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SIGNAL PULSE DETECTOR AND REGISTER
Robert C. Lee, Madison, and John J. Yostpille, Living-
ston, NJ., assignors to Bell Telephone Laberatories,
Incorporated, New York, N.Y., a corporation of New

York
Filed Dec. 31, 1956, Ser. No. 631,531
15 Claims. (CL. 340—174.1)

This invention relates to methods and apparatus for
detecting, counting and registering signal pulses; more
particularly, this invention relates to methods and ap-
paratus employing a magnetic drum for detecting, count-
ing and registering signal pulses in data storage systems,
computers and telephone systems,

Signal pulses utilized in data storage systems, com-
puters and telephone systems, and which the present in-
vention may advantageously detect, count and register, are
characterized by changes in a circuit condition from one
state to a second state and back again to the first state.
For example, in telephone systems a complete signal
pulse (a dial pulse) is characterized by the change in the
condition of a subscriber’s loop from a closed loop con-
dition to an open loop condition and back again to a
closed lcop condition.  Similarly, a complete signal pulse
utilized in a data storage system may be characterized by
a change in the potential condition present on an infor-
mation input or output lead from a first potential level
to a second potential level and back again to the first po-
tential level.

An object of the present invention is the provision of
improved circuits and apparatus for detecting, counting
and registering signal pulses of the above type.

The use of a magnetic drum as a memory or storage
element in data storage systems is well known. Its ability
to store up to several hundred thousand bits of informa-
tion in a compact space and at a low cost per bit, and its
ability to store this information in a nonvolatile form,
makes the magnetic drum particularly attractive for use
in such systems.

A magnetic drum essentially comprises a means for
rotating a thin cylindrical shell of magnetic material rap-
idly past one or more magnetic heads located adjacent
to but out of contact with the rotating surface. Each
magnetic head comprises one or more coils surrounding
a core element and may be used either as a recording
(writing) or a reading instrumentality.

Magnetic drum data storage systems are based on the
principle of producing a pattern of magnetic marks on
the surface of the drum for each item of information
to be stored. This pattern is arranged in ordered col-
umns, each column being defined by the circumferential
area of the drum which passes immediately under or is
influenced by a single magnetic head. These columns on
the drum are termed “tracks.” The marks are further
arranged in ordered rows termed “slots” (a contraction
of the term “time-slot”), as defined by the occurrence of
synchronizing pulses produced in response to timing or
clock pulses from a timing pulse generator circuit operat-
ing in synchronism with the rotation of the drum. The
part of a track which is directly under or is influenced by
a single magnetic head when a synchronizing pulse occurs,
and which is defined by the intersection of a track and
a slot, is known as a “cell” and is the incremental area on
the drum surface in which a single magnetic mark may
be entered. A slot is, therefore, the aggregate of all the
cells of the drum which pass under or are influenced by
their respective magnetic heads during the occurrence of
any one synchronizing pulse., The simplest arrangement
of a slot is a rectangular area running parallel with the
axis on the surface of the drum. In the usnal case, how-
ever, the slot will be more complicated in form. When
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the various magnetic heads are staggered or positioned
in the form of a helix around the drum, the slot pat-
tern on the surface of the drum wili be sawtoothed in
form or helical in form.

It has heretofore been found particularly advantageous
to employ a magnetic drum with common control cir-
cuitry to detect, count and register the signal pulses ap-
plied to large pluralities of circuits in data storage sys-
tems, computers and telephone systems. One such tele-
phone system, for example, wherein connections between
subscribers are completed under control of information
permanently and temporarily stored on magnetic drums
is disclosed in Patent 2,723,311 granted to W. A. Malthan-
er and H. E. Vaughan on November 8, 1955. Magnetic
drum systems have also been proposed heretofore as
auxiliary memory and storage elements in telephone 5y~
tems to provide additional register capacity for registers
or register senders presently in use in telephone offices.
Such a system is disclosed in the copending application
of C, E. Brooks, W, O. Fleckenstein, R. C. Lee and H. N.
Seckler, Serial No. 554,280, filed on December 20, 1955,
now Patent 2,876,288 granted March 3, 1959,

As heretofore proposed the magnetic drum and as-
sociated logic circuitry employed in common control sys-
tems of the type referred to above are utilized on a time
shared basis to periodically scan the circuits to which
signal pulses are applied and to detect, count and record
these signal pulses on the magnetic drum. In a typical
operation of such a system a scanner is operated in syn-
chronism with the rotation of the magnetic drum to scan
each of the circuits once per revolution of the magnetic
drum and to record the state of each scanned circuit in
an area associated therewith on the magnetic drum. The
speed of rotation of the magnetic drum is such that each
circuit is periodically scanned at a rate sufficiently fast
to insure that signal pulse information is not missed. It
will be noted that if the number of circuits to be periodi-
cally scanned is increased, or if the duration of the sig-
nal pulse applied to the scanned circuits is decreased,
the speed of rotation of the magnetic drum must be cor-
respondingly increased to insure that signal pulse infor-
mation is not lost. For a signal pulse of a particular
duration this requirement has heretofore placed a practi-
cal limitation upon the number of circuits in which these
signal pulses may be detected, counted and registered by
a magnetic drum and associated logic circuitry. Or for
a particular number of circuits to be observed, this re-
quirement has placed a practical limitation upon the mini-
mum duration of the signal pulse that may be detected,
counted and registered by a magnetic drum and associ-
ated logic circuitry. This limitation results because of
the complexity and cost of suitable driving means for ro-
tating magnetic drums at high speeds of rotation and be-
cause of the difficulty of maintaining a high speed of
rotation of a magnetic drum within required tolerances.
Furthermore, the manufacturing tolerances for the mag-
netic drum itself are much more critical when the drum
is to rotate at a high speed of rotation.

A further object of the present invention is the pro-
vision of improved facilities employing a magnetic drum
for detecting, counting and registering signal pulses in a
greater number of circuits than heretofore accomplished
with such facilities.

An additional object of the present invention is the pro-
vision of improved facilities employing a magnetic drum
for detecting, counting and registering signal pulses of
shorter duration than heretofore accomplished by such
facilities.

As the speed of rotation of a magnetic drum is in-
creased in order to periodically scan a greater number of
circuits for signal pulses of a particular duration, or as
the speed of rotation is increased in order to periodically
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scan a particular number of circuits for signal pulses of
shorter duration, an additional disadvantage is encountered
in the magnetic drum systems known heretofore. As the
speed of rotation of the drum is increased (to insure that
signal pulse information will not be missed), a shorter
interval of time is available to the reading amplifiers,
writing amplifiers and logic circuits associated with the
magnetic drum for performing the logical functions of
detecting, counting and registering signal pulses for each
of the scanned circuits. This has necessitated an increase
in the complexity of design and cost of manufacture of
the reading amplifiers, writing amplifiers and associated
logic circuitry. Furthermore, because the interval in which
these logical functions must be performed for each of
the scanned circuits is decreased the possibility of error
or malfunction of the circuit is increased.

To overcome the above-described disadvantages it has
been proposed heretofore in magnetic drum systems to
scan each of the plurality of circuits to which signal pulses
are applied a plurality of times during each revolution of
the magnetic drum. This may be accomplished by posi-
tioning a plurality of magnetic heads around the circum-
ference of the magnetic drum and by providing associated
logic circuitry which will scan a particular circuit when
a register area associated therewith on the magnetic drum
is passing under one of the magnetic heads. This provi-
sion has increased the cost of such a magnetic drum system
considerably because the magnetic heads are expensive to
manufacture and are difficult and costly to accurately posi-
tion around the circumference of the drum. Furthermore,
considerable logic circuitry is required for each of the
magnetic heads in order to control the multiple scanning
of each of the circuits. In the above cited Brooks et al.
application, for example, each of the circuits to which
signal pulses are applied is scanned twice per revolution
of the magnetic drum. This is accomplished therein by
the use of an additional auxiliary writing head located on
the circumference of the magnetic drum approximately
180 degrees from the main read-write heads. This writing
head must be positioned with respect to the magnetic
drum in such a manner that it will write on the surface of
the magnetic drum at the exact center of a cell in order to
prevent a spread of the writing flux into adjacent cell
areas.

Accordingly, still another object of the present inven-
tion is the provision of improved magnetic drum signal
pulse detecting, counting and registering circuits and ap-
paratus which are more economical and reliable than such
circuits and apparatus provided herebefore.

In accordance with one aspect of the present invention,
the register spaces on the surface of the magnetic drum
which are individually associated with the plurality of
circuits to be scanned for signal pulses are divided into
a plurality of groups. One register space in each of the
groups is mated with a corresponding register space in
each of the other groups of register spaces on the mag-
netic drum. For example, if the register spaces of the
magnetic drum arc divided into four groups, as in the
illustrative embodiment of the present invention described
hereinafter, each register space on the drum will have
three mate register spaces located at equal intervals
around the circumference of the drum. Similarly, if the
register spaces on the magnetic drum are divided into
five groups, each register space in a group will have a
mate register space in each of the other groups, making
a total of five mated register spaces located at equal inter-
vals around the circumference of the magnetic drum.
Each circuit to which signal pulses are applied is scanned
a plurality of times during each revolution of the magnetic
drum, once when the register space associated therewith
passes under the main magnetic read-write heads on the
magnetic drum, and an additional scan is made each time
a mate register space passes under the main magnetic
heads. Information relative to the changes of state
of a circuit detected during each of the scans is made
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available to the logic circuits of the present invention when
the register space associated therewith passes under the
main magnetic heads. This is accomplished in the present
invention by one auxiliary reading head located ahead of
the main group of read-write heads around the circumfer-
ence of the magnetic drum. Because this auxiliary head
is a reading head only and no writing flux is involved, the
head has wider spacing tolerances and accordingly is less
difficult and expensive to position adjacent to the circamf-
erence of the magnetic drum than auxiliary writing heads
utilized heretofore. Furthermore, the reading amplifier
associated with the auxiliary reading head is less expensive
than the writing amplifier heretofore used with auxiliary
writing heads. The auxiliary reading head is positioned so
that a register space passing under the main read-write
heads on the drum and a register space passing under the
auxiliary reading head are mated. In each of the register
spaces on the magnetic drum in the present invention there
are two cells allocated to each of the mate register spaces
associated therewith. During the home scan of a circuit
(when the register space associated therewith passes under
the main read-write heads), the state of the circuit is
recorded in the home register space. On the next scan
of the circuit when the first mate register space passes
under the main read-write heads, the home register space
is passing under the auxiliary reading head. The state
of the circuit as determined by this scan is recorded in one
of two cells associated with the home register space in
the first mate register space. A comparison is made by
the logic circuits of the present invention between the
present state of the circuit and the previous state of the
circuit as read by the auxiliary reading head from the
home register space. If a signal pulse has ended between
the two succeeding scans as evidenced by a change of
state of the circuit, a 1 will be recorded in the other of
the two cells associated with the home register space in
the first mate register space. When the second mate
register space passes under the main read-write heads,
the first mate register space will be under the auxiliary
reading head. A scan of the circuit is again made at this
time and the state of the circuit is recorded in one of
the two cells associated with the home register space in the
second mate register space. A comparison is again made
by the logic circuits of the present invention between the
present state of the circuit and the state of the circuit on
the previous scan as read by auxiliary reading head from
the first mate register space. LIf a signal pulse has ended
a 1 will be recorded in the second of the two cells associ-
ated with the home register space in the second maite
register space. If a signal pulse did not end in the inter-
val between the passing of the first mate register space
and the second mate register space under the main
magnetic heads, but a pulse had ended in the previous
interval, the 1 recorded in the first mate register space
will be read by the auxiliary reading head and this 1 will
be recorded in the second of the two cells associated with
the home register space in the second mate register space.
This action above described continues for each of the
plurality of scans of the circuit during the remainder of
the revolution of the magnetic drum. When the home
register space of the circuit again passes under the main
magnetic read-write heads and a home scan is again made,
ail the information necessary for the determination of the
number of signal pulses that ended in the previous revolu-
tion of the magnetic drum is made available to the logic
circuits of the present invention and the number of pulses
detected and all the supervisory information relating to
the scanned circuit are recorded in the home register
space associated therewith.

A feature of the present invention relates to the scan-
ning of each of a plurality of circuits a plurality of times
during each revolution of a magnetic drum.

A further feature of the present invention relates to
means operative a plurality of times during each revolu-
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tion of a magnetic drum for determining the presence of
signal pulses in each of a plurality of circnits.

It is a further feature of this invention that each of a
plurality of two state circuits be scanned in a predeter-
mined sequence a plurality of times during each revolution
of a magnetic drum, the state of each circuit determined
during each scan thereof being recorded on said magnetic
drum and compared with the state of the same circuit
determined during the next succeeding scan thereof to de-
tect the completion of a signal pulse, and the recording
on said drum after each of said scans of the cumulative
count of the signal pulses detected thus far in the revolu-
tion of said drum.

A still further feature of the present invention relates
to means operative a plurality of times during each revo-
lution of a magnetic drum for precessing or shifting data
from area to area around the circumference of the drum
in a direction opposite to the direction of rotation of the
drum.

It is an additional feature of the present invention that
at the completion of each revolution of a magnetic drum,
the cumulative count of signal pulses detected in each of
a plurality of circuits in that revolution be recorded on
the magnetic drum in individual areas associated respec-
tively with said circuits,

In magnetic drum data storage systems employed here-
tofore, the interdigital interval between two successive
series of signal pulses representing two separate digits of
an jtem of data to be stored has been detected by count-
ing the revolutions made by the magnetic drum after
completion of the last signal pulse of the first series of
pulses and before the initiation of the first signal pulse
of the succeeding series. The number of revolutions made
by the magnetic drum will of course depend upon the
duration of the interdigital interval and upon the speed
of rotation of the drum. It has heretofore been necessary
to limit interdigital intervals to a predetermined number
of complete drum revolutions. It is advantageous in 8ys-
tems where the speed of rotation of the magnetic drum
is relatively slow and where the interdigital interval is
relatively short to be able to detect interdigital intervals
having a duration that is not equal to the time required
for any number of complete drum revolutions.

It is also advantageous in magnetic drum data storage
systems to selectively control interdigital timing for pulses
ending in different parts of a revolution of a magnetic
drum. It will be observed that the interdigital interval
occurring after a signal pulse ending near the comple-
tion of a revolution of a magnetic drum and followed
by a given number of complete revolutions of the drum
will be substantially sherter in duration than the inter-
digital interval occurring after a signal pulse ending just
after the start of a revolution of a magnetic drum and
followed the same number of complete revolutions of the
drum.

In accordance with another aspect of the present in-
vention, selective interdigital timing is provided. TIn
the illustrative embodiment described in detail hereinafter,
if a signal pulse ends in the first three-quarters of a drum
revolution and the condition of the circuit remains un-
changed for one and three-quarters revolutions there-
after an interdigital timeout is completed, and if a signal
pulse ends in the final quarter revolution of a magnetic
drum an interdigital timeout is not completed until the
circuit condition remains unchanged for two complete
revolutions of magnetic drum thereafter. This selective
interdigital timing enables interdigital intervals to be
detected within closer upper and lower limits and hence
minimizes the possibility that the first signal pulse in a
succeeding series of signal pulses following an inter-
digital timeout will be lost.

Accordingly, another feature of the present invention
relates to means for determining interdigital intervals be-
tween trains of signal pulses which intervals are not
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equivalent to the time duration of a given number of
complete drum revolutions,

It is a further feature of this invention to selectively
time interdigital intervals between succeeding series of
signal pulses in a magnetic drum data storage system
whereby an interdigital timeout is completed after one
interval when the last pulse of a series of signal pulses
occurs in one part of a revolution of the magnetic drum
and an interdigital timeout is completed after a different
interval when the last pulse of a series of signal pulses
occurs in a later part of a revolution of 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
thereof when read with reference to the attached draw-
ings in which:

FIG. 1 discloses in block diagram form the magnetic
drum and associated control circuits of the signal pulse
detecting, counting and registering circuits and apparatus
of the present invention;

FIG. 2 shows the typical layout of the magnetic drum,
the permanent record tracks thereon, and the location of
a typical register space;

FIG. 3 shows in detail the layout of a register space;

FIG. 4 shows in pictorial form the magnetic drum uti-
lized in the present invention with the relative location
of the main read-write heads and auxiliary read head
thereon. This figure also shows four typical mated reg-
ister spaces and the individual cells in track 6 thereof;

FIG. 5 illustrates in schematic form the circuit for
a negative AND gate utilized in the present invention;

FIG. 5A shows the convention utilized in the drawings
for the AND gate illustrated in FIG. 5;

FIG. 6 illustrates in schematic form the circuit for
a positive AND gate utilized in the present invention;

FIG. 6A shows the convention utilized in the drawings
for the positive AND gate illustrated in FIG. 6;

FIG. 7 illustrates in shematic form the circuit for a
negative OR gate utilized in the present invention;

FIG. 7A shows the convention utilized in the drawings
for the negative OR gate illustrated in FIG. 7;

FIG. 8 illustrates in schematic form the circuit for a
transmission gate utilized in the present invention;

FIG. 8A shows the convention utilized in the drawings
for the transmission gate illustrated in FiG. 8;

FIG. 9 illustrates in schematic form the circuit for a
transistor pulse memory flip-flop and a shift register flip-
flop utilized in the present invention:

FIG. 9A shows the convention utilized in the drawings
for the pulse memory flip-flop illustrated in FIG. 9;

FIG. 9B shows the convention utilized in the drawings
for the shift register flip-flop illustrated in FIG. 9;

FIG. 10 illustrates in schematic form the circuit for a
direct current amplifier utilized in the present invention;

FIG. 10A shows the convention utilized in the drawings
for the direct current amplifier illustrated in FIG. 10;

FIG. 11 illustrates in schematic form the circuit for a
shift register gate utilized in the present invention with
the shift register flip-flop iliustrated in FIG. 9;

FIG. 11A shows the convention utilized in the draw-
ings for the shift register gate illustrated in FIG. 11;

FIG. 12 illustrates in schematic form the circuit for a
pulse amplifier and a transmission pulse amplifier utilized
in the present invention;

FIG. 12A shows the convention utilized in the drawings
for the pulse amplifier illustrated in FIG. 12;

FIG. 12B shows the convention utilized in the draw-
ings for the transmission pulse amplifier illustrated in
FIG. 12;

