed on
the TR2 and TR10 leads by the transmitter control
circuit. The circuits in the transmitter control circuit
which perform 'this function are shown in Fig. 40 of the
drawings and will now be described. :

. When slot 1 of a register space is read, if the KP
signal has not been sent, a 0 will be recorded in the
KP-SENT cell in track 12 of slot 1 of the register space.
At this time, zeros will also be present in the pulse timer
cells in tracks 13 and 14 and in the second.trial cells

in tracks 15 and 16 of slot 1 of the register space. Under
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these conditions, that is, with zeros recorded in tracks 12
through 16 of slot 1 of the register space and with the
BY and CL leads from the transmitter or test circuit
active, the following will take place. And gate 4001,
shown in Fig. 40 will be actuated as it has its input A
connected to the RO-15 lead, its input B comnected to
the L1R lead and its input C connected to the R0-16
lead. The active signal from the output of And gate
4001 will be applied through Or gate 4003 to input C
of And gate 4004. And gate 4004 will thereby be acti-
vated because input A of And gate 4004 is connected
to the BY lead which is active and input B of And gate
4004 is. connected to the CL lead which is active.
Because all of the inputs of And gate 4004 are active,
this And gate will be actvated to apply an active signal
to input A of And gate 4007. Input B of And gate
4007 is'shown connectéd to the R0-12 lead which will
be active when a 0 is read in the KP-SENT cell in
track 12 of slot 1 of the common register space. There-
fore, And ‘gate 4007 will be actuated to apply an active

signal to the KP lead. The active signal on the KP -

lead will also be applied to the W1-12G lead which
extends via cable 12 to the writing amplifier circuits
associated with track 12 of the magnetic drum. The
active signal on the W1-12G lead will cause a 1 to be
written in- the KP-SENT cell of slot 1 of the commen
register space. The active signal on the KP lead is
applied to an input of Or gate 4123 and to an input of
Or gate 4126 shown in Fig. 41. The actuation of Or
gate 4123 and the actuation of Or gate 4126 in this
manner will cause an active signal to be applied to
the TR2 and TR10 leads which extend via cable 16
to the transmitter .or test circuit. The active signals on
the TR2 and TR10 leads will, in the manner to be
described in detail hereinafter, cause the transmitter if
the call is a regular call to transmit the two frequencies
which comprise the KP signal to the distant office. The
active signals on the TR2 and TR0 leads cause the
operation of associated flip-flop circuits in the transmitter
which in turn cause the transmission of these two
frequencies. If the call is a test call, associated flip-flop
circuits in the test circuit will be operated as described
later. The two frequencies which make up the KP
signal will be continuously transmitted until the flip-fiop
circuits  in the transmitter are restored to normal by the
transmitter control circuit of Figs. 40 and 41.

As soon as the two flip-flops .associated with the TR2
and TR10 leads in the transmitter or test circuit are
operated, the CL lead frem the transmitter or test circuit
to the transmitter control circuit will beccme passive.
With lead BY active and lead CL passive, inputs B
and C of And gate 4005 shown in Fig. 40 will be active.
As shown in Fig. 49, inout B c¢f And gate 4605 is con-
nected directly to the BY lead whereas input C of this
And gate is connected to the output of inverter 4886.
The input of inverter 4006 is in turn connected to the
‘CL lead which is passive at the present time. JInput A
of And gate 4005 is connected to the output of Or gate
4003.. When zeros are read in the second trial cells of
slot 1 of the register space (in tracks 15 and 16 cver
the R0-15 and R0-16 leads) And gate 4061 will be
actuated, as described above, to in turn actuate Or
--gate 4003, Tn this manner, input A of And gate 4065
is made active. The actuation of And gate 4085 applics
an - active signal to an input of Or gate 4608 which in
turn applies an active signal to input B of And gate
4027. Input A of And gate 4027 is connected, as shown,
to the R0-14 lead and will be active when a 0 is read
4n the pulse timer cell in track 14 of slot 1 of the common
register space. Input C of And gate 4827 is shown
-connected to the- R1-12 lead and will be active when
a 1 is read in the KP-SENT cell in slot 1 of the common
_register- space. . The actuation of And gate 4927 will
cause an active signal to be applied to the A® lead which
extends 1o input A of Or gate 3435 in the sender space
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control circuit shown in Fig. 34. The actuvation of
Or gate 3435 will, in the manner described hereinabove,
cause an active signal to be applied to the 41 lead
which extends to the binary accumulator 3500 shown
in Fig. 35. The active signal on the -1 lead will be
combined with an active signal on the E0-13 lead result-
ing when a 0 is read in the first pulse timer cell in
track 13 of slot 1.of the register space in And gate 3501
to cause an active signal to be applied to the Wi-13B
lead extending to the writing amplifier circuits associated
with track 13 of the magnetic drum. The active signal
cn the Wi1-13B lead will cause a 1 to be written in
the first pulse timer cell in track 13 of slot 1 of the
common register space. When slot 1 of this common
regisier space is again read after the drum makes one
revolution the same conditions will be present on the
BY, CL, R1-12, R0-14, R9-15 and RO-16 leads and
an active signal will again be applied to the A0 lead.
This active signal will again cause the actuation of
Or gate 3435 and the application of an active signal
on the 41 lead to the binary accumulation 3560 in
Fig.-35. The active signal cn the 41 lead will be com-
bined in And gate 3582 with the active signal on the
R1-13 lead resulting from the reading of a 1 in the
pulse timer cell in track 13 of the register space, The.
actuation of And gate 3582 will cause an active signal
to be applied to the Wi-13D lead extending to the
writing amplifier circuits associated with track 13 of
the magnetic drum. The active signal on the W9-13D
lead will cause a 0 to be written in the pulse timer cell
in track 13 of the register space. The active signal
from the cutput of And gate 3552 will also be combined
in And gate 3583 with the active signal on the R0-14
Ie2d resulting from the reading of a O in the pulse timer
cell in track 14 of the register space. The actuation
of And gate 3563 will cause an active signal to be
applied to the Wi-14B lead extending to the writing
amplifier circuits associated with track 14 on the mag-
netic drum. The active signal on the Wi1-14B lead will
cause a 1 to be written in the pulse time cell in track 14
of the register space. During these revolutions of the
megnetic drum, the XP signal is being transmitted by
the transmitter to the distant office. After the third

revelution of the drum (approximately 50 milliseconds),

a 1 will be read the pulse timer cell in track 14 of
siot 1 of the common register space. When this 1 is
read in track 14, the transmitter control circuit will
function to control the transmitter to halt the trans-
mission of the KP signal to the distant office. The
manner in which this is accomplished is as follows.
On the next revolution of the drum after the 1 is
reccrded in the pulse timer cell in track 14 of slot 1
of the common register space as described above, And
gate 4089, shown in Fig. 40, will be actuated because
the Ri-14 lead connected to its input B will be active.
The actuation of And gate 4089 will cause an active
signal to be applied to the UN lead. The active signal
on the UN'lead is also applied to the W8-14H lead
witich extends via cable 12 tc the writing amplifier cir-
cuits associated with track 14 of the magnetic drum.
The active signal on the W0-14H lead will cause a 0
to be written in the pulse timer cell in track 14 of the
vegister space. The UN lead which has been made
active by And gate 4889 extends via cable 16 to the
transmitter circuit or to the test circuit of the call is a
test call. In the manner to be described in detail here-
inafter, the active signal on the UN lead will reset the
two flip-flops in the transmitter or test circuit which
cperated in response to the active signals applied to
the 'TR2 and TR1§ leads and these flip-flops will return
to normal. * As soon as the flip-flops are restored to

mnormal, the transmitter halts the transmission of the

two frequencies comprising the XP signal. Also, when
the  transmitter flip-flops or the test circuit flip-flops
are restored to normal, the CL lead extending from
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the trarismitter or test circuit to the transmitter control
circuit via cable 16 will again be made active. The
active signal on the CL lead tells the transmitter control
circuit that the transmitter flip-flops or test circuit flip-flops
have been cleared of all registration and are ready to
receive the first digit of the dialed designation to be
transmitted to the distant office or to be checked by the
test circuit.

Send digits

After the KP signal has been transmitted to the
distant office or checked by the test circuit if the call is
a test call, the CL lead will again be made active by
the transmitter or test circuit as stated above to indicate
that the transmitter or test circuit flipflops are clear.
Three revolutions of the magnetic drum (about- 50
milliseconds) are then counted to measure the interdigital
time. With both CL and BY leads active and zeros. in
the second trial cells in' tracks 15 and 16 of slot 1 of
the register space and a 1 in the KP-SENT cell in
track 12, the A® lead from the output of And gate 4027
will be made active when slot 1 of the common register
space is read. As "described hereinbefore, the active
signals on the R0-15 and R0-16 leads are combined
with- an active signal on the L1R lead in And gate 4001.
The actuation of And gate 4001 in turn applies -an
active signal through Or gate 4863 to input C of And
gate 4004, This active signal on input C of And gate
4004 is combined therein with the active signals on the
BY: and CL leads to provide an active signal at .the
output of And gate 4004. The active signal from the
output of And gate 4004 is applied through Or gate
4008 to input B of And gate 4027. As shown in Fig. 40,
input A of And gate 4027 is connected to the RO-14
lead which will be active because a-0 will be read in
the pulse timer cell in track 14 of siot 1 of the register
space. Input C of And gate 4027 is connected to the
R1-12 lead and will be active because a 1 will be read
in the KP-SENT cell in track 12 of the register space.
The actuation of And gate 4027 will apply an active
signal over the A® lead to actuate Or gate 3435 in the
sender space control circuit shown in Fig. 34. The
actuation of this Or gate will, in the manner described
hereinbefore, cause an active signal to be applied to
the 41 lead extending to the binary accumulator 3500
shown in Fig. 35. The active signal on the 41 lead
will cause the binary accumulator 3500, in the manner
described prekusly, to in turn cause the writing of
a 1 in track 13 in slot 1 of the common register space.
This action continues, that is, a pulse being applied tc
the A0 lead, which in turn actuates Or gate 3435 and
applies an active signal to the --1 lead to the binary
accumulator 3500 for each revolution of the drum
thereafter. When the third revolution of the drum is
completed with the BY and CL leads active, SD flip-flop
4011 will be operated because after the third revolution,
a 1 will be read in the pulse timer cell in track 14 of
slot 1 of the common register space and the R1-14
lead will be active. The active signal on the R1-14
lead is combined with the active signal from the output
of And gate 4604 and And gate 4010. The actuation
of And gate 4010 in this manner causes an active signal
to be applied to the operating input of SD flip-flop 4011.
The active signal from the output of And gate 4010 is
also applied over lead W6-14G which extends via cable
12 to the writing amplifier circuits associated with track 14
of the magnetic drum. This active signal on the W0-14G
lead will cause a 0 to be written in the pulse timer cell
in track 14 of slot 1 of the common register space.
The SD flip-flop 4011 will be reset on the first slot read
after its operation which has a 0 recorded in the digit
‘sent cell of track 12. Referring to Fig. 40, it will be

noted that Or gate 4013. has one input connected to -

‘the R0-12 lead. Therefore, whenever a 0 is read in
track .12 .of the common reglster space, SD flip-flop
‘4011 w;ll be reset. Or gate 4013 also has an input
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138 :
connected to the LI2R lead which will be active when
slot 12 of the common register space is read. There-
fore, Or gate 4013 will be actuated to reset SD flip-fiop
4011 whenever a 0 is read in track 12 of the common
register space or, in any event, when slot 12 of the
common register space is read. When SD flip-flop 4011
is reset, an active signal pulse will be applied. from its
right-hand output through condenser 4012 to an input.
of And gate 4014 and And gate 4015. The other input
of And gate 4014 is connected to the R0-12 lead,
Therefore, if a 0 is read in track 12 of the common
register space when .SD flip-flop 4011 is reset, an active
signal will be applied over the SD lead which extends
to and multiplies to the And gates 4113 through 4120
and 4127 shown in Fig. 44. The active signal on the
SD lead will also be applied over the W1-12F lead which -
extends via cable 12 to the. writing amplifier circuifs
associated with track 12 of the magnetic drum. This
active signal on the W1-12F lead will cause a 1 to be
written in the digit sent cell in track 12 of the common
register space.

After the transmission of the KP signal is completed
and after the interdigital interval is counted in the pulse
timer cells in tracks 13 and 14 of slot 1 of the register
space, the SD flip-flop 4611 will be operated as described
above. This flip-flop will be reset when slot 2 of the
common register space is read because a 0 wil] be read
in the digit sent cell in track 12 of slot 2. The resetting
of the SD flip-flop 4011 will cause an active signal to
be applied from the output of And gate 4014 to the
SD lead. The active signal on the SD lead will cause
the logic circuits shown in Fig. 41 to read the first digit
of the dialed designation in the X1 register in slot 2
of the register space, translate this digit into the two-
out-of-five code and place an active signal on two of
the TR-— leads extending to the ftransmitter or test
circuit via cable 16. At the same time, the active signal
on the SD lead will be applied via lead U1-12F to the
writing amplifier circuits associated with track 12 of
the magnetic drum to cause a 1 to be written in the
digit sent cell in track 12 of slot 2 of the register space
thereby giving an indicaticn that the first digit of the
dialed designation has been passed to the transmitter
or test circuit. It will be observed in referring to Fig. 41
that the TR~ leads can be active only when the SD
lead is active with the exception of the TR~ leads which
are activated by active signals on the KP and STA leads.

The logical And and Or gate circuits shown in Fig. 41
are utilized to combine the active signals on the R0-13
through R0-16 and R1-13 through R1-16 leads to pro-
vide active signals on two of the TR~ leads extending
via cable 16 to a transmitter circuit or the test circuit
for each digit read from the digit registers of a register
space. It will be observed referring to the table given
above, that when each of the digits recorded in the
registers of the register space in the binary code is read,
active signals are applied to certain of the RO- and
R1- leads. Ii will also be observed that for each digit
registered in the binary code in the digit registers of
a register space, two of the TR~ leads extending to a
transmitter or to the test circuit via cable 16 will be
made active, The TRO lead which is connected to the
output of And gate 4127 shown in Fig. 41 will be made
active when the decimal digits 1, 2, 4 or 7 are read
in the digit registers of a register space. Similarly, the
TR1 lead which is connected to the output of Or gate
4122 will be made active when the decimal digits 1, 3,
5 or 8 are read in the digit registers of a register space.
Likewise, the TR2 lead which is connected to the output
of Or gate 4123 will be made active when the decimal

_digits 2, 3, 6 or 9 are read in the digit registers of a

register space or when the KP lead is made active. The
TR4 lead which connects to the output of Or gate 4124

‘will be made active when the decimal digits 4, 5,.6 or 0

are read in the digit registers of a register space,
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Similarly, the TR7 lead which is connected to the output
‘of Or gate 4125 will be made active when the decimal
digits 7, 8, 9 or 0 are read in the digit registers of a
register space or when lead STA is made active. Lastly,
the TR10 lead which is connected to the output of Or
gate 4126 will be made active when the KP or STA
leads are made active.

Returning ‘again to the TRE lead which will be made
active when the decimal digits 1, 2, 4 or 7 are read, it
will: be noted that when a decimal digit 1 is read the
‘R1-13, R0-14, R0-15 and R@-16 leads will be active.
The active signals on the R1-13 and R0-14 leads are
‘combined in And gate 4181. The actuation of And gate
‘4101 in turn applies an active signal to an output of Or
gate 4105. The actuation of Or gate 4185 in turn applies
"an active signal to an input of And gate 41069. The active
-signal on this input is combined in And gate 4169 with
the active signal on the R0-15 lead. The actuation of
And gate 4199 causes an active signal to be applied to an
input of Or gate 4121. The actuation of Or gate 4121
‘causes an active signal to be applied to input B of And
gate 4127, The active signal on input B of this And
‘gate is combined therein with the active signal on the
RO0-16 lead connected to input A and an active signal on
the SD lead connected to input C. The actuation of
And gate 4127 in turn applies an active signal to the
TRO lead extending to a transmitter or to the test circuit
via cable 16.

The TRO lead will also be made active when the decimal
digit' 2 is read, as indicated above. Referring to the
above binary code, if the digit 2 is read, the R0-13,
R1-14, R0-15 and R0-16 leads will be made active. The
‘active signals on the R0-13 and R1-14 leads are com-
bined in And gate 4182. The actuation of And gate 4102
in turn applies an active signal to an input of Or gate
4105 which in turn causes an active signal to be applied
to And gate 4109 which operates as described above to
apply an active signal through Or gate 4121 to And
.gate 4127. And gate 4127 is actuated in the same man-
ner described above to apply an active signal to the TRO
lead.

If the decimal digit 4 is read, the TRO lead will
also be made active as stated above. As the result of
reading the decimal digit 4 the R0-13, R0-14, R1-15 and
R0-16 leads are active. Because the R0-13 lead is active
and the R1-13 lead is passive, And gate 4101 will not be
actuated and a passive signal will be applied to the input
of inverter 4110. Because the input to inverter 4116 is
passive, its output will be active and, as shown in.Fig. 41,
its output is applied to input A of And gate 4111. Be-
cause the R0-14 lead is active, the R1-14 lead will be
passive.and And gate 4102 shown in Fig. 41 will not be
actuated. Therefore, a passive signal will be applied
from the output of And gate 4162 to the input of inverter
4112. An active signal will be applied from the cutput
of .inverter 4112 to input B of And gate 4111. Input C
‘of And gate 4111 is shown connected to the R1-15 lead
which, as stated above, will be active when the decimal
digit 4 is read in the binary code in a digit register of a
register space. And gate 4111 will be actuated in this
manner to apply an active signal through Or gate 4121
to input B of And gate 4127, And gate 4127 will be
actuated as described above to apply an active signal to
the TRO lead.

As stated above, the TR0 lead will also be active when
the decimal digit 7 is read in the binary code in a digit
Tegister of a register space. When the digit 7 is read,
‘the R1-13, R1-14, R1-15 and R§—16 leads will be active.
Because the R1-14 lead is active, the R0-14 ‘cad will be
passive and And gate 4101 will again.not be actuated.
Similarly, because the R1-13 lead is active, the R0-13
lead will be passive and And gate 41062 will not be ac-
‘tuated. Under these ‘conditions, passive signals will be
-applied-to the ‘input of inverters 4110 and 4112 as de-
:scribed zabove 'which. in turn will- apply ‘active signals to
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inputs A and B of And gate 4111. And gate 4111 will
be actuated as described above and apply an active signal
through Or gate 4121 to input B of And pgate 4127,
And gate 4127 will be actuated to apply an active signal
to the TRO lead.

As will be noted by referring to the table given above,
the TR2 lead will be active when the digits 2, 3, 6 or 9
are read in a digit register of a register space. When the
digit 2 is read, the R®-13, Ri-14, R0-15 and RO0-16
leads will be active. The aciive signals on the R1-14 and
R9-15 leads are combined in And gate 4103 to cause the
actuation of this And gate. The actuation of And .gate
4103 causes an active signal to be applied to an input of

Or gate 4187, The actuation of Or gate 4107 causes an

active signal to be applied to input A of And gate 4115.
Input B of And gate 4115 is shown connected to the SD
lead which is active and input C of And gate 4115.is
connected to the R8-16 lead which is active. The active
signals on inputs A, B and C of And gate 4115 cause the
actuation of this And gate. The actuation of And gate
4115 applies an active signal to Or gate 4123. The
actuation of Or gate 4123 causes an active signal to be
applied to the TR2 lead extending via cable 16 to a trans-
mitter or to the test circuit.

As stated above, the TR2 lead will be made active

‘when the digit 3 is read in a digit register of a register

space. When the digit 3 is read, the R1-13, R1-14,
RO-15 and RO-16 leads will be active. It will be noted
that the same signal conditions exist on the R1-14, R0-15
and RO-16 leads as existed when the digit 2 was read.
Therefore, the active signals on these three leads cause
the actuation of And gate 4163, Or gate 4197, And gate
4115 and Or gate 4123 and the application of ‘an active
signal to the TR2 lead.

As indicated above, the TR2 lead will also be made
active when the digit 6 is read in a digit register of a
register space. When the digit 6 is read, the R0-13,
R1-14, R1-15 and R6-16 leads will be made active. The
active signal on the R0-13 and the R1-14 leads will be
combined in And gate 4102 to cause the actuation of
this And gate. The actuation of And gate 4102 will
cause an active signal to be applied to an input of Or
gate 4107. The actuation of Or gate 4107 in turn causes
the actuation of And gate 4115 as described above and

‘the actuation of And gate 4115 in turn causes the actua-

tion of Or gate 4123 which applies an active signal to the
TRZ lead.

As indicated above, the TR2 lead will also be made
active when the digit 9 is read in a register of a common
register space. When the digit 9 is read, the R1-13,
R0-14, R0-15 and R1-16 leads will be active. As shown
in the binary code given above, the Ri-13 and R1-16
leads are active only when the digit 9 is read and by
combining the active signals on these two leads with the
active signal on the SD lead in And gate 4116, And gate
4116 will be actuated when the digit 9 is read. The
actuation of And gate 4116 will in turn cause the -actua-
tion of Or gate 4123 and the application of an active
signal to the TR2 lead. As shown in Fig. 41, the TR2
lead is also made active when an active signal is applied
to the KP lead to actuate Or gate 4123.

From the above table, it will be noted that the TR7

-lead will be made active when the digits 7, 8, 9 or 0 are

read in a digit register of a register space or when it is
desired to send the ST signal. When the digit 7 is read,
the R1-13, R1-14, Ri-15 and RO-16 leads will be
active. The active signals on the R1-13, R1-14 ‘and
R1-15 leads are combined in And gate 4119 with the

-active signal on the SD lead to cause the -actuation of
‘this And gate.

The actuation of And gate 4119 in turn
applies an active signal to an input of Or gate 4128.
The ‘actuation of Or gate 4125 in turn applies an -active
signal to the TR7 lead which extends via ‘cable .16 to.a

‘transmitter or to the test circuit,

Referring to the binary code given in the above table,



5,876,288

. v 141 .
it will be noted that the Ri-16 lead will be active only
when the digits 8, 9 or 0 are read in a digit register of a
register space. Therefore, the active signal on the R1-16
lead is combined with the active signal onthe SD lead
in And gate 4120 and the actuation of this And gate will
apply an active signal through Or gate 4125 to the TR7
lead. It will also be noted in Fig. 41 that an active signal
on the STA lead applied to Or gate 4125 will cause an
active signal to be applied to the TR7 lead.

From the above table it will be noted that the TR10
lead will be made active whenever it is desired to trans-
fer a KP or ST signal to a transmitter or to the test
circuit. As shown in Fig. 41, the KP lead and STA lead
are applied to inputs of Or gate 4126. Therefore, an
active signal on either of these inputs, that is, the KP
or STA leads, will cause the actuation of Or gate 4126.
The actuation of Or gate 4126 will apply an active signal
to the TR10 lead extending via cable 16 to a transmitter
or to the test circuit.

Assume mow, for example, that the first digit regis-
tered in the X1 register in slot 2 of a register space is
the digit 5 which, as indicated previously, is represented
by the binary code 1010. When this code is read from
tracks 13 through 16 of the common register space, the
R1-13, R0-14, R1-15 and R@-16 leads will be active.
Referring to the table given hereinbefore, it will be noted
that active signals must be applied by the transmitter
control circuit to the TR1 and TR4 leads extending via
cable 16 to the transmitters or to the test circuit to indi-
cate to the seized transmitter or test circuit that the first
digit of the dialed designation is the digit.5. The man-
ner in which the active signals are applied to the TR1
and TR4 leads is as follows. The active signal on the
RO0-14 lead is applied to an input of Or gate 4106. The
actuation of Or gate 4106 causes an active signal to be
applied to input C of And gate 4113. The active signal
on input C of this And gate is combined therein with
the active signal on the R1-13 lead applied to input A
thereof, the active signal on the SD lead applied to input
B thereof and the active signal on the R0-16 lead applied
to input D thereof. The actuation of And gate 4113 in
this manner causes an active signal to.be applied to an
input of Or gate 4122. The actuation of Or gate 4122
in turn applies an active signal to the TR1 lead. The
active signal on the R6-14 lead is applied to an input of
Or gate 4108, The actuation of Or gate 4168 in' turn
applies an active signal to input A of And gate 4117.
Input B of And gate 4117 is connected to the R1-15 lead
which, as indicated above, is active and input C of And
4117 is connected to the SD lead which is active. The
actuation of And gate 4117 in turn applies an active
signal through Or gate 4124 to the TR4 lead. Therefore,
in the manner described above, the TR1 and TR4 leads
extending via cable 16 to the seized transmitter or to the
test circuit have been made active by the transmitter
control circuit.

It will be noted from the above description that before
leads TR, TRI and TR4 may be made active, an active
signal must be present on the SD lead. Furthermore,
before the TR2 and TR7 leads may be made active as
a result of the reading of a digit from a digit register of
a register space, an active signal must be present on the
SD lead. To activate the TR0 lead and the TR2 and
TR7 leads to notify the transmitter to send either a KP
or ST signal, an active,signal is.not required on .the SD
lead.

. When the two flip-flop circuits in the transmitter or in
‘the. test circuil operate in response to the active signals
-on two of the TR- leads from the transmitter control cir-
«cuit, the transmitter funcions as will be described here-
:inafter to transmit the two corresponding frequencies to
‘the distant office or the test circuit funetions as.will be
.described hereinafter to check the digit against. that pulsed
into the scanner by the test circuit.  As soon as the two
flip-flops in the transmitter or test circuit operate, the
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active signal is removed from the CL lead. At the comi-
pletion of the first revolution of the magnetic drum after
two of the TR~ leads in cable 16 have been made active,
the pulse timing circuit described hereinbefore will func-
tion to time the duration of the transmission of these two
frequencies. At the completion of the first revolution,
the BY lead will be active, the CL lead will be passive,
a 1 will be read in the KP-SENT cell and zeros will be
read in the pulse timer cells and second trial cells of the
common register space. Under these conditions, the Al
lead to Or gate 3435 in the sender space control circuyit
will be made active. As described above, after the drum
has made three revolutions, a 1 will be read in the pulse
timer cell in track 14 of slot 1 of the common register
space. When a 1 is read in this cell, And gate 4109 will
be actuated to apply an active signal to the UN lead.
The active signal on the UN lead will, as described above,
rélease the two operated flip-flops in the transmitter to
halt further transmission of the two frequencies compris-
ing the first digit which is being transmitted to the distant
office or to release the operated flip-flop in the test cir-
cuit. The active signal on the UN lead will also be ap-
plied to the W0-14H lead which will cause a 0 to be
written in the pulse timer cell in track 14 of slot 1 of the
register space.  The circuits of the transmitter control
circuit will proceed then to time the interdigital interval
following the transmission of the first digit. - At the com-
pletion of the third revolution of the magnetic drum, a 1
will again bé read in the pulsé timer cell in track 14 ‘of
slot 1 of the common register space. When a 1 is read
in this cell, And gate 4010 will be actuated to in turn
operate the SD flip-flop 4011, The output of And gate
4010 will also be applied over the W0-14G lead to cause
a 0 to be written in the pulse timeér cell in-track 14 of
slot 1 of the common register. space. As indicated above,
the SD flip-flop 4011 will be reset in the first slot of the
register space in which a 0 is recorded in the digit sent
cell in track 12. Therefore, under the assumed condi-
tions, the SD flip-flop 4011 will be reset when slot'3 of
the register space is read because a 1 was previously re-
corded in the digit sent cell associated with the X1 regis-
ter in slot 2 of the register space. ' The resetting of SD
flip-flop 4011 when the 0 is read in the digit sent cell of
track 12 in slot 3 of the register space will cause an
active signal to be applied over the SD lead to the And
gate circuits shown in Fig. 41. In this manner, the digit
registered in binary code in the 0 register in slot 3 of
the register space will be read, translated and an active
signal will be applied to two of the TR~ leads extending
to the transmitter. : ) .

The operation of the circuits described above is re:
peated until all of the digits recorded in the digit regis-
ters of tracks 13 through 16 in slots 2 through 12 of the
register space are passed, a digit at a time, to the trans-
mitter for transmission as multifrequency signals to the
distant office or to the test circuit for checking if - the
call is a test call. ] '

‘ Send ST

After the final digit has been passed to a transmitter
or to the test circuit and after the digital interval has
been timed in the manner described hereinbefore, the
transmitter must be notified to transmit- an ST or start
signal to the distant office. The ST signal .is trans-

. mitted to the distant office to indicate that all of the
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digits of a dialed designation have been transmitted there-
to and to motify the sender at the distant office to start
setting up the connection to the called subscriber. When
ihe magnetic drum makes its third revolution after the
termination of the transmission of the last digit of the
dialed | designation, SD flip-flop 4011 will be operated
when a 1 is read in the pulse timer cell in track 14 of
slot 1 of the register space as described, above. Because

_ there are ones in .all of the digit sent calls in track 12

75

of the common register space, SD flip-flop 4011 will be
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reset when slot 12 of the common register space is read.
SD flip-flop 4011 is reset at this time by the active sig-
nal on the L12R lead which actuadtes Or gate 4613. The
actuation of Or gate 4013 will resét SD flip-flop 4011.
When SD flip-flop 4011 is reset, an active signal pulse
is -applied through condenser 4012 to an .input of And
gate 4015. The other input of And gate 4815 is con-
nected to the R1-12 lead which will be active because
a 1 will be read in the digit sent cell in track 12 of the
common register space. The actuation of And gate
4015 will cause an active signal to be applied to input B
of And gate 4016. Input A of And gate 4016 is shown
connected to the R8-11 lead and the R6-11 lead will be
active because a 0 will be read in the ST-SENT cell in
track 11 of slot 12 of the commeon register space. The
actuation of And gate 4016 will cause an active signal
to be applied to the STA lead. The active signal on the
STA lead is also ‘applied over the W1-11H lead which
extends via cable 12 to the writing amplifier circuits
associated with track 11 of the magnetic drum. The
active signal on the Wi-11H lead will cause a 1 to be
written in the ST-SENT cell in track 11 of slot 12 of
the ‘common register space. The active signal on the
-STA lead is applied to an input of Or gate 4126 and an
input of Or gate 4125. ‘The actuation of Or gates 4125
and 4126 by the active signal on the STA lead will cause
active signals to be applied to the TR7 and TRIO leads
which extend via cable 16 to a transmitter or to the test
circuit, The active signals on the TR7 and TRI9 leads
as indicated above will cause the transmitter to trans-
mit the ST signal to the distant office.

The digital interval for the transmission of the ST
signal is timed, as described above, for the other digits.
When the magnetic drum completes: its third revoluticn
during the time the ST signal is being transmiited to the
distant office, and with CL lead passive as described
above, And gate 4009 will be actuated when a 1 is read
in the pulse timer cell in track 14 of slot 1 of the register
space. The actuation of And gate 4889 will cause an
active signal to be applied to the UN lead which extends
via cable 16 to the transmitter or to the. test circuit.
The active-signal on this lead will cause the two operated
flip-flops in the transmitter or test circuit o be released.
When' these flip-flops release, the CL lead is again made
active as described above and another interdigital period
of three revolutions is timed. At the completion of the
third revolution of the magnetic drum, the active signal
on the R1-14 lead resulting from the reading of a 1 in
the: pulse timer cell in' track 14 of slot 1 of the register
space will cause the actuation of And gate 4919. The
actuation of this And gate wiil cause the operation of
SD flip-flop 4011 in the manner described above and the
writing of a 0 in the pulse timer cell in track 14 of slot 1
of the common register space. SD {flip-flop 4911 will
be reset when slot 12 of the common register space is
read. When SD flip-flop 4011 is reset, an active signal
pulse will be applied through condenser 4612 to an input
of And gate 40i5. The other input of And gate 4815
s shown connected to the R1-12 lead which will be ac-
tive as a result of the reading of a 1 in the digit sent cell
i track 12 of the register space. The active signal from
the output of And gate 4915 is spplied to input A of
And gate 49%7. Input B of And gate 4917 is shown
connected to the Ri-1i lead. This lead will also be
active because a 1 will be read in the ST-SENT cell in
track I'l of slot 12 of the register space. And gate 4017
will be actuated as a result of the active signals applied
to its inputs’ and will apply an active signal to the SR

lead which extends via cable 16 to the transmitter or

test circuit. The active signal on the SR lead tells the
" transmitter or test circuit that ail the digits have been
sent and that the transmitter may proceed to release the
sender as wiil be described in detail hereinafter,
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Second and third irial operation of transmitter
control circuit

As will be described in detail hereinafter, when a
transmitter recognizes an overflow condition from the
distant office, it places a ground on the TRL lead ex-
tending from the transmitter to the sender. In the panel
system, this will cause the panel sender to set up to the

_district to return an overflow tone to the calling sub-

scriber. In the No. I crossbar system, the sender will
call in a marker which will set up the call over another
trunk, All of the multifrequency digits which have been
transmitted will have to be retransmitted over this new
trunk no matter how many were sent. If a second over-
flow is detected, a marker will again be called in to set
up the call to an overflow trunk, and an overflow tone
will be returned to calling subscriber.

When an overflow or trouble condition is detected by
the transmitter, the RC lead extending via cable 16 from
the transmitter to the transmitter control circuit will be
made active as described hereinafter. As shown in Fig.
40, the RC lead is applied to input A of And gate 4018
and to the input of inverter 402%. During the reading
of slot 1 of a common register space, if a 0 is read in
the second trial cell in track 15 of slot 1 of the register
space and the RC lead is active, And gate 4018 will be
actuated. As shown in Fig. 40, input A of And gate
4018 is connected to the RC lead. Input B of And gate
4018 is connscted to the RO-15 lead and input C of
And gate 4018 is connected to the LiR lead. The actu-
ation of And gate 4018 under these conditions will
cause an active signal to be applied to the W1-15A lead
which extends via cable 12 to the writing amnlifier cir-
cuits associated with track 15 of the magnetic drum.
The active signal on the Wi-15A lead will cause a 1
to be written in the second trial cell in track 15 of slot
1 of the register space. No action is taken as a result
of the above-described operation until the active signal
is removed from the RC lead by the transmitter because
this condition may last for several revolutions of the
magnetic drum. When the RC lead is made passive and
when slot 1 of the register space is read, if a 0 is read
in the second trial cell in track 16 of slot 1 of the reg-
ister space and a 1 is read in the second trial cell in
track 15 of slot 1 of the register space, And gate 4019
wiil be actuated. As shown in Fig. 40, input A of And
gate 4819 is connected to the RI-15 lead which will
be active when a 1 is read in the first second trial cell.
Input B of And gate 4019 is ccnnected to the L1R lead
which will be active when slot 1 of the register space
is read. Input C of And gate 4019 is connected to the
output of inverter 482¢. The input of inverter 4020
is connected to the RC lead. Therefore, when the RC
lead is passive, an active signal will be applied to input
C of And gate 4819. Input D of And gate 4019 is con-
nected to the R6-16 lead which will be active when a 0
is read in the second trial cell in track 16 of slot 1 of
the register space. The actuation of And gate 4019 in
this manner will cause an active signal to be applied
to the W0(22-14)W1(16) lead which extends via cable
12 to the writing amplifier circuits asscciated with the
magnetic drum. The active signal on WO(12-14)-
WI(16) lead extends via leads W@-121, W§-13B,
WO-14F and WI-18A to the writing amplifier circuits
associated with tracks 12, 13, 14 and 16 of the mag-
netic drum. The active signal on the W9-12L lead will
cause a 0 toc be written in the XP-SENT cell in track
12 of slot 1 of the register space. The active signals
on the W§-13B and We-14F leads will cause zeros to
be written- in the pulse timer cells in tracks 13 and 14 of
slot 1 of the register space. The active signal on the
Wi1-16A lead will cause a 1 to be written in the second
second trial cell in track 16 of slot 1 of the register
space. The active signal from the output of And gate
4019 is alsc applied to the operating input of ST flip-
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flop 4621. With ST flip-flop 4021 operated, an active
signal is applied to input A of And gate 4022 and input
A of And gate 4024. Input B of And gate 4024 is con-
nected to the output of Or gate 4023. Input A of Or gate
4023 is shown connected to the R1-13 lead. Input B of
Or gate 4023 is shown connected to the R1-14 lead. In-
put C of Or gate 4023 is connected to the R1-15 lead
and input D of Or gate 4823 is connected to the R1-16
lead. Therefore, during the reading of slots 2 through
12 of the common register space, if there is a registra-
tion in each of the digit registers, Or gate 4023 will be
actuated as each register is read to apply an active sig-
nal to input B of And gate 4024. Returning again to
And gate 4024, it will be noted that input C thereof
is connected to the R1-12 lead which will be active
when a 1 is read in the digit sent cells in track 12 of
the register space and input D of And gate 4024 is con-
nected to the L(2-12)R lead. This lead, as indicated
previously, will be active during the reading of slots 2
through 12 of the register space. Therefore, as the suc-
ceeding slots, that is, 2 through 12 of the common reg-
ister space, are read after operation of ST flip-flop 4012,
the ones recorded in the digit sent cells associated with
the digit registers in tracks 13 through 16 of the com-
mon register space will be erased and a 0 recorded
therein. And gate 4024 will be actuated each time
slots 2 through 12 are read to apply an active signal to
the W0-127 lead which extends via cable 12 to the writ-
ing amplifier circuits associated with track 12 of the
magnetic drum. The active signal on the W0-12T lead
will cause a 0 to be written in each of the digit sent
cells of track 12 of the register space. When slot 12
of the register space is read, the active signal from the
output of ST flip-flop 4021 will be combined in And
gate 4022 with an active signal on the L12R lead applied
to input B of And gate 4022 to cause the actuation of
this And gate. The actuation of And gate 4022 will
cause an active signal to be applied to the W0-11E lead
which extends via cable 12 to the writing amplifier cir-
cuits associated with track 11 of the magnetic drum.
The active signal on the W@-11E lead will cause a 0
to be written in the ST-SENT «cell in track 11 of the
common register space.

The reason that a registration must be present in the
digit registers of the common register space before the
associated digit sent cell in track 12 is erased or, that
is, a G is recorded, is to take care of the situation men-
tioned hereinbefore where there was no stations digit
recorded in the STA register in slot 12 of the register

space and where the transfer circuit had caused a 1 to .

be written in the digit sent cell of track 12 associated
with the STA register so that the STA digit would be
skipped by the transmitter control circuit when the digits
were transferred one at a time to the transmitter or
test circuit. Therefore, if no stations digit is registered
in the STA register in slot 12 of the register space, it
is necessary to skip the station register on the second
trial and, therefore, And gate 4824 will not be actuated
when slot 12 of the register space is read because Or
gate 4923 will not be actuated. Accordingly, the 1
recorded in the digit sent cell in track 12 of slot 12 of
the register space will remain recorded there so that the
transmitter control circuit will pass over the station reg-
ister digit as the digits are being transferred to the trans-
mitter or test circuit.

When the transmitter has completed a trunk test over
the new trunk selected by the marker and is ready to
start transmitting digits again, it will place an active sig-
nal on the CL lead from the transmitter to the transmitter
control circuit as described above. The digits of the called
designation will be passed again to the transmitter one
digit at a time for transmission by multifrequency sig-
naling to the distant office via the new trunk as described
above. The only difference between the operation of the
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circuits for the second trial and that of the operation of
the circuits for the original trial described above is that
instead of reading zeros in the second trial cells in tracks
15 and 16 of slot 1 of the common register space, ones
are read in these cells. When a 1 is read in these cells,
And gate 40662 shown in Fig. 40 will be actuated instead
of And gate 4081 as described previously. As shown in
Fig. 40, input A of And gate 4002 is connected to the
R1-15 lead. Input B of And gate 4002 is connected to
the LiR lead and input C of And gate 4002 is connected
to the R1-16 lead. The actuation of And gate 4802
will cause an active signal to be applied to Or gate 4003
which will be actuated to control the circuits shown in
Fig. 40 in the same manner as it controlled the circuits
when it was actuated by the actuation of And gate 4001
described previously.

if a second overflow or trouble signal is received by
the transmitter, the RC lead from the transmitter will
again be made active and ones will be read in both the
second trial cells in tracks 15 and 16 of slot 1 of a reg-
ister space. During the reading of slot 1 of the register
space, the active signal on the R1-15 and R1-16 leads
resulting from the reading of the ones in the second trial
cells in tracks 15 and 16 will cause the actuation of And
gate 4802. The actuation of And gate 4682 in this manner
applied an active signal over the OFC lead to input A
of And gate 4025. Input B of And gate 4025 is shown
connected to the RC lead and, therefore, when the RC
lead is made active the second time indicating a second
overflow, And gate 4025 will be actuated to apply an
active signal to an input of Or gate 4626. The actuation
of Or gate 4026 will cause an active signal to be applied
to the OF lead which extends to the transmitter or test
circuit via cable 16. The active signal on the OF lead
to the transmitter is an indication to the transmitter that
an overflow signal should be sent to the calling subscriber
as will be described hereinafter.

Erase sender number

As described hereinbefore, after a sender release time-
out is timed, the transfer circuit functions to erase the
information recorded in the sender space and the seized
common register space. However, the sender- number
which is written in the preceding register space must also
be erased. The function of erasing the sender number
from the common register space preceding the common
register space seized for the particular call is performed
by the transmitter control circuit. The circuits which ac-
complish this are shown in Fig. 41 and include And gate
40314, -As a common register space is read, if the trans-
mitter associated with the next common register space is
idle, an active signal will be applied to the NRI lead
through a gate in the transmitter associated with the
common register space being read. The active signal on
this NRI lead which extends from the transmitter via
cable 15'is applied to input A of And gate 4104. Input
B of And gate 4194 is shown connected to the RI-10
lead and will be active if ones are read in track 10 of
the common-register space. Input C of And gate 4104
is connected to the L(1-12)R lead which will be active
during the reading of slots 1 through 12 of the common
register space. Therefore, as the register space is read,
if the next transmitter is idle as indicated by an active
signal on the NRI lead, all ones read in track 10 of
slots 1 through 12 of the common register space will be
changed to zeros, thus erasing the sender number re-
corded in this common register space. If a 1 is read in
the U@ cell in track 10 of seat 1 of a common register
space, for example, and the NRI lead is active, And gate
4104 will be actuated to apply an active signal to the
WO0-107 lead which extends via cable 12 to the writing
amplifier circuits associated with track 10 of the magnetic
drum. The active signal on the W@-10J lead will cause
a 0 to be written in the UG cell in track 10 of slot 1
of the common register space., The circuits function in
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the same manner when a 1 is read in any of the other cells
in track 10 of the common register space which the NRI
lead is active to change the 1 to a 0.