FIG. 13 illustrates in schematic form the circuit for a
pulse shaping amplifier utilized in the present invention;

FIG. 13A shows the circuit convention utilized in the
drawings for the pulse shaping amplifier illustrated in
FIG. 13;

FIG. 14 illustrates in schematic form the circuit for
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the reading amplifier utilized in tracks Y, Z, and 1 through
6 on the magnetic drum in the illustrative embodiment
of the present invention;

FIG. 14A shows the circuit convention utilized in the
drawings to represent the reading amplifier of FIG. 14;

FiG. 15 illustrates in schematic form the circuit for
the writing amplifiers utilized in tracks 1 through 6 on
the magnetic drum in the illustrative embodiment of the
present invention;

FIG. 15A shows the circuit convention utilized in the
drawings for the writing amplifier of FIG. 15;

FIG. 16 illustrates in schematic form the transient
suppressing network utilized in the present invention as
a termination for a writing amplifier, 2 reading amplifier,
and a magnetic head;

FIG. 16A shows the convention utilized in the draw-
ings for the transient suppressing network of FIG. 16;

FIG. 17 shows a graphic representation of the syn-
chromizing pulses utilized in the present invention to
control the reading and writing funciions of the reading
and writing amplifiers and the logic functions of the logic
circuitry of the present invention;

FIG. 18 shows the manner in which FIGS. 19 through
11 may be arranged to provide a detailed schematic rep-
resentation of an illustrative embodiment of the present
invention;

FIG. 19 shows in simplified schematic form the circuit
for the scanner utilized in the illustrative embodiment of
the present invention;

FIG. 20 shows in block diagram form the scanner de-
tector and a representation of the magnetic drum and as-
sociated magnetic heads utilized in the illustrative em-
bodiment of the present invention;

FIG. 21 shows in block diagram form the synchroniz-
ing circuit and the reading amplifiers, writing amplifiers,
with their associated pulse shaping amplifiers and transient
suppressing networks utilized in tracks Y, Z and 1 on
the magnetic drum in the illustrative embodiment of the
present invention;

FIG. 22 shows a block diagram representation of the
reading amplifiers, writing amplifiers, transient suppress-
ing networks, pulse amplifiers and pulse shaping ampli-
fiers utilized with magnetic heads in tracks 2 through 6
on the magnetic drum in the illustrative embodiment of
the present invention;

FIG. 23 shows in block diagram form the four stage
shift register in the address circuit of the present inven-
tion which converts binary signals received in serial form
from track Y on the magnetic drum into a four bit binary
code;

FiG. 24 shows an additional portion of the address
circuit which translates the binary code registered in the
four stage shift register shown in FIG. 23 into a 1-out-of-
14 code defining the respective 14 slots in each register
space on the magnetic drum in the present invention;

FIG. 25 shows in block diagram form the four stage
shift register in the address circuit of the present inven-
tion which connects binary signals received in serial form
from track Z on the magnetic drum into a four bit binary
code and a circuit which translates this binary code into
a l-out-of-13 code to control the column input leads to
the scanner;

FIG. 26 shows in block diagram form the two stage
shift registers and associated transistor circuits in the
address circuit of the present invention which convert
hinary signals received in serial form from track Z on
the magnetic drum into a 1-out-of-12 code to control the
row input leads to the scanner;

FIG. 27 shows in block diagram form a portion of the
register space control circuit of the present invention
which controls the logic operation associated with tracks
4,5 and 6 on the magnetic drum;

FIG. 28 shows in block diagram form an additional
portion of the register space control circuit of the present
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invention which controls the detection of the end of dial
pulses;

FIG. 29 shows in block diagram form an additional
portion of the register space control circuit of the present
invention and includes three pulse memory flip-flops which
are operated in combination to provide indications of the
completion of dial pulses, sender releases and interdigital
timeouts;

FIG. 30 shows in block diagram form an additional
portion of the register space control circuit of the present
invention which includes the steering logic circuitry con-
trolling the registration of dial pulses in appropriate digit
registers in the register spaces on the magnetic drum; and

FIG. 31 shows in block diagram form the final portion
of the register space control circuit which includes the
logic gates which control the binary accumulation of the
count of dial pulses in the appropriate digit registers and
the count of drum revolutions in the timer cells in each
register space.

General Description

Referring now to FIG. 1 of the drawings, the opera-
tion of one illustrative embodiment of the magnetic drum
signal pulse detecting, counting and registering circuits of
the present invention will be described in a general way.
This general description will be followed by a detailed
description of a more complete schematic diagram of the
present invention.

By way of illustration, the manner in which the present
invention detects, counts and registers dial pulses received
by senders in a common control telephone switching sys-
tem will be described. Tt is further assumed that this
telephone switching system contains a total of 156 such
senders.

In telephone switching systems of this type, when the
handset of a calling subscriber’s line is lifted to initiate
a call, the subscriber’s loop to the central office is closed
and a sender is seized. The sender then receives and
registers the successive groups of dial pulses representing
the called subscriber’s directory number as dialed by the
calling subscriber. The sender is unable to act upon this
information until either all the groups of pulses represent-
ing digits of the called number have been received or
until specific groups of these pulses have been received,
such as pulses of the digits identifying the exchange of
the called subscriber. Accordingly, the dial pulse in-
formation must first be registered and stored in the sender
before it can be utilized to set up the desired switching
connection in the central office to the called subscriber.
With the advent of mationwide customer toll dialing it
has been necessary to add additional digits to telephone
subscribers’ directory numbers. These digits generally
comprise directing code or area code digits. This has
presented a problem in some instances because some
senders in tclephone switching systems of the common
control type do mot contain sufficient registering capacity
to accept and to register the additional digits. Accord-
ingly, the dial pulse detecting, counting and registering
circuits of the present invention may advantageously be
utitized to provide additional regisier capacity for each of
a plurality of senders in a common control telephone
switching system. It is to be understood, however, that
the signal pulse detecting, counting and registering cir-
cuits of the present invention are not limited to auxiliary
use of this type and that the present invention may be
utilized with equal facility to detect, count, and register
dial pulses applied to subscribers’ lines in rnagnetic drum
telephone switching systems of the type disclosed in the
above Malthaner-Vaughan patent or to detect, count and
register signal pulses utilized in computers or data storage
systems. It is to be further understood that the present
invention is mot limited to the detecting, counting and
registering of signal pulses applied to 156 circuits.

As shown in FIG. 1 the present invention comprises a
drum unit enclosed within the doited rectangie 10, register
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space control circuit 16, address circuit 17, scanner 18,
and scanner detector 19. These units are utilized in the
illustrative embodiment to detect dial pulses in a sender
of a common control telephone switching system. The
dial pulse repeating relay of one such sender is shown in
the dotted rectangle 20 in FIG. 1. As shown in FIG. 1,
when a dial pulse repeating relay is operated in response
to the closure of a subscriber’s loop connected thereto,
ground will be applied to lead SCN-1 which is connected
to the input of scanner 18, and when the dial pulse re-
peating relay in the sender is normal or unoperated in
response to the open condition of the subscriber’s loop
connected thereto, —48 volts will be connected to the
scanner input lead SCN-1.

As shown in FIG. 1, the drum unit within dotted rec-
tangle 10 comprises magnetic drum MD, synchronizing
circuit 15, reading amplifiers 12 and 13, read-write ampli-
fiers 14, main magnetic heads HDX, HDY, HDZ and
HD1 through HD6, and auxiliary head HD6A. In the
illustrative embodiment of the present invention, mag-
netic drum MD comprises 9 tracks. These tracks are
designated tracks X, Y, Z, and 1 through 6 respectively,
as shown in FIGS. 1, 2 and 3. Magnetic marks perma-
nently recorded in track X are read by head HDX, and
clock pulse signals or timing signals are supplied to a
reading amplifier within synchronizing circuit 15. In-
formation permanently recorded in tracks Y and Z are
read by heads HDY and HDZ and corresponding signals
are applied to reading amplifiers 13. Reading amplifiers
13 provide properly timed, uniform, low impedance signals
via path 22 to control logic circuitry in address circuit 17.
Tracks 1 through 6 on magnetic drum MD are utilized
to record short-term, frequently-altered information ob-
tained from register space control circuit 16 of the present
invention. Heads HD1 through HD6 associated respec-
tively with tracks 1 through 6 on drum MD read the
information recorded in these tracks and supply corre-
sponding signals to read-write amplifiers 14. These am-
plifiers in turn provide properly timed, uniform, low im-
pedance signals via path 28 to the logic circuitry in register
space control circuit 16. The output of the logic circuitry
in register space control circuit 16 is also supplied via
path 28 to the read-write amplifiers 14 which in turn
supply the required signals to magnetic heads HD1 through
HD$ to control the writing of information on magnetic
drum MD in tracks 1 through 6. In addition to the
main magnetic heads on drum MD, track 6 therecof has
one auxiliary reading head HD6A. This reading head is
positioned in the illustrative embodiment of the present in-
vention as shown in FIG. 4, 90 degrees less 3 slots ahead
of the main magnetic heads. Auxiliary head HD6A
reads information in track 6 of magnetic drum MD and
supplies corresponding signals to reading amplifier 12
which in turn provides, via path 27, properly timed, uni-
form, low impedance signals to the logic circuitry in
register space control circuit 16.

Each of the senders in which dial pulse information is
to be detected, counted and registered is assigned a group
of cells on magnetic drum MD. This group of cells is
labeled a register space and, as shown in FIGS. 2 and 3,
comprises an area 6 tracks by 14 slots on the surface of
magnetic drum MD. FIG. 2 shows the relative location
of a typical register space with respect to the permanent
record tracks on magnetic drum MD. FIG. 3 shows a
detailed layout of a typical register space. In the illus-
trative embodiment of the present invention, the register
spaces on the surface of magnetic drum MD individually
associated with the senders in which dial pulses are to be
detected, are divided into four groups. One register space
in each of the four groups is mated with a corresponding
register space in each of the other groups of register
spaces. In other words, each register space on magnetic
drum MD has three mate register spaces located at equal
intervals around the circumference of the drum. FIG. 4
shows an example of four mated register spaces on mag-
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netic drum MD. These register spaces are register spaces
No. 1, No. 40, No. 79, and No. 118, and it will be noted
that each is located in a separate quadrant of magnetic
drum MD, In accordance with the present invention,
each of the senders to which dial pulses are applied is
scanned four times during each revolution of magnetic
drum MD, once when the register space associated there-
with passes under the main magnetic heads, and an addi-
tional scan is made each time a mate register space passes
under the main magnetic heads. Therefore, in the illus-
trative embodiment of the present invention, during the
passage of each register space under the magnetic heads,
scanner 18 will be set to scan four senders, the one asso-
ciated with the particular register space and the three
senders associated with the mated register spaces. As
shown in FIGS. 3 and 4, there are two cells in track 6
of each register space which are associated with each of
the mated register spaces. These cells are designated S1
and EP1, S2 and EP2, 83 and EP3. Referring to FIG. 4,
for example, cells S1 and EP1 in register space No. 1 are
associated with register space No. 40; cells S2 and EP2
in register space No. 1 are associated with register space
No. 79; and cells S3 and EP3 in register space No. 1 are
associated with register space No. 118. As will be de-
scribed hercafter, these cells are utilized to record the
condition of the scanned senders and to record a cumula-
tive count of the number of dial pulses completed in each
during a revolution of magnetic drum MD.

The so-called “single pass” method of reading and
writing information in slots on magnetic drum MD is
utilized in the present invention. In other words, in-
formation is read from a slot on magnetic drum MD,
combined in external logic with other information and
new information written in the same slot on drum MD,
all while the slot is making one pass under the main mag-
netic heads. In order to control the reading operation
and writing operation in drum unit 1¢ and to control
logic operations in address circuit 17 and register space
control circuit 16 during the passage of slots under the
main magnetic heads, synchronizing circuit 15 produces
a separate train of synchronizing pulses for each required
function or operation. These synchronizing pulses are
shown in graphic form in FIG. 17. It will be observed
with reference to FIG. 17 that all of the operations, that
is, reading, writing, et cetera, occur within the duration
of one enabling sync pulse. All inputs to the logic cir-
cuitry of the present invention are gated with a read
sync pulse or a preread sync pulse into pulse amplifiers
which remain operated, after the read sync pulse ends,
under the control of the enabling sync pulse. The out-
put of the logic is gated with the write sync pulse which
starts after the read sync pulse ends and is timed to pro-
vide the “single pass” operation on magnetic drum MD.
The outputs of the logic, therefore, have no effect on
inputs in the same time slot. The various synchronizing
pulses shown in FIG. 17 are supplied to read amplifiers
13, address circuit 17, read-write amplifiers 14, read am-
plifiers 12, and register space control circuit 16, via path
21 shown in FIG. 1.

Address circuit 17 provides a continmuous indication
of the position of magnetic drum MD with respect to the
main magnetic heads. As indicated above, address cir-
cuit 17 is controlled by signals permanently recorded in
the Y and Z tracks on magnetic drum MD. The signals
in track Y are supplied in serial form via read amplifiers
13 and path 22 to address circuit 17 and are registered
therein in a four stage shift register. The output of this
four stage shift register is then read and translated into
a l-out-of-14 code identifying respectively each of the 14
slots in each register space on magnetic drum MD. This
slot code is supplied to register space control circuit 16
from address circuit 17 via path 23 and is used to control
the logical operations in register space control circuit 16.
Permanent signals recorded in track Z on magnetic drum
MD are supplied in serial form via read amplifiers 13 and
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path 22 to address circuit 17 and are registered therein
in shift registers. The outputs of these shift registers pro-
vide two codes, a 1-out-of-12 code and a 1-out-of-13 code.
These codes are supplied via path 24 to scanner 18 and
control the setting of the scanner to scan the senders in
which signal pulses are to be detected. In the illustra-
tive embodiment of the present invention, scanner 18, as
will be described herecinafter, is set to scan a different
sender upon the occurrence of the write sync pulse in slots
3, 6, 11 and 14, of each register space on magnetic drum
MD. One further function of address circuit 17 is to
provide pulses over the ARV lead to scanner detector 19.
These pulses are applied by address circuit 17 to lead
ADV when slots 2, 5, 8 and 13 of each register space pass
under the main magnetic heads and will be utilized as de-
scribed hereinafter to unblock scanner detector 19.

Because the illustrative embodiment of the present in-
vention is utilized to detect, count and register dial pulses
in 156 senders of a common control telephone switching
system, it is necessary to periodically observe every sender
on a time shared basis frequently enough to insure that
signal pulse information is not lost, In other words, a
connection must be periodically established on a lime
shared basis between each sender and the dial pulse de-
tection circuits in register space control circuit 16 of the
present invention. This connection is established under
control of scanner 18 and scanner detector 19. As shown
in FIG. 1, the scanner input leads SCN- are connected
to the dial pulse repeating relay in each of the senders to
be scanned. The scanner output lead OPL is connected
to scanner detector 19, and the output of scanner de-
tector 19 is supplied via path 26 to register space control
circuit 16. The scanner, which is a coordinate selector,
will establish a connection between one of its input leads
and output lead OPL each time an address is supplied
from address circuit 17. As indicated above in the illus-
trative embodiment of the present invention, the addresses
supplied scanner 18 by address circuit 17 via path 24 are
changed four times during the passage of each register
space on magnetic drum MD under the main magnetic
heads. Thus four separate senders are scanned during
this interval. Scanner detector 19 samples the output of
the scanner 18 on lead OPL each time an advance pulse
is supplied over lead ADV from address circuit 17. The
condition of the scanned sender upon each of these sam-
plings is recorded in a flip-flop in scanner detector 19, If
the subscriber’s loop to the scanned sender is open when
the scanner detector samples the output of the scanner,
this flip-flop will be set to one condition, and if the sub-
scriber’s loop is closed to the scanned sender when the
sampling occurs, the flip-flop in scanner detector 19 will
be set to its other condition. The sequence of operation
is as follows: Address circuit 17 causes scanner 18 to be
set to scan a different sender during the occurrence of
the write sync pulse in slots 3, 6, 11 and 14 of each of the
register spaces. When slots 2, 5, 8 and 13 of the register
spaces are passing under the main magnetic heads, ad-
dress circuit 17 sends an advance pulse over lead ADY
to scanner detector 19. Scanner detector 19 in each in-
stance samples the output of scanner 18 and records the
condition of the scanned sender. The flip-flop in scanner
detector 19 will remain set to record the condition of the
scanned sender until the occurrence of the next advance
pulse of lead ADV from address circuit 17. During the
occurrence of the read sync pulse in slots 3, 6, 9 and 14
of each register space, the condition of the scanner sender
recorded in scanner detector 19 is transmitted via path
26 to the logic circuitry in register space control circuit
16. For example, address circuit 17 transmits the address
of the sender associated with register space No. 1 to
scanner 18 when the write sync pulse occurs in slot 11 of
register space No. 156, and scanner 18 completes a path
from the dial pulse repeating relay in the scanned sender
to output lead OPL. When slot 13 of register space No.
156 passes under the main magnetic heads, address cir-
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cuit 17 sends an advance pulse over lead ADV to scanner
detector 19 which causes the flip-flop in scanner detector
19 to be set to record the condition of the sender associ-
ated with register space No, 1 scanned by scanner 18.
During the occurrence of the read sync puise in slot 14
of register space No. 156 the condition of the sender as-
sociated with register space No. 1 is transmifted from
scanner detector 19 via path 26 to register space comnirol
circuit 16.

The function of register space control circuit 16 is to
interpret the output of scanner detector 19 and to register
dial pulses in the register space associated with each
scanned sender. In addition, register space control circuit
16 performs timing functions in timing interdigital inter-
vals and sender releases, and also includes circuitry for
preliminary pulse rejection.  Referring to FIG. 3, the de-
tailed layout for a register space, the general operation
and functions of register space conirol circuit 16 will be
described. The cells in slot 1 of tracks 1, 2 and 3 desig-
nated “timer” are utilized by register space control cir-
cuit 16 to count the number of drum revolutions between
changes of state of a subscriber’s loop. The cell in track
4 slot 1 designated “On” is utilized by register spacc con-
trol circuit 16 to indicate that the sender associated with
the register space is off normal. A 1 is recorded in the
On cell when the sender is off normal, that is, when a
call is being originated, and a 0 is recorded in the On
cell when the sender is normal or unoperated. The EPL
cell in slot 1 track 5 of the register space is utilized by
register space control circuit 16 to record information
pertaining to the location of the last dial pulse. This in-
formation differentiates between the first three-quarters
and the last one-quarter of a drum revolution. If a dial
pulse terminates during the first three-quarters of a drum
revolution, register space control circuit 16 will cause a 0
to be written in the EPL cell, and if a dial pulse terminates
in the last one-quarter of a drum revolition, register space
control circuit 16 will cause a 1 to be written in the EPL
cell. The LR cell in slot 1 track 6 of the register space
is used by register space control circuit 16 to record the
state of a calling subscriber’s line. A 1 is written in the
LR cell by register space control circuit 16 when the
subscriber’s loop to the sender associated with the register
space is closed, and conversely a 0 is written in the LR
cell when the subscriber’s loop to the sender associated
with the register space is open. The cells in tracks 1
through 4 of slots 4 through 14 of the register space
designated “Ist digit reg,” “2nd digit reg,” etc., through
“11th digit reg” are binary counters in which register
space control circuit 16 counts and registers the dial pulses
of the 11 digits dialed into the sender associated with the
particular register space. The cells in track § of slots 4
through 14 designated “digit dialed” cells adjacent to each
digit register are written with a 1 by register space con-
trol circuit 16 when a digit register is filled, that is, when
an interdigital timeout is detected following the storage of
pulses in a particular digit register. As indicated above,
the S1, EP1, S2, EP2, S3 and EP3 cells in track 6 of the
register space are associated respectively with the three
mate register spaces. The SO cell in slot 12 track 6 of
the register space is utilized in the multiple scanning as
will be described, and is associated with the register space
in which it is located,

For the purpose of explaining the principles of opera-
tion of the present invention, assume that the duration of
the shortest dial pulse, that is, the shortest open loop
interval representing a dial pulse, is 11 milliseconds and
that the shortest interval between the pulses, that is, closed
loop interval, is 25.3 milliseconds, Thus the shortest
time in which a dial pulse can begin and end is 36.3 milli-
seconds. The reason for making the above assumptions
is that these two values of open loop and closed loop
interval correspond to the intervals presently used in typi-
cal telephone switching systems. Assume further for the
purposes of iflustrating the principles of operation of the
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present invention that the maximum time for one revolu-
tion of magnetic drum MD is 44 milliseconds. It is, there-
fore, obvious that more than one dial pulse may end
and begin during a single revolution of magnetic drum
MD. It is therefore advantageous to be able to detect
the begining and ending of more than one dial puise
during a single revolution of magnetic drum MD, and
therefore in accordance with the present invention each
of the senders to which such dial pulses are applied will
be scanned four times per revolution of magnetic drum
MD. In the event that the dial pulse intervals, open
loop and closed loop, differ from those assumed above,
or that the speed of rotation of the magnetic drum differs
from that assumed above, it is pointed out that in accord-
ance with the principles of the present invention each of
the circuits to which the dial pulses are applied may be
scanned a smaller number or a greater number of times
per revolution of the magnetic drum as required.

Returning again to the above assumptions, it will be
noted that because each of the senders are scanned four
times per revolution of drum MD or at approximately
11 millisecond intervals, dial pulse information will not
be lost. Two dial pulses can conceivably end during the
one revolution of magnetic drum MD, and it is therefore
advantageous to break the revolution into two intervals
in order to detect whether one or two dial pulses have
ended during a revolution. The first portion of the
revolution of magnetic drum MD will include, in the
illustrative embodiment of the present invention, the first
three-quarters of a revolution of drum MD, and the sec-
ond portion will include the last quarter revolution. The
maximum time for three-quarters of a revolution of the
magnetic drum under the assumed spesed of rotation is
therefore approximately 33 milliseconds, and it will be
observed that two pulses having the above assumed open
and closed loop intervals can not begin and end during
this interval. However, one pulse may end during this
interval and a second pulse may end during the last
quarter revolution of magnetic drum MD.

The operation of the dial pulse detecting circuits of
the present invention will be explained in a general way
with reference to FIGS. 1, 3 and 4 of the drawings by de-
scribing the logical operations performed by register space
conirol circuit 16 with respect to the sender associated
with register space No. 1 for one complete revolution of
magnetic drum MD. The starting point for this explana-
tion will be with the fourth scan of the sender associ-
ated with register space No. 1 in the previous revolution
of drum MD made when slot 11 of register space No. 156
passes under the main read-write head on drum MD. As-
sume that the subscriber’s loop to the sender associated
with register space No. 1, a portion of which is shown in
FIG. 4 of the drawings, is closed. This causes the oper-
ation of the dial pulse repeating relay in this sender.
Scanner 18 will be set by address circuit 17 to scan this
sender during the occurrence of the write sync pulse in
slot 11 of register space No. 156. The condition of the
subscriber’s loop to this sender will be recorded in scan-
ner detector 19 when the advance pulse occurs in slot
13 of register space No. 156. When slot 14 of register
space No. 156 passes under the main magnetic heads, the
condition of the subscriber’s loop to the sender associ-
ated with register space No, 1 is made available via path
26 to the logic circuitry in register space control circuit
16. This closed loop condition will cause the operation of
a line condition flip-flop in register space control circuit
16 which temporarily records the condition of the sub-
scriber’s loop to this sender at the start of the revolution
of magnetic drum MD. Because the subscriber’s loop is
now closed register space contrel circuit 16 will cause a 1
to be written in the LR ceil in slot 1 track 6 of register
space No. 1, and because a call is being initiated register
space control circuit 16 will cause a 1 to be written in the
*On” cell in slot 1 track 4 of the register space No. 1.
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Magnetic drum MD now revolves until slot 12 of register
space No. 1 is under the main magnetic heads. At this
time the condition of the subscriber’s lcop to the sender
associated with register space No. 1 as recorded in the line
condition flip-flop in register space control circuit 16 wiil
be recorded in the SO cell in slot 12 track 6 of register
space No. 1. If the loop was closed 12 slots earlier a 1
will be written in the 80 cell, and if the loop was cpen 12
slots earlier a G will be written in the SO cell. There-
fore, under the assumed conditions a 1 will be written in
the 50 celi in slot 12 track 6 of the register space No. 1.

Magnetic drum MD now revolves the first quarter
revolution until slot 12 of register space No. 1 is under
auxiliary head HD6A. At this time due to the three celi
displacement of auxiliary head HD6A from 90 degrees as
showa in FIG. 4, the S3 cell in slot 9 track 6 of register
space No. 40 will be under the main read-write heads.
The condition of the subscriber’s loop to the sender as-
sociated with register space No. 1 as determined on the
first scan of this sender in the revolution of magnetic
dium MD and recorded in scanner detector 19 will be
transmitted from scanner detector 19 to the logic cir-
cuitry of register space control circuit 16 via path 26.
Scanner 18 was set to scan the sender associated with
register space No. 1 by address circuit 17 when the write
sync pulse occurred in slot & of register space No. 40,
and the condition of the subscriber's loop to this sender
was recorded in scanner detector 19 upon the occurrence
of the advance pulse in slot 8 of register space No. 40.
This recorded loop condition is then applied from scanner
detector 19 via path 26 to the logic circuitry of register
space control circuit 16 when slot 9 of register space No.
40 is under the main magnetic heads. If this scan indi-
cates that the subscriber’s loop to the sender is closed,
register space control circuit 16 will cause a 1 to be
written in the S3 cell in slot ¢ track 6 of register space
No. 40. If the loop is open on this scan, register space
control circuit 16 will cause a 0 to be written in the S3
cell in track 6 slot 9 of register space No. 40. During
the occurrence of the read sync pulse while slot 9 of the
register space No. 40 is under the main read-write heads,
auxiliary head HD6A will read the information recorded
in the S0 ¢ell in slot 12 track 6 of register space No. 1.

As indicated above, this information gives an indica-
tion of the condition of the subscriber’s loop one-quarter
revolution earlier. 1If a dial pulse has ended in the first
quarter revolution, a 0 will be written in the SO cell in
slot 12 track 6 of register space No. 1, and the output of
scanner detector 19 will indicate that the subscriber's loop
is now closed. If these conditions are present an end of
pulse flip-flop in register space control circuit 16 will be
set. In the event that no dial pulse ended in the first
quarter revolution of magnetic drum MD, the end of
pulse flip-flop in register space control circuit 16 will re-
main normal. One slot later, that is, when slot 10 of
register space No. 40 is under the main magnetic heads,
if the end of pulse flip-flop in register space control circuit
16 is set to indicate a completion of a dial pulse in the
first quarter revolution of magnetic drum MD, register
space control circuit 16 will cause a 1 to be written in the
EP3 cell in slot 10 track 6 of register space No. 40. If
a dial pulse did not end during the first quarter revolution
of magnetic drum MD, register space control circuit 16
will cause a 0 to be written in the EP3 cell of slot 10
track 6 of register space No. 40. Now that the informa-
tion concerning the completion or not of a dial pulse
during the first quarter revolution of magnetic drum MD
has been taken from the end of pulse flip-flop in register
space control circuit 16 and recorded in the EP3 cell in
slot 10 track 6 of register space No. 40, the end of pulse
flip-flop may be reset to normal and this occurs when
slot 11 of register space No. 40 passes under the main
magnetic heads.

Magnetic drum MD now makes the second quarter
revolution and the sender associated with register space
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No. 1 is scanned a second time. The information from
this scan is made available to the logic circuitry in regis-
ter space control circuit 16 when slot 6 of register space
No. 79 is under the main magnetic heads. At this time
slot 9 of register space No. 40 is under auxiliary head
HD6A. The condition of the loop at the completion
of the second scan is recorded by register space comntrol
circuit 16 in the S2 cell in slot 6 track 6 of register space
No. 79 in the manner similar to that described above.
At the same time the condition of the subscriber’s loop
one-quarter revolution earlier, that is, at the completion
of the first quarter revolution of magnetic drum MD, i8
read by auxiliary head HDS6A from the 83 cell in slot 9
track 6 of register space No. 40. The condition of the
subscriber’s loop one-quarter revolution earlier is com-
pared with the present condition of the subscriber’s loop
at the end of the second quarter revolution of magnetic
drum MD, and if a dial pulse has ended the end of pulse
flip-flop in register space control circuit 16 will be set.
When the magnetic drum moves one additional slot until
slot 7 of register space No. 79 is under the main magnetic
heads, two conditions are available which may require the
recording of a 1 in the EP2 cell in slot 7 track 6 of regis-
ter space No. 79. If a 1is read in the EP3 cell in slot
10 track 6 of register space No. 40 by auxiliary head
HDSA indicating that a dial pulse ended during the first
quarter revolution of magnetic drum MD, register space
control circuit 16 will cause a 1 to be written in the EP2
cell in slot 7 track 6 of register space No. 79. In the
event that a dial pulse did not end during the first quarter
revolution of magnetic drum MD and a dial pulse ended
in the second quarter revolution of magnetic drum MD
as evidenced by end of pulse flip-flop being operated as
described above, register space control circuit 16 will
cause a 1 to be written in the EP2 cell in slot 7 track 6 of
register space No. 40. Due to time considerations both
of these conditions may not be present at the same time,
therefore a pulse may have ended in the first quarter
revolution or in the second quarter revolution but not
both. When slot 8 of register space No. 79 passes under
the main magnetic heads, the end of pulse flip-flop if
operated will be restored to normal.

Magnetic drum MD now makes the third guarter revo-
fution until slot 3 of register space No. 118 is under the
main magnetic heads.
subscriber’s loop to the sender associated with register
space No. 1 after the third scan thereof is made avail-
able to the logic circuitry in register space control cir-
cuit 16 from the scanner detector 19 via path 26. If this
scan indicates that the subscriber’s loop is closed, register
space control circuit 16 will cause a 1 to be written in
the S1 cell in stot 3 of register space No. 118. If the
loop is open, a 0 will be written in the S1 cell in register
space No. 118. At the same time 2 comparison is made
between the present condition of the subscriber’s loop
and the condition of the subscriber’s loop one-quarter
revolution earlier as ready by auxiliary reading head
HD6A from the S2 cell track 6 slot 6 of register gpace
No. 79. If a dial pulse has ended during the third quarter
revolution of magnetic drum MD, the end of pulse flip-
flop in register space control circuit 16 will be operated
in the manner described above. If a dial pulse did not
end during the third quarter revolution of magnetic drum
MD, the end of pulse flip-flop in register space control
circuit 16 will remain normal. When slot 4 of register
space No. 118 is under the main magnetic heads, a 1
will be written in the EP1 cell in track 6 slot 4 thereof, if
a dial pulse ended during the first one-half revolution of
magnetic drum MD. This is evidenced by a 1 being read
in the EP2 cell in slot 7 track 6 of register space No. 79
by auxiliary reading head HD6A. If a pulse did not end
in the first half revolution of magnetic drum MD and a
pulse ended during the third gquarter revolution of drum
MD as evidenced by the setting of the end of pulse flip-
flop in register space contro! circuit 16, a 1 will be writ-

‘At this time the condition of the .

10

20

25

35

40

60

85

70

76

16
ten in the EP1 cell in slot 4 track 6 of register space
Wo. 118. Here again, due to time considerations, both of
these conditions may not occur at the same time. When
slot 5 of register space No. 118 passes under the main
magnetic heads, the end of pulse flip-flop in register
space No. 118 will be restored to normal if operated.

Magnetic drum MD now makes the fourth quarter
revolution and the sender associated with register space
No. 1 is scanned the fourth time. As stated above this
fourth scan takes place when the write sync pulse occurs
in slot 11 of register space No. 156, and the condition
of the subscriber’s loop to this sender is recorded in scan-
ner detector 19 when address circuit 17 applies an ad-
yance pulse in slot 13 of register space No. 156 on lead
ADV to scanner detector 19. When slot 14 of register
space No. 156 appears under the main magnetic heads,
information from the output of scanner detector 19 in-
dicating the condition of the subscriber’s loop to the
sender associated with register space No. 1 as deter-
mined on the fourth scan of the sender is made available
to the logic circuitry in register space control circuit 16.
The condition of the subscriber’s loop as determined from
this scan is recorded in the loop condition flip-flop in reg-
ister space control circuit 16. This information will be
used one siot later, that is, in slot 1 of register space No.
1. When siot 14 of register space No. 156 is under the
main magnetic heads, auxiliary head HD6A will read
the condition of the subscriber’s loop one-quarter revo-
lution earlier or, that is, at the end of three-quarters
revolution of magnetic drum MD as recorded in the S1
cell of slot 3 track 6 of register space No. 118. No
comparison between the present condition of the sub-
scriber’s loop and the condition of the loop one-quarter
revolution earlier is made at this time. Instead the in-
formation from cell S1 in slot 3 track 6 of register space
No. 118 causes the operation of the end of pulse flip-flop
in register space control circuit 16. If the subscriber’s
loop was closed at the completion of the first three-
quarters revolution of drum MD the end of pulse flip-flop
in register space control circuit 16 will be operated, or
if the subscriber’s loop was open the end of pulse flip-
flop will remain unoperated. When slot 1 of register
space No. 1 appears under the main magnetic heads,
auxiliary head HD6A is reading the information recorded
in the EP1 celi in slot 4 track 6 of register space No. 118.
As indicated above, a 1 will be read in this cell if a dial
pulse ended in the first three-quarters revolution of mag-
netic drum MD, and a 0 will be read if no dial pulse
ended during this same interval.

Magnetic drum MD has made one complete revolu-
tion, and the information obtained during this complete
revolution is as follows:

(1) The present condition of the subscriber’s loop to
the sender associated with register space No. 1 as evi-
denced by the setting of the loop condition flip-flop in
register space control circuit 16.

(2) The condition of the subscriber’s loop one-quarter
revolution earlier as evidenced by the setting of the end
of pulse flip-flop in register space control circuit 16.

(3) The condition of the subscriber’s loop one com-
plete revolution earlier as evidenced by a 0 or 1 being
recorded in the LR cell in track 6 slot 1 of register space
No. 1; and

(4) The absence or presence of a dial pulse in the
first three-quarters of the previous revolution as evi-
denced bya Qor i respectively appearing in the EP1 cell
track 6 siot 4 of register space No. 118.

With the above information available when slot 1 of
register space No. 1 passes under the main magnetic
heads, the logic circuitry in register space control circuit
16 can determine whether dial pulses ended during the
last revolution and, if so, whether one or two pulses
ended.

With dial pulses quantitatively detectable as described
above, register space control circuit 16 mow arranges for
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the proper registration of these pulses. Referring to FIG.
3 the dial pulses of the first digit will be registered by
register space control circuit 16 in the “first digit register”
in slot 4 of the register space. Similarly, the pulses of
the second digit will be registered in the “second digit
register,” etc. Register space control circuit 16 contains
three control flip-flops, and at the completion of each
revolution of magnetic drum MD if one dial pulse has
been detected the first control flip-flop will be set, If two
dial pulses have been detected the second control flip-
flop will be set. With either of these flip-flops thus set
the logic circuitry of register space control circuit 16
hunts for the appropriate digit register in which to record
the pulses in the following manner:

It will be noted from FIG. 3 that track 5 of the digit
register slots in each register space is a “digit dialed”
indicator. A 0 appears in this track opposite each digit
register until that digit has been completely dialed and
recorded at which time a 1 is written there. Accord-
ingly, the logic circuitry of register space control circuit
16 looks for the first of slots 4 through 14 containing a
0 in track 5. When this slot is located, the number of
pulses detected on the previous revolution, as recorded
by the setting of the appropriate control flip-flop in regis-
ter space control circuit 16, is added in binary code to
the count already appearing in the digit register. Thus,
if a single pulse of the second digit is detected during one
drum revolution, register space control circuit 16 will
add a count of 1 in the second digit register cells in slot
§ of the register space. Similarly, if two pulses are de-
tected on a previous drum revolution, register space con-
trol circuit 16 will add a count of 2 in binary code in
the appropriate digit register cells in the register space.
Finding the proper digit register and the recording there-
in of the number of pulses detected on a previous revo-
lution of magnetic drum MD also serves to reset the
operated control flip-flops to normal.

The addition in binary notation in the digit register
cells of a register space proceeds in the following man-
ner:

To add 1—looking from right to left, change all 1’s to
0’s until a 0 is encountered whereupon that 0 is changed
to a 1 and all digits to its left remain unchanged. To
add a count of 2—ignore the least significant digit and
follow the same procedure as above on the digits to its
left.