The transmitters

As indicated hereinbefore, the illustrative embodiment
of the present invention utilizes cight transmitters. Each
of these transmitters is associated with one of the com-
mon register spaces on the magnetic drum and is corre-
spondingly numbered. Four of the transmitters of the
illustrative embodiment of the present invention are
shown in Figs. 51 through 57 of the drawings. Trans-
mitter No. 0 which is associated with comon register space
No. 0 is depicted in block form by the dotted rectangle
5100 shown in Fig. 51. Transmitter No. 1 associated
with common register space No. 1 is shown in detail in
Figs. 52 through 55 of the drawings. Transmitter No. 2
associated with common register space No. 2 is shown
in block form by the dotted rectangle 5600 shown in
Fig. 56. 'Transmitter No. 7 associated with common
register space No. 7 is depicted in block form by the
dotted rectangle 5700 shown in Fig. 57. Certain circuits
of transmitters Nos. 0, 2 and 7 have been shown in detail
within the blocks 5100, 5600 and 5700, representing, re-
spectively, transmitters Nos. 0, 2 and 7 in Figs. 51, 56
and 57, respectively. The circuits and details of all the
transmitters of the present invention are similar. There-
fore, a description of one transmitter, for example, trans-
mitter No. 1 shown in Figs. 52 through 55, will be suffi-
cient to disclose the manner in which all of the trans-
mitters function.

Each of the transmitters in the illustrative embodi-
ment of the present invention may be divided into two
parts. For example, the circuits shown in Figs. 52 and 53
of transmitter No. 1 are utilized to control the trans-
mission of the multifrequency signals to the distant office
while the circuits shown in Figs. 54 and 55 of transmitter
No. 1 are utilized to control the seizure of the transmitter,
the release of the transmitter and the required sender,
the establishment of a second trial on overflow condition
or trouble indication and other functions as will be
described later.

Fig. 58 of the drawings discloses three Or gate circuits
5801 through 5803 which control the application of ac-
tive signals to the RI, TS and NRI leads. These leads
extend to the sender space control circuit of Figs. 36
through 39, the connector control circuit of Fig. 45, the
transmitter control circuit of Figs. 40 and 41 and the
transfer circuit shown in Figs. 36 through 39. As shown
in Figs. 51 through 57, the TRO, TR1, TR2, TR4, TR7,
TR10, OF, RC, UN, SR, CL and BY leads of cable 16
from the transmitter control circuit of Figs. 40 and 41
multiple to each of the transmitters. As indicated in
Fig. 58, these same leads also multiple to transmitters
numbered 3 through 6 which are not shown in the draw-
ings. In addition to the above-mentioned leads in cable
16, the DF, RL and SNR leads from the transfer circuit
of Figs. 36 through 39 also extend via cable 16 to the
transmitters shown in Figs. 51 through 57 and multiple
to each of these transmitters. As shown in Figs. 52
through 55, each of these leads in cable 16 terminate in
an And gate. The UN lead in cable 16 which, as indi-
cated previously, is a resetting lead for the register flip-
flops of the transmitter, is connected to an input of And
gates 5208, 5210, 5212, 5308, 5310 and 5312. The
OF lead of cable 16 terminates in an input of And gate
5409. The SR lead of cable 16 terminates in an input of
And gate 5417. The RC lead of cable 16 is connected
to the output of And gate 5425. The TRO lead of cable
16 terminates in an input of And gate 5207. The TR1

" lead terminates in an input of And gate 5209. The
TR2 lead terminates in an input of And gate 5211. The
TR4 lead terminates in an input of And gate 5307, the
TR7 lead terminates in an input of And gate 5309 and
the TR10 lead terminates in an input of And gate 5413,
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the RL lead of cable 16 terminates in an input of And
gate 5421 and And gate 5509, the CL lead of cable 16
is connected to the output of And gate 5315, the BY lead
of cable 16 is connected to the output of And gate 5508
and the SNR lead of cable 16 terminates in an input of
And gate 5412. It will be noted that each of the And
gates above listed which are connected to the leads of
cable 16 also have an input which is connected to a sync
lead from the distributor circuit of Fig. 50. For example,
in transmitter No. 1 these And gates are connected to
the sync lead SY2-1. Therefore, information is either
passed to or from the transmitter circuit via the leads
in cable 16 only during the time that the synchronizing
lead has an active signal applied thereto so as to enable
the associated And gates. In the case of transmitter
No. 1 shown in Figs. 52 through 55, information may be
passed between the transmiiter control circuit and the
transmitter or vice versa and between the transfer circuit
and the transmitter or vice versa only while synchro-
nizing lead SY2-1 is active. As indicated previously,
the synchronizing lead SY2-1 will be active only during
the time that the slots of common register space No. 1
which is associated with transmitter No. 1 are passing
under the reading and writing heads of the magnetic
drum. As shown in Fig. 57 of the drawings, the DF,
RL, BY, TRO, TR1, TR2, TR4, TR7, TR1¢, OF, RC,
UN, SR, CL and SNR leads of cable 16 from the trans-
mitter control circuit and transfer circuit also multiple
to a group of And gates numbered 5710 through 5724,
respectively. One input lead to each of these And gates
is connected to the SY0-8 sync lead which will be active,
as indicated hereinbefore, while the slots of the test
register space (register space No. 8) are being read.
The actuation of these And gates will permit active sig-
nals on the DF, RL, TR, TR1, TR2, TR7, TRi0, OF,
UN, SR leads from the transmitter control circuit and
transfer circuit to be extended to the test circuit via re-
spective leads, T-DF, T-RL, T-TR0, T-TR1, T-TR2,
T-TR7, T-TR1¢, T-OF, T-UN and T-SR in cable 15.
The actuation of And gates 5712, 5720 and 5723 of this
group will also permit active signals on the T-BY, T-RC
and T-CL leads in cable 15 from the test circuit to be
extended by respective leads BY, RC and CL in cable 16
to the transmitter control circuit. The actuation of And
gate 5724 of this group will enable an active signal on the
SNR lead from the transfer circuit via cable 16 to be ex-
tended via lead SNRO to operate SNR flip-flop 5103 in
transmitter No. 0 shown in Fig. 51 to seize this trans-
mitter as will be described below.

Transmitter seizure

As indicated hereinbefore, after a calling subscriber
dials the first three digits of the called designation, an
area code check is made by the transfer circuit of Figs.
36 through 39 to determine whether the call originated
by the calling subscriber is a local call or a customer
dialed toll call. As indicated previously, the area code
check will not be made unless there is at least one idle
common register space and associated transmitter which
would be available for use in case the call is a customer
dialed toll call. As indicated previously, And gate 3614
in the transfer circuit was actuated to in turn actuate
X0X flip-flop 3618 in the transfer circuit. Input E of
And gate 3614 is connected to the RIT lead which is in
turn connected to the output of Or gate 3644. As shown,
Or gate 3644 may be actuated by an active signal on the
TST lead if the call is a test call or by an active signal
on the RI lead if the call is a customer dialed call. The
RI lead will be active if at least one transmitter and as-
sociated common register space are idle. The manner in
which the active signal is applied to this RI lead when
one or more transmitters are idle will now be described.
The RI lead which controls the actuation of Or gate
3644 and And gate 3614 in the transfer circuit terminates
in the output of Or gate 5803 shown in Fig. 58. The in-
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puts of Or gate 53803 are designated RI0 through RI7
and, accordingly, the cutput of this Or gate, that is, the
RI lead, will be active if one or more of its inputs are
active. As shown in Figs. 51 through 57 of the draw-
ings, the inputs of Or gate 5703 are connected to each
of the transmitters in the illustrative embodiment of the
present invention. For example, the RI0 lead extends
via cable 26 to the output of And gate 5105 in transmitter
No. 0 shown in Fig. 51. The RII lead extends via cable
27 to the output of And gate 5504 in transmitter No. 1
shown in Fig. 55. Similarly, the RI2 lead extends via
cable 28 to the output of And gate 5605 in transmitter
No. 2 shown in Fig. 56 and the RI7 lead extends to the
output of And gate 5705 in transmitter No. 7 shown in
Fig. 57. As shown in Fig. 55, And gate 5504 has two
inputs, A and B. Input A is connected to the right-hand
output of SNR :flip-flop 5503 and input B is connected
through armature 5 and back contact of ON relay 5501,
through the normal contacts of MB make busy jack 5510
to negative battery. The lead connected to input B of
And gate 5504 is also connected through resistance 5511
- to ground. Therefore, if MB make busy jack 5510 is
not operated, that is, there is no plug inserted in the jack
and ON relay 5501 is normal, the left-hand input of
And gate 5504 will be at negative battery (active signal
condition). However, should ON relay 5501 be oper-
ated or should a plug be inserted in MB make busy jack
5510, the negative potential will be removed from the
left-hand input of And gate 5504 and the voltage thereon
will rise to approximately ground potential (passive sig-
nal condition). As indicated in Fig. 55, the right-hand
side of SNR flip-flop 5503 is normally conducting and,
therefore, its right-hand output will normally be nega-
tive (an active signal condition). Therefore, if ON
relay 5501 is normal, if MB make busy jack 5510 is
normal, and if the SNR flip-flop 5503 in transmitter
No. 1 is normal, And gate 5504 will be actuated to apply
an active signal to the RI1 lead. The active signal on
the RI1 lead will cause Or gate 5803 shown in Fig. 58
to be actuated to in turn apply an active signal to the RI
lead which extends to Or gate 3644 shown in Fig. 36.
The SNR flip-flop 5163, the ON relay 5101 and And
gate 5105 in transmitter No. 0 shown in Fig. 51, the SNR
flipflop 5603, ON relay 5601 and And gate 5605 in
transmitter No. 2 shown in Fig. 56 and SNR flip-flop
5703, ON relay 5701 and And gate 5705 in transmitter
No. 7 shown in Fig. 57 perform functions similar to those
described with respect to transmitter No. 1 to provide
active signals on their respective R10, RI1 and R17 leads.
It will, therefore, be observed that as long as any trans-
mitter of the eight transmitters in the illustrative em-
bodiment of the present invention is normal, the RI lead
extending to the transfer circuit will' be active and thus
enable an area code check, when required, to be made.
With reference to transmitter No. 1 in Fig. 55, if the ON
relay 5501 or if the SNR flip-flop 5503 are operated, the
active signal will be removed from the RI1 lead. The
SNR flipflop 5503 will be operated as indicated here-
inbefore and, as will be described in .detail ‘hereinafter,
when transmitter No. 1 is seized. The ON relay 5501
in transmitter No. 1 will be operated as indicated herein-
before and as will be described in detail hereinafter when
a link connection between transmitter No. 1 and a sender
has been established through crossbar switch 4407 in the
transmitter link controller in Figs. 43 through 49.

The completion of an area code check by the transfer
circuit as indicated hereinbefore is a signal to the transfer
circuit to seize an idle common register space and as-
sociated transmitter. When slot 1 of the next common
register space passes under the reading and writing heads
of the magnetic drum, the number of the next succeeding
common register space to pass under the drum will be
read in slot 1. For example, when slot 1 of common
register space No. 0 passes under the heads of the mag-
negtic . drum, the number 1 for common register space
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No. 1 and its associated transmitter will be read. As
indicated previously, if this next common register space
and transmitter are idle, an active signal will appear on
the NRI lead which extends from the transmitters to
input C of And gate 3623 in the transfer circuit shown
in Fig. 36. If this next register space is idle, the trans-
fer circuit will then proceed as described hereinbefore
to ‘seize this particular transmitter and common register
space. For purposes of illustration, assume that slot 1
of common register space No. 0 is being read and assume
further that the next common register space which will
be common register space No. 1 is idle. Under these
conditions, the- NRI lead should have an active signal
applied thereto. The manner in which this active signal
is applied to the NRI lead will now be described.

As shown in Fig. 58, the NRI lead terminates in the
output of Or gate 5801. If transmiiter No. 1 is idle,
an active signal will be applied by And gate 5504 to the
RI1 lead as indicated above. This lead extends via
cable 27 and cable 26 to an input of And gate 5147 in
transmitter No. 0 shown in Fig. 51. The other input
of And gate 5107 is shown connected to the SY1-0 lead.
This lead is the synchronizing lead from the distributor
shown in Fig. 50 and, as indicated previously, will be
active during the reading of the slots of common register
space No. 0. Therefore, the active signal on the RI1
lead from transmitter No. 1 will be combined with the
active signal on the SY1-0 lead from the distributor in
And gate 5307 to apply an active signal to the NRIG
lead which extends via cable 26 tc an input of Or gate
5801. The actuation of Or gate 5801 in turn applies an
active signal to the NRI lead which extends to input C of
And gate 3623 in the transfer circuit shown in Fig. 36.
Therefors, because iransmitter No. 1 and its associated
common register space are idle, the transfer circuit of
Fig. 36 will be permitted to seize this transmitter and
reserve it for use. It will be observed that when slot 1
of common register space No. 0 is read, if transmitter
No. 1 is not idle, the RI1 lead from the output of And
gate 5504 will be passive and similarly, the output of
And-gate 5107 in transmitter No. 0 will be passive and
Or gate 5801 will not be actuated. Therefore, the NRI
lead to the transfer circuit will also be passive and a
seizure of transmitter No. 1 and its associated common
register space cannot be made. The magnetic drum will
continue to rotate until, during the reading of slot 1 of
some other common register space, it finds that the next
succeeding register space thereafter is idle, ‘whereupon
the transfer circuit will seize this idle common register
space and its asscciated transmitter.

Assume for purposes of illustration that slot 1 of com-
mon register space No. 7 is being read. As indicated
previously, the number 8 for the test register space is
recorded in slot 1 of common register space No. 7. If
the call is a test call, the transfer circuit must seize the
test register space. As will be hereinafter described, an
active signal will be applied to lead RI8 from the right-
band output of BY flip-flop 6718 in the test circuit,
Lead Ri8 extends to the lower input of And gate 5707
in transmitter No. 7. Because slot 1 of common register
space No. 7 is being read, the SY8-7 sync lead from
the distributor will be active and the active signal on the
SY8—7 lead will be combined with the active signal on

the RIS lead in And gate 5707 to apply an active signal

on the ‘NRI7 lead. The NRI7 lead extends to an input
of Or gate 5801 causing the actuation of this Or gate.
When Or gate 5801 is actuated in this manner, an active
signal will be applied to the NRI lead which extends to
the transfer circuit. The active signal on the NRI lead
while slot 1 of common register space No. 7 is being
read will permit the transfer circuit to seize the test
register space in the manner described hereinbefore.
During the reading of slot 1 of test register space No. 8
of transmitter No. 0 and its associated common register
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space are idle, the transfer-circuit may seize transmitter
No. 0 if required. As indicated previously, the number
0 for common register space No. 0 'will be recorded in
slot 1 of test register space No. 8. Because transmitter
No. 0 is idle as assumed above, an active signal will be
applied to the RIQ lead from the output of And gate
5105 in transmitter No. 0 shown in Fig. 51. The Ri9
lead extends to an input of And gate 5726 shown in
Fig. 57. The other input of And gate 5726 is cennected,
as shown, to the SY9-8 sync lead from the distributor.
This.lead is active as.indicated before because siot 1 of
test register space No. 8 is being read. The active signal
on the SY8-8 and the RI% leads will cause the actuation
of ‘And gate 5726. When this And gate is actwated an
active signal is applied te the MNRI8 lead extending to
an input of Or gate 5381 in Fig. 58. The actuation of
Or gate 5801 applies an active signal to the WRI lead
extending to the transfer circuit and permits the transfer
circuit to seize transmitter No. 0.

As indicated hereinbefore, when the iransfer circuit
during the reading of slot 1 of a common register space
found that the next succeeding register space was idle,
the transfer circuit seized this idie common register space
and associated transmitter during the reading of slot 2
of the register space by applying an active signal to the
SNR lead which extends from the cutput of And gate
3642 via cable 16 of ths transmitter. Assume for
purposes of illustration that during the reading of slot 1
of common register space Mo. € the transfer circuit de-
termined that transmitter No. 1 and its associated com-
mon register space No. 1 were idle. Therefore, during
the reading of slot 2 of ccmmon register space No. 0,
the transfer circuit will seize transmitier No. 1 and its
associated. common register space. The transfer circuit
will place an.active signal on the SNR lead which ex-
tends via cable 16 to transmiiter No. 0 and is applied
to the lower input of And gate 5186 in transmitter No. C.
The upper input of And gate 5196 is comnescted to the
SY1-0 lead which, as indicated previously, is the syn-
chronizing lead for transmitter No. 0 and will be active
during the reading of the slots of common register space
No. 0. The active signals on the SY1-¢ and SNR lsads
will be combined in And gate 5106 and an active signal
will be applied from its output to the SNR1 lead which
extends via cable 26-and cable 27 to the operating input
of -SNR. flip-flop 5563 in transmitter No. 1 shown in
Fig. 55. The active signal on the SNR1 lead will cause
the operation of the SNR flip-flop 5503. This flip-flop,
in operating, removes the active signal condition from in-
put A of And gate 5584, thus disabling this And gate.
Because. And gate 5564 cannot be actuated to apply an
active. signal to the Ril lead, this transmitter may not
be seized: for another call. When SMNR flip-flop 5503
operates;: an active signal is -applied from its left-hand
output to.input. B of. And gate 5588 shown in Fig. 55.
The function of And gate 5508 when actuated by the
active signal on its inputs A, B and C will be described
later.

During the reading of slot 2 of common register space
No. 7, the transfer circuit may seize the test circuit in a
manner similar -to that described above for the seizure
of transmitter No. 1. The active signal applied to the
SNR. lead by the transfer circuit will be combined in
And gate 5786 in transmitier Mo. 7 with the active signal
on the sync lead SY8-7 from the distributor. The actua-
tion of And gate 5786 causes an active signal to be ap-
plied:to lead SNRS which extends to the coperating input
of BY flip-flop 6718 in the test circuit shown in Fig. 67.
The operation of BY flip-Bop 6718 causes the test circuit
to function. as described hereinafter to simulate the
seizure of .a transmitter.

During the reading of slot 2 of test register space MNo. &,
the transfer circuit may seize transmitter No. 0 in a man-
ner similar to that described above. The active signal
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applied to the SNR-lead by the transfer circuit will be
combined in And gate 5724 shown in Fig. 57 with the
active signal on the sync lead SY8-8 from the distributor.
The actuation of And gate 5724 causes an active signal

" to be applied to lead SNR¢ which extends to the operat-

ing input of SNR flip-flop 5103 in transmitter No. 0°
shown in Fig. 51. SNR flip-flop 5163, in operating, per-
forms the same functions as the SNR flip-flop 5503 in
transmitter No. 1 described above.

When slot 1 of a commeon register space passes under
the heads of the magnetic drum, if the common register
space and transmitter whose number is recorded therein
has been seized by the transfer circuit as described above,
but a link connection between this transmitter and a
sender has not been established, the connector control
circuit of Fig. 42 will proceed, as described hereinbefore,
to furnish the information which includes the number of
the transmitter or common register space and the npum-
ber of the sender requiring a transmitter to the trans-
mitter link controller circuits of Figs. 43 through 49.
As indicated hereinbefore, a passive signal on the NRI
lead and an active signal on the TS lead which extend,
respectively, from Or gates 5801 and 5802 shown in
Fig. 58 to the transmitter control circuit of Fig. 42 con-
trol the actuation of And gate 4289 therein. The actua-
tion of And gate 4260 in turn controls the transfer of
the transmitter number and the sender number to the.
transmitter link controller.

For purposes of illustration, assume that after the sei-
zure of transmitter No. 1 as described above, the mag-
netic drum has made one complete revolution and that
slot 1 of common register space No. 0 is being read. Un-
der these conditions, the NRI lead will be passive because
the RI1 lead from the output of And gate 5584 shown
in Fig. 55 in transmitter No. 1 is passive. The passive
signal.on this RI1 lead will be extended via cable 27 and
cable 26 to.an input of And gate 5187 in transmitter No.
0. The upper input of And gate 5187 will be active be-
cause it is connected to the SY1-8 lead which is active
during the reading of slot. 1 of common register space
Wo. 0. The lower input of this And gate, however, is
passive because it is connected to the RI1 lead from the
output of And gate 55904 to transmitter No. 1 shown in-
Fig. 55. Accordingly, the WRIQ output lead from And
zate 5307 will be passive and this passive signal will be
applied via cable 26 to Or gate 5881. Or gate 5801 will.
not be actuated and, accordingly, its output, the NRI
lead, will be passive. The passive signal on the NRI
lead is applied to the input of inverter 4291 in the con-
nector control circuit of Fig. 42. The passive signal
on the input of inverter 4263 will cause an active signal
from its output to be applied to the left-hand input of
And gate 42088. During the reading of slot 1 of com-
mon register space No. 0, an active signal (negative po-
tential) will be applied from a negative source of po-
tential through normal contact springs of MB make busy
key 8519 of transmitter No. 1 through back contact and
armature 5 of ON relay 5501 over the TS1 lead which
is connected to the left-hand input of And gate 5504
shown in Fig. 55, through cable 27 and cable 26 to the
lower input of And gate 5188 in transmitter No. 0 shown
in-Fig. 51. The active signal on this lower input is com-
bined with the active signal on the upper input from the
SYi-9 lead to provide an active signal on the KTSO
lead. The KTS@ lead extends via cable 26 to an input
of Or gate 5802 in Fig. 58 causing the actuation of this
Or gate. The actuation of Or gate 5802 in turn applies
an active signal to the TS lead which extends to the right-
hand input of And gate 4208 in the connector control cir-
cuit of Fig. 42. And gate 4289 is actuated in this man-
ner to cenircl the transfer of the number of the com-
mon register space read in slot 1 of common register
space No. 0 and the number of the sender recorded in
track 10 slots 1 through 12 of common register space-
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No. 0 to the transmitter link controller as described here-
inbefore.