In the illustrative embodiment of the present inven-
tion described herein, it is assumed for purposes of illus-
tration that the interdigital interval between successive
trains of dial pulses is at least 88 milliseconds in dura-
tion. Therefore, as long as dial pulses characterized by
closed loop intervals less than 88 milliseconds continue to
be received, they will be recorded in the same digit
register.

The manner in which the logic circuitry of register
space control circuit 16 recognizes the interdigital in-
tervals between successive trains of dial pulses will now
be described. For the purpose of interdigital timing
there must be a bit of information recorded in the EPL
cell in slot 1 track 5 of the register space. This informa-
tion differentiates between the first three-guarters and the
last one-quarter of a drum revolution. Upon the com-
pletion of a drum revolution, if a dial pulse ended in
the first three-quarters of the revolution, the logic cir-
cuitry in register space control circuit 16 will cause a
0 to be written in the EPL cell in slot 1 track 3 of the
associated register space. On the other hand, if a pulse
ended in the last one-quarter of the previous drum revolu-
tion, the logic circuitry in register space control circuit
16 will cause a 1 to be written in the EPL cell in slot
1 track 5 of the register space. Sclective interdigital
timing is performed by the logic circuits of register space
control circuit 16 in the present invention. This is
accomplished as follows:

If the last dial pulse of the digit ended in the first
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three-quarters of the preceding drum revolution and the
subscriber’s loop remains closed for one and three-quar-
ters drum revolutions thereafter, an interdigital timeout
will be completed. On the other hand, if the last dial
pulse of a digit ended in the final quarter of the preced-
ing revolution of magnetic drum MD, the subscriber’s
loop must remain closed thereafter for two complete re-
volutions before an interdigital timeout is completed.
Register space control circuit 16 counts the number of
revolutions of closed loop condition in the timer cells
in slot 1, tracks 1, 2 and 3, in each register space in the
same manner that dial pulses are counted in the digit
register. When an interdigital timeout is detected the
first and third control flip-flops in register space control
circuit 16 will be operated. The logic circuitry in regis-
ter space control circuit 16 then hunts for the first of
slots 4 through 14 in the register space containing a 0
in track 5. When this is located (with the provision
that there must be a number registered in the register
opposite this 0 except for slot 4), a 1 is written in the
digit dial cell in track 5 signifying that the digit recorded
in the associated register has been completely dialed.
The first and third control flip-flops are reset on this same
slot in which the digit dial indication is recorded.

The logic circuitry in register space control circuit 16
governing interdigital timeouts following the last dial
pulse of the first digit which is recorded in slot 4 of the
register space is more selective. Provision is made in
the logic circuitry of register space control circuit 16 to
reject all 1's (preliminary pulses) as first digits dialed.
This preliminary pulse rejection is necessary because a
subscriber may jiggle the switch hook accidently when lift-
ing the handset and thereby get an incorrect number
if this accidental break in the loop condition is recorded
Accordingly, if only one dial pulse is detected
and recorded in the first digit register in slot 4 of the
register space and is then followed by an interdigital time-
out, register space control circuit 16 will reject this 1 by
simply erasing the 1 in track 4 rather than writing a 1
in track 5. This rejection of 1's as first digits dialed
will continue indefinitely.

If at any time during which either open or closed
loop conditions are being counted in the timer cells in
slot 1, tracks 1, 2 and 3, of a register space, a change
in the subscriber’s loop condition to the sender asso-
ciated with the particular register space is noted (either
dial pulses, that is, open loop to closed loop, or a change
from closed loop to open loop), the count in the timer
cells is erased.

When a calling subscriber terminates or abandons a
call, the successive revolutions during which the sub-
scriber’s loop remains open are counted by register space
control circuit 16 in the timer cells in slot 1, tracks
1, 2 and 3 of the register space. When the count in the
timer cells stands at 111 (seven revolutions), a signal is
fed to the logic circuitry in register space control circuit
16 signifying a sender release. This gives an indication
that all information recorded in the register space should
be erased. Because the timer in slot 1 has recycled, 0’s
will appear in tracks 1, 2 and 3 in slot 1. Because the
condition of the subscriber’s loop is open a 0 will appear
in the LR cell in track 6 of slot 1. Logic circuitry in
register space control circuit 16 in response to this sender
release indication will cause 's to be written in the ON
cell in track 4 and the EPL cell in track 5 of slot 1.
The sender release indication causes the operation of the
third control flip-flop in register space control circuit 16.
With this flip-flop alone being operated, logic circuitry
in register space control circuit 16 causes the erasure
of the information recorded in the digit registers and
digit dial cells in slots 4 through 14 as the drum rotates.
When slot 14 of the register space passes under the main
magnetic heads, logic circuitry in register space control
circuit 16 will cause this third control flip-flop to be reset
to normal. The register space is now erased of all in-
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formation and all control flip-flops are normal. A new
call may be handled by the register space whenever its
associated sender requires it.

Explanaion of Circuit Components and Conventions

In the detailed description of the illustrative embodi-
ment of the present invention given hereinafter, certain
circuit components and logic circuits known in the art
have been depicted in block schematic form in the draw-
ings to simplify both the drawings and the description.
Therefore, prior to a discussion of the nature and opera-
tion of the illustrative embodiment of the invention, the
details and conventions of these circuit components and
logic circuits will be described.

Both positive and negative signal logic is utilized in
the illustrative embodiment of the present invention.
With negative signal logic an active signal condition is
represented by a potential more negative than —25 volts
(for example, —30 volts) and a passive signal condition
is represented by a potential less negative than —20 volts
(for example, —15 volts). With positive signal logic
the active and passive potential conditions are reversed.
With the positive signal logic an active signal condition
is represented by a potential more positive than —20
volts (for example, —15 volts) and a passive signal con-
dition is represented by a potential more negative than
—25 volts (for example, —30 volts).

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 the OR gate
which are known in the art. The negative AND gate
responsive to negative signal logic is shown in FIG. 5 and
consists of a load resistor RL fed from a negative battery
BA (—50 volts in the illustrative embodiment) and a
number of diodes D, one per input, arranged as shown.
The negative logic signal potentials applied to the inputs
are either less negative than —20 volts (for example,
—15 volts) or more negative than —25 volts (for ex-
ample, —30 volts). It will be observed that the most
positive input potential determines the output potential
so that all inputs must be negative to produce an output
from the negative AND gate. Therefore, the AND gate
output lead is active (at a potential more negative than
—25 volts) only when all of the input leads are active (at
potentials more negative than —25 volts). If one or
more of the input leads are passive, that is, at a poten-
tial more posittive than —20 volts, the output lead is
passive {more positive than —20 volts). The convention
utilized in the drawings for the negative AND gate is
shown in FIG. 5A. Each negative AND gate in the
drawings is designated by the ampersand symbol &—
preceded by a minus sign and followed by a numerical
and/or letter designation identifying the negative AND
gate. For example, a negative AND gate may be desig-
nated —&—W15B.

The positive AND gate responsive to positive signal
logic is shown in FIG. 6 and consists of a load resistor
RL fed from ground and a number of diodes D, one per
input, arranged as shown. The positive logic signal po-
tentials applied to the inputs are either more positive than
—20 volts (for example, —19 volts) or more negative
than —25 volts (for example, —30 volts). It will be
observed that the most negative input potential determines
the output potential so that all inputs must be positive
to produce an output from the positive AND gate.
Therefore, the AND gate output lead is active (at a po-
tential more positive than —20 volts) only when all the
input leads are active (at potentials more positive than
—20volts), If one or more input leads are passive (more
negative than —25 volts), the output lead is passive
(more nepative than --25 volts). The convention
utilized in the drawing for the positive AND gate is shown
in FIG. 6A. Each positive AND gate in the drawings is
designated by the ampersand symbol preceded by a plus
sign and foilowed by a numerical and/or letter designa-
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tion identifying the positive AND gate. For example, a
positive AND gate may be designated +&—0C1D13.

The negative OR gate responsive to negative signal
logic is shown in FIG. 7 and consists of a load resistor
RL fed from ground and a number of diodes D, arranged
as shown in FIG. 6, one diode for each input. The po-
tentials applied to the inputs of the negative OR gates
are the same as for the negative AND gates but, in the
negative OR gate, the most negative input potential deter-
mines the output potential. As a result, an active signal
(more negative than —25 volts) on a single input to a
negative OR gate produces an active signal (more nega-
tive than —25 volts) on the output of the negative OR
gate. Thus, the output lead of the negative OR gate will
be active if one or more of the input leads is active. The
convention utilized in the drawings for the negative OR
gate is shown in FIG. 7A. Each of the negative OR
gates shown in the drawings is designated by the word
OR preceded by a minus sign and followed by a numeri-
cal and/or letter designation identifying the OR gate. For
example, an OR gate may be designated —O0OR-1.369.

The AND and OR gates described above may have any
desired number of inputs and the diodes utilized in the
gates may comprise such diodes as vacuum tubes, varis-
tors, oxide rectifiers or germanium diodes.

Another type of gate utilized in the present invention
is a transmission gate and is utilized to gate the input to
a transmission pulse amplifier. The circuit is shown in
detail in FIG. 8 with the convention for the transmission
gate shown in FIG. 8A. In the transmission gate a rela-
tively small input current resulting from a positive going
voltage pulse applied through resistance R and diode D1
charges condenser C to a potential of approximately —15
volts in the illustrative embodiment of the present inven-
tion. Condenser C shown dotted in FIG. 8 is the coupling
condenser in the transmission pulse amplifier to be de-
scribed later. At some time later, a negative preread
sync pulse applied over lead PRS to the transmission gate
through diode D2 discharges condenser C producing a
strong negative pulse at the output of the gate. If con-
denser C has not been charged, its potential will be ap-
proximately —30 volts and the preread sync pulse can
neither charge nor discharge the condenser. The trans-
mission gate integrates a relatively small current over a
time interval of the order of seven microseconds and
delivers a pulse of two microseconds duration and corre-
spondingly bigher current. The transmission gate also
converts positive signal logic to negative signal logic,
that is, it converts a positive going voltage pulse into a
shorter negative going voltage pulse. Transmission gates
in the drawings are designated TG followed by a numeri-
cal and/or letter designation identifying the transmission
gate. For example, one such transmission gate is desig-
nated TG-S1.

A further circuit element utilized in the present inven-
tion is the conventional flip-flop or bistable circuit. The
flip-flop may advantageously comprise a double stability,
twin triode vacuum tube stage of the type disclosed in the
co-pending application of C. E. Brooks, W. O. Flecken-
stein, R. C. Lee and H. N. Seckler, Serial No. 554,280
filed December 20, 1955, now Patent 2,876,288 granted
March 3, 1959, or it may advantageously comprise sym-
metrical bistable circuits utilizing junction transistors of
the type disclosed in the copending application of F. M.
Pearsall, Jr. and R. E. Staehler, Serial No. 502,678 filed
on April 20, 1955, now Patent 2,877,357 granted March
10, 1959. Two types of flip-flops are utilized in the
present invention. These are designated pulse memory
flip-flops and shift register flip-flops. Both utilize the
same circuit configuration but with different valued cir-
cuit components and elements. The circuit for the flip-
flop utilized in the present invention is shown in FI1G. 9
and is described in detail in the above-cited Pearsall-
Stachler application. The pulse memory flip-flop is more
sensitive than the shift register flip-flop while the shift
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register flip-flop is capable of supplying more output cur-
rent and is somewhat more stable.

In the illustrative embodiment of the present invention
the flip-flop is designed to be set and reset by negative
logic active signal pulses and to provide positive logic
active signal output indications. Referring to FIG. 9,
when a negative logic active signal pulse (more negative
than —25 volts) is applied to the “set” input lead of the
flip-flop, conduction will be halted in transistor B and
initiated in transistor A and the flip-flop is said to be
set or operated. In the set condition, the flip-flop output
lead designated “1” will provide a positive logic active
signal (more positive than —20 volts) and the “0” out-
put lead will provide a positive logic passive signal (more
negative than —25 volts)., The flip-flop is reset to normal
when a negative logic active signal pulse (more negative
than —25 volts) is applied to the “reset” input lead.
This negative pulse halts conduction in transistor A and
reinitiates conduction in transistor B. In the reset or
normal condition, output lead “0” provides a positive
logic active signal (more positive than —20 volts) and
output lead “I” provides a positive logic passive signal
less positive than —235 volts.

The convention utilized in the drawings for the pulse
memory flip-flop is shown in FIG. 9A. The letters “S”
and “R” within the block identify, respectively, the “set”
and “reset” input leads of the circuit shown in FIG. 9
and the numerals “1” and “0” within the block identify,
respectively, the “1” and “0” output leads shown in FIG.
9. The pulse memory flip-flop is used in the illustrative
embodiment of the present invention with a transmission
gate shown in FIG. 8 and described above and a pulse
amplifier to be described hereinafter, Pulse memory
flip-flops are designated in the drawings by PMFF- fol-
lowed by a numerical or letter designation identifying
the pulse memory flip-flop. For example, one such pulse
memory flip-flop is designated PMFF-S,

The shift register flip-flop advantageocusly utilized in
the present invention has the same circuit configuration
as shown in FIG. 9 but with different valued circuit
elements and components from that of the pulse memory
flip-flop and is capable of supplying more output current
and is somewhat more stable than the pulse memory
flip-flop. The convention used in the drawings for the
shift register flip-flop is shown in FIG. 9B and, as indi-
cated, has two Inputs designated “S” for “set” and “R”
for “reset” and two outputs designated “1” and “0.” The
input and output leads correspond to the input and out-
put leads shown in FIG. 9. A negative logic active signal

applied to the S input, for example, will cause the right-

hand stage of the flip-flop (stage B shown in FIG. 9)
to cease conduction and to initiate conduction in the left-
hand stage (stage A). The corresponding 1 output from
the shift register flip-flop will thereby be at a positive
logic active signal potential, Similarly, if a negative logic
active signal potential is applied to the R input of the
shift register flip-flop, stage A or the left-hand stage
shown in FIG. 9 will cease conduction and conduction
will be initiated in the right-hand stage. In this case,
the corresponding 0 output lead will have a positive active
signal potential applied thereto, The shift register flip-
flop is used in the illustrative embodiment of the present
invention with a direct current amplifier in each output
lead for required current gain and each direct current
amplifier is alternating current coupled through a shift
register gate to the next succeeding stage of the shift
register. The positive logic output signals from the shift
register flip-flop are converted to negative logic signals
in the shift register gate before being applied to the input
of the next succeeding stage of the shift register. The
shift register flip-fiops, direct current amplifiers and shift
register gates are described in detail in the above-cited
Pearsall-Stachler application. Shift register flip-flops are
designated in the drawings by SRFF- followed by a
numerical or letter designation identifying the shift regis-
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ter flip-flop. For example, one such shift register flip-
flop is designated SRFF-LA.

As indicated above, direct current amplifiers are util-
ized in the present invention to provide current gain at
the output of the shift register flip-flops. The circuit for
the direct current amplifier is shown in FIG. 10 and
employs a transistor. This circuit may be considered an
emitter follower which is the transistor equivalent of a
cathode follower in conventional vacuum tube circuitry.
Tt provides a current gain without phase inversion. The
ouiput voltaze applied to the logic of the present inven-
tion is limited to —30 volts by the collector battery volt-
age. Any voltage applied to the base is duplicated at
the emitter which is the output of the direct current
amplifier. The convention utilized in the drawings to
renresent the direct current amplifier is shown in FIG.
10A. The direct current amplifiers are designated in the
drawings by DCA- followed by a numerical or letter
designation identifying the direct current amplifier. For
example, one such direct current amplifier is designated
DCA-LAL

As indicated above, direct current amplifiers in the
oufputs of the shift register flip-flops are alternating cur-
rent coupled to the succeeding shift register flip-flop stage
through an alternating current coupled shift register gate.
The circuit for the shift register gate is shown in FIG.
11. Shift register gates are utilized to shift the binary
information read from a track on a magnetic drum from
stage to stage in the shift register gate. If the direct
current amplifier associated with any gate is in the on or
conducting condition, a negative pulse is applied to the
succeeding shift register flip-flop stage when a minus
write sync shift pulse is applied over the —WS lead to
the shift register gate. The shift register gate like the
transmission gate described above and shown in FIG. 8,
converts positive signal logic to negative signal logic.
The operation of the shift register flip-flop, direct current
amplifier and shift register gate is described in detail in
the above-cited Pearsall-Stachler application. The con-
vention utilized in the drawings for the shift register gate
is shown in FIG. 11A. The shift register gate is des-
ignated in the drawings by SRG- followed by a numer-
ical or letter designation identifying the shift register
gate. For example, one such shift register gate is desig-
nated SRG-LDI.

Pulse amplifiers are utilized in the illustrative em-
bodiment of the present invention to regenerate the vari-
ous signals required in the logic circuitry and to provide
memory between a read interval and write interval of
the slots on the magnetic drum. The circuit configura-
tion for the pulse amplifier is shown in FIG. 12 and com-
prises two junction transistors. The pulse ampiifier op-
erates on a current of approximately | milliamp:re and
is capable of delivering an output current of the order of
80 milliamperes. The pulse amplifier acts as a switch,
In the passive state, the output voltage is of the order
of —12 volts and the internal impedance is the collecior
to emitter resistance which is only a few ohms in the
saturated state. In the active state, the output tran-
sistor is cut off and the output voltage is of the order of
—30 volts, In this condition, the impedance is deter-
mined by the load resistance RL and the diode Di which
limit the negative swing to —30 volts. In operation, a
negative enabling sync pulse of the order of 6 volis
minimum is applied over the ES lead to the base of the
The emitter potential is at approxi-
mately —4 volts. Conduction from emitter to base turns
on the transistor and because of the trigger characteristics
of the point contact transistor, it remains in a conduct-
ing state until the emitter potential is lowered. This
stage acts as a bistable pulse amplifier and drives the out-
put transistor which is an alloy junction type. When
the trigger stage turns on, the output stage turns off. The
trigger stage remains on for the duration of the enabling
sync pulse applied to the emitter of the input stage. At
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the end of the enabling sync pulse, the emitter of the
input stage is lowered to —12 volts which back-bicses
the emitter because the base is held at —7 volts. This
turns off the trigger stage which turns on the output
transistor, returning the pulse amplifier to —12 volts,
The output signals from the pulse amplifier feed diode
logic of the present invention. 1t will be observed that
a pulse amplifier may be switched to its on condition
during a preread interval or a read interval and it will
remain on until the termination of the enabling sync
pulse. Thus, the pulse amplifiers are utilized in the il-
lustrative embodiment of the present invention as a short
term (slot interval) memory element. A detailed de-
scription and discussion of the pulse amplifier advanta-
geously utilized in the present invention is given in the
copending application of F. E. Blount, Serial No. 580,-
630 filed April 25, 1956, now Patent No. 2,985,769
granted May 23, 1961. Two types of pulse amplifiers
are utilized in the illustrative embodiment of the pres-
ent invention and they differ only in the size or vahie
of the input coupling condenser C shown in FIG. 12.
The convention for the normal pulse amplifier designated
PA is shown in FIG. 12A and is utilized at all locations
in the illustrative embodiment of the present invention
where the output signal can supply the necessary 1.1
milliampere current without the use of a transmission
gate. The normal pulse amplifiers as shown in FIG. 12A
are designated PA- followed by a numerical or letter
designation identifving the pulse amplifier. For example,
a pulse amplifier may be designated PA-RI1.