When slot 1 of test register space No. 8 is read if
transmitter No. 0 has been seized as described above, the
connector control circuit will function in the same man-
ner to transfer the transmitter number and sender num-
ber to the transmitter link controller. Lead RI® from
the output of And gate 5105 in transmitter No. 0 will
be passive and And gate 5726 shown in Fig. 57 will not
be actuated. The NRI8 lead from the cutput of And
gate 5726 will also be passive and Or gate 5801 shown
in Fig. 58 will not be actuated. Acordingly, the NRI
lead extending to the connector control circuit in Fig. 42
will be passive. An active signal (negative potential)
will, however, be applied to the TSO lead from the left-
hand input of And gate 5105 in transmitter No. 0. The
active signal on the TS0 lead will be combined with the -
active signal on the SY@-8 lead in And gate 5725 shown
in Fig. 57. The actuation of And gate 572§ will cause
an active signal to be applied to the KTS8 lead extend-
ing to an input of Or gate 5802 in Fig. 58. The actua-.
tion of Or gate 5802 will cause an active signal to be
applied to the TS lead extending to the connector con-
trol circuit of Fig. 42. The connector control circuit
functions as described hereinbefore to transfer the trans-
mitter number and sender number to the transmitter link
controller.

It will be noted that there is no TS- lead from the test
circuit to an And gate in transmitter No. 7. Neither is
there a KTS- lead from an And gate in transmitter No.
7 to Or gate 5802 in Fig. 58. Therefore, during the read-
ing of slot 1 of common register space No. 7, the TS lead
to the connector control circuit will be passive. Accord-
ingly, no attempt will be made by the connector control
circuit or the transmitter link controller to establish a link
connection from a transmitter to a sender. As indicated.
hereinbefore, there is no sender associated with test send-
er space No. 99 nor is there a transmitter associated with
test register space No. 8.

When the transmitter link controller of Figs. 43
through 49 completes a connection through crossbar
switch 4487 shown in Fig. 44 between the transmitter
and the sender, the FT, FR, FO1, AV1, ST and TRL
leads from the transmitter which, as shown in Fig. 53,
extend via cable 2-1 and cable 2 from transmitter No.
1, for example, through the operated crosspoint contacts
of the crossbar switch. 4407 via cables 1 and 1-0 to the
sender, No. 0 for example. When this link connection
is established, a circuit is completed for connecting ground
over lead ST from the sender to the transmitter. As in-
dicated previously and as shown in Fig. 22, ground is
applied to the ST lead in a crossbar sender through back
contact and armature 2282 of TR1 relay (3108), through
a back contact and armature 22081 of S6 relay (4011),
through a front contact and armature of ON1 relay
(3000) to ground. In a panel sender as shown in Fig.
23, ground is connected to the ST lead through front
contact and armature of SB relay (1303), over conductor
(1317), through armature and front contact of THL re-
lay (1001), over conductor (1732), through the left and
right-hand contacts of T2 cam (1715) to lead ST. Ground
on lead ST is extended in transmitter No. 1 shown in
Figs. 52 through 55, for example, through back contact
and armature 1 of RLR relay 5424, through back con-
tact and armature 4 of RO relay 5401, through the wind-
ing of SC relay 5465 to battery, thus operating SC relay
5465. SC relay 5405, in operating, applies ground
through front contact and armatute 2 of SC relay 5405,
over lead SC, through the winding of ON relay 5501
to battery. ON relay 5501, in operating, applies a ground
through its front contact and armature 1 to the FO1 lead
which extends to the crosspoint contacts of crossbar
switch 4407. As indicated previously, the operated hold
‘magnet in crossbar switch 4407 locks operated to the
ground on the FO1 lead. This ground is first applied .
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over the FO1 lead from the sender. However, when ON
relay 5501 operates, the holding ground is supplied to
the FO1 lead by the transmitter which then coatrols the
holding or locking of the operated hold magnet in the
crossbar switch. The operation of ON relay 5561 also
completes several circuits which will be described later
and applies a positive potential through resistance 5516,
through front contact and armature 8 of ON relay 5501
to the timer circuit shown in the lower right-hand corner
of Fig. 55. The operation and function of this timer
circuit will be described later.

With both the ON relay 5561 and the SNR flip-flop
5503 in transmitter No. 1 operated, the seizure of this
transmitter has been completed. The active signals which
were present on the RI1 lead from the output of And
gate 5504 and the TSI lead through back contact and
armature 5 of ON relay 5801 when transmitter No. 1 was
normal have been removed and this transmitter is in-
capable of being seized for another call.

In addition to the SNR flip-flop 5503 described above,
each of the transmitters also contains a number of other
flip-flops and associated circuits. Each transmitter has a
DF flip-flop such as DF flip-flop 5414 in transmitter No.
1 shown in Fig. 54, an SR flip-flop such as SR flip-flop
5418 in transmitter No. 1, an OF flip-flop such as OF
flip-flop 5468 in transmitter No. 1 and an RL flip-flop such
as RL flip-flop 5422 in transmitter No. 1. Each of these
flip-flop circuits is associated with a cathode follower and
arelay. As shown in Fig. 54, DF flip-flop 5414 is associ-
ated with DFA cathode follower 5415 and DFR relay
5416, OF flip-flop 5408 is associated with OFA cathode
follower 5467 and OFR relay 5406, SR flip-flop 5418 is
associated with SRA cathode follower 5419 and SRR
relay 5420 and RL flip-flop 5422 is associated with RLA
cathode follower 5423 and RLR relay 5424. As shown in
Fig. 54, the right-hand output of each of these flip-flops
is connected to the grid of its associated cathode follower
and the cathode of each cathode follower is in turn con-
nected to ground through the winding of its associated
relay. When each of the flip-flop circuits is operated, its
right-hand output will become positive and a positive
potential will be applied to the grid cf its associated cath-
ode follower. Current flow in each of the cathode fol-
Iowers will in turn cause the operation of the associated
relay. The cathode followers are utilized as current am-
plifiers to provide sufficient current to operate the associ-
ated relays. The cathode followers are voltage controlled
by the potential from the right-hand output of their as-
sociated flip-flop circuits and, therefore, conduct when
the associated flip-flops operate. When a flip-flop restores
to normal, the associated cathode follower will be cut off
and the associated relay will be released. In transmitter
No. 1, for example, as described below, DF flip-flop 5414
will be operated when an active signal is received over
the DF lead in cable 16 from the transfer circuit, OF flip-
flop 5408 will be operated when an active signal is re-
ceived over the OF lead in cable 16 from the transmitter
control circuit, SR flip-flop 5418 will be operated when an
active signal is received over the SR lead in cable 16 from
the transmitter control circuit and RL flip-flop 5422 will
be operated when an active signal is received over the RL
lead from the transfer circuit.

In addition to the OF, DF, SR, RL and SNR flip-flops
described above, each of the transmitters also contains
T9, T1, T2, T4, T7 and T190 flip-flops which control the
transmission of the multifrequency signals representing
called designations to the called office. Transmitter No.
1, for example, has T0 flip-flop 5201, T1 flip-flop 5202,
T2 flip-flop 5203 shown in Fig. 52 and T4 flip-flop 5301,
T7 flip-flop 5302 and T10 flip-flop 5303 shown in Fig. 53.
Each of the T- flip-flop circuits in the transmitters is as-
sociated with an amplifier. For example, in transmitter
No. 1, TO flip-flop 5261 is associated with TOA amplifier
5204, T1 flip-flop 5202 is associated with T1A amplifier
5205, T2 flip-flop 5203 is associated with. T2A amplifier

|
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5206, T4 flip-flop 5301 is associated with T4A amplifier
5304, T7 flipflop 5302 is associated with T7A amplifier
53065 and T19 flip-flop 5303 is-associated with T10A am-
plifier 5306. The right-hand output of each of the T—
flip-flops is connected to the suppressor grid of its as-
sociated amplifier. As will be described hereinafter, the
T- flip-flops in a transmitter are operated by active sig-
nals over the TR— leads in cable 16 from the transmitter
control circuit to cause their asscciated amplifiers to con-
duct and apply multifrequency signals representing digits
of the called designaticn to the FT and FR leads through
RP repeating coil 5325 shown in Fig. 53 for transmitter
No. 1.

Operation -of transmitters after seizure and before trans-
mission of digiis

As described hercinbefore, after ssizure of a transmitter

and register space, the transfer circuit continues to func-

tion and transfers each digit of the called dessignation to

the seized common register space. When the last digit of 2

the dialed designation is recerded in the seized common
register space or when a stations delay time-out is made
after the units digit of the dialed designation is recorded,
the transfer circuit sends an active signal over lead DF in
cable 16 to the transmitter. In transmitter No. 1 shown
in Figs. 52 through 55, for example, the active signal on
the DF lead of cable 16 is applied to the lower input of
And gate 5413 shown in Fig. 54. The upper input of
And gate 5413 is shown connected to the 3Y2-1 synchro-
nizing lead from the distributor circuit of Fig. 50. There-
fore, during the time that slots of common register space
No. 1 are being read, the SY2-1 lead will have an active
signal applied thereto and And zate 5413 will be actnated.
The actuation of And gate 5413 applies an active signal
to the cperating input of DF flip-flop 5414 shown in Fig.
54 When DF flip-flop 5414 is operated, its right-hand
output will become positive and a positive potential will
be applied to the grid of DFA cathode follower 5415.
Current flow through DFA cathode follower 5415 will
cause the operation of DFR relay 5416.

As shown in Fig. 53, the fundamental tip and the fun-
damental ring leads, FT and FR, respectively, terminate
at the secondary windings of RP repeating coil 5325.
The FT lead terminates on the upper terminal of second-
ary winding 5316 while the FR lead terminates on the
lower terminal of secondary winding 5317. The two
inner terminals of the secondary windings are connected
together by condenser 5318. When DFR relay 5416
operates as above described, it completes a circuit from
the fundamental tip FT and to the fundamental ring FR
through the winding of SV relay 5403 shown in Fig. 54.
This circuit may be traced from the fundamental tip lead
FT through secondary winding 5316 of RP repeating coil
‘5325, over the FT1 lead, through front contact and arma-
ture of DFR relay 5416, through back contact and arma-
ture 5 of RO relay 5401, through the winding of SV relay
5403, through front contact and armature 5 of SC relay
5405, over the FR1 lead, through secondary winding 5317
of RP repeating coil 5325 to the FR lead.

The closure of the circuit between the ¥T and FR
serves - as a seizure signal to the distant office. When
this circuit is completed through 3V relay 5493 from
the fundamental tip lead FT and from the fundamental
ting lead FR, negative battery will be supplied from the
distant office over the FT lead and ground will be ap-
plied over the FR lead. SV relay 5483 will not operate
in respcnse to this battery potential because SV relay
5403 is a polarized relay and is poled to operate on the
opposite polarity. When the distant office recognizes the
closure of the FT and FR leads through the winding of
SV:relay 5403, the incoming link circuit thereat causes
the incoming sender thereat to be attached. The signal
that the incoming sender :in the distant office has been
attached is: & reversal of the polarity of the potential
supplied over the FT and FR leads. Ground is supplied

o

10

15

30

50

55

60

65

70

75

156
over the FT lead and negative battery is supplied over
the FR lead. This reversal of polarity of the battery
supplied over the FT and FR leads causes the operation
of SV relay 5403.

SV relay 5403, in operating, completes a circuit for
the operation of SA relay 5404. SA relay 5404, in
operating, locks operated through its front contact and
armature 1, through back contact and armature 3 of
RO1 relay 5462 to ground supplied through front contact
and armature 3 of SC relay 5493. When SA relay 5404
opsrates, it applies a negative potential through resistance
5432, through front contact and armature 3 of SA relay
5404 to lead CLG which extends through back contact
and armature 1 of TBL relay 5567 to iaput A of And
gate 5315. 'This negative potential is applied from the
TBL relay 5587 to input A of And gate 5315 over lead
TCL. As shown in Fig. 53, input B of And gate 5315 is
connected to the SY2-1 lead which is the synchronizing
lead for transmitter No. 1 from the distributor circuit of
Fig. 50. This lead will be active during the time that
the slots of common register space MNo. 1 which is as-
sociated with transmitter No. 1 are being read. Input C
of And gate 5315 is connected to the common terminal
of resistances 8323 and 5324 shown in Fig. 53. The
enabling active signal applied to input C of And gate
5315 comes from CL amplifier 5313 shown in Fig. 53.
This amplifier is connected in a voltage divider compris-
ing resistances 5319, 5329 and 5321. Resistance 5319
is the anode supply resistance for THA amplifier 5204,
TiA amplifier 5285, T2A amplifier 5266, T4A amplifier
5304, T7A amplifier 5395 and T10A amplifier 5396.
When any one of these amplifiers is conducting, the
increased voltage drop through resistance 5319 will cause
CL amplifier 3313 to be cut off. The anode of CL am-
plifier 5313 is coanected in a similar voltage divider
circuit to resistances 5322, 5323 and 5324. When CL
amplifier 5313 is cut off, the positive potential increase
on the anode of CL amplifier §313 is applied to input C
of And gate 5315. This is effectively a passive signal
condition (a positive potential) and prevents And gate
5315 from being actuated. However, when CL am-
plifier 5313 is conducting, and, as indicated above, it
will conduct when all of the amplifiers in Figs. 52 and
53 are not conducting, an active signal (a negative po-
tential) will be applied to input C of And gate 5315
which will enable this And gate.

As shown in Figs. 52 and 53, each of the amplifiers
is associated with one of the T— flip-flop circuits of trans-
mitter No. 1. The connection from the T— flin-flops to
their associated amplifiers is made from the right-hand
output of the flip-flop to the suppressor grid of the.asso-
ciated amplifier. Because the T— flip-flops are normally
conducting on the right-hand side as shown in Figs. 52
and 53, a negative potential is thereby applied to the
suppressor grid of the associated amplifier keeping this
amplifier cut off. However, when one of the T— flip-flops
is operated so that its left-hand side is conducting, a
more positive potential will be applied to the suppressor
grid of the associated amplifier and this amplifier will
conduct. The control grid of each of the amplifiers of
Figs. 52 and 53 is connected, respectively, to one of the
leads ¥8, ¥i, F2, F4, F7 and Fi0, the control grid of
TQA amplifier 5284 being connected to the FO lead, the
control grid of T1A amplifier 5265 being connected to
the F1 lead, etc. The F9, F3, F2, F4, F7 and Fi8 leads
connect to a multifrequency tcne scurce (not shown)
which supplies a distinctive frequency signal over each
of these leads. The frequencies of the signals applied
to the respective amplifiers are the frequencies which

are utilized for multifrequency signaling purposss and

may be, for example, frequencies of 700, 900, 1100, 1300,
1500, and 1700 cycles per second, respeciively, for the
F9, F1, F2, F4, F7 and F10 leads.

The T- amplifiers to which the F-- leads connect are
conventional pentode amplifier circuits. When biased
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do that they will conduct by a positive potential from
their associated T— flip-flops, the signals which are con-
nected to their control grids will be amplified and ap-
plied to the PLS lead. The PLS lead extends to the
primary winding 5314 of RP repeating coil 5325. The
output from the anode of each amplifier is connected to
the PLS lead through a resistor such as resistor 5217
and a coupling condenser such as condenser 5216 for
TOA amplifier 5204. The screen, grid.of each amplifier
is returned and connected to its cathode: The cathode
of each amplifier is connected through a resistance such
as resistance 5214 for TOA amplifier 5204 to ground, this
resistance being bypassed by a condenser such as con-
denser 5213 for TOA amplifier 5204.

As indicated hereinbefore, multifrequency signals used
in multifrequency pulsing are. transmitted two frequen-
cies at a time and, therefore, two of the T— amplifiers
of Figs. 52 and 53 will be conducting simultaneously.
Both will be amplifying their respective frequency signal
and applying this signal to the PLS lead through the
primary winding 5214 of RP repeating coil 5325 to
ground.

As shown in Figs. 52 and 53, the left-hand operating
input of each of the T— flip-flop circuits is connected to
an And gate. For example, TO flip-flop 5201 is con-
nected to the output of And gate 5207, T1 flip-flop
5202 is connected to the output of And gate 5209, etc.
Each of these And gate circuits has one of its inputs
connected to one of the TR~ leads which extend from
the transmitter control circuit via cable 16. For ex-
ample, And gate 5287 associated with T flip-flop 5281
is connected to the TRG lead, And gate 5209 associated
with the T1 flip-flop 5202 is connected to the TR1 lead,
And gate 5211 associated with T2 flip-flop 5203 is con-
nected to the TR2 lead. Similarly, And gaie 5307 as-
sociated with T4 flip-flop 5301 is connected to the TR4
lead, And gate 5309 associated with T7 flip-flop 5302 is
connected to the TR7 lead and And gate 5311 associated
with T10 flip-flop 5303 is connected to the TR10 lead.

As indicated hereinbefore, the transmitter control cir-
cuit of Figs. 40 and 41 controls the operation of the trans-
mitter to transmit multifrequency signals representing
digits of the called designation by applying active signals
to two of the TR~ leads extending from the transmitter
control circuit to the transmitter. Therefore, when a
particular digit is to be transmitted, two of these TR~
leads will be made active, and the active signals on these
two leads will cause the actuation of the And gates con-
nected thereto and the operation of the associated T—
flip-flops.

As shown in Figs. 52 and 53, each of the And gates in
the operating input of the T- flip-flops in transmitter No.
1 has one input connectéd to the SY2-1 lead which, as
indicated previously, will be active when the slots of
common register space No. 1 associated with transmitter
No. 1 are being read. The third input to each of these
And gates is connected to the TLO lead which extends
through back contact and armature 2 of TBL relay 5507
through resistance 3522 to negative battery. If TBL relay
§507 is normal, the negative potentia] supplied through-
resistance 5522 will place an active signal (negative po-
tential) on the TL® lead which will permit the And gates
in the input of the T— flip-flops to be enabled.  If, how-
ever, TBL relay 5507 is operated because of some trouble
condition as will be described hereinafter, the And gates
in the input of the T— fiip-flops in Figs. 52 and 53 will be
prevented from operating and from receiving any further
digits from the transmitter contro] circuit.

As -indicated hereinbefore, before the transmitter con-
trol circuit will place active signals on the TR— leads to
the transmitter, the BY and the CL leads from the trans-
mitter to the transmitter control circuit must be made
active. The CL lead which extends via cable 16 to the

' transmitter control circuit is connected to the output of
an And gate such as And gate 5315 for. transmitter No.
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1 shown in Fig. 53. The three inputs of And gate 5315
in transmitter No. 1 will be active if, as described above,
SA relay 5404 has been operated to apply an active
signal to the CLG lead, if TBL relay 5507 is normal ex-
tending this active signal over the TCL lead to input A
of And gate 5315, if the SY2-1 lead which is the sync
lead for transmitter No. 1 is made active and if CL.
amplifier 5313 is conducting which causes a negative po-
tential (active signal) to be applied to input C of And
gate 5315. Therefore, if transmitter No. 1 has been
seized and an incoming sender in the distant office has
been attached (SV relay 5403 and SA relay 5404 oper-
ated), if there is no trouble condition present in trans-
mitter No. 1 (TBL relay 5507 normal), if there is no
digital information recorded in the T— flip-flops of trans-
mitter No. 1 (T— flip-flops normal and CL amplifier 5313
conducting) and if the slots of common register space
No. 1 are being read (SY2-1 lead active), And gate 5315
will be actuated to apply an active signal on the CL lead
to the transmitter control circuit.

The BY lead which extends from the transmitters via
cable 16 to the transmitter control circuit is comnected
to the output of an And gate such as And gate 5508 in

" transmitter No. 1 shown in Fig. 55. Input A of And gate
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5508 in transmitter No. 1 is connected through a back
contact of MB make busy jack 5510, through front con- .
tact and armature 6 of ON relay 5501, through resistance
5514 to negative battery. Therefore, if MB make busy
jack 5510 is normal and if ON relay 5501 is operated, in-
put A of And gate 5508 will be active. While ON relay
5501 is normal, a positive potential (passive signal) is ap-
plied to input A of And gate 5568 through resistance 5515
and back contact and armature 6 of ON relay 5501. If
a plug is inserted into MB make busy jack 5510 to busy-
out transmitter No. 1, a passive signal will be applied to
input A of And gate 5508 through resistance 5502 and
operated contacts of MB make busy jack 5518. Input
B of And gate 5508 in transmitter No. 1 is connected to
the left-hand output of SNR flip-flop 5503 and, as de-
scribed hereinbefore, will be active when SNR flip-flop
5503 is operated. Input C of And gate 5508 in trans-
mitter No. 1 is connected to the SY2-1 lead which is the
sync lead for transmitter No. 1 and is active when the
slots of common register space No. 1 are being read.
Therefore, if the SNR flip-flop 5503 is operated, if On
relay 5501 is operated, if MB make busy jack 5510 is
normal and if the slots of common register space No. 1
are being read, And gate 5508 in transmitter No. 1 will
be actuated to apply an active signal on the BY lead
extending to the transmitter control circuit.

Ifimsmission of KP, digits and ST

As described hereinbefore, the transmitter control cir-
cuit of Figs. 40 and 41 controls the transmission of the
multifrequency signals to the distant office by the trans-
mitter. When an active signal appears on the BY and
CL leads in cable 16 and when slot 1 of the common
register space associated with transmitter No. 1 for ex-
ample, is read, the transmitter control circuit will apply
active signals to the TR2 and TR10 leads in cable 16
to the transmitter. The active signals on these two TR—
leads gives an indication to the transmitter to transmit
the KP signal to the distant office. In response to the
reception of active signals on the TR2 and TR16 leads
in cable 16, T2 flip-flop 5203 and T16 flip-flop 5303 shown
in Figs. 52 and 53 in transmitter No. 1 will be operated
because And gate 5211 and And gate 5311 will be actu-

. ated. The operation of these two flip-flops will cause their

75

associated amplifiers, T2A amplifier 5206 and T10A am-
plifier 5306, to amplify the signals supplied over the F2
and F10 leads respectively from the multifrequency tone
source and apply the amplified signals over the PLS lead
to primary winding 5314 of RP repeating coil 5325.
This combination of the two frequencies representing
the KP signal is transmitted from transmitter No. .1 over
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the FT and FR leads to the distant office. As described
hereinbefore, the duration of the transmission of these two
frequencies representing the KP signal is timed by the
transmitter control circuit in the pulse timer cells in tracks
13 and 14 of slot 1 of common register space No. 1.
After the completion of three revolutions of the magnetic
drum, the transmitter control circuit functions as de-
scribed hereinbefore to apply an active signal to the UN
lead which extends via cable 16 from the transmitter con-
trol circuit to the transmitter. The active signal on the
UN-lead is applied to the resetting input of all of the flip-
flops of Figs. 52 and 53 through Aand gate circuits. As
shown in Figs. 52 and 53, the resetting inputs of the T—
flip-flops in transmitter I{o. 1 are connected to the output
of And gates associated with the resetting input of the
respective T— flip-flops. TO flip-flop 5281 is reset by an
active signal from the output of And gate 5208. Ti
flip-flop 5202, T2 flip-flop 5293, T4 flip-flop 5301, T7
flip-flop 5302 and T10¢ flip-flop 5303 are reset by active
signals from the output of And gate 5218, And gate 5212,
And gate 5308, And gate 5310 and And gate 5312, re-
spectively. These And gate circuits have one input con-
nected to the UN lead and the other input connected to
the SY2-1 lead which is a synchronizing lead for tranms-
mitter No. 1. Therefore, when the UN lead is made ac-
tive by the transmitter control circuit, the operated flip-
flops, in this case' T2 flip-flop 5283 and T19 flip-flop 53903,
are restored. When these flip-flops are restored, their
associated amplifiers are cut off and the transmission of
the two signals comprising the XP signal is halted. When
the T2A amplifier 5206 and TI10A amplifier 5306 are
cut-off, CL amplifier 5313 is again rendered conducting
and an active signal is again applied to input C of And
‘gate 5315 which is actuated to apply an active signal once
again over the CL lead to the transmitter control circuit.

When the transmitter control circuit of Figs. 40 and 41
completes the timing of the interdigital interval after the
transmission of the KP signal and before the transmis-
sion of the first digit of the dialed designation as described
above, two of the TR~ leads extending from the transmit-
ter control circuit to the transmitter are made active to
indicate to the transmitter the identity or the numerical
value of the first digit of the dialed designation to be
transmitted to the distant office. Active signals will be
applied to two of the TR~ leads in cable 16 in a two-
out-of-five code as described above. The transmitter will
function in the same manner to simultaneously transmit
the two signals whose frequency have been assigned to
this numerical digit. After three revolutions of the mag-
netic drum, the operated T- flip-flops in the transmitter
are restored and the interdigital interval is timed. Each
digit of the called designation is transmitted in the same
manner and each interdigital interval is timed in the same
manuer, the digit to be sent each time being determined
by the first 0 read in the digit sent cells in track 12 of
common register space No. 1 as described above.

After all of the digits of the called designation have
been transmitted to the distant office, the transmitter con-
trol circuit will find no zeros in the digit sent cells in track
12 but will read a 0 in the ST—Sent cell in track 11 of slot
12 of the common register space. As described herein-
before, this will cause the transmitter control circuit to
place active signals on the TR7 and TR leads in cable

‘16 extending to the tramsmitters. The active signals on
these two TR— leads gives an indication to the transmitter
(transmitter No. 1 in this case) to transmit the ST signal
to the distant office. The tfransmitter operates as de-
scribed above to transmit the two frequency signals repre-
senting the ST signal to the distant office. After timing
the ST signal and the interdigital interval following it,
the transmitier control circuit, finding ones in all of the
digit senit cells in track 12 aad 1 in the ST-Sent cell in
track 11 of slot 12 of the common register space, will
signal the transmitter to release the sender. This is ac-
complished as described hereinbefore through:the applica-
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ticn of an active signal to the SR lead in cable 16 extend-
ing to the transmitters.

Transmitter and sender release

The active signal on the SR lead in cable 16 is an indi-
cation to the transmitter to release the sender. As shown
in Fig. 54, the active signal on the SR lead is combined
in And gate 5417 in transmitter No. 1 with the active
signal on the sync lead SY2-1, The actuation of And
gate 5417 in transmitter No. 1 causes the operation of SR
flip-flop 5418. SR flip-flop 5418, in operating, applies a
positive potential to the grid of its associated SRA cathode
follower 5419 which conducts and operates SRR relay
5420. SRR relay 5420, in operating, applies ground
through its front contact and armature to the AV1 lead
which extends through the cperated crosspoint contacts
of crossbar switch 4487 to the sender. As a result of the
ground on the AVYI lead, the sender, either the panel or
crossbar type, will proceed tc release from the calling
connection.

After the release of the subscriber’s sender, the transfer
circuit makes a sender release timeout so as te distinguish
the open loop interval detected by the dial pulse deiection
circuit from an open loop interval between dial pulses.
The transfer circuit, as the result of the completion of a
sender release timeout, applies an active signal to the RL
lead which extends from the output of And gate 3819 in
the transfer circuit shown in Fig. 38 via cable 16 to the
transmitter. In transmitter No. 1, for example, the active
signal on the RL lead is applied to the lower input of And
gate 5421 in Fig. 54 and the lower input of And gate
5509 in Fig. 55. The upper input of And gate 5421 is
connected to the 5Y2-1 lead which, as indicated pre-
viously, is the synchronizing lead for transmitter No. -1
and will be active. The actuation of And gate 5421 will
cause an active signal to be applied to the operating input
of RL flip-flop 5422. RL flip-flop 5422, in operating,
applies a positive potential to the grid of its associated
RLA cathode follower 5423 which conducts and operates
RLR relay 5424 in transmitter No. 1. The function of
RIR relay 5424 in operating will be described below.

The active signal on the RL lead which is applied to the
lower input of And gate 5589 as described above is com-
bined in this And gate with the active signal on the SY2-1
sync lead to apply an active signal to the resetting input
of SNR flip-flop 5583. SNR flip-flop 5393, in resetting,
applies an active signal to the right-hand input of And
gate 5504. This completes one of the conditions required
to place an active signal on the RI lead to indicate to the
sender space control circuit that this particular trans-
mitter and register are idle. Of course, the active signal
on the RI1 lead from the output of And gate 5504 will
not be present until the release of the ON relay 5501 to
apply the enabling active signal to the left-hand input of
And gate 5504.

When the sender releases, ground is removed from the
ST lead which extends from the sender through the
operated crosspoint contacts of crossbar switch 4407 to
the transmitter. The SC relay 5485 in transmitter No. 1
is held operated to this ground and, therefore, its removal
will permit SC relay 5485 to release. The release of SC
relay 5465 in turn opens the FR1 lead over which SV
relay 3483 is held operated and this relay releases. The
release of SC relay 5405 also removes one source of
ground from the ¥O1 lead which is holding the hold
magnet in the link circuit operated. The release of SC

- relay 54635 alse removes the holding ground from SA

relay 5404 which releases. The release of SC relay 5405

-also opens the operatino circuit for ON relay 5501 by

removing ground from the SC lead.

The operation of RLR relay 3424 as described above
when RL flip-flop $422 operates removes the lockmg
ground from the LON lead which is holding the ON
relay 5581 operated. The RLR relay 5424, in operating,
also applies a negative signal pulse (active signal)
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through resistance 5434 through condenser 5426 to the
RSB lead. - The active signal on the RSB lead is applxed
to the resetting input of SR flip-flop 5418 and OF flip-flop
5508. SR flip-flop 5418 which was operated previously,
will be reset by this active signal. If the OF flip-flop
5408 is operated, as will be described later, it will be reset
by this active signal on the RSB lead.

.ON relay 5561, in releasing, removes the other source
of ground from the FO1 lead which will permit the oper-
ated holding magnet in the crossbar switch 4407 of the
transmitter link controller to release. The release of ON
relay 5501 also applies a negative signal potential (active
signal) through resistance 5513, through back contact
and armature 4 of ON relay 5501, over the RSA lead to
the resetting input of RL flip-flop 5422 and DF flip-flop
5414 thus resetting these two flip-flops. The release of
RL ﬂlp-ﬂop 5422 and DF flip-flop 5414 will in turn
release RLR relay 5424 and DFR relay 5416. The re-
lease of ON’ relay ‘5501 also restores the timing circuit
shown . in the lower right-hand corner of Fig. 55 as will
be. described in detail hereinafter. 'When ON relay 5501
releases, an active signal is again applied to the left-hand
input of And gate 5504 and the transmitter and its asso-
ciated register space are made available for seizure on
another call by the active signal on the TS1 and the RI1
leads as described hereinbefore. The transmitter is now
released and returned to normal, it and its associated
common register space are made available for seizure on
another call, the circuits associated with the magnetic
drum have erased the information in the seized common
reglster space as described hereinbefore and the call is
now’ completed "through the normal sw1tchmg channels
in the distant office.

Transmitter timeout

The timing circuits shown in Fig. 55 will now be de-
scribed. This circuit comprises TM gas tube 5505, TMR
relay 5506 and TBL relay 5507. If, because of some
trouble condition the transmitter is prevented from out-
pulsing all of the digits of the called designation within
a predetermined time, this timer circuit will function as
will be described to bring in an alarm signal. As shown
in Fig. 55, TM gas tube 5505 will be operated through
the RC charging network in the starter ancde circuit.
When ON relay 5501 operates, positive battery is supplied
through resistance 5516, through front contact and arma-
ture 8 of ON Trelay 5501 through resistance 5517 to
charge condenser 5518, The time constant of this charg-
ing circuit is such that the time required to charge con-
denser 5518 to a point where TM gas tube 5505 will con-
duct is greater than the allotted time for cutpulsing of
the digits of the called subscriber’s designation. 1If, how-
ever, due to some trouble the digits are not outpulsed in
this predetermined time, the voltage or charge on con-
denser 5518 will be applied through resistance 5520 to
the starter anode of TM gas tube 5505 and conduction
will be initiated therethrough. When gas tube 5565
breaks down and conducts, TMR relay 5506 will be
operated through its lower winding, through its continuity
contacts to ground through front contact and armature
7 of ON relay 5501. TMR relay 5506 locks operated
from negative battery through the upper winding of
TMR relay 5506, through front contact and armature 1
of TMR relay 5506 to ground through front contact and
armature 7 of ON relay 5501. . TMR relay 5506, in
operating, applies a ground through its front contact and
armature 2, through the winding of TBL relay 5507 to
battery, thus operatmg this relay

TBL relay 5507, in operating, applies ground over the
_STl lead, the ALM lead and the XMTR lead to a
trouble indicator, not shown in the drawmgs, to bring in
‘alarms to indicate that transmitter No. 1 is in trouble.
IBL relay 5507, in operating, also applies positive battery
through resistance 5521, Lhrough front contact and arma-
.ture 1 of TBL relay 5507, over the TCL lead to input A
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of And gate 5315. ‘This positive potential-is an effective
passive signal condmon which will prevent the actuation
of And gate 5315. Because ‘And gate 5315 is prevented
from actuating and applying an active signal to the CL
lead from its output, the transmitter control circuit is
thereby prevented from transterrmg any further digits
to the transmitter for transmission to the distant office.
TBL relay 5567, in operating, also opplies a positive
potential ‘through resistance 5523 through front contact
and armature 2 of TBL relay 5507 over lead TLO to an
input of each of the And gates associated with the oper-
ating input of the T— flip-flops of Flgs 52 and 53. This
positive potential is an effective- passive signal which will
prevent the actuation of any of these input And gates
and will prevent the receptlon of any further digits from

the transmitter contro} circuit.

The timing circuit above. described wxll operate when
the ON relay. 5501 first operates. If this timing circuit ig
allowed to operate and operate. the TBL relay 5507 be-
fore the ON relay 5501. is released after completxon of'
the call, the trouble indicator alarms will be cperated.
However, if the ON relay 5501 releases before the charge
on condenser 5518 causes TM gas tube 5505 to conduct,
the release of ON 5501 will apply a ground through
resistance 5519 to discharge condenser 5518 and TM
gas tube 5505 will not have a conducnon initiated there-
through.

Transmitter second trial operation

In the event that trouble is encountered in the distant
office in establishing the connection to the called sub- .
scriber “or . with the reception of the multifrequency
pulses representing the digits .of the called subscriber’s
designation, an overflow or reorder signal will be trans-
mitted from the distant office to the transmitter which
is outpulsmg the digits. This overflow signal or reorder
signal is transmitted to the transmitter through a reversal
of the polarity of battery supplied over the fundamental
t1p lead FT and the fundamental ring lead FR extend-
ing from the sender through the operated crosspoint
contacts of crossbar switch 4407 to the transmitter. The
reversal of polarlty of the potentxal supplied over the
fundamental tip and fundamental ring leads will cause
SV relay 5403 which, as indicated previously, is a
polarized relay, to release. The release of SV relay 5403
completes a circuit for the operation of RO relay 5401.
This circuit may be traced from ground through back
contact and armature of .SV relay 5403, through front
contact and armature 2 of SA relay 5404, through the
winding of RO relay 5401 to battery. SC relay 5405
will release when RO relay 5401 operates because its
operating circuit will be opened at armature 4 and back
contact of the RO relay 5401. RO relay 5401, in operat-
ing, locks operated through its front contact and arma-
ture 1 through back contact and armature 1 of SC relay
5405, over lead LRO, through front contact and arma-
ture 2 of ON relay 5501 to ground. SC relay 54905, in
releasing, opens the locking circuit for SA relay 5404
which releases. SA relay 5404, in releasing, places a
passive signal (a position potential) through resistance
5431 to the CLG lead which extends to front contact and
armature 1-of TBL relay 5507. This passive signal is
applied from TBL relay 5507 over the TCL lead to in-
put A of And gate 5315 thus providing a disabling passive
signal on And gate 5315.

"When RO relay 5401 operated, it placed a ground
through its armature 3 and front contact to the winding
of RO1 relay 5402. However, the opposite terminal of
the winding of RO1 relay 5402 is connected to the ST
lead through the RLR relay 5424. Therefore, the ground
on the ST lead acts as a shunt and prevents R01 relay
5402 from operanng at this time.

RO relay 5401, in operating, also applies a ground
through its front contact and armature 2, through back
contact and armature 2 of RO1 relay 5402 to lead TRL
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which extends through the operated crosspoint contacts
©f crossbar switch 4407 to the sender. If the sender
which is associated with this transmitter is a sender of
the crossbar type, the ground applied over the TRL lead
as -described above will cause the operation of the TR1
relay (3108) as shown in Fig. 22. The operation of
TR1 ‘relay (3108) will remove ground from the ST
lead extending to the transmitter. The ground applied
over the TRL lead to the sender gives the sender an in-
dication that a reorder condition has occurred and that
a second trial operation for completing the call will be
attempted.

The removal of ground from the ST lead by the sender
is ‘a signal to the transmitter associated therewith on
this - call that the trouble relays in the sender have
responded to the reorder indication signal over the TRL
Jead. The removal of ground from the ST lead by the
sender permits the RO1 relay 5402 in the transmitter to
‘operate because the shunting ground applied to the right-
hand terminal of the winding of ROI relay 5402 is re-
moved and, therefore, RO1 relay 5402 operates frém
battery through resistance 5428, through the winding of
RO1 relay 5402, through front contact and armature 3
of RO relay 5401 to ground. RO1 relay 5402, in
operating, applies an active signal from a negative source
of potential through resistance 5430, through front con-
tact and armature 4 of RO1 relay 5402 to the left-hand
input of And gate 5425, The right-hand input of And
gate 5425 is shown connected to the synchronizing lead
SY2-1 of transmitter No. 1. The active signals on both
inputs of And gate 5425 will cause the actuaticn of this
And gate and an active signal will be applied over the RC
lead which extends via cable 16 to the transmitter con-
trol circuit. '

As shown in Fig. 54, the active signal on the RC lead
is applied to the input of Or gate 5427. The actuation
of this Or gate will cause an active signal to be applied
over the RSB lead to the resetting input of RLR flip-
flop 5422 and OF flip-flop 5408. The active signal on the
RSB lead at this time performs no useful function as
neither of these flip-flops is operated. These flip-flops
will, however, be reset when operated as described below
by an active signal on the RSB lead.

The active signal on the RC lead to the transmitter
control circuit causes this circuit to function in the man-
ner described hereinbefore to prepare the transmitter con-
trol circuit for the establishment of the second trial
operation. Zeros are recorded in the digit sent cells in
the common register ‘space associated with the trans-
mitter by the transmitter control circuit so that the digits
of the dialed designation may be retransmitted to the
distant -office in the manner described hereinbefore. The
operation of R01 relay 5402 also removes ground from
the TRL lead which extends to the sender. The removal
of ground by the transmitter from the TRL lead to the
sender permits the TR2 relay (3109) in the crossbar
sender shown in Fig. 22 to operate in series with the TR1
relay (3108) therein. The operation of these relays
in series returns ground to the ST lead extending back fo
the  transmitter and a second trial operation will be
initiated.

-When ground is again applied to the ST lead, it is
extended in transmitter No. 1 shown in Figs.-52 through
55 through back contact and armature 1 of RLR relay
5424, through a front contact and armature 1 of RO1
relay 5402, through the winding of SC relay 5465 to
battery. SC relay 5405 thus operates. SC relay 5465,
in' operating, releases R0 relay 54061 by opening its lock-
ing path over lead LRO at armature 1 of SC relay 5485
and closes the circuit from the fundamental tip FT and
fundamental ring FR leads through the winding of SV
relay 5403 for the second time. ‘RO relay 5401, in re-
Teasing, prepares a circuit through its ‘back contact and
armature 4 to hold SC relay 5405 operated independent:
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164 .
opetis the opérating path for R61 relay 5492 and allows
this relay to release. When RO1 relay 5402 - releases,
a passive signal is applied from: positive battery through
resistance 5429, through back contact and armature 4 of
RO1 relay 5482 to the left-hand input of And gate 5425.
And gate 5425 is thereby disabled and the active signal
on the RC lead extending via cable 16 to the transmitter
control circuit is removed. The release of RO1 relay
5402 also closes a locking circuit for SA relay 5404
through back contact and armature 3 of R9% relay 5402.

The closure of the circuits from the fundamental tip
FT and fundamental ring FR leads through the winding
of SV relay 5403 will, as described hereinbefore, give
an indication to the distant office that a transmitter has
been ssized. Upon the return of a seizure signal from
the distant office indicating that the circuits there have
been attached, this signal being a reversal of polarity of
the battery supplied to the fundamental tip and funda-
mental ring leads, SV relay 5403 will once again operate.
SV relay 5403, in operating, recloses a circuit for the
operation of SA relay 5404. SA relay 5404 locks op-
erated through back contact and armature 3 of RO re-
lay 5403, through armature 3 and front contact of SC
relay 5485 to ground. The operation of SA relay 5404
applies an active signal from negative potential through
resistance 5432, through front contact and armature 3
of SA relay 5404, to the CLG lead which extends to
armature 1 and back contact of TBL relay $5587. The
active signal on the CLG lead is extended from the TBL
relay 5597 over the TCL lead to input A of And gate
5315. 'This will permit the enabling and the actuation
of And gate 5315 so that an active signal may be ap-
plied over the CL lead to the transmitter control cir-
cuit. When the active signal is applied to the CL lead
and to the BY lead of cable 16 as described hereinbefore,
the transmitter control circuit functions to transfer io
the transmitter the XP signal, the digits of the called
designation and the ST signal. The  transmitter then
functions as described above to transmit the KP signal,
the digits and the ST signal by multifrequency pulsing
means to the distant office.

Transmitter overflow operation

In the event that a second reorder signal is received
from the distant office, SV relay 5483 will release as
above described upon the reversal of the battery poten-
tial supplied over the fundamental tip FT and fundamen-
tal ring FR leads from the distant office. The release of
SV relay 5403 will complete a path for the operation of
R® relay 5481 through front contact and armature 2
of SA relay 3404. The operaiton of RO relay 5401 will
again cause the release of SC relay 5465, SC relay 5405,
in releasing, opens the locking circuit for SA relay 5404
which releases. SA relay 5404, in releasing, again places
a passive signal on input A of And gate 5315. When
RO relay 5401 operates, ground will again be applied to
the TRL lead to the sender. The ground on TRL lead
in the sender if the sender is a crossbar sender will
be passed through the operated contacts of the TR2 relay
(3109) shown in Fig. 22 through other circuits of the
sender in the manner described in the above-cited Car-
penter patent to set up an overflow condition. The
sender will then return an overflow tone signal to the
calling subscriber to advise him to reinitiate his call.
After the overflow tone has been transmitted to the call-
ing subscriber, the sender releases.

When the sender releases, ground will be removed
from the ST lead extending from the sender to the trans-
mitter. In the transmitter, the removal of ground from
the ST lead will permit RO1 relay 5402 to operate as
described above. RO1 relay 5402, in cperating, will again
apply an active signal (negative potential) through resist-
ance 5430 and front cortact and armature 4 of R01 relay
5402 to the left-hand input of And gate 5425, 'The

ly of RO1 relay 5402.- RO relay 5401, in releasing, also L3 actuation of And-gate 5425 will again cause an ‘active
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signal to be applied over the RC lecd of cable 16 to the
. transmitter control circuit. The active signal on the RC
lead is also applied through Or gate 5427 to the RSB
lead to reset the SR flip-fiop 5418 and OF flip-flop 5408
if they are operated.