The other type of pulse amplifier utilized in the pres-
ent invention is the transmission type pulse amplifier,
the convention for which is shown in FIG. 12B. The
transmission type pulse amplifier, as indicated above, is
gated by a transmission gate and the input capacitor C
of the transmission type pulse amplifier is part of the
transmission gate shown in FIG. 8 and described above.
Transmission pulse amplifiers are designated PAT- fol-
lowed by a mumerical or letter designation identifying
the transmission pulse amplifier. For example, one such
transmission pulse amplifier is designated PAT-SL1,

Another type of transistor pulse amplifier utilized in
the present invention is the transistor pulse shaping am-
plifier disclosed in FIG. 13. This amplifier is utilized
to obtain sharply defined rapid rise positive pulses re-
quired for operating or triggering the write amplifiers
utilized to write information on the maggetic drum. The
rise time of the pulse signals obtained from the logic
is slowed by wiring capacities; therefore, the pulse shap-
ing amplifier is designed to convert the output of the
diode logic to the sharp positive pulses needed to trigger
the amplifier. As shown in FIG. 13, the pulse shaping
amplifier combines the rather long (7 microseconds}
pulse from the logic with the positive write sync pulse
+4WS which occurs near the end of the logic signal in
a transistor amplifier. The resulting output pulse to the
writing amplifier is low impedance and has rapid rise
time. The convention utilized in the drawings for the
pulse shaping amplifier is shown in FIG. 13A. In the
drawings the pulse shaping amplifier is designated PSA-
followed by a numerical or letter designation identify-
ing the pulse shaping amplifier. For example, one such
pulse shaping amplifier is designated PSA-WO1.

In the illustrative embodiment of the present inven-
tion, two kinds of information are stored on the mag-
netic drum, permanent or semipermanent and short term
frequently altered information. Tracks confaining the
permanent information are tracks X, Y and Z as shown
in FIG. 1. Track X is associated with the synchroniz-
ing circuit and tracks v and Z are associated with the
address circnit and contain the binary numbers identi-
fying the register spaces and slots within each register
space. The tracks on the magnetic drum which con-
tain changeable information are tracks 1 through 6. The
present invention utilizes the socalled “single pass” meth-
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od of reading and writing information in tracks 1
through 6. This method is disclosed in Patent 2,700,148,
granted to J. H. McGuigan and O. J. Murphy on Jan-
uary 18, 1955, in the copending application of C. E.
Brooks, W. O. Fleckenstein, R. C. Lee and H. N. Seck-
ler, Serial No. 554,280 filed December 20, 1955, now
Patent 2,876,288 granted March 3, 1959, and in the co-
pending application of W. A. Cornell, J. H. McGuigan
and O. J. Murphy, Serial No. 307,108 filed August 29,
1952, now Patent 2,845,610 granted July 29, 1958,
Reading and writing amplifiers which may advantageous-
ly be utilized in the present invention are disclosed in
this patent and these copending applications.

Another reading amplifier which may advantageously
be utilized in the present invention is disclosed in FIG.
14 of the drawings. This reading amplifier comprises
a three stage linear amplifier, a cathode follower stage,
a threshold stage and a phase inverter stage. As shown
in FIG. 14, tubes Al, A2 and A3 form a linear feed-
back amplifier, tube A4 is a cathode follower, tube AS
is a threshold stage and tube A6 is an inverter stage.
The peak-to-peak voltage appearing on the input of the
reading amplifier resulting from the reading of a re-
corded 1 on the magnetic drum is approximately .05
volt to .1 volt, while the peak-to-peak voitage appearing
on the input lead as a result of a recorded O on the mag-
netic drum is within the range of 01 to .03 volt. To
provide the requisite output signals with input signals
of this magnitude, the gain of the reading amplifier must
be relatively great. However, means must be provided
to prevent overloading of the amplifier as a result of the
application of higher voltages (of the order of 90 volts
peak to peak) when the reading amplifier is utilized in
a track on the magnetic drum in which single pass read-
ing and writing operations occur during the passage of
a single cell under the associated magnetic head. This
is accomplished in the reading amplifier disclosed in
FIG. 14 through the use of a limiting circuit compris-
ing resistance R1 and silicon alloy diodes V1 and V2.
Due to the action of this limiting circuit, the signal volt-
age applied to the grid of the first stage of the linear
amplifier, that is, tube A1, will be limited to a total ex-
cursion of approximately 0.4 of a volt and the parame-
ters of the limiting circuit are selected so that this ex-
cursion will take place above a negative potential of
about —0.2 of a volt. [t is apparent that a reading
voltage applied to the input lead will not be attenuated
appreciably whereas a writing voltage will be substan-
tially attenuated. The stages of the lincar amplifier are
direct current coupled through the use of silicon alloy
diodes V3, V4 and VS operating in their breakdown
mode. Between the first and second stages, however,
diode V3 is bypassed by condenser CI to provide a ca-
pacity compensated resistor voltage divider of low time
constant so as to eliminate or reduce the characteristic
noise inherent in the diode v3. To provide a closely
controlled negative direct current standing potential at
the output of the linear amplifier stages in order to in-
sure the proper operation of the threshold stage, a
shunt direct current feedback path is provided from the
cathode of the cathode follower stage A4 to the grid of
stage Al of the linear amplifier and this feedback path
is utilized to provide the required bias on stage Al. The
output of the linear amplifier stage A3 is fed through
cathode follower stage A4 and through a limiting resist-
ance R2 to the grid of the threshold stage AS5. Limit-
ing resistance R2 serves the dual purpose of limiting the
positive drive on the grid of the threshold stage for
strong signals and insuring that positive going feedback
voltage swings are not restricted by “catching” action of
the threshold tube grid.

In the quiescent or no signal condition, the grid of
threshold stage A5 is biased at —9.5 volts with a cutoff
potential for this stage being in the neighborhood of —5
volts. The output of the linear amplifier applied to the
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threshold stage A5 when a recorded 1 is read from the
magnetic drum will be a signal of approximately 40
volts peak to peak and, therefore, the threshold stage
will be raised above cutoff and will conduct plate cur-
rent. As shown in the drawing, the plate current for
threshold stage A5 which furnishes the “1” signal is sup-
plied through an external plate feed resistance RP-1
from +130 volts. Two diodes in series, V1-1 and Vi-2,
are connected to the plate resistance RP-1 and returned
to a reference potential of --109 volts to prevent the
potential of the amplified output from rising above 109
volts even when the tube is cut off. The output to the
logic circuitry over lead R1-X is taken from a junction
point of the two diedes and that circuitry is here rep-
resented by resistance RL-1 to ground. Diodes V1-1,
V1-2 and VRS-1 shown in FIG. 15, with resistance RL-1,
operate as an AND gate. It will be noted that the in-
put of varistors VR~1 is connected to the 130-RS lead
which is the read synchronizing pulse lead. The read
sync pulses utilized to synchronize the reading operations
of the reading amplifier comprise negative going pulses
of about 40 volts magnitude from a reference potential
of +130 volts. Therefore, when a recorded 1 is read
by the reading amplifier, threshold stage A% is raised
above cutoff, plate current conducts and the voltage at
the input of varistor VI—1 drops from the order of
4109 volts to around +70 volts. When this drop co-
incides with the drop of potential of the read sync pulse
applied to the input of diode VRS-1 which, as indicated
above, is from 130 volts to 490 volts, a negative
going output signal pulse will be applied to the read 1
lead, R1-X.

Stage A6 of the reading amplifier is an inverted stage
which provides a socalled “prime” or complementary
output of the output provided from stage A5. The plate
feed arrangements for this stage are similar to those de-
scribed for stage AS except that the grid of stage A6
is positively biased by means of a series of resistances
RD-1, RD-2, RD-3 and RD-4 shown in FIG. 14 so
that stage A6 is conducting current. Diodes Vo-1,
V0-2 and VRS-0 with resistance RI.—0 operate as an
AND gate. The standing potential on the input of diode
V-1 is adjusted so as to be at substantially the same
direct current value as the peak of the negative going
signal potential at the plate of stage AS. that is. about
-+70 volts. The plate of stage AS is coupled by way
of varistor V6 poled as shown in the drawing to a 100-
volt point on the string of resistances RD_1 through
RD-4 which supplied grid current to stage A8. There-
fore, the first nine volts of negative swing at the plate
of stage AS from 4109 volts to --100 volts is ineffective
in altering the potential on the grid of stage A6. After
this threshold (which is independent of and should not
be confused with the grid bias threshold of stage A%)
has been passed, further negative plate excursion of
stage AS then brings diode V6 into its low impedznce
condition and the next five volts nepative swing of the
plate of stage AS will carry the grid of stage A6 to cut-
off because condenser C2 shunting the resistances RD-2
and RD-3 insures that the full voltage swing at diode
V6 is communicated to the grid of stage A6, Whon
stage A6 is cut off, the potential at its plate then rises
until it is caught at --109 volts through the action of
diodes V0-1 and VO0-2. It will therefore be observed
that when a recorded 1 is read, the input potential of
diode VO0-1 is raised from 70 volts to +109 volts and
when the negative going read sync pulse is applied to
diode VRS-0, the output on the R0-X lead will be at
a reference potential of approximately 109 valts. When
a recorded 0 is read from the magnetic drum, the peck-
to-peak amplitude of this signal applied through resist-
ance R2 to the grid of threshold stage AS is insufficient
to raise stage A5 above cutoff and therefore the poten-
tial at the plate of stage A5 remains at --109 volts.
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Under this condition, no negative voltage swing is com-
municated to the grid of stage A6 and stage A6 re-
mains in a conducting state with its plate potential at
approximately +70 volts. A negative going read sync
pulse applied to the 130-RS lead will cause a negative
going voltage pulse to be applied to the output Jead
RO-X but output lead R1-X will remain at 4109 volis.

The convention utilized in the drawings for the read-
ing amplifier is shown in FIG. 14A and each is desig-
nated RA— followed by a numerical or letter identify-
ing designation. For example, one such reading ampli-
fier is designated RA-1 identifying the reading ampli-
fler in track 1 on the magnetic drum. In the illustrative
embodiment of the persent invention, reading amplifiers
of the type described above may be advantageously used
in tracks Y and Z and in tracks 1 through 6 on the
magnetic drum, This reading amplifier may also ad-
vantageously be utilized as the auxiliary reading ampli-
fier in track 6 on the magnetic drum. The reading am-
plifier for track X, the timing track on the drum, is in-
cluded in the synchronizing circuit.

A writing amplifier which may advantageously be
utilized in the present invention is discolsed in FIG. 15.
In reality, this amplifier consists of two pulse generat-
ing circuits, one for writing 1 and one for writing 0.
Each consists of a blocking oscillator such as oscillator
BO-1 and a trigger tube such as tube TR-1. When it
is desired to write a 1, for example, a positive voltage
pulse will be applied to the grid of trigger tube TR~1
from the output of a pulse shaping amplifier in the man-
ner to be described hereinafter. Operation of trigger
tube TR-1 actuates the normally quiescent blocking os-
cillotor tube B9-1. The output on the anode of block-
ing oscillator tube B0-1 is applied through transformer
T-1 over the lead to the magnetic recording head in the
manner described in the above-cited Cornell et al. ap-
plication and a 1 is recorded on the surface of the rotat-
ing magnetic drum. The positive voltage pulse applied
to the write input leads AW-1 and AW_0 are controlled
by the pulse shaping amplifier as indicated hereinbefore.
The convention utilized in the drawings for the writing
amplifier is shown in FIG. 15A. Fach is designated
WA~ followed by a numeral identifying the track on
the magnetic drum with which it is associated.

In tracks 1 through 6 on the magnetic drum where
combined reading and writing in a single pass is utilized,
the reading and writing amplifiers are coupled to the
magnetic head on the drum through a transient sup-
pressing network. ‘This network is shown in detail in FIG.
16 and the convention for the network is shown in FIG.
16A. The networks are designated TSN- followed by
a numerical designation identifying the network. The net-
work damps the trailing edge of the write pulse from
the output of the writing amplifier so that any tendency
to ring is damped out before the next cell is reached and
thus prevents malfunctioning of the reading amplifier.
Another type of transient suppressing network which may
advantageously be utilized to couple the reading and
writing amplifiers to a magnetic head is disclosed in the
copending application of O. J. Murphy, Serial No.
383,778 filed on October 2, 1953, now Patent 2,886,800
granted May 12, 1959,

It is to be understood that the present invention is not
to be limited to the particular circuits or cireuit com-
ponents described above and employved in the illustra-
tive embodiment to be described hereinafter. It is to
be further understood that the present invention is not
to be limited to the illustrative potential values shown in
the drawings and described hereinbefore. The type of
circuits employed and the circuit conventions utilized in
the description of the illustrative embodiment of the
present invention have been described above solely to
facilitate an understanding of the invention as given in
the drawings and description which follows.
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Detailed Description

Referring now to the drawings, the operation of one
illustrative embodiment of the dial pulse detecting, count-
ing and registering circuits of the present invention will
be described in detail with reference to FIGS. 19 through
31 of the drawings when arranged as shown in FIG. 18
of the drawings. The illustrative embodiment of the
present invention shown in the drawings is adapted to
be associated with 156 senders of a common control
telephone switching system. As indicated hereinbefore,
however, it is to be understood that the present inven-
tion is not limited to use as an auxiliary dial pulse de-
tecting, counting and registering facility for association
with senders in a common contrel telephone switching
system but may be utilized as initial signal pulse detect-
ing, counting and registering circuitry in a magnetic drum
telephone switching system, in a computor or in a data
storage system. It is to be further understood that this
number of senders, i.e., 156, is illustrative only as the
present invention may be adapted to cooperate with a
greater or lesser number as required.

In a manner well known in the art, the senders in
the common control telephone switching system with
which the illustrative embodiment of the present inven-
tion are associated will be called in on every call to re-
turn dial tone to a calling subscriber and to receive the
dial pulses over a subscriber’s loop. Therefore, to ob-
serve, count and register the dial pulses dialed by a call-
ing subscriber, it is necessary to observe every sender on
every call and to record this information on the mag-
netic drum. The circuits of the present invention will
ohserve the digits dialed by a calling subscriber into a
sender by scanning the pulsing relay of the sender, that
is, the condition of the pulsing relay of a sender is de-
tected periodically on a time division basis. Because as
indicated above, the illustrative embodiment of the pres-
ent invention is arranged to cooperate with 156 senders,
a scanner must be provided which is able to observe
the 156 senders on a time division basis at a rate which
is fast enough to insure that no dial pulse information
is lost. The scanner and the magnetic drum used for
storing the essential information are synchronized so that
the control circuits of the present invention will know
at all times which sender is being observed.

The Scanner

Various types of scanners may advantageously be used
in the present invention. For example, a pentode gate
multifrequency electronic scanner of the type disclosed
in the copending application of W. Ulrich, Serial No.
391,900 filed November 13, 1953, now Patent No.
2,858,524 granted October 28, 1958, may be utilized to
scan the palsing relays of the 156 senders. Another
scanner which may advantageously be utilized with the
present invention js the direct current diode gate scanner
of the type disclosed in the copending application of
C. E. Brooks, W. O. Fleckenstein, R. C. Lee and H. N.
Seckler, Serial No. 554,280 filed December 20, 1955,
now Patent No. 2,876,288 granted March 3, 1959, Still
ancther type of scanner which may advantageously be
utilized in the present invention is a carrier frequency
diode gate scanner disclosed in FIG. 19 of the drawings.

Referring to FIG. 19 of the drawings, the carrier
frequency diode gate scanmer will now be described in
detail. This scanner comprises a coordinate selector hav-
ing 12 horizontal row leads designated RW-1 through
RW-12 and 13 vertical column leads designated CL-1
through CL-13, an oscillator OSC for generating a single
frequency signal which may be, for example, of the order
of 89 kilocycles per second, a scanner detector shown
within the dotted rectangle 2804 in FiG. 2¢ for detecting
the prescnce of the oscillator signal on the output lead
OPL of the coordinate selector, 12 row gates designated
2G--1 tarough RG-12 connected to the cutput of scanner
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row amplifiers designated SRA-1 through SRA-12, re-
spectively, 13 column gates designated CG-1 through
CG-13 connected, respectively, to the output of scanner
column amplifiers designated SCA-1 through SCA-13.
The scanner row amplifiers SRA-1 through SRA-12 are
connected, respectively, to scanner row input leads SR-1
through SR--12 which extend via cable 1 to the address
circuit. Similarly, scanner column amplifiers SCA-1
throngh SCA-13 connect to scanner column input leads
SC-1 through SC-13, respectively, which extend via
cable 2 to the address circuit. At the junction of each
of the coordinate selector row leads RW-1 through
RW-12 and column leads CL-1 through CL-13 is a gate
designated, respectively, SCG-1 through SCG-156. The
SCG- pates are connected, respectively, through filter
neiworks F1L-1 through FIL-156 to the scanmer input
leads SCN-1 through SCN-156.