As described hereirbefore, this second active -signal
on the RC lead will cause the transmitter control cir-
cuit to place an active signal on the OF lead extending
from the output of Or gate 4626 in the transmitter con-
trol circuit shown in Fig. 40 to the transmitter.

In the transmitter, the active signal on the OF lead will
be combined with the active signal on the SY2-1 sync
lead for transmitter No. 1 in And gate 5409 shown in
Fig. 54 to cause an active signal to be applied to the
operating input of OF flip-flop 5468. When OF flip-
flop 5408 operates, a more positive potential is applied
to the grid of OFA cathode follower 5407 which con-
ducts and operates OI'R relay 5466. OFR relay 5406,
in operating, furnishes a ground to hold R relay 5401
operated, ;

After the sender releases, the transfer circuit will
make a sender release timeout and will apply ground to
the RL lead extending from the output of And gate 3819
shown in Fig. 38 via cable 16 to the transmitter., The
active signal on the RL lead in transmitter No. 1 shown
in Figs. 52 through 54 is applied to the lower input of
And gate 5421 and And gate 5509 shown in Figs. 54
and 59, respectively. The actuation of And gate 5421 as
a result of the active signal on the RL lead will cause
the operation of RL flip-flop 5420 as described above to
in turn operate the RLR relay 5424, The operation of
RLR relay 5424 will, as described above, cause an active
signal pulse to be applied through resistance 5434 and
condenser 5426 over the SRB lead to the resetting input
of SR flip-flop 5418 and OF flip-flop 5408. It is pointed
out that Or gate 5422 connected between the RC lead
and the RSB lead prevents active signals on the RSB
lead from being applied to the RC lead but permits ac-
tive signals on the RC lead to be applied to the RSB lead.
The active signal on the RSB lead at this time will reset
OF flip-flop 5408. When this flip-flop is reset, its- asso-
ciated OFR relay 5406 will release. When OFR relay
5406 releases, RO relay 5401 will release. RO relay 5401,
in releasing, will in turn release R01 relay 5402 and re-
move ground from the TRL lead extending to the sender.
RO1 relay 5402, in releasing, applies a passive signal
through resistance 5429 and back contact and armature
4 of RO1 relay 5402 to the left-hand input of And gate
5425. - And gate 5425, being disabled by this passive sig-
nal, removes the passive signal from the RC lead extend-
ing via cable 16 to the transmitter control circuit.

The operation of RLR relay 5424 as above described
will also cause the release of ON relay 5581 by the re-
moval of ground from the LON lead at armature 2 of
RLR relay 5424, ON relay 5501, in releasing, applies
an active signal pulse over the RSA lead to reset RL flip-
flop 5420 and DF flip-flop 5414 as described above. When
these flip-flops are reset, RLR relay 5424 and DFR relay
5416 are released. When RLR relay 5424 releases, a
passive signal is again applied to the RSB lead through
resistance 5433 and condenser 5426. The timing circuit
of Fig. 55 is also released and restored to normal when
ON relay 5501 releases.

In the event that the sender which receives an over-
flow or reorder signal over the TRL lead is a panel sender
such as shown in Fig. 23 which does not have provisions
for second trial operation, the ground on the TRL lead
will cause the operation of circuits in the sender to set
the sender to overflow talk condition. The sender will
return an overflow signal to the calling subscriber and
will thereupon release. After a sender release timeout
is recognized by the transfer circuit, an active signal will
be applied to the RL lead which will cause the operation
of RL flip-flop 5420 in the transmitter and the subsequent
release of the transmitter itself. In other words, when
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a'panel sender is associated with the transmittér and an
overflow signal is received, there will be no second trial
operation. The transmitier will be released, the sender
will be released and an overflow signal will be trans-
mitted by the sender circuit to the calling subscriber.

As described hereinbefore, if all of the register spaces
and transmitters are busy when an area code check is
made and the first three digits of the dialed designation
cannot be transferred to a common register space, the
call will be mutilated, or in the event that some digit is
not transferred from a sender space to a common reg-
ister space before a succeeding digit is received because
the transfer circuit is busy, the call will be mutilated. In
either case, the sender space control circuit, after detect-
ing the end of a dial pulse, will read a 1 in the digit
dialed cell of slot 5 of a sender space and a 1 will be
written in the OF cell of the sender space. if a common
register space has been seized, as indicated by.a 1 writ-
ten in the X0X-TF cell in the sender space, the transfer
circuit when it becomes idle will read a 1 in the OF cell
and write a 0 in that cell, find the register space, and
place an active signal on the OFA lead from the output
of And gate 3817 in the transfer circuit shown in Fig. 38.
If X0X has not been transferred, the transfer circuit will
check that the first three digits are an area code and
that there is an idle transmitter, find an idle common reg-
ister space, write the sender number in the sender space
preceding it and apply an active signal to the OFA lead
from the output of And gate 3817 in the transfer circuit -
shown in Fig. 38. The active signal on the OFA lead
in either case will cause the actuation of Or gate 4026
in the transmitter control circuit shown in Fig. 40 to ap-
ply an active signal over the OF lead in cable 16 to the
transmitters. In transmitter No. 1, for example, the ac-
tive signal on the OF lead is applied to the lower input
of And gate 5409 in Fig. 54. The active signal on the
lower input of And gate 5409 will be combined with the
active signal on the sync lead SY2-1 associated with trans-
mitter No. 1 to cause the actuation of this And gate. And
gate 5409, being actuated, applies an active signal to the
operating input of OF flip-flop 5408. When OF flip-flop
5408 operates, a more positive potential will be applied
to the grid of its associated OFA cathode follower 5407.
Conduction through this cathode follower will be initiated
which in turn will cause the operation of OFR relay 5406.
OFR relay 5406, in operating, applies a ground through
its front contact and armature to operate RO relay 5401,
RO relay 5401, in operating, opens the circuit from the
fundamental tip lead FT through the winding of SV
relay 5403 to the fundamental ring lead FR. * When this
circuit is opened, SV relay 5403 releases. RO relay 5401,
in operating, also opens the operating circuit for SC
relay 5405 and places a ground on the TRL lead which
extends to the sender. The release of SC relay 5405 in
turn causes SA relay 5405 to release and the circuits of
the transmitter function as previously described for an
overflow condition.

Test circuit

The test circuit shown in Figs. 59 through 67 of the
drawings automatically and continuously tests the drum
control circuits of the magneiic drum auxiliary sender
system of the present invention. Test calls are pulsed into
the sender space control circuit and the digits are reg-
istered in a special test sender space. If the first three
digits of a test call comprise an area code, a test register
space is seized and the digits are transferred as on a nor-
The information in the test register space is
processed by the transmitter control circuit as if it were
any common register space except that instead of the
digits being sent to a transmitter, they are sent by the
distributor back to the test circuit for checking. Thus,
the test circuit pulses a test call into the sender space con-
trol circuit and checks the output of the transmitter con-
trol circuif. Digits are also checked after they have been
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counted in the test sender space and checks are made
that information is transferred at the proper times. The
test circuit utilized in the illustrative. embodiment of the
present. invention, therefore, tests the functions of the
sender. space. conrol circuit, the transfer circuit and the
transmitter . control circuit.

It is desirable for maintenance purposes to be able
to read what is written in any. slot on the magnetic drum
while the drum is in operation. Provision is made in the
test circuit of reading the information recorded in tracks
10. through 16 in any slot on the magnetic drum and of
displaying the. information. read on display lamps.

The. test sender space associated with the test circuit is
identical to the other sender spaces on the magnetic drum
except for. a distinctive code combination recorded in the
first:slot. As indicated hereinbefore, the. L1ST lead from
the output of And gate 3231 in the slot definition circuits
of Fig. 32 will be active. when slot 1 of the. test sender
space is being read. The active signal on the L1ST lead
is also. applied over the SDF6.lead to an input. of Or. gate
3122 shown in Fig. 31. The actuation of Or gate 3122
also causes an active signal to be applied to the L1S lead.
Therefore, during the reading of slot 1 of the.test sender.
space, both the LIST and the L1S leads are active. As
indicated. hereinbefore, the test sender space on the mag-

netic drum in the illustrative embodiment of the present:

invention has been assigned the number 99 and access to
the test sender space by the drum control circuits is accom-
plished in the same manner as described. hereinbefore for
any. sender space. The number 99 for the. test sender
space is recorded in slots 4 and 5 of sender space No. 93:
in the manner described hereinbefore.
therefore be set up to observe the condition of the. input
scan lead SCN-TS(99) from the test circuit when slot 1
of the test sender space is read.

As far as the sender space. control circuit is. concerned,
the test sender space looks like any other sender space.

The first three digits of each test call are pulsed by the.

test circuit over scan lead SCN-TS(99) through the
scanner: into the sender space control circuit. The re-
maining digits of each test call are not pulsed through

the scanner into the sender space contro! circuit. but are.
simulated in the sender space control circuit by its test:

circuit. In both cases however the digits of each test
call will be registered in the test sender space in the same

manner, as drgrts pu]sed over any .scanner input-lead from.
a sender are registered in the. associated sender space. If
the ﬁrst three digits registered: in the test sender. space:

comprlses an area code, they are transferred to the test
register space in the same Manner. as digits.are, transferred
from any. sender space, to a common register space.

The test register space on the magnetlc drum is.identical

in, every. respect to the common register space. shown in:

Frg 19. However, 1nstead of bemg assocrated wrth a

transrmtter as each common revlster space. is, the test
As indi-.
cated hereinbefore, the test register space assocrated ‘with:

regrster space.is a=5001ated with the test circuit,

the test circuit has been assigned the number 8. To keep
the holding time of the transfer circuit low on test calls,
it.is desirable to. place the test sender space as close to the
fest regrster space. as possrble In the manner described

herembefore the transfer circuit seizes the test register,

space by remrttmv the sender number (No. 99 for the
test. sender space) in slots 1 through 12 of track 10 in

the common reglster space preceding the test regrster

space. To find the test. register space.again after it has

been serzed the. transfer circuit must match the test sender
number written. in the precedmo common. register space,

with the test sender number stored in the transfer circuit
flip- flops. as descrrbed hereinbefore. Therefore a. com-
mon register space. is provided immediately following the.
test sender space on the magnetic drum to.enable-the

transfer circuit to seize. the test register space in the

The scanner will:

r‘l.;thgfxz;%sn@tisd_run.}-4>°f test.sender-
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space. No. 99 and fest register- space No. 8 is shown in’
Fig. 17 of the drawings. Common register space No. 7:
is located between test sender space No. 99 and test reg-
ister space No. 8. A single slot is interposed between:
common register space No. 7 and test register space No.
8. This slot contains the identical code recorded in slot
1 of any sender space and is used to reset the flip-flop
circuits operated during the recording of common register
space No. 7 which require resetting on the first slot of its
succeeding sender space. Therefore, when the transfer
circuit desires to seize the test register space to transfer
digits from test sender space No. 99, the transfer circuit
will cause the number 99 to be written in common register
space No. 7 as described hereinbefore and the test register
space MNo. 8 is thereby seized. The three spaces, that is,
test sender space MNo. 99, common register space No. 7,
test register space No. 8 and the single slot between com-
mon register space No., 7 and test register space No. §
shown in Fig. 17 require a total of 30 slots on the magnetic
drum. Out of the total of 30 slots available on the oppo-
site side of the magnetic drum, 27 slots. are utilized for
controlling the testing functions of the test circuit and are-
designated the test space.

The test space on the magnetic drum in the illustrative
embodiment of the present invention is shown in Fig. 20.
Slots 1 through 12 of the test space contain the digits to
be pulsed into the sender space control circuit. These
digits are recorded in the XI, 0, X2, A, B, C, TH, H,
T, U, STA and U’ registers in tracks 13 through 16 of
slots 1. through 12 of the test space. The digit recorded
in each of these registers is- shown in parenthesis in Fig.
20. For example, the digit 8 is recorded in the Xt
register in slot 1 of the test space, the digit 0 is recorded:
in its O register in slot 2 of the test space, the digit 9:
is recorded in the X2 register in slot 3 of. the test space,
etc. The digits to be pushed intc the sender.space.control:
circuit by the test circuit are recorded in. these registers
in track 13 through 16 of the test space in the. same
binary code used to record digits in the corresponding:
registers in the sender spaces and common register spaces:’
All ten of the digits 0 through 9 are used and.the: par-
ticular order in which these digits are: pulsed into.the:
sender space control circuit by the test circuit was chosen
to test the various features of the drum control: circuits.

5. The digit sent cells in track 12 of slots 1 through 12'of:

the test space are used to indicate when a.digit has: been
pulsed. A 1 is recorded in the. digit sent cell associated:
with a particular digit register to indicate that that digit-
has:been pulsed by the test circuit into the. sender space
control. circuit. A 0 is recorded in.the. digit sent cells-
associated with the registers in slots 1 through 12 of the:
test. space to indicate that the: digit associated:therewith
has not been pulsed into the sender space control circuit.

The digit check cells in track 10 of slots 1 through 12:

. of the test space are associated  with each of the digit-

registers in tracks 13 through 16 of the same slots. A.1.
recorded in a digit.check cell in track 10 indicates: that:
the digit recorded in the register associated therewith has:
been pulsed- into the sender space control circuit and:
was correctly counted in the test sender space. A O
recorded in a digit check cell indicates that the: digit:
recorded in the register associated therewith. has. not:
been checked in this test sender space.

In track 11 of slots 1 through 5 of ‘the test-space-are,
a group of cells designated start sending  cells. These
cells. are used to indicate the type of call to be pulsed:
into the sender space control circuit by the test circuit.
A 1 is recorded in a start sending cell in track 11 of.
slots 1 through 5 at the start of each type of test call.

- For example, on the first test call to be pulsed by the test.

circuit, the digits start with the digit 8 in the X1 register:
inslot 1 of the test space. This digit-is then followed by,
the digits 0, 9, 1 2,3,1,4,5,6and 7. On; the second test.

75s call, the. test crreurt,‘ﬁndrng;‘a 1 reegrded;_ in the. start.
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sending cell associated with the X1 register in slot 1.of
the test space and a 0 in the start sending cell associated
with the 0 register in slot 2 of the test space will pulse the
digits starting with the digit 0 recorded in the 0 register.
On the third type of test call, the test circuit will pulse
digits starting with the digit 9 in the X2 register in slot
3 of the test space because this test circuit will find a 1
recorded in the start sending cells associated with the
X1 and 0 registers. On the fourth type of test call, the
digits will be pulsed into the sender space control circuit
starting with the digit 1 in the A register in slot 4 of the
test space, etc.

As shown in Fig. 30, the digits which are registered in
binary code in slots 1 through 12 of the test space are
also recorded in a two-out-of-five code in slots 14 through
25 and the KP signal and the ST signal which are passed
from the transmitter control circuit to the transmiiters
are recorded in slots 13 and 26, respectively, in the test
space. The output of the transmitter control circuit
which, as described hereinbefore, transmits signals in
a two-out-of-five code to a transmitter on a normal call,
is fed into the test circuit on a test call and the digits,
the KP signal and ST signal are checked against the digits
KP signal and ST signal recorded in slots 13 through 26
in the test space. A 1 is written in the corresponding
digit checked cell in track 10 of slots 13 through 26 of the
test space when the coded output from the transmitter
control circuit for the digit matches the code recorded
in ‘the corresponding register in slots 13 through 26 of
the test space. .

As indicated hereinbefore and as shown in Fig. 16
each sender space on the magnetic drum has a mate
sender space on the opposite side of the drum. As shown
in Fig. 17, the test space is located on the opposite side
of the magnetic drum from the test sender space. Slot
0 of the test space is located where slot 0 of a mate sender
space for test sender space 99 would be located if one
were provided. As shown in Fig. 20, slot 0 of the test
_ space contains an S’ cell in track 10. This cell is used
to record the conditions of the mate sender scanner lead
SCN-MTSC(99) from the test current during the read-
ing of slot 3 of the test sender space in the same manner
that the condition on the scan lead from any sender is
recorded in the S’ cell in slot 1 of its associated sender
space by the auxiliary writing lens H-10" in Fig. 29
while slot 3 or its mate sender space is under the main
head on the magnetic drum.

" Figs. 59, 60 and 61 of the drawing, contain the circuits
which will enable a maintenance man to read any slot
on the magnetic drum and to have the information read
therein displayed on a set of display lamps. Fig. 62
contains the call recycling circuits of the test circuit which
control the various types of test calls to be pulsed by the
test circuit. Figs. 63 and 64 contain the circuits in the
test circuit which count and check the digits of the test
calls pulsed into the sender space control circuit. ~ Fig.
65 contains the circuits in the test circuit which control
the sequence of the pulsing digits into the scanner. Fig.
66 contains the circuits of the test circuit which pulse the
digits of a test call into the sender space control circuit
and Fig. 67 contains the circuits in the test circuit which
cooperate the circuits in Fig. 64 to check the digits of its
tést calls pulsed into the sender space control circuit

against the digits of the test calls counted in the test

sender space and produced at the output of the. transmitter
contro} circuit. :
Test circuit slot reading

As indicated hereinbefore, it is desirable for mainte-
nance purposes to be able to read what is recorded in any
slot of the magnetic drum while the system in the illus-
trative embodiment of the present invention is in opera-

. tion. The circuits shown in Figs. 59 through 61 in the,
test circuit will enable a maintenance man to read the,
information which is recorded in tracks 10 through 16 75
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of any siot on the magnetic drum. To select a particular
slot on the magnetic drum to be read, the maintenance
man will manually operate a group of switches which will
identify that particular slot. For example; if a mainte-
nance man desires to read a slot in a sender space on the
magnetic drum, he will manually operate sender units
switch 5901 to the units digit of the desired sender space
number, the sender tens switch 5902 to the tens digit
of the desired sender space number and the sender hun-
dreds switch 5963 to the hundreds digit of the desired
sender space number the maintenance man will also oper-
ate the sender line switch 5906 to the particular slot
position within the desired sender space which he desires
to read. Similarly, if the maintenance man desires to
read a slot in a register space, he will operate register
switch 5904 to the desired register space number and
register line switch 5905 to the desired slot position with-
in the desired register space. Likewise, if a maintenance
man desires to read a slot in the test space, he will set
test line umits switch 6801 to the units digit of the slot
number in the test space to be read and the test line tens
swich 6002 to the tens digit of the slot number in the
test space to be read. The maintenance man must also
operate the space select switch 6003 to its corresponding
position, S for sender space, R for register space or T
for test space.

Assume for purposes of illustration, that the mainte-
nance man desires to read slot 1 in sender space 159.
Space select switch 6003 will be operated to its S posi-
tion (S for sender space).. When space select switch 6003
is operated to the S position, negative battery is supplied
over the MS lead which extends to input B of And gate
6103 and input B of And gate 6104 shown in Fig. 61.
An active signal (negative potential) is also applied over
the MS lead to input E of And gate 6009 and input E
of And gate 6008 shown in Fig. 60. The operation of
space select switch 6003 to any of its positions S, R or
T will also apply ground over lead BT to each of the
display lamps 6127 through 6133 shown in Fig. 61. The
operation of space select switch 6003 as above described
to the S position indicates that the slot to be read on the
magnetic drum by the test circuit is in a sender space.

To read a slot in sender space No. 159 as assumed
above, the maintenance man will operate the sender units
switch 5961 to its position 9, the sender tens switch 5902
to its position 5 and the sender hundreds ‘switch 5903
to its position 1. To read slot 1 in sender space No. 159,
the maintenance man will operate the sender line switch
5906 to its position 1. In this manner, the particular slot
in a sender space on the magnetic drum has been set in
the swtiches of Figs. 59 and 60.

With sender units switch 5981 in position 9, an active
signal will be applied to the SNUA lead when a 1 is
read in track 6 on the magnetic drum. An active signal
will also be applied to the SNUB lead when a 1 is read
in track 8 of the magnetic drum. Referring to Fig. 18,
and to the two-out-of-five code given hereinbefore, a 1

~ will be recorded in the U2 cell in track 6 and in the u7

60
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cell in track 8 in slot 4 of a sender space to indicate a-
units digit of 9. Therefore, when slot 4 of a sender space
is read, if the units digit recorded therein isa 9, a 1 will
be read in'track 6 and a 1 will be read in track 8 and the’
R1-6 and R1-8 leads will be active.

With the sender tens switch 5902 in position 5, an
active signal will be applied to the SNTA lead when a
1 is read in track 5 on the magnetic drum an active signal
will also be applied to the SNTB lead when a 1 is read
in track 7 on the magnetic drum, Referring to Fig. 18
and to the two-out-of-five code given hereinbefore, a 1
will be recorded in the T’ cell in track 5 and in the T4
cell in track 7 in slot S of a sender space to indicate a
tens digit of 5. Therefore, when slot 5 of a sender space
is read, if the tens digit recorded therein is a 5, a 1 will
be read in track 5 and a 1 will be read in track 7 and
the R1-5 and R1-7 leads will be active.
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With the sender hundreds switch 5903 in position. 1,
an active signal C negative potential will be applied to
the SNH1 lead. If the sender hundreds switch 59€3 had
been set to position 0 (0 for hundreds) an active signal
would have been applied to the SNHO lead. As shown
in Fig. 18 and as indicated hereinbefore if the hundreds
digit of the sender number is 0, a 1 will be recorded in
the HO cell in slot 4 of track 9 and a 0 will be recorded
in the H1 cell in slot 5 of track 9. On the other hand if
the hundreds digit of the sender number is 1, a 0 will be
recorded in the HO cell in slot 4 of track 9 and a 1 will
be recorded in the H1 cell in slot 5 of track 9. The active
signals on the R0-9 leads resulting from the reading of
a 0 in the HO or H1 cells in track 9 of a sender space will
be applied to input A of Or gate 6606 and input A of Or
gate 6807 shown in Fig. 60. The active signal on the
R1-9 lead resulting from the wording of a 1 in the HO
or Hl cells in track 9 of a sender space will be applied
to input B of And gate 6004 and input B of And gate
6009 shown in Fig. 60.