As shown in FIG. 1, each SCN- scanner input lead
connscts to a dial puise repeating relay in a sender to
be scanner and it will be observed that the SCN- feads
will be at a potential of —48 volts when the associated
dial pulse repeating relay is mormal or unoperated indi-
cating that the subscriber’s loop is open and at ground
poiential when the associated dial pulse repeating relay
is operated indicating that the subscriber’s loop is closed.
Filter networks Fil-1 through FIL-156 of which the
circuit for filter network FIL-1 is shown in detail in
FIG. 19, serve to filter out noise which may be present
on the SCN-- scanner input leads.

Row gates RG-1 through RG-12 respond to positive
logic active signal counditions on the scanner TOwW input
leads SR—% through SR-12 from the address circuit to
switch in rapid succession the output of oscillator 0OSC
applied to lead OSCIN to the coordinate selector hori-
zontal row leads RW-1 throngh RW-12. The action
of gates SCG— is to let the signal from oscillator 0OSC
applied 10 a horizontal row Jead pass to a vertical column
tead if the associuted scanner input lead SCN- is at a
potential of —48 volts (dial pulse repeating relay unop-
crated) and to severely attenuate the signal if the asso-
ciated scanmer input lead SCN- is at ground potential
(dial pulse repeating relay operated). Column gates
CG-1 through CG-I3 respend to positive logic active
signal conditions on scanmer cclumn input leads SC-1
through SC-13 from the address circuit to switch in
rapid successien the column leads CL~1 through CL-13
to the coordinate selector output lead OPL to the scanner
detector 2601 shown in FIG. 20.

Only one of the row gates RG-1 through RG-12 will
be operaied at any instant and only one of the column
gates CG-1 through CG-13 will be operated at any
instant. Therefore, the SCG- gpate at the intersection
of the row lead RW— and column lead CL~ connected,
respectively, to an actuated row gate RG— and column
gate CG~ will pass the oscillator output signal on tead
OSCIN to the output lead OPL or not, depending upon
the condition of the dial pulse repeating relay in the
sender associated therewith,

The circuit for scanner row amplifier SRA-1 is shown
in detail in FiG. 19 and it will be observed that this
amplifier is an emitter follower which provides current
gain without phase inversion. The remaining scanner
row amplifiers designated SRA-2 through SRA-12 and
the scanner column amplifiers designated SCA~1 through
SCA-13 are identical. As indicated hereinbefore, the
positive logic active signal conditions on the scanner
row input leads SR-1 through SR-12 and scanner column
input leads SC-1 through SC-13 are represented by a
potential less negative than —20 volts (for example,
—15 wolts) and a positive logic passive signal condition
is represented by a potential more negative than —25
volts (for example, —30 volts). The output of each of
the scanner row amplifiers SRA- is applied to a respec-
tive row gate RG- in the coordinate selector. Similarly,
the output of each of the scanner column amplifiers
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SCA- is applied to a respective column gate CG- in the
coordinate selector. As shown in FIG. 19, the output
of scanner row amplifier STA-1 is applicd to row gate
RG-1 and the output of scanner column amplifier SCA-1
is applied to column gate CG-1. Similarly, the outputs
of scanner row amplifiers SRA-2 through SRA-12 are
applied, respectively, to row gates RG-2 through RG-12
and the outputs of scanper column amplifiers SCA-2
throngh SCA-13 are applied to column gates CG-2
through CG-13, respectively. Row gates RG-1 through
RG-12 are the gates which are controlled by the SR-—
scanner row input leads to connact the output of oscil-
Jator OSC on lead OSCIN to one of the 12 row leads
RW-1 through RW-12 of the coordinate selector.
Column gates CG—1 through CG-13 are the gates con-
trolled by the SC- scanner column input leads to con-
nect the oscillator signal on one of the 13 column leads
CL-1 through CL-13 to the cutput lead OPL through
condenser COD to the scanner detector 2801 shown in
FIG. 20.

One row gate designated RG-1 is shown in detail in
FIG. 19 and comprises resistances RRG-1 and RRG-2
with diode DRG. The other row gates RG-2 through
RG-12 are identical. As shown in FIG. 19, the output
of scanner row amplifier SRA-1 is applied to resistance
RRG-1 in the row gate RG—1. This resistance is in turn
connected through resistance RRG-2 to a —10 volt po-
tential source. In row gate RG-1, diode DRG is con-
nected between the common terminal of resistances
RRG-1 and RRG-2 and lead OSCIN from the output of
oscillator OSC. Each of the row gates RG-2 through
RG-12 are similarly connected. Resistance ROSC con-
nected between lead OSCIN and a —20 volt potential
source provides a common biasing means for maintaining
a bias of the order of —15 volts on the left-hand termi-
nal of the diode DRG- in each of the row gates RG-.
In operation, all of the scanner row input leads except
one will be passive. For example, assume that scanner
row input lead SR-1 is active (at —15 volts) and the
other scanner input row leads SR-2 through SR-12 are
passive (at —30 volts). The output potential from scan-
ner row amplifier SRA-1 applied to row gate RG-1 will
therefore be at —15 volts. This will canse the potential
at the junction of resistances RRG-1 and RRG-2 in row
gate RG-1 to be of the order of —121% volts. As in-
dicated above, the potential at the left-hand terminal of
diodes DRG- in each of the row gates RG— is approxi-
mately —15 volts and therefore DRG- in row gate RG-1
will be forward biased and row gate RG—1 will be actu-
ated to pass the single frequency signal present on lead
OSCIN to row lead RW-1 in the coordinate selector.
Because, as assumed above, scanner row input leads SR-2
through SR-12 are passive, the output potenials from
scanner row amplifiers SRA-2 through SRA-12 are at
approximately —25 volts. Therefore, the right-hand ter-
minal of diode DRG in each of the row gates RG-2
through RG-12 will be at a potential of approximately
—17.5 volts. This potential will back bias the DRG di-
odes therein and prevent the single frequency signal pres-
ent on lead OSCIN from being applied to row leads RW-2
through RW-12 of the coordinate selector.

Assume now that scan lead SCN--1 which is connected
through filter network FIL-1 to gate SCG-1 at the in-
tersection of coordinate row lead RW-1 and column lead
CL-1 is at a ground potential, indicating that the dial
pulse repeating relay in the associated sender is operated.
Gate SCG-1 is shown in detail in FIG. 19. The remain-
ing gates SCG-2 through SCG-156 are identical. Each
of these gates comprises condensers CSCG-1 and CSCG-2
with a diode DSCG connected to a —32 volt potential
source. It will be observed that diode DSCG in gate
SCG-1 will be at a low impedance when its associated
scan lead SCN-1 is connected to a ground potential and
at a high impedance when lead SCN-1 is connected to a
—48 volt potential. Therefore, gate SCG-1 operates
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either to shunt the single frequency signal applied to row
lead RW-1 through diode DSCG when the diode is in its
low impedance state or to pass the single frequency sig-
nal through condensers CSCG-1 and CSCG-2 to col-
umn lead CL-1 when diode DSCG is in its high imped-
ance condition.

Each of the column gates CG-1 through CG-13 shown
in FIG. 19 contains a resistance RCG-2, a resistance
RCG-1 and a diode DCG connected as shown in column
gate CG-1. Resistance RDET connected between out-
put lead OPL and a —20 volt potential source provides
a common biasing means for maintaining a bias of the
order of —15 volts on the right-hand terminal of the di-
ode DCG in each of the column gates CG—-. Column
gates CG- operate in the same manner as row gates
RG- described above. For example, when an active sig-
nal condition (—15 volts) is present on scanner column
input lead SC-1, the output potential from scanner col-
umn amplifier SCA~1 will be of the order of —15 volts
and the junction of resistances RCG-1 and RCG-2 and
the left-hand terminal of diode DCG in column gate
CG-1 will be at a potential of approximately —12.5 volts.
Diode DCG in column gate CG-1 is therefore forward
biased and will pass the single frequency signal on col-
umn lead CL-1 to output lead OPL. Because the DCG
diodes in the remaining column gates CG-2 through
CG-13 are back biased by a potential of approximately
—17.5 volts applied to the left-hand terminals of their
respective diodes DCG, these gates will not be actuated
to pass the single frequency signal to the output lead
OPL.

It will be observed that only one of the row leads
RW-1 through RW-12 and one of the column leads
CL-1 through CL-13 are at a low impedance at any
given time so that only one row lead RW— is receiving
the single frequency signal from oscillator OSC and only
one column lead CL- is connected to scanner detector
2001. The sender connected to the gate SCG— at the
intersection of the low impedance row lead RW- and
column lead CL~ will therefore be scanned. If the scan
lead connected to this sender is at a potential of—48
volts indicating that the dial pulse repeating relay in the
sender is normal, no signal wiil be applied to output lead
OPL to the scanner detector. However, if the scan lead
is at ground potential indicating that the dial pulse re-
peating relay in the associated sender is operated, the gate
SCG- will pass the single frequency signal present on
the low impedance row lead to the low impedance col-
umn lead and to output lead OPL and scanner detectar
2001.

Referring to FIG. 20, the scanner detector 2001 is
shown in block diagram form within the dotted rectangle,
The output from the coordinate selector on lead OPL is
coupled through condenser COD to a signal amplifier
designated AMP in the scanner detector, Amplifier AMP
may advantageously be a two stage altermating current
amplifier with the gain stabilized to a certain extent by
leaving the cathode resistors unbypassed. The time con-
stants are kept short in order to allow the switching trans-
ients to decay quickly. The amplified signal from am-
plifier AMP constitutes one of the inputs to a pentode
gate designated PG within the dotted rectangle. Pentode
gate PG is normally biased beyond cutoff on both its
controf and suppressor grids. The other input to pentode
gate PG is an unblocking pulse obtzired from mono-
stable multivibrator MV. When a coincidence of the am-
plified signal from amplificr AMP and an unblocking
pulse from monostable muitivibrator MV occurs, pentode
gale PG will be actuated to apply a negative signal pulse
to the “set” input of pulse memory flip-flop PMFF-SCN.
Monostable multivibrator MV is triggered to generate the
unblocking pulse required for pentode gate PG by nega-
tive pulses applicd over the ADV lead from the address
circuit. As will be described in detail hereinafter, these
negative pulses occur when slots 2, 5, 8 and 13 of each
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register space on the magnetic drum are read. The same
negative pulses applied over the ADV lead to trigger
monostable multivibrator MV are connected to the “re-
set” input of pulse memory flip-flop PMFF-SCN to re-
set this flip-flop to normal if it is set. The circuit con-
stants of monostable multivibrator MV are selected so as
to provide a sufficient delay in the unblocking pulse ap-
plied to pentode gate PG to prevent operation of pulse
memory flip-lop PMFF-SCN on switching transients
present on lead OPL. In this manner, the output of the
scanner on lead OPL is sampled during the occurrence of
the unblocking pulse in slots 2, 5, 8 and 13 of each reg-
ister space and the condition of the scanned sender dur-
ing each of these slots is recorded in pulse memory flip-
flop PMFE-SCN. For example, if a signal is present on
OPL lead during the unblocking pulse in slot 2, pulse
memory flip-flop PMFF-SCN will be set and will remain
set until the next advance pulse on the ADV lead oc-
curring in slot 5 of the register space. This advance pulse
in slot 5 will reset pulse memory flip-flop PMFF-SCN.

The output leads from the 1 and O outputs of pulse
memory flip-lop PMFF-SCN are connected along with
the preread sync lead PRS to respective transmission gates
TG-SCN1 and TG-SCN0. The output Jeads from these
transmission gates are connected to the input of respec-
tive transmission pulse amplifiers PAT-SCN1 and PAT-
SCNO. The output leads from the transmission pulse
amplifiers PAT-SCN1 and PAT-SCN® are in turn con-
nected to inputs of respective AND gates —&—SCNO

along with the read sync lead 130-RS. The outputs of

these AND gates are applied to respective pulse ampli-
fiers PA—SCN1 and PA-SCN#. The output of these pulse
amplifiers is connected to the R1S and the ROS leads
which feed the logic circuitry in the sender space con-
trol circuit.

A negative logic active signal on the R1S lead gives an
indication that the dia! pulse repeating relay in a scanned
sender is operated and that the associated subscriber’s
loop is closed. A negative logic active signal on the
ROS lead gives an indication that the dial pulse repeat-
ing relay in a scanned sender is normal and that the
associated subscriber’s loop is apen.

As indicated hereinbefore, the presence of the single
frequency signal on the OPL lead from the coordinate
selector indicates that the dial pulse repeating relay in
the scanned sender is operated. This signal is applied
through coupling condenser COD to signal amplifier
AMP. The amplified signal when applied in coincidence
with an unblocking pulse from monostable multivibrator
MV causes the opzration of pentode gate PG. The op-
eration of pentode gate PG in turn operates pulse mem-
ory flip-flop PMFF-SCN. A positive logic active signal
will be appled from the 1 output lead of pulse memory
fip-flop PMFF-SCN to transmission gate TG-SCN1.
When the negative preread sync pulse is applied to the
transmission gate TG—SCN1, a negative pulse will be ap-
plied to transmission pulse amplifier PAT-SCNI. The
output of transmission pulse amplifier PAT-SCNI is ap-
plied to AND gate —&—SCN1 and when a negative sync
pulse applied over the 130-RS sync lead occurs, a nega-
tive Jogic active signal pulse will be applied to pulse am-
plifier PA-SCN1 which in turn will apply a negative logic
active signal condition 1o the R1S lead.

If the dial pulse repeating relay in the scanned sender
is operated, no single frequency signal will be applied
over the OPL lead. Therefore, pentode gate PG will not
be actuated to set pulse memory flip-flop PMFF-SCN.
However, the occurrence of a negative pulse on the ADV
lead will cause the pulse memory flip-flop PMFF-SCN
to be reset to its normal condition as described above.
In this condition, a positive logic active signal will be ap-
plied from the ¢ output of pulse memory flip-flop PMFF-
SCN to transmission gate TG-SCNO. When a negative
sync signal is applied over the preread sync lead PRS,
transmission gate TG-SCN@ will be actuated and will

[

10

20

40

50

65

60

65

70

75

32

apply a negative pulse to transmission pulse amplifier
PAT-SCNG. The output of transmission pulse ampli-
fier PAT-SCN® is applied to AND gate —&—SCNO and
when a negative pulse occurs on the read sync lead
130-RS, a necgalive signal will be applied to pulse am-
plifier PA-SCN@ which in turn will apply a negative logic
aclive signal condition on the ROS lead.

As indicated hercinbefore and as will be described in
detail hereinafter, the address circuit in the illustrative
embodiment of the present invention sets the scanner to
scan four different senders during the passage under the
magnetic heads of each register space on the magnetic
drum. The scanner is set in the manner described here-
inbefore by the application of a positive logic active sig-
ral condition to one of the 13 scanner column input
leads SC—1 through $C-13 and to one of the 12 scanner
row input leads SR—1 through SR-12. As will be de-
scribed hereinafter and as indicated by reference to FIG.
3, the scanner code applied to the scanner column input
leads SC-1 through SC-13 is read in slot 9 of each reg-
ister space and the scanner code applied to the scanner
row input leads SR-1 through SR-12 (a combination of
the scanner 3's code and scanner quadrant code) is read
in stots 3, 6, 10, 11 and 14 of each register space. As
will be described, the changes in the respective scanner
row input code and scanner column input code are such
that the coordinate selector of the scanner is set to scan
a respective sender during the occurrence of the write
sync pulse WS in each of slots 3, 6, 11 and 14 of each
of the register spaces.

As indicated above, the scanner detector samples the
output of the coordinate selector of the scanner during
the unblocking pulse occurring in slots 2, 5, 8 and 13
of each of the register spaces and registers the condi-
tion of the respective scanned senders in pulse memory
flip-flop PMFF-SCN. During each of these samplings,
the condition of the sender to which the scanner was pre-
viously set is determined. For example, during the oc-
currence of the unblocking pulse in slot 2 of a register
space, the condition of the sender to which the scanner
was set during the occurrence of the write sync pulse in
slot 14 of the preceding register space is registered in
pulse memory flip-flop PMFF-SCN. Similarly, during
the occurrence of the unblocking pulse in slot 5 of a
register space, the condition of the sender to which the
scanner was set during the occurrence of the write sync
pulse in slot 3 of the register space is registered in pulse
memory flip-flop PMFF-SCN. When pulse memory
flip-flop PMFF-SCN is set or reset during any of slots
2, 5, 8 or 13 of a register space to register the condi-
tion of a scanned sender, it remains unchanged until the
occurrence of the advance pulse ADV in the next one
of slots 2, 5, 8 or 13. For example, when pulse memory
flip-flop PMFF-SCN is set in slot 2, it remains unchanged
until siot 5, when it is reset by the advance pulse ADV.
Accordingly, the condition of a sender registered in pulse
memory flip-flop PMFF-SCN may be determined in any
of the slots intervening between the slot in which it was
set and the slot in which the next advance pulse occurs.
Therefore, during the occurrence of the read sync pulse
on the 130-RS read sync lead in slots 3 and 4 follow-
ing slot 2, in slots 6 and 7 following slot 5, in slots 9, 10,
11 and 12 following slot 8 and in slots 14 and 1 follow-
ing slot 13 in each of the register spaces, the setting of
pulse memory flip-flop PMFF-SCN may be rez}d to de-
termine the condition of the dial pulse repeating relay
in each of the respective scanned senders. For example,
during the reading of slot 2 of a register space, puls_e
memory flip-flop PMFF-SCN of the scanner de.tector is
set in accordance with the output of the coordinate se-
lector. The setting in pulse memory flip-lop PMFF-
SCN at this time records the condifion of the sender
which the scanner was set to scan during the occurrence
of the write sync pulse in siot 14 of the preceding regis-
ter space. During the occurrence of the read sync pulse



8,027,550

33

in slots 3 and 4, the sztting of pulse memory flip-flop
PMFF-SCN may be read and, as described above, an
active signal condition will be applied to the RIS or
ROS lead accordingly. The setting of pulse memory
flip-flop PMFF-SCN remains unchanged until the oc-
currence of the advanced pulse in slot 5. Therefore,
the setting of the scanner may be changed during the
interval between slot 2 to slot 5 without affecting the
output from the scanner. During the occurrence of the
read sync pulse in slot 3, the scanner is set to scan a
different sender. The condition of this sender will not
be recorded in the pulse memory flip-flop PMFF-SCN of
the scanner detector until the occurrence of the unblocking
pulse in slot 5.

The sequence of operations during the passage of one
complete register space under the magnetic heads is as
follows. When slot 2 of a register space is under the
magnetic heads, pulse memory flip-flop PMFF-SCN of
the scanner detector is set in accordance with the output
of the coordinate selector of the scanner to record the
condition of a first sender to which the scanner was set
during the occurrence of the write sync pulse in slot 14
of the preceding register space. During the occurrence
of the read sync pulse in slot 3 of the register space, the
setting of pulse memory flip-flop PMFF-SCN is read to
determine the condition of the dial pulse repeating re-
lay in the first sender and an active signal condition
is applied to the RIS or ROS lead accordingly. During
the occurrence of the write sync pulse in slot 3 of the
register space, the scanner is set to scan the second sender.
However, the conditicn of the dial pulse repeating relay
in the second sender is not recorded in pulse memory
flip-flop PMFF-SCN until the occurrence of the advance
pulse in slot 5, Therefore, when slot 4 of the register
space is read, the output applied to the R1S or ROS
lead gives an indication of the condition of the dial pulse
repeating relay of the first sender scanned. When slot §
of the register space is under the magnetic heads, pulse
memory flip-flop PMFF-SCN is reset to normal during
the occurrence of the advance pulse ADV and during
the occurrence of the unblocking pulse, pulse memory
flip-flop PMFF-SCN is set in accordance with the con-
dition of the dial pulse repeating relay in the second
scanned sender. During the occurrence of the read sync
pulse in slot 6 of the register space, the setting of pulse
memory flipflop PMFF-SCN is read to determine the
condition of the dial pulse repeating relay in the second
sender to which the scanner was set during the occur-
rence of the write sync pulse in slot 3 of the register
space and an active signal condition is applied to the
R1S or ROS lead accordingly. During the occurrence
of the write sync pulse in slot 6 of the register space, the
scanner is set to scan a third sender. The condition of
this third sender, however, is not recorded in pulse mem-
ory flip-flop PMFF-SCN until the occurrence of the un-
blocking pulse in slot 8 of the register space and, there-
fore, during the occurrence of slot 7 of the register space,
the active signal condition on the R1S and ROS leads rep-
Tesents the condition of the dial pulse repeating relay
in the second scanned sender. When slot § of the regis-
ter space is under the magnetic heads, the advance pulse
on the ADV lead resets pulse memory flip-flop PMFFP-
SCN and during the occurrence of the unblocking pulse
in slot 8, pulse memory flip-flop PMFF-SCN is set in
accordance with the condition of the third sender scanned.
During the occurrence of the read sync pulse in slots
9, 10, 11 and 12, the setting of pulse memory flip-flop
PMFF-SCN is read and an active signal condition is
applied to the respective RIS or ROS lead accordingly.
Because the condition of the third sender scanned is re-
corded in pulse memory flip-flop PMFF-SCN, the scan-
ner may be set to scan a fourth sender. Therefore, dur-
ing the occurrence of the write sync pulse in slots 9,
10 and 11, the scanner is set to scan the fourth sender.
During the occurrence of the advance pulse ADV in
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slot 13 of the register space, pulse memory flip-flop
PMFF-SCN is restored and during the occurrence of
the unblocking pulse in slot 13, the condition of the
fourth sender scanned is recorded in pulse memory flip-
flop PMFF-SCN. During the occurrence of the read
sync pulse in slot 14, the setting of pulse memory flip-
flop PMFF-SCN is read and an active signal condi-
tion is applied to the respective R1S or ROS lead accord-
ingly. Because the condition of the fourth sender
scanned is recorded in pulse memory flip-flop PMFF-
SCN, the scanner may be set to scan a first sender for
the next succeeding register space to pass under the mag-
netic heads. Therefore, during the occurrence of the
write sync pulse in slot 14, the scanner is set to scan
the first sender for the next register space. During the
occurrence of the read sync pulse in slot 1 of the next
register space, the condition of the fourth sender scanned
during the preceding register space is still recorded in
pulse memory flip-flop PMFFE-SCN and an active sig-
nal condition will be applied to the R1S and ROS leads
accordingly. When slot 2 of the next register space
passes under the magnetic heads, the advance pulse re-
stores pulse memory flip-flop PMFF-SCN and during
the unblocking pulse, pulse memory flip-flop PMFF-SCN
is set in accordance with the condition of the sender
scanned during slot 14 of the preceding register space,
The sequence of operations described above is repeated
as each subsequent register space passes under the mag-
netic heads.
The Magnetic Drum Unit

The magnetic drum unit of the illustrative embodiment
of the present invention is shown in FIGS. 20, 21 and 22
of the drawings. This unit comprises magnetic drum
MD shown in FIG. 20 with associated magnetic heads,
synchronizing circuit 2100 shown in block form in FIG.
21 and the reading amplifiers, writing amplifiers, pulse
amplifiers and pulse shaping amplifiers shown in block
diagram form in FIGS. 20, 21 and 22. The reading
amplifiers and pulse amplifiers are required to provide
properly timed, uniform, low impedance signals to the
diode logic of the register space control circuit to be de-
scribed hereinafter, The pulse shaping amplifiers are
direct current amplifiers designed to convert the output
of the diode logic of the register space control circuit into
sharp positive pulses required to trigger the writing
amplifiers,

Referring to FIG. 20, magnetic drum MD consists of
a motor driven cylinder (a driving motor not being shown
in the drawing) coated with a magnetic material. As
indicated hereinbefore, small individual spots called
“cells” on the surface of magnetic drum MD are mag-
netized in either of two directions. These two direc-
tions or conditions are termed (1) and (0) with (3]
being normal, Initially, the entire drum is magnetized
to saturation in the (0) direction and to record a bit of
information on the drum, a cell is magnetized to satura-
tion in the opposite direction by the application of a mag-
netic field. Each group of cells which pass under a
single magnetic head as magnetic drum MD revolves
is called a track and each group of cells along the drum
which are simuitaneously under the magnetic heads is
called a slot. In the illustrative embodiment of the pres-
ent invention, magnetic drum MD comprises nine tracks.
These tracks are designated tracks X, Y, Z and tracks
1 through 6, respectively, as shown in FIGS. 1, 2 and 20.
Magnetic marks permanently recorded in track X or
placed in track X in the form of gear teeth, control
the synchronizing circuit 2100 in the generation of the
required synchronizing pulses for the illustrative em-
bodiment of the present invention. Signals permanently
recorded in tracks Y and Z of magnetic drum MD pro-
vide address information for the address circuit from
which the individual slots on the magnetic drum and the
individual register spaces on the magnetic drum are iden-
tified. Tracks 1 through 6 on magnetic drum MD are
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utilized to record the short-term frequently-altered in-
formation obtained from the register space control cir-
cuit of the present invention. As indicated hereinbefore,
magnetic drum MD is divided into a plurality of register
spaces. [Each of these register spaces is associated with
one of the 156 senders with which the illustrative em-
bodiment of the present invention is utilized. The layout
of a register space is shown in FIG. 3 of the drawings
and its location on magnetic drum MD with respect to
tracks X, Y and Z is shown in FIG. 2 of the drawings.
As shown in FIGS. 2 and 3, each register space is an
area on magnetic drum MD 6 tracks wide and 14 slots
long.

Magnetic drum MD is divided into four groups of
quadrants in the illustrative embodiment of the present
invention. Each register space is associated with three
“mate” register spaces located at quarter-revolution in-
tervals of magnetic drum MD. The arrangement of a
register space and its associated mate register spaces on
magnetic drum MD is illustrated in FIG. 4 of the draw-
ings. As shown in FIG. 4, register spaces Nos. 1, 40,
79 and 118 are mated. Each of these register spaces is
in a different quadrant of magnetic drum MD. FIG. 4
also shows the relative position of the main read-write
heads HD-X, HD-Y, HD-Z and HD-1 through HD-6
shown at the top of the drawing with respect to auxil-
iary head HD-6A jocated 90 degrees less three slots
ahead of the main read-write heads on magnetic drum
MD. It will be observed from FIG. 4 that when slot
1 of register space No. 1, for example, is passing under
the main read-write heads, slot 4 of register space No.
118 is passing under the auxiliary head HD-6A. The
purpose of dividing magnetic drum MD into quadrants,
mating the register spaces in each of the quadrants and
auxiliary head HD-6A will be described hereinafter.

Referring to FIG. 21, the amplifiers associated with
magnetic head HD-Y in track Y on magpetic drum MD
will be briefly described. These amplifiers are typical of
the amplifiers utilized with magnetic head HD-Z in track
Z, with auxiliary head HD-6A in track 6 and with heads
HD-1 through HD-6 to read signals recorded in tracks
1 through 6 on magnetic drum MD. The 1 and O output
signals read in track Y on magnetic drum MD by mag-
netic head HD-Y are transmitted over lead HY to read-
ing amplifier RA-Y. The 0 and 1 outputs from reading
amplifier RA-Y are connected to respective pulse ampli-
fiers PA-RY0 and PA-RY1 The negative logic outputs
of pulse amplifiers PA-RY¢® and PA-RY1 are then ap-
plied over the RO-Y and R1-Y leads, respectively, to the
diode logic circuitry in the address circuit. The reading
amplifier and pulse amplifiers utilized with magnetic
head HD-Z in track Z are indicated by the block labeled
2102 shown in FIG. 21 of the drawings. These circuits
are identical to the circuits within dotted rectangle 2101
for track Y. Negative logic signals are applied over the
R1-Z or RO-Z lead to the address circuit when a 1 or a
0, respectively, is read in track Z on magnetic drum MD.
The amplifiers associated with auxiliary head HD-6A in
track 6 are indicated by the block labeled 20602 shown
in FIG. 20 and are identical to that described above and
shown within the dotted rectangle 2101 for track Y.
When a 1 is read in track 6 by auxiliary head HD-6A,
a negative logic active signal condition is applied to lead
R1-6A. Similarly, when a 0 is read in track 6 by auxil-
iary head HD-6A, a negative logic active signal condi-
tion is applied to lead RO_6A. The reading amplifiers
RA- and pulse amplifiers PA- utilized with heads HD-1
through HD-6 in tracks 1 through 6, respectively, are also
identical to the corresponding amplifiers described above
in conmection with track Y. Also, in each of tracks 1
through 6, a writing amplifier WA~ is utilized to control
the writing of the 1 and O signals in the respective tracks
on the magnetic drum. As shown in FIG. 21, writing
amplifier WA-1 is controlled by pulse shaping amplifiers
PSA-WO01 and PSA-W11 which are required to convert
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the nepative logic active signal pulses applied over the
W0-1 and Wi-1 leads from the diode logic of the regis-
ter space control circuit into sharp positive pulses re-
quired to trigger writing amplifier WA-1., Writing am-
plifier WA-1 and reading amplifier RA-1 are both ter-
minated in transient suppressing network TSN-1 as
shown in FIG. 21. Signals read from track 1 on mag-
petic drum MD and the signals to be recorded in track
1 of magnetic drum MD are applied to magnetic head
HD1 over lead H1. The amplifiers and transient sup-
pressing networks for tracks 2 through 6 are indicated in
block form in FIG. 22 of the drawings. The amplifiers
RA-, PA—-, WA— and PSA— and the transient suppress-
ing networks TSN— within the blocks 2201 through 2205
are identical to that shown within the dotted rectangle
2103 associated with track 1 on magnetic drum MD.
When a 1 is read in any of tracks 1 through 6 on mag-
netic drum MD, the output from the drum unit to the
diode logic circuitry in the register space control circuit
will be a negative logic active signal condition on the
correspondng R1- lead, for example, the R1-2 for track
2 or R1-5 for track §. Similarly, when a 0 is read in
any of the tracks 1 through 6 on magnetic drum MD, a
negative logic active signal condition will be applied on
the corresponding R0- lead to the diode logic circuitry,
for example, the R0-1 lead for track 1 and the R0-6 for
track 6. When it is desired to write a 1 in one of tracks
1 through 6 on magnetic drum MD, a negative logic
active signal condition is applied to the W1- lead, for
example, to write a 1 in track 4, an active signal will be
applied to the W14 lead. Similarly, an active signal
will be appiied to the WO_5 lead if it is desired to write
a 0 on track 5 on the magnetic drum.

In order to control a reading operation and a writing
operation and the operation of transmission pulse am-
plifiers and regular pulse amplifiers in each slot on mag-
netic drum MD, synchronizing unit 2100 shown in block
form in FIG. 2t produces the required synchronizing
pulses, In order to control the repeated occurrences of
these operations and functions in each successive slot on
magnetic drum MD, a separate train of synchronizing
pulses for each required function or operation is pro-
duced by synchronizing unit 2100. The relative phasing
and polarity of the various {rains of synchronizing pulises
utilized in the illustrative embodiment of the present in-
vention are illustrated in FIG. 17 of the drawings. It
will be observed with reference to FIG. 17 that all of the
operations, that is, reading, writing, preread, occur with-
in the duration of the enabling sync pulse. Synchronizing
unit 2100 is controlled by signals read from permanent
cell marks recorded in track X on magnetic drum MD.
These cell marks may be written electrically in track X
or may be permanently inscribed in track X by gear hob-
bing techniques. The cell mark signals read from track
X by magnetic head HDX are transmitted 10 synchroniz-
ing unit 2100 via lead HX. The required trains of syn~
chronizing pulses may be produced by any of several
techniques well known in the art. For example, a plu-
rality of monopulsers may be utilized to produce the Te-
quired trains of synchronizing pulses. This type of syn-
chronizing unit is disclosed, for example, in the copend-
ing application of C. E. Brooks, W. O. Fleckenstein, R.
C. Lee and H. N, Seckler, Serial No. 554,280 filed on De-
cember 20, 1955, now Patent No. 2,876,288 granted
March 3, 1959. Another type of synchronizing unit
which may advantageously be utilized in the present jn-
vention is disclosed in the copending application of 0. ).
Murphy, Serial No. 586,544 filed on May 22, 1956, now
Patent No. 3,007,145, granted October 31, 1961. The
various synchronizing pulses ES, PRS, —RS, 130-RS5,
WS and ~-WS shown in FIG. 17 and required in the
illustrative embodiment of the present invention are ap-
plied over correspondingly designated leads in cable 4
to the logic circuitry of the present invention.
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Address Circuit

The address circuit of tha illustrative embodiment of
the present invention is shown in FIGS. 23 through 26
of the drawings. This circuit provides a continuous in-
dication of the position of magnetic drum MD with re-
spect to the magnetic heads and accomplishes this by
generating coded signals corresponding to the particular
slot and register space passing under the magnetic heads.
The address circuit is controlled by signals permanently
recorded in the Y and Z tracks of magnetic drum MD.
The information recorded in the Y track defines the num-
ber of the slot within each register space passing under
the magnetic heads. The information recorded in the Z
track defines the number of the register space passing
under the magnetic heads,

The arrangement of the signals recorded in the Y track
advantageously utilizes a special cyclic sequence code
which repeats every 14 slots. Within the 14-slot cycle,
every contiguous group of four signals is different. The
signals recorded in track Y of each register space are
shown in FIG. 3 of the drawings. Referring to FIG. 23
of the drawings, it will be noted that the R1-Y and
RO-Y leads which are connected to the output of the
reading amplifier circuits associated with track Y on
magnetic drum MD, connect to respective AND gates
—&—ALY and —&—AQ0Y. if a 1 ig read in track Y,
a megative logic active signal will be applied over the
R1-Y lead to AND gate —&—A1Y, Similarly, when
a 0is read in track Y on magretic drum MD, a negative
logic active signal will be applied over the RO-Y lead to
AND gate —&--A0Y. The output from the reading
amplifier stages of track Y is sampled during the occur-
rence of the write sync pulse on the ~WS synchronizing
lead and the 1 or 0 read in track Y on magnetic drum
MD will be set in the first stage of a four stage shift
register. As shown in FIG. 23, the four stage shift
register comprises shift register flip-flops SRFF-LD
through SRFF-LA with asscciated D.C. amplifiers
DCA-LD1, DCA-LD¢ through DCA-LA1 and
DCA-1.A@ and shift register gates SRG-LD1, SRG-LDo
through SRG-LB1 and SRG-LB0. The 1 and 0 signals
read in track Y on magnetic drum MD progress through
the stages of the shift register under control of shift
pulses applied over the —WS write sync lead. As a re-
sult of the reading of a 1 or 0 in track Y and of the
successive shifting of the signals read through the four
stages of the shift register, th elast four signals read
from track Y are stored in the four shift register flip-
flops SRFF-LA through SRFF-LD. These four signals
represent the binary code for the next slot which is to
pass under the magnetic heads.

The following table illustrates the code utilized in
the illustrative embodiment of the present invention to
identify slots 1 through 14 of each register space on mag-
netic drum MD,

Slot Code

Shift Registers

Blot No.
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A method of devising the above code and of serially re-
cording the signals in accordance therewith in track Y
of magnetic drum MD is dis-losed in the copending ap-
plication of A. E. Joel, Jr, and J. J. Yostpille, Serial No.
493,721 filed March 11, 1955, now Patent 2,892,184
granted June 23, 1959,

With reference to FIG. 3, assume by way of illustra-
tion, that upon the occurrence of the write sync pulse in
slot 14 of a register space, the 1 read there is set in shift
register flip-flop SRFF-LD, Under this condition, the
previous three signals read in track Y are 0's and will
be recorded in shift register flip-flops SRFF-LC, SRFF-LB
and SRFF-LA. The settings of the four shift register
flip-flops for these four signals read in track Y correspond
to the code in the above table for the next slot to pass
under the magnetic heads which, under the assumed
example, will be slot 1 of the succeeding register space.

The slot codes obtainable from the output of the four
stage shift register described above are translated by
the AND gate translator shown in FIGS. 23 and 24.
This translator comprises AND gates +&—1CODL,
+&—0CIDL, +&—0CODL, +&—1CIDL, +&—1A0BL,
+&—0A1BL, 4-&—0AOBL, +-&—1A1B1 and +&—SL1
through -} &—SL14.