As. the drum rotates, the active signals on the Ri-4
through. R1-8 leads and the active signals on the R0-2
and R1-9 leads are applied to the test circuit switches and
circuits shown in Figs. 59 and 60 and are compared with
the digits set into the switches by the maintenance man.
When the units digit read in slot 4 of a sender space agrees
with that set in sender units switch 5991, leads SNUA and
SNUB will be active. As assumed above, if the units
digit is 9, the R1-7 and R1-8 leads will be active and
the active signals on these two leads will be passed
through the contacts of sender units switch 5991 to the
SNUA and SNUB leads, respectively which extend to
inputs' A and B of And gate 6009 shown in Fig. 60.
As shown in Fig. 60, input C of And gate 6009 is con-
nected to the output of Or gate 6007. Input A of Or gate
6907 is connected to the RO-9 lead which will be active
when a 0 is read in track 9 of a sender space. Input B of
Or gate 6097 is connected to the output of And gate 6395,
input A of And gate 6005 is connected to the SNHEA lead
and will be active when the sender hundreds switch 5903
is operated to its position 0, input B of And gate 6985 is
connected to the R1-9 lead and will be active when a 1
is read in track 9 of the sender space. As assumed above
with the hundreds digit of the desired sender number
being a 1, the active signal on the P0-9 lead resulting
from the reading of a 0 in the HO cell in slot 4 of track
9 and the desired sender space will cause the actuation of
Or gate 6007. If on the other hand the hundreds digit
of the desired sender number had been a 0, the active
signal on the R1-9 lead resulting from the reading of
a 1in the HO cell in slot 4 of track 9 of the desired sender
space would have been combined with the active signals
on the SNH9 lead in And gate 6805, to apply an active
signal to input B of Or gate 6807 to cause its actuation.
The actuation of Or gate 6087 in either case will apply
an active signal to input C of And gate 606¢9. Input D
of And gate 6009 is shown connccted to the L4S lead
and will be active during the reading of slot 4 of a sender
space. Input E of And gate 6009 is connected to the MS
lead which, as indicated hereinbefore, will be active when
space select switch 6003 is set to the sender space position.

As shown in Fig. 60, the output of And gate 6009 is
connected to the operating input of CK1 flip-flop 6911
and, therefore, CK1 flip-flop 6011 will be operated dur-
ing the reading of slot 4 of a sender space (L4S lead
active) if the space sélect switch 6003 is set to the sender
space position (MS lead active), if the units digit read
in slot 4 of a sender space agrees with the setting of the
sender units switch 5901 (SNUA and SNUB leads active),
if the hundreds digit read in track 9 of slot 4 of the sender
space it is the desired hundreds digit (SNHO and R1-9
leads active or R0-9 lead active).

‘When. slot 5 of the sender space is read, SNTA and
SNTB leads from sender tens switch 5902 will.be active
if the digit read in slot 5 agrees with the setting of the
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switch, The SNTA and SNTB leads connect to ‘inputs
A and B, respectively, of And gate 6098. As shown in
Fig. 60, input C of And gate 6008 is connected to the
output of Or gate 6006, input A of Or gate 6006 is con-
nected to the R0-9 lead and will be active when a. 0
is read in track 9 of the magnetic drum. Input B of Or
gate 6006 is connected to the output of And gate 6004;

. input A of And gate 6084 is connected to the SNH1 lead

and will be active when the sender hundreds switch 5903
is operated to its position 1. Input B of And gate 6004
is connected to the R1-9 lead which will be active when
a 1 is read in track 9 of the sender space. As assumed
above with the hundreds digit of the desired sender num-
ber being a 1, the active signal on the R1-9 lead resuli-
ing from the reading of a 1 in the H1 celi in slot 5 of track
9d, the desired sender space will be combined with the
active signal on the SNH1 lead in And gate 6084 to
apply an active signal to input B of Or gate 6006. If,
on the other hand, the hundreds digit of the desired sender
number had been a 0, the active signal on the R0-9 lead
resulting from the reading of a 0 in the H1 cell in slot
5 of track 9 of the desired sender space would have caused
the actuation of Or gate 6006, The actuation of Or gate
6006 in each case will apply an active signal to input C
of And gate 6088. Input D of And gate 6608 is shown
connected to the L5S lead and will be active during the
reading of slot'5 of a sender space. Input E of And gate
6008 is connected to the MS lead which, as indicated
hereinbefore, will be active when the sender space select
switch 6803 is set to the sender space position.

Therefore, And gate 6098 will be actuated to apply
an active signal to the input of inverter 6010 if, during
the reading of slot 5 of a sender space (L5S lead active),
the space select switch 6003 is operated to its sender posi-
tion (lead MS active), if the digit read in slot 5 of the
sender space agrees with the setting of the sender tens
switch 5902 (SNTA and SNTB leads active) if the hun-
dreds digit read in track 9 of seat 5 of the sender space
in the desired hundreds digit (SNH1 and R1-9 lead active).

And gate 6008 is actuated as described abeve when the
digit read in slot 5 of a sender space agrees with the set-
ting of the switches of the test circuit and the output of
inverter 6010 will be a passive signal. This passive signal
is applied to an input of And gate 6013 and prevents this
And gate from being actuated. However, if the digit read
in slot 5 of the sender space does not agree with that set
into the switches of the test circuit, And gate 6008 will
not be actuated and a passage signal will be applied to
the input of inverter 6010 causing an active signal to be
applied from the output of inverter 6016 to an input of
And gate 6013, The other input of And gate 6013 is
connected to the L55 lead and when slot 5 of the sender
space is read And gate 6813 will be actuated. The actua-
tien of And gate 6813 will in turn actuate Or gate 6012
to apply an active signal to the resetting input of CK1
flip-flop 6911, thus resetting this flip-flop. If, however, the
digit read in slot 5 of the sender space agrees with that
set into the switches of the test space, the output of in-
verter 691¢ will be passive and And gate 6613 and Or
gate 6012 will not be actuated and CK1 flip-flop 6011
will remain operated. Thus, CK1 flip-flop 6911 will
operate and remain operated only when the desired sender
space number is found.

With CK1 flip-fiop 6911 operated during slot 2 of a
sender space, CK2 flip-flop 6015 will be operated. As’
shown in Fig. 60, the left-hand output of CK1 flip-flop
6911 will be active when this flip-flop is operated. This
active signal will be applied over the CK1 lead to an
input of And gate 6817 shown in Fig. 60 and to input
C of And gate 6103 in Fig. 61. During the reading of
slot 2 of the sender space, the active signal on the 1.25.
lead will be combined with the active signal on the CX1
lead in And gate 6017. The actuation of And gate 6017
in turn will canse the actuation of Or gate 6616 which
will apply an active signal to the operating input of CK2




173

flip-flop 6015. CK2 flip-flop 6015 in operating applies,

an active signal from its right-hand output to the CK2
lead. The CK2 lead extends to an input of And gate
6014, to input A of And gate 6102 and to input C of And
gate 6104. The active signal on the CK2 lead will be
combined in And gate 6014 with the active signal on the
LSS lead when slot 5 of the desired sender space is read
to apply an active signal to the lower input of Or gate
6012. The actuation of Or gate 6012 will in turn apply
an active signal to the resetting input of CK1 flip-flop
6611 thus resetting this flip-flop. As shown in Fig. 60,
- the resetting input of CK2 flip-flop 6015 is connected to
the L1S lead and, therefore, this flip-flop will be reset
on the first slot of the succeeding sender space. Thus,
CK1 flip-flop 6011 will operate in slot 4 of the sender
space preceding the desired one and remain operated
until the last slot of the desired sender space. CK2 flip-
flop 6015 will operate on the second slot of the desired
sender space and will be reset on the first slot of the
succeeding sender space.

If sender line switch 5906 is set to one of the first
three slot positions, an active signal will be applied from
the sender line switch 5906 over lead SLA which ex-
tends to input A of And gate 6103 in Fig. 61. Lead
SLA will, therefore, be active whenever slots 1, 2 or 3
of a sender space are read. If the sender line switch
5906 is set to slots 4 or 5, lead SLB from the sender
line switch 5906 will be active when slots 4 or 5 are
read. Lead SLB extends to input A of And gate 6104
in Fig, 61. ‘

The CH flip-flops in Fig. 61 are used to store the
information read in tracks 10 through 16 of the mag-
netic drum, For example, CH-10 flip-flop 6113 will
store the information read in track 10 of the magnetic
drum. CH-11 flip-flop 6114 will -store the information
read in track 11 of the magnetic drum, etc. -As shown
in Fig. 61, the left-hand output from each of the CH-
flip-flops is connected to an associated display lamp.
For example, the left-hand output of CH-12 flip-flop
6115 is connected to display lamp 6129 and the left-hand

output of CH-13 flip-flop 6113 is connected to display .

lamp 6130, etc. The operating input of each of the
CH- flip-flops in Fig, 61 is connected to the output of
an associated And gate circuit. Similarly, the resetting
input of each of the CH- flip-flops is connected to the
output of an associated And gate., For example, the

operating input of CH-14 flip-flop 6117 is connected:

to the output of And gate 6110 and the resetting input
of CH-14 flip-flop 6117 is connected to the output of
And gate 6124. Similarly, the operating input of CH-15
flip-flop 6118 is connected to the output of And gate
6111 and the resetting input of CH-15 flip-flop 6118
is connected to the output of And gate 6125, One in-
put of each of the And gates 6106 through 6112 con-
nected in the input leads of the CH- flip-flops is con-
nected, respectively, to the R1-10 through R1-16 leads.
One input of And gates 6120 through 6126 connected
in the resetting input of the CH- flip-flops is connected,
respectively, to the R0-10 through R0-16 leads. The
other input of each of the And gates 6106 through 6112
and 6120 through 6126 is connected to the output.of
Or gate 6105. The And gates in the operating input
and resetting input of the CH- flip-flops will be enabled
through the actuation of Or gate 6105 when the desired
slot on the magnetic drum is read. o

Returning to the assumed example given above, where
it is desired to read the information in slot 1 of sender
space No. 159, when slot 4 of sender space No. 158 is
read, CK1 flip-flop 6011 will be operated and the CK1
lead from its left-hand output will be active. This ac-
tive signal is applied to input C of And gate 6103 in
Fig. 61. Input B of And gate 6103 will be active be-

cause the space select switch 6003 has been operated to:

the sender space position (S) applying an active signal
to the MS lead. The SLA lead applied to input A of
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And gate 6103 will be active when slot 1 of sender space
No: 159 is read. Therefore, And gate 6103 will be
actuated when seat 1 of sender space 159 is read. The
actuation of And gate 6103 will in turn cause the actu-
ation of Or gate 6105. The actuation of Or gate 6185
will in turn apply an active signal which will enable
And gates 6106 through 6112 and 6120 through 6126.
Thus, as slot 1 of sender space No. 159 is read, the cells in
slot 1 of the sender space which have ones recorded
therein will cause active signals to be applied to the
R1- leads and the cells in which there are zeros recorded
will cause. active signals to be applied to the R0~ leads.
If a 1 is read in any particular cell, the corresponding
CH- flip-flop will be operated; if a 0 is read, it will be
reset. When the CH- flip-flops are operated in response
to-a reading of the slot of the sender space, the display
lamps 6127 through 6133 associated with the operated
ones of the CH- flip-flops will be lighted. Thus, each
time the desired slot 1 of sender space 159 is passed,
the And gates in Fig. 61 will be enabled and the in-
formation in tracks 10 through 16 will be read into the
CH- flip-flops. As the information written in slot -1
of sender space 159 changes on successive revolutions
of the magnetic drum, the séttings of the CH- flip-flops
change correspondingly. This enables a maintenance
man to observe what happens in slot 1 of a sender space
159 as the call is processed by observing which of the
indicator lamps 6127 through 6133 are operated. -

If it is desired to read slots 2 or 3 in sender space
159 instead of slot 1 as assumed above, sender line
switch 5903 will be operated to its position 2 or 3. And
gate 6103 will be actuated by the active signal on the
SLA lead when the desired slot (2 or 3) in sender space
159 is read. And gate 6103 in actuating will in turn
actuate Or gate 6109 as above. '

If it is desired to read slot 4 or 5 in sender space 159,
sender line switch 5903 will be operated to its position
4 or 5. Lead SLB will be active when the desired seat
(4 or 5) in the desired sender space (159 as assumed)
is read. The active signal on lead SLB is applied to
input A of And gate 6104 shown in Fig. 61. CKl flip-
flop 6011 will be operated when slot 4 of sender space
158 is read and CK2 {flip-flop 6015 will be operated-
when slot 2 of sender space 159 is read as described
above. With CK2 flip-flop 6015 operated, an active sig-
nal will be applied over the CK2 lead to input C of And
gate 6104. Input B of And gate 6104 is active because
space select switch 6003 is set to its.sender space posi-
tion (S) making lead 1iS active. And gate 6104 will
therefore be actuated when the desired seat (4 or 5) in
sender space No. 159 is read. And gate 6104 in actuat-
ing in turn actuates Or gate 6105 as above. ) ,

To read a slot in a particular register space, a mainte-
nance man will set the space select switch 6003 to the
register (R) position. This will cause an active signal

* to be applied to the MR lead which extends to input C

of And gate 6102 shown in Fig. 61, and to input D of
And gate 6018 shown in Fig. 60.. The maintenance man
will then set register switch 5904 to the position of the
desired register number. For example, assume that the
maintenance man desires to read slot 10 in common
register space No. 6. Therefore, register switch 5904
would' be moved to the sixth position. The maintenance
man would also set register line switch 5905 to the tenth
position in order to read slot 10 in common register’
space No. 6. When the register number read in tracks’
4 through 8 of slot 1 of a register space agrees with the
setting of register switch 5905, an active signal will be’
applied to the RA and RB leads. These leads extend
to inputs A and B of And gate 6018 shown in Fig. 60.
Input C of And gate 6018 is connected to the LIR lead
which will be active when slot 1 of a register space is’
being read and input D is connected to the MR lead
which, as indicated previously, will be -active when space"
select switch 6003 is set to the R position. Therefore,
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when- the register number read in tracks 4 through 8
of slot ! of a register space agrees with the setting of
the register space, And gate 6018 will be actuated to
apply an active signal through Or gate 6016 to the op-
erating input of CK2 flip-flop 6015. Thus, CK2 flip-
flop 6015 will be operated on slot 1 of a register space
if the number read in that slot agrees with the register
number set in the register switch 5904.

When the desired slot of the desired register space is
read, the RLS lead from register line switch 5905 will
be active. This active signal on the RLS lead is ex-
tended to input B of And gate 6102. With CK2 flip-
flop 6105 operated as described above, the CK2 lead
from its right-hand output will be active. The active
signal on the CK2 lead is applied to input A of And
gate 6102. Therefore, And gate 6102 will be actuated
when- the desired slot in the desired register space is
read. The actuation of And gate 6102 will in turn cause
the actuation of Or gate 6105 which will apply an en-
abling active signal to the And gates associated with
the CH- flip-flops in F1g 61. The CH- flip-flops will
then operate or release in response to the reading of
ones or zeros respectively in tracks 10 through 16 of
the desired slot in the desired register space. The in-
formation read in this slot will be displayed on lamps
6127 through 6133 as described above. As shown in
Fig. 60, the CK2 flip-flop, after being operated, is reset
on slot 1 of the next succeeding sender space.

To read a desired slot in the test space, the space
select switch 6003 will be operated to the T or test po-
sition. by the maintenance man. This will apply an
active signal to the MT lead which extends to input B
of And gate 6101 shown in Fig. 61. At the same time,
the maintenance man will operate the test line units
switch 6001 to the units digit of the desired slot number
in the test space. For example, if it is desired to read
the information in slot 21 of a test space, the test line
units switch 6001 would be operated to its No. 1 posi-
tion. At the same time, the maintenance man will
operate the test line tens switch 6902 to the position
corresponding to the tens digit of the slot numbers de-
sired to be read in the space. In the assumed case, the
tens digit would be 2 and the test line tens switch 6002
would be operated to its position No. 2. When the de-
sired slot in the test space is read, the TL lead from
test line tens switch 60392 will be active.

As shown in Fig. 60, the LOT through L26T leads
which extend from the slot definition circuits of Fig:
33 via cable 8 are connected to contacts of the test line
units switch 6001. The LOT through L9T leads in the
upper group of contacts are connected through the mov-
able arm of the test line units switch 6901 to the TUA
lead. The L10T through L19T leads in the central group
of contacts are connected through the movable arm of
the test line units switch 6001 to the TUB lead and the
120T through L26T leads in the lower group of con-
tacts are conmnected through the movable arm of line
units switch 6001 to the TUC lead. The TUA, TUB
and TUC leads extend to the test line tens switch 6002
as shown in Fig, 60.

Under the assumed example, when slot 21 of the test
space is read, the active signal on the L21T lead wili
be applied through the lower movable arm of test line
units switch 6001, over the TUC lead through the mov-
able arm in position 2 on the test line tens switch 6892
over the TL lead to input A of And gate 6191, The
active: signal on the TL lead will be combined in And
gate 6101 with the active signal on the MT lead to apply
an active signal to an input of Or gate 6185. The actu-
ation of Or gate 6105 will in turn provide the enabling
active signal to the And gate circuits associated with
the CH- flip-flops in Fig. 61. Therefore, each time slot
21 (in the assumed examples) in the test space is read,
the And gates associated with the CH- flip-flops in Fig.
61 will be actuated and the information recorded in
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this seat will cause the appropriate CH— flip-flops to be
operated or released. The operation of the CH- flip~
flops will in turn cause the lighting of the corresponding
display lamps 6127 through 6133 in Fig. 61.

Test circuit call recycling feature

As indicated hereinbefore, the test circuit in the illus-
trative embodiments of the present invention continu-
ously pulses test calls into the sender space control cir-
cuit and checks that the drum control circuits handle
the calls in the proper manner. Several types of test
calls are used to test the various features of the drum
control circuits. The portion of the test circuit which
controls the type of test call to be handled by the test
circuit is shown in Fig. 62 of the drawings.

The WO flip-flop 6223 shown in Fig. 62 will be op-
erated at the completion of each test call in the manner
to be described hereinafter. As shown in Fig. 62, the
operating input of WO flip-flop 6223 is connected to the
W06 lead which extends from the output of And gate
6533 shown in Fig. 65. Input A of And gate 6533 is
connected to the output of Or gate 6531, input B of
Or gate 6531 is connected to the T-RL lead which ex-
tends via cable 15 through Aund gate 5711 in Fig. 57
via the RL lead in cable 16 to the output of And gate
3819 in the transfer circuit shown in Fig. 38. On calls
for which the test register space is seized, the W80 lead
connected to the operating input of WO flip-flop 6223
will be operated by the active signal supplied over the
RL lead from the transfer circuit as the transfer circuit
erases the registration in the test register space as de-
scribed hereinbefore.

On other types of test calls, the WO flip-flop 6223 will
be operated when the sender space control circuit recog-
nizes a sender release timeout. As shown in Fig. 65,
input A of Or gate 6531 is connected to the output of
And gate 6529. Input D of And gate 6529 is con-
nected to the SRT lead which extends to the sender re-
lease wipeout circuit 3519 in the sender space control
circuit shown in Fig. 35. As described hereinbefore,
when the sender space control circuit recognizes a sender
release timeout and functions to erase the registration
recorded in a sender space, an active signal pulse will
be applied over the SRT lead to the test circuit. This
will, as described hereinafter, cause the actuation of
And gate 6529 in the test circuit of Fig. 65, the actuation
of Or gate 6531 and the actuation of And gate 6533 to
apply an active signal to the W00 lead connected to the
operating input of WO flip-flop 6223 in Fig. 62 of the
test circuit.

The type of test call to be pulsed into the sender space
control circuit by the test circuit is controlled by start
sending cells in track 11 of slots 1 through 5 of the test
space as shown in Fig. 20. On the first test call, the
digits pulsed start with the digit recorded in the X1 regis-
ter in slot 1 of the test space. After the completion of
the first test call and the operation of the WO flip-flop
6223, this flip-flop will be reset when the 0 is read in
the start sending cell in track 11 of slot 1 of the test
space. When WO flip-flop 6223 is reset before the start
of the second test a 1 will be written in the start sending
cell in slot 1 and OC flip-flop 6215 will be operated.
On the second test .call, the digits pulsed start with the
digit registered in the O register in slot 2 of the test space.
After the completion of the second test call and the op-
eration of the WO flip-flop 6223, this flip-flop will be
reset when the O is read in the start sending cell in track
11 of slot 2 of the test space. When W@ flip-flop 6223
is reset before the start of the third test call a 1 will be
written in the start sending cell in slot 2 and TC flip-flop
6214 will be operated. On the third test call, the digits
pulsed start with the digit registered in the X2 register
in slot 3 of the test space. After the completion of the
third test call and the operation of the W0 flip-flop 6223,
the flip-flop will be reset when the 0 is read in the start
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sending cell in track 11 of slot 3 of the test space. When
'the WO flip-flop 6223 is reset before the start of the
fourth test call a 1 will be written in the start sending
cell in slot 3 and OC flip-flop 6215 will be operated.

On the fourth test call, the digits pulsed start with the
digit registered in the A register in slot 4 of the test space.
After the completion of the fourth test call and the op-
eration of the W flip-flop 6223, this flip-flop will be
reset when the O is read in the start sending cell in track
11 ‘of slot 4 of the test space. When W@ flip-flop 6223
is reset before the start of the fifth test call a 1 will be
written in the start sending cell in slot 4 and OC ilip-flop
6215 will be operated. On the fifth test call the digits
pulsed start with the digit registered in the B register in
slot 5 of the test space. After the completion of the
fifth test call and the operation of the W0 flip-flop 6223,
this flip-flop will be reset when the 0 is read in the start
sending cell in track 11 of slot 5 of the test space. When
WO flip-flop 6223 is reset before the start of the sixth
test call a 1 will be written in the start sending cell in
slot 5 and OC flip-flop 6215 will be operated. On the
sixth test call, the digits pulsed start with the digits regis-
tered in the C register in slot 6 of the test space. After
the completion of the sixth test call, and the operation
of WO flip-flop 6223, there will be ones recorded in all
of the start sending cells in track 11 of the test space,
and W@ flip-flop 6223 will not be reset until slot 26 of
the test space is read. With Wo flip-flop operated dur-
ing the reading of slot 8 of the test space FC flip-flop
6226 will be operated to prepare the test circuit for the
first test call. This cycle of operation is repeated con-
tinuously by the test circuit as will be described.

Preparation of test space for first test call

On the first type of test call performed by the test
circuit the eleven digits registered in the X! through
STA registers in slots 1 through 11 of the test space are
pulsed into the sender space control circuit in the illus-
trative embodiment of the present invention. The first
digit of this test call will be the digit 8 registered in

the X1 register in slot 1 of the test space, the second -

digit will be the digit O registered in the 0 register in slot
2 and the third digit will be the digit 9 registered in the
X2 register in slot 3 of the test space. The remaining
eight digits pulsed will be 1, 2, 3, 1,4, 5, 6 and 7 in the
.order as shown in Fig. 20. It will be noted that the
first three digits, 809, comprise an area code and there-
fore on the first test call, the test register space will be
seized by the transfer circuit. The digits pulsed into
‘the sender space control circuit and registered in the
test sender space will be checked against the digits regis-
tered in the test space. Also the output of the trans-
mitter control circuit will be checked against the digits
registered in the test space. During the first test call,
the second trial features of the transmitter control circuit
will be tested as will be descrbied in detail hereinafter.

As stated above, W@ flip-flop 6223 in Fig. 62, will be
operated as the test register space is being erased, at
the end of the sixth test call by the active signal on RL
lead from the transfer circuit. When the test space is
again read, W0 flip-flop 6223 will be operated but will
not be reset until the last slot of the test space is read
because a 1 is recorded in all of the start sending cells
of track 11 of the test space. As shown in Fig. 62, the
output of Or gate 6224 is connected to the resetting in-
put of WO flipflop 6223. Input A of Or gate 6224 is
connected to the L26T lead, input B of Or gate 6224 is
‘connected to the output of And gate 6225, input A of
'And gate 6225 is connected to the R0-11 lead and will
be active when a 0 is read in track 11 of the magnetic
‘drum. Input B of And gate 6225 is connected to the
L(1-5)T lead and will be active when slots 1 through 5
of the test space are read. Therefore, the first 0 read
in the start sending cells in track 11 of slots 1 through 5
will cause the actuation of And gate 6225 and the ac-
tuation of Or gate 6224. When Or gate 6224 is actuated,

10

15

20

25

30

35

40

s
[>1]

50

55

60

65

70

15

26 of the test space.

-178

it applies. an active sighal ‘to reset. WO flip-flop 6223.

‘However, if there are no zeros recorded in the start

sending cells in slots 1 through 5 in track 11 of the test
space, And gate 6225 will not be actuated and Or gate

"6224 will be actuated only when slot 26 of the test space

is read.

With W0 flip-flop 6223 operated when slot 8 of the
test space is read, FC flip-flop 6226 will be operated. As
shown in Fig. 62, the operating input of FC flip-flop
6226 is connected to the output of And gate 6221. In-
put A of And gate 6221 is connected to the WOB lead
which extends from the right-hand output of W flip-flop
6223. The WOB lead will be active when W¢ flip-flop
6223 is operated. Input B of And gate 6221 is connected
to the L8T lead which will be active when slot 8 of the
test space is read. Therefore, with W0 flip-flop 6223
operated when slot 8 of the test space is read, And gate
6221 will be actuated to in turn operate FC flip-flop 6226.

As shown in Fig. 62, FC flip-flop 6226 will be reset
when slot 7 of ‘the test space is read because its resetting
input is connected to the L7T lead which is active only
when slot 7 of the test space is read. Because FC flip-
flop 6226 is reset on slot 7 of the test space and because
it was operated on slot 8 of the test space as described
above, it will remain operated for a full revolution of the
magnetic drum.

With FC flip-flop 6226 operated during the reading of
slots 1 through 6 of the magnetic drum, zeros will be
written in the digit check, start sending and digit cells in
tracks 1 through 6 of the test space. As shown in Fig.
62, the left-hand output of FC flip-flop 6226 is con-
nected via the FC lead to input A of Or gate 6210. Or
gate 6210, being actuated by the active signal on the FC
lead. when FC flip-flop 6226 is operated, will in turn
apply an active signal to input A of And gate 6203 and
to input A of And gate 6205. Input B of And gate 6203
is connected to the output of Or gate 6227. Onmne input
of Or gate 6227 is connected to the L(1-5)T lead which
will be active during the reading of slots 1-through 5 of
the test space and the other input of Or gate 6227 is con-
nected to the L6T lead which is active during the read-
ing of slot 6 of the test space. Therefore, Or gate 6227
will be actuated during the reading of slots 1 through 6
of the test space. The active signal from the output of
Or gate 6227 and the active signal from the output of Or
gate 6210 will cause the actuation of And gate 6203 dur-
ing the reading of slots 1 through 6 of the test space
when FC flip-flop 6226 is operated. The actuation of
And gate 6203 will apply an active signal to the
W0(16-12) lead which extends via cable 9 to the writing
amplifier circuits associated with tracks 10 through 12
of the magnetic drum. The active signal on the
W0(10-12) lead will be extended via the WO-11E,
WO0-11A and W0-12B leads to the writing amplifier cir-
cuits associated with tracks 10, 11 and 12 of the magnetic
drum and will cause zeros to be written in the digit
checked cells in track 10, the start sending cells in track
11 and the digit sent cells in track 12 of slots 1 through
6 of the test space. It will be noted, referring to Fig. 20
that there is no start sending cell in track 11 of slot 6 in
the test space. The writing of a 0 in the cell as described
above serves no useful function.

with FC flip-flop 6226 operated during the reading of
slots 13 and 16 through 26 of the test space, zeros will
also be written in the digit checked cells in track 10 of
these slots. As shown in Fig. 62, input B of And gate
6205 is connected to the 1.(13,16-26)T lead which will
be active during the reading of slots 13 and 16 through
The active signal on this lead will
be combined in And gate 6205 with the active signal
from the output of Or gate 6210 when FC flip-flop 6226
is operated to cause the actuation of And gate 6205,
The actuation of And gate 6205 applies an active signal
to the W0-10C lead which extends via cable 9 to the
writing amplifier circuits associated with track 10 of the
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'magnetlc drum. The active signal on the WO0-10C lead
will cause zeros to be written in the digit checked cells
in track 10 of slots 13 and 16 through 26 of the test space.

‘With W0 flip-flop 6223 operated as described above,
zeros will be written in the digit checked cells in track 10
- of slots 14 and 15 of the test space when these slots are
read. As shown .in Fig. 62, input B of Or gate 6212 is
connected to the WOB lead. This lead, as indicated
hereinbefore, is connected to the right-hand output of
WO flip-flop 6223 and will be active when this flip-fiop
.is operated. The active signal on the WOB lead will
cause the actuation of Or gate 6212 which in turn applies
an active signal to input A of And gate 6267. Input B
of And gate 6207 is connected to the L(14-15)T lead
which will be active during the reading of slots 14 and 15
of the test space. The actuation of And gate 6207 when
WO flip-flop 6223 is operated and when slots 14 and 15
-of the test space are being read will cause an active signal
to be applied over the W0-10F lead which extends via
cable 9 to the writing amplifier circuits associated with
track 10 of the magnetic drum. The active signal on
the WO0-10F lead will thereby cause zeros to be written
in the digit checked cells in slots 14 and 15 of track 10
of the test space.

With W0 flip-flop 6223 operated during the reading of
slot 12 of the test space, ones will be written in the digit
checked and digit sent cells in tracks 10 and 12, respec-
tively, of slot 12 of the test space. As indicated herein-
‘before, the digit stored in the U’ register in tracks 13
‘through 16 of slot 12 of the test space will not be pulsed
Ainto the sender space control circuit by the test circuit on
the first test call and, therefore, the 1 recorded in the
digit sent track will prevent the pulsing of this digit as
will be described herginafter and the 1 recorded in the
digit checked cell associated with this register will pre-
vent the test circuit from attempting to make a check on
this digit. As shown in Fig. 62, the WOB lead is applied
‘to input A of And gate 6208 and the LI12T lead is ap-
plied to input B of this And gate.
flip-flop 6223 is operated, thus making the WOB lead
active, and when slot 12 of the test space is read, making
the L12T lead active, And gate 6208 will be actuated
to apply an active signal to the W1(10,12) lead which
extends via cable 9 to the writing amplifier circuits asso-
ciated with tracks 10 and 12 of the magnetic drum. The
active signal on the W1(10,12) lead will be extended over
leads W1-10B and W1-12A to the writing amplifier cir-
cuits associated with tracks 10 and 12 of the magnetic
drum to cause a 1 to be written in the digit checked cell
and digit sent cell in slot 12 of the test space.

With W0 flip-flop 6223 operated during the reading of
slots 7 through 11 of the test space, zeros will be written
in the digit checked and digit sent cells in tracks 10 and
12, respectlvely, of slots 7 through 11 of the test space.
As shown in Fig. 62, the WOB lead is connected to input
B of Or gate 6211. This lead, as indicated hereinbefore,
is active when the W0 flip-flop 6223 is operated. There-
fore, Or gate 6211 will be actuated to apply an active
signal to input A of And gate 6204.. Input B of And
gate 6204 is connected to the L(7-11)T lead which is
active during the reading of slots 7 through 11 of the
test space. And gate 6204 will therefore be actuated
with WO flip-flop 6223 operated during the readmg of
slots 7 through 11-of the test space. The actuation of
And gate 6204 apphes an active signal to the W8(10, 12)A
lead which extends via cable 9 to the writing amplifier cir-
cuits associated with the magnetic ‘drum. The active
signal on the W(10,12)A lead extends via the We-1gD
and W0-12A leads to the writing amiplifier circuits asso-
cidted with tracks 10 and 12, respecnvely, of thé magnetic
drum and causes zeros to. be written. in the digit checked
and digit sent cells, respectively, in slots 7 through 11 of
tracks 10 and 12 of the test space.

FC flip-flop 6226, being. operated during the reading of
slot 10 of the test space, will cause a 1 to be written in
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in the OF eell in track 11 of slot 19 of the test spate.
The 1 recorded in this OF cell will, as described herein-
after, permit a test of the seécond trial feature of the
transmitter control circuit to be made on the first test
call. As shown in Fig. 62, input A of And gate 6201
is connected to the FC lead which is active when FC
flip-flop 6226 is operated. Input B of And gate 6201 is
connected to the L19T lead which is active when slot
19 of the test space is read. The actuation of And gate
6261 in this manner causes an active signal to be applied
over the W1-11B lead which extends via cable 9 to the
writing amplifier circuits associated with track 11 of the
magnetic drum. The active signal on the W1-11B lead
will cause a 1 to be written in the OF cell in track 11
of slot 19 of the test space.

It will be observed that the recycle circuits shown
in Fig. 62 of the test circuit have prepared the test space
shown in Fig. 20 for the first type of test call to be per-
formed by the test circuit. Zeros have been written in
the digit checked cells in track 10 of slots 1 through 11
and 13 through 26 of the test space and a 1 has been
written in the digit checked cell in track 10 of slot 12
of the test space. Zeros have been written in the start
sending cells in track 11 of slots 1 through 5 of the test
space. A 1 has been written in the OF cell in track 11
of slot 19 of the test space. Zeros have been written in
the digit sent cells in track 12 of slots 1 through 11 of the
test space and a 1 has been written in the digit sent cell
in track 12 of slot 12 of the test space.

Preparation of test space for second test call

On the second test call performed by the test circuit
the eleven digits registered in the 0 through U’ registers
in slots 2 through 12 of the test space are pulsed into
the sender space control circuit in the illustrative em-
bodiment of the present invention. The first digit of the
second test call will be the digit 0 registered in the 0
register in slot 2 of the test space, the second digit will
be the digit 9 registered in the X2 register in slot 3 and
the third digit will be the digit 1 registered in the A
The remaining digits
pulsed will be 2, 3, 1, 4, 5, 6, 7 and 0 in their order as
shown in Fig. 20. The first three digits pulsed will be
counted and registered in the test sender space and
checked against the digit registered in the test space as
in the first test call. It will be noted that the first three
digits 091, do not comprise an area code and therefore
the transfer circuit will not seize the test register space.
The test circuit will check to see that the transfer circuit
is not seized on this call. The remaining eight digits
will be counted in the test sender space but will not be
in the test register space. No check is made by the test
circuit of the remaining digits after the first three counted
in the test sender space. After the digits of the second
test call have been pulsed a sender release line out will
be made by the sender space control circuit and the
test sender space will be erased.

After the completion of the first test call as will be
described hereinafter, WO flip-flop 6223 will be operated
during the erasing of the test register space by the active
signal on the RL lead from the transfer circuit. WO
flip-flop 6223 will be reset on slot 1 of the test space be-
cause there is a 0 in the start sending cell in track 11
of slot 1 of the test space. As shown in Fig. 62, the
active signal on the L(1-5)T lead applied to input B of
And gate 6225 and the active signal on the R0-11 lead
applied to input A of And gate 6223 will cause the actu-
ation of And gate 6225, the actuation of Or gite 6224
and the resetting of WO flip-flop 6223. As W0 flip-flop
6223 is reset on slot 1 of the tést space, a 1 is written
in the start sending cell in slot 1 of the test space. As
shown in Fig. 62, when W0 flip-flop 6223 is reset, an
active signal pulse will be applied through condenser
6222 to input B of And gate 6220. Input A of And
gate 6220 is connected to the L(1-5)T lead which is
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active during the reading of slot. 1 of the test space and
therefore And gate 6220. will ‘be actuated to apply an
active signal to the W1-11A lead. This lead extends viz
cable 9 to the writing amplifier circuits associated with
track 11 of the magnetic drum. The active signal on the
W1-11A lead will cause a 1 to be written in the start
sending cell in track 11 of slot 1 of the test space.

When WO flip-flop 6223 is reset during the reading
of slot 1 of the test space, an active signal pulse applied
through condenser 6222 will also be applied to input
A of And gate 6219. Input B of And gate 6219 is con-
nected to the L(1,3-5)T lead which is active during the
reading of slots 1, 3, 4 and 5 of the test space and will
cause the actuation of And gate 6219. And gate 6219,
in actuating, will apply an active signal through delay
circuit 6217 to the operating input of OC flip-flop 6215,
thus operating this flip-flop. The reason that OC flip-
flop 6215 is delayed in operating by delay circuit 6217 is
to make certain that it will not be operated until after
the slot in which W9 flip-flop 6223 was reset is passed.

With OC flip-flop 6215 operated during the reading of
slots 2 through 26 of the test space a 0 will be written
in each of the digit checked cells in track 10 of slots 2
through 26 and a 0 will be written in each of the digit
sent cells in track 12 of slots 2 through 12. As shown
in Fig. 62, the right-hand output of OC flip-flop 6215
is connected to the OC lead. The OC lead will be ac-
tive when OC flip-flop 6215 is operated. This lead con-
nects to input B of Or gate 6213 and input A of Or gate
6212, The active signal on input B of Or gate 6213 will
cause the actuation of this Or gate which in turn will
apply an active signal to input B of Or gate 6210, input
A of Or gate 6211 and input A of And gate 6206. Or
gate 6210, in being actuated in this manner will in turn
apply an active to input A of And gate 6203 and input A
of And gate 6205. Input B of And gate 6203, as de-
scribed hereinbefore, will be active during the reading of
slots 1 through 6 of the test space and, therefore, this
And gate will be actuated during the reading of slots 2
through 6 to cause an active signal to be applied to the
WO0(10-12) lead extending to the writing completion
circuit associated with tracks 10, 11 and 12 of the mag-
netic drum. In the manner described hereinbefore, the
active signs on the WO0(10-12) lead will cause cells of
slots 2 through 6 of the test space. As indicated here-
inbefore 0 is already present in the start sending cells of
slots 2 through 5 and therefore there will be no change of
registration in these cells. And gate 6205 will again be
actuated by the active signal from the output of Or gate
6218 and the active signal on the L(13,16-26)T lead
during the reading of slots 13 and 16 through 26 of the
test space as described above to cause zeros to be written
in the digit checked cells in slots 13 and 16 through 26
of the test space. The active signal from the output of
Or gate 6213 will cause the activation of Or gate 6211,
The activation of Or gate 6211 will in turn apply an
active signal to input A of And gate 6204. Input B
of And gate 6204 is connected to the L(7-11)T lead
which is active during the reading of slots 7 through 11
of the test space. Therefore, And gate 6204 wiil be
actuated as described above during the reading of slots
7 through 11 of the last space to cause zeros to be writ-
ten in the digit checked cells in track 10 and the digit
sent cells in track 12 of slots 7 through 11 of the test
space. The output of Or gate 6213 which is applied to
input A of And gate 6206 will be combined in this And
gate with the active signal on the L12T lead during the
reading of slot 12 of the test space to provide an active
signal on the W0(16,12)B lead to cause zero to be writ-
ten in the digit checked and digit sent cells in tracks 10
and 12, respectively, of slot 12 of the test space. The
output of Or gate 6212 which is actuated by the active
signal on the OC lead is again applied to And gate 6207
where it is combined with the active signal on the

L(14-15)T lead during the reading of slots 14 -and 15-
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of the test space to cause zeros to be written in the digit
checked cells in track 10 of slots 14 and 15 of the test
space. :

As described above, the recycle circuits shown in
Fig. 62 of the drawings have prepared the test space
shown in Fig. 20 for the second test call. Zeros have
been wriften in the digit checked cells in track 10 of
slots 2 through 26 of the test space, zeros have been
written in the digit sent cells in track 12 of slots 2 through
12 of the test space. The ones recorded in tracks 10, 11
and 12 of slot 1 of the test space have not been erased.
Because the transfer circuit will not seize the test regis-
ter space on the second test call, there will be no output
from the transmitter contro! circuit to be checked.
Therefore, the 1 which is still recorded in the AF cell
in frack 11 of slot 19 will have no effect because the
second trial feature of the transmitter control circuit can-
not be checked. After the test space has been prepared
for the second test call OC flip-flop 6215 will be reset

‘when slot 1 of the succeeding sender space is read. As

shown in Fig. 62 the resetting input of OC flip-flop 6215
is connected to the L1S lead which will be active dur-

ing the reading of slot 1 of a sender space.

Preparation of test space for third test call

On the third test call performed by the test circuit,
the ten digits registered in the X2 through U’ register
in slots 3 through 12 of the test space are pulsed into
the sender space coatrol circuit in the illustrative em-
bodiment of the present invention. The first digit of the
third test call will be the digit 9 registered in the X2 reg-
ister in slot 3 of the test space, the second digit will be
the digit 1 registered in the A register in slot 4 and the
third digit will be the digit 2 registered in the B register
in slot 5 of the test space. The remaining seven digits
pulsed will be 3, 1, 4, 5, 6, 7 and 0 in this order as
shown in Fig. 20. It will be noted that the first three
digits, 912 comprise an area code and therefore the test
register. space will be seized by the transfer circuit. -The
digits pulsed with the sender space control circuit and
registered in the test sender space will be checked against
the digits registered in the test space the same as in the
first test call. The output of the transmitter control cir-
cuit will also be checked against the digits registered in
the test space as in the first test call. The station delay
feature of the sender space control circuit will be checked
on this test call because only ten digits are pulsed. The
second trial features of the transmitter control circuit
will not be checked on this test call bécause a 0 will be
written in the OF cell of track 11 in slot 19 in the test
space.

At the completion of the second test call, W0 flip-flop
6223 is operated after a sender release time out is made
by the active signal over the SRT lead from the sender
space control circuit. W§ flip-flop 6223 will be reset on
slot 2 of the test space because this will be the first slot
in which a 0 will be read in the start sending cells in
track 11 of the test space. When W0 flip-flop 6223 is
reset, the active signal pulse through condenser 6222
will cause the actuation of And gate 6220 during the
reading of slot 2 of the sender space. The actuation
of this And gate will cause an active signal to be applied
to the Wi-11A lead which, in the manner described
hereinbefore, will cause a 1 to be written in the start
sending cell in track 11 of slot 2 of the sender space.

The active.signal from the left-hand output of WO
flip-flop 6223 when it is reset is also applied through

‘condenser 6222 to input A of And gate 6218. As shown

in Fig. 62, input B of And gate 6218 is connected to the
L2T lead which will be active during the reading of slot
2 of the test space. And gate 6218 will be actuated,
therefore, during the reading of slot 2 of the test space
and will apply an active signal through delay circuit
6216 to the operating input of TC flip-flop 6214. The
purpose of delay circuit 6216 inserted between the out-