Referring to the above example, assume that the shift
register flip-flops are set to represent the code for slot 1
of a register space which is indicated by shift register
flip-flop SRFF-LD being set to a 1 and the remaining
shift registers SRFF-1L.C, SRFF-LB and SRFF-LA be-
ing set to 0. Under these conditions, the 1 output of
shift register flip-flop SRFF-LD applied through direct
current amplifier DCA-LD1 applies a positive logic ac-
tive signal to lead 2301. The 0 output of shift register
flip-flop SRFF-LC applies a positive logic active signal
through direct current amplifier DC-LCY to lead 2302.
The 0 output of shift register flip-flop SRFF-LB applies
to a positive logic active signal through direct current
amplifier DCA-LB0 to Iead 2303 and, similarly, the 0
output of shift register flip-flop SRFF-LA applies a posi-
tive logic active signal through direct current amplifier
DCA~LASO to conductor 2304. The active signals on
condactors 2303 and 2304 are combined in AND gate
+&—0AOBL to provide an active signal condition on
lead 2305. Similarly, the active signals on leads 2301
and 2302 are combined in AND gate +&—0C1DL to
provide an active signal on lead 2306, The active sig-
nals on leads 2306 and 2305 are combined in AND gate
+&-—-8L1 shown in FIG. 24 to provide a positive logic
active signal to the input of transmission gate TG-SL1.
The translator network comprising the groups of AND
gates described above operates in a similar manner to
translate all of the four bit binary codes set in the four
stage shift register into a 1-out-of-14 decimal code identi-
fying slots 1 through 4.

As shown in FIG. 24 of the drawings, the outputs of
AND gates +&—SL1 through +&--SL14 are applied to
respective transmission gates TG-SL1 through TG-SL14.
These transmission gates are triggered by the negative
signal pulse applied over the preread sync lead PRS to
apply negative logic active signal conditions to respective
transmission pulse amplifiers PAT-SL1 through PAT-
SL14. The outputs of transmission pulse amplifiers
PAT-SL1 through PAT-SL14 are connected to respec-
tive leads L1 through L14 which extend via cable 3 to
the register space control circuit to control the logical
operations of this circuit.

It will be observed that the four stage shift register
shown in FIG. 23 is set during the occurrence of the
write sync pulse and that the output of this shift register
is sampled during the occurrence of the preread sync
pulse of the next succeeding slot, Therefore, the setting
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of the shift register from the binary code read on track
Y in magnetic drum MD represents the code for the next
slot to pass under the magnetic heads.

The portion of the address circuit shown in FIGS. 25
and 26 comprises the register space number logic and is
similar in operation to the slot number logic described
above in connection with FIGS. 23 and 24, As indicated
hereinbefore, the scanner is controlled by two sets of
leads, the scanner column jnput leads SC-1 through SC-
13 and the scanner row input leads SR-1 through SR-1Z.
A positive logic active signal is appplied to one lead in
each group concurrently and these signals open a pair of
coordinates in the scanner in the manner described here-
inbefore. The generation of these signals is accomplished
hy three shift registers and associated logic circuits, a
four stage shift register comprising shift register flip-fiops
SRFF-13D through SRFF-12A shown in FI1G. 25, a two
stage shift register comprising shift register flip-flops
SRFF-3A and SRFF-3B shown in FIG. 26 and a two
stage shift register comvyrising shift register flip-flops
SRFF-QA and SRFF-QB shown in FIG. 26.

The positive logic active signals applied to the scanner
column input leads SC-1 through SC-13 which extend
to the scanner via cable 2 are controlled by a special
cyclic sequence code recorded in slot 9 of track Z in
each of ihe register spaces on magnetic drum MD. This
cyclic code repeats every 13 register spaces and within the
13 cycle code every contignous group of four signals is
different. As siot 9 track Z of each register space on
magnetic drum MD is read, the 1 or @ recorded there is
set in shift register flip-flop SREF-13D. Referring to
FIG. 25, it will be noted that the R1-Z lead and RO-Z
lead which are connecled to the output of the reading am-
plifier circuits associated with track Z ol magnetic drum
MD terminate in respective AND gatcs —&—Al1Z and
—&—~A0Z together with the write sync lead —-W3 and
lead 1.9. Therefore, if a 1 is read in slot 9 track Z
of a register space, AND gate _&—A1Z will be actuated
to set shift register flip-flop SRFF-13D to its 1 condi-
tion. Similarly, if a 0 is read in slot @ track Z of a register
space, AND gate —&—ADZ will be actuated to reset
shift register flip-flop SREF-13D to its ¢ condition. The
1 or O signal read in slot 9 track Z of each register
spiace progresses through the stages of the shift register
under conirol of shift puises applied from tae output of
AND gate _&—L9WS. Referring to FiG. 25, it will be
noted that an aciive output signal is obtained from AND
gate —&—15WS when the write sync pulse on the -WS
lead occurs in siot 9 (lead LY active). The four stage
shift register shown in FIG. 25 in which the code con-
trolling the generation of
scanner column input leads is registered, comprises shift
register flip-flops SRFF-13D through SRFF-13A with as-
sociated direct current amplifiers DCA-13D1 and DCA-
13D9 through DCA-13A1 and DCA-13A0 and shiit reg-
ister gates SRG-13D1 and SRG-13D9 through SRG—
1381 and SRG-13B0. As a result of the reading of a 1
or 0 in slot 9 track Z of each of the register spaces and
the successive shifting of the signals read through the
four stages of the shift register, the signals read in stot
9 track Z of the last four register spaces to pass under
the magnetic head on magnztic drum MD are stored in
the four shift register fiip-flops. These four signals rep-
resent the binary code used to designate the scanner col-
umn input lead to which the positive logic active signal
condition is to be applied.

The following tuble illustrates the code wtilized in the
illustrative embodiment of the present invention to iden-

tif'y or designate the scanner column input leads,
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20

25

30

35

40

43

60

70

490

Scanner Column Input Lead Code

e

e

Shift Registers

13B 130 13D
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The above code may be devised and the binary signals
in accordance therewith serially recorded in slot 9 track
7 of each of the register spaces in the manner disclosed
in the above-cited copending application of A. E. Joel,
Jr,, and J. J. Yostpille. The binary bits read in slot 9
track Z of successive register spaces on magnetic drum
MD are set into the four stage shift register shown in
FIG. 25 in a manner similar to that described above in
connection with FIG. 23. The successive signals are
shifted from stage to stage upon occurrence of the shift
pulse from the output of AND gate —&—LIWS.

The output of the four stage shift register shown in
TIG. 25 is translated by the AND gate translator shown in
FIG. 25. ‘This trapslator comprises AND gates
+&—0C1D13, +&—1COD13, +&—1C1D13,

4-&—6CHD13

- &—$A1BI3, +&—1AOBI3, +&—IAIBIS,
1 &—0A0BI3

and -+-&—SCI tbrough +&—SC13.

through +-&—SC13.

Assume by way of illustration that the shift register
flip-fiops are set to represent the code for scanner column
input lead SC-6. Referring to the above table, it will
be noted that shift regisier flip-flops SRFF-13A, SRFF-
13B and SRFF-13C are set to their 'l condition while shift
register fiip-flop SRFEF-13D is set to its 0 condition. Un-
der these conditions, the 0 output of shift register flip-
flop SRFF-13D applied through direct current amplifier
DBCA-13D0 applies a positive logic active signal to lead
2564. The 1 output of shift register flip-flop SRFF-13C
applies a positive logic active signal through direct cur-
rent amplifier DCA-13C1 to lead 2503. The 1 ouiput of
shift register flip-flop SRFF-13B applies a positive logic
active signal through direct current amplifier DCA-13B1
to lead 2502 and, similarly, the 1 output of shift register
flip-flop SRFF-13A applies a positive logic active signal
through direct current amplifier DCA-13A1 to lead 2501.
The active signals on leads 2504 and 2503 are combined
in AND gate +&—1C6D13 to provide an active signal
condition on lead 2505. Similarly, the active signa! con-
ditions on leads 2502 and 2501 are combined in AND gate
-&—1A1B13 to provide an active signal condition on
lead 2506. The active signal condijtions on leads 2505
and 2506 are combined in AND gate +&—SC6 which
in turn applies a positive logic active signal to the scanner
column input lead SC-6. By means of the AND gate
translator shown in FIG. 25, the four bit binary code ob-
tained from the four stage shift register is converted into
a 1-out-of-13 code which is fed to the scanner over the
scanner column input leads, It will be noted that the
code controlling the scanner column input leads changes
during the reading of slot 9 of each regzister space and
rcmains unchanged until slot 9 of the next succeeding
registar space is read.

The positive logic active signals applied to the scanner
row input leads SR-1 through SR-12 which extend to the
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scanner via cable 1 are controlled by two special cyclic
sequence codes recorded in track Z in the register spaces
on magnetic drum MD. T%= first of these codes, desig-
nated the Scanner 3's Lead Code, is recorded in slot 19
track Z of each register space. This code repeats every
three register spaces and within the three cycle code every
contigious group of two signals is different. The other
code, designated the Scanner Quadrant Code, is recorded
inslots 3, 6, 11 and 14 of each register space. This four
cycle code repeats every register space,

As slot 10 track Z of each register space is read, the 1 or
0 recorded there is set in shift register flip-lop SRFF-38.
Referring to FIG. 26, it will be noted that the R1-Z lead
and the RO-Z lead which are connected to the output of
the reading amplifier circuits associated with track Z on
magnetic drum MD terminate in respective AND gates
—&—A1Z3 and —&—A0Z3 together with the write sync
lead -WS and lead L10. Therefore, if a 1 is read in slot
10 track Z of a register space. AND gate —&—A1Z3 will
be actuated to set shift register flip-flop SRFF-3B to its 1
condition. Similarly, if a 0 is read in slot 10 track Z of a
register space, AND gate —&-—A0Z3 will be actuated to
reset shift register flip-flop SRFF-3B to its 0 condition.
The 1 and 0 signals read in slot 10 track Z of each register
space progress through the stages of the two stage shift
register comprising shift register flip-flops SRFF-3A and
SRFF-3B under control of shift pulses applied from the
output of AND gate —&—L10WS. Referring to FIG. 26,
it will be noted that an active output signal is obtained
from AND gate —&—L10WS when the write sync pulse
on the —WS lead occurs in slot 10 (lead 110 active). The
two stage shift register shown in FIG. 26 in which the
code controlling the generation of active signal conditions
on the scanner 3's leads is registered, comprises shift regis-
ter flip-flops SRFF-3A and SRFF-3B with associated di-
rect current amplifiers DCA~3A1, DCA-3A0, DCA-2B1
and DCA-3B0 and shift register gates SRG-3B1 and
SRG-3B0. As a result of the reading of a 1 or 0 in slot
10 track Z of each of the register spaces and the succes-
sive shifting of the signals read through the two stages of
the shift register, the signals read in slot 10 track Z of the
last two register spaces to pass under the magnetic heads
of magnetic drum MD are stored in the two shift register
flip-flops. These two signals represent the two bit binary
code used to designate the scanner 3’ leads which, in the
manner to be described, are combined with the scanner
quadrant leads to provide positive logic active signal con-
ditions on the scanner row input leads.

The following table illustrates the code utilized in the
illustrative embodiment of the present invention to desig-
nate the scanner 3’s leads.

Scanner 3's Lead Code

Shift Registers
Leads

3A 3B

1
1 0
1

The above code and the binary signals in accordance
therewith may be serially recorded in slot 10 track Z of the
register spaces in the manner disclosed in the above-cited
copending application of A. E. Joel, Ir., and 1. J, Yostpille.
The two bit binary code registered in shift register flip-
flops SRFF-3A and SRFF-3B is translated into a one-out-
of-three code in AND gates +&—0A1B3, +&—1A1B3
and +&--1A0B3 and applied to leads C3-0, C3-1 and
C3-2.

The Scanner Quadrant Lead Code is generated from
signals recorded in slots 3, 6, 11 and 14 of track Z of each
register space. Referring to FIG. 26, it will be noted that
the R1-Z lead and the R€-Z lead which are connected to
the output of reading amplifier circuits associated with
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track Z on magnetic drum MD terminate in respective
AND gates —&—A1ZQ and —&—A0ZQ. The write sync
lead also terminates in each of these AND gates together
with a lead from the output of pulse amplifier PA-Q. The
input of pulse amplifier PA-Q is obtained from the output
of OR gate —OR-Q. The inputs to this OR gate extend
via cable 3 from the slot definition portion of the address
circuit shown in FIG. 24 and consist of leads L3, Ls, L11
and L14. If a1 is read in track Z of slots 3, 6,11 or 14 of
a register space, AND gate —&—A1ZQ will be actuated
to set shift register flip-flop SRFF-QB to its 1 condition.
Similarly, if a 0 is read in slots 3, 6, 11 or 14 of track Z of
a register space, AND pgate —&—A0ZQ will be actuated
to reset shift register flip-flop SRFF-3B to its 0 condition,
The 1 or 0 signals read in slots 3, 6, 11 and 14 of track
Z of each register space progress through the stages of the
two stage shift register comprising shift register flip-flops
SRFF-QA and SRFF-QB under control of shift pulses
applied from the output of AND gate —&—WSQ. Refer-
ring to FIG. 26, it will be noted that AND gate —&—WSQ
will be actuated to apply an active signal output when the
write sync pulse occurs on the —~WS lead in slots 3,6, 11
or 14 of each register space. The two stage shift register
shown in FIG. 26 in which the code controlling the gen-
eration of active signal conditions on the scanner quad-
rant leads is registered, comprises shift register flip-flops
SRFF-QA and SRFF-QB with associated direct current
amplifiers DCA-QA1l, DCA-QAG®, DCA-QB1 and
DCA-QBO and shift register gates SRG~QB1 and
SRG-QBO. As a result of the reading of a 1 or 0 in slots
3, 6, 11 and 14 of track Z of each register space and of
the successive shifting of the signals through the two
stages of the shift register, the last two signals read in
these slots in track Z are stored in the two shift register
flip-flops. These two signals represent the two bit binary
code used to designate the scanner quadrant leads which,
in the manner to be described, are combined with the
scanner 3’s leads to provide positive logic active signal
conditions on the scanner row input leads.

The following table illustrates a typical code utilized in
the illustrative embodiment of the present invention to
designate the scanner quadrant leads in one quadrant on
magnetic drum MD. The code is different for each quad-
rant of drum MD.

Scanner Quadrant Lead Code

Shift Registers

Leads

QA QB

e
S

The quadrant code and the binary signals in accordance
therewith may be serially recorded in track Z slots 3,6,
11 and 14 of each register space on magnetic drum MD
in the manner disclosed in the above-cited copending ap-
plication of A. E. Joel, Jr., and 7J. J. Yostpille. The two
bit binary code registered in shift register flip-flops SRFF-
QA and SRFF-QB is translated into a l-out-of-4 code
in AND gates +&—1A1BQ, +&—0A1BQ, +&—1A0BQ
and -&—0ABBQ and applied to leads Q-0 through
Q-3.

Referring to the above code and to FIG. 26 and as-
suming that this code is recorded, as shown in FIG. 3, in
slot 3, 6, 11 and 14 of the register spaces located in the
first quadrant of magnetic drum MD (quadrant A as
shown in FIG. 4), it will be observed that as slots 3,6
11 and 14 of each register space in quadrant A of drum
MD successively pass under the main magnetic heads, a
positive logic active signal is successively applied to
respective leads Q-0, Q-3, Q-2 and Q-1 in this order.
The quadrant code recorded in slots 3, 6, 11 and 14 of
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the register spaces located in the second quadrant of mag-
netic drum MD (quadrant B as shown in FIG. 4) is
changed so that a positive logic active signal will be suc-
cessively applied to leads (-3, Q-2, Q-1 and Q-0 respec-
tively as slots 3, 6, 11 and 14 of the register spaces in
the second quadrant of drum MD pass under the main
magnetic heads. Similarly the guadrant code recorded
in slots 3, 6, 11 and 14 in the register spaces of the third
quadrant (quadrant C as shown in FIG. 4) of magnetic
drum MD is arranged so that a positive Jogic active sig-
nal will be successively applied to lends Q-2, Q-1, Q-9
and Q-3 respectively as these slots pass under the main
magnetic heads on drum MD. Likewise the guadrant
code recorded in slots 3, 6, 11 and 14 of the register spaces
in the fourth quadrant (quadrant D as shown in FiG. 4}
of mugnetic drum MD is arranged so that a positive logic
active signal will be successively applied to leads Q-i,
Q-0, Q-3 and Q-2 respectively as these slots pass under
the main magnetic heads on drum MD. By changing the
quadrant code in this mannef in each quadrant of mag-
netic drum MD each sender is scanned four times per
revolution of magnetic drum MD.

The 1-out-of-3 code on leads C3-0 through C3-2 from
the output of the Scanner 33 Code shift register and the
1-out-of-4 code on the Q-9 through Q-3 leads from the
output of the Scanner Quadrant Code shift register are
combined in AND gates +&—SR1 through +&—SR12
to provide a 1-out-of-12 code for the scanner row input
leads SR-1 through SR-12. It will be observed that four
of the scanner row input leads have a positive logic active
signal condition applied thereto during the passage of each
of the register spaces on magnetic drum MD under the
magnetic heads. This permits the scanner to scan four
senders during this interval in the manner described here-
inbefore.

The address circuit of the present invention also pro-
vides one other function, that being to provide pulses on
the ADV lead which control the unblocking of the scanner
detector described hersinbefore. Referring to FIG. 24,
the pulses applied to the ADV lead are obtained from OR
gate —OR-ADV. The inputs to this OR gate consist
of leads 1.2, L5, L8 and 113 and, hence, a negative logic
active signal is applied over the ADV lead whenever sicts
2,5, 8 und 13 are passing under the magnetic heads.

Register Space Control Circuit

The register space conirol circuit of the illustrative em-
bodiment of the present invention is shown in FIGS. 27
through 31 of the drawings. The purpose of this circuit

is to interpret the output of the scanner, that is, fo rec- ;

ognize dial pulses and to register the detected dial pulses
in the register space associated with the sender being
scanned. As described above, the scanner is controlled
by the address circuit to scan each sender associated with

the illustrative embodiment of the present invention four ;

times per revolution of magnetic drum MD and the out-
put of the scanner is shaped and converted into two rail
logic and fed to the register space conirol circuit over
the R1S and RES leads in cable 5. A negative logic te-
tive signal on the R1S lead indicates that the dial pulse
repeating relay in a scanned sender is operated and the
loop to the calling subscriber is closed. Similarly, a nega-
tive Jogic aciive signal condition on the ROS lead indicates
that the dial pulse repeating relay in a scanned sender
is normal and the lcop to the subscriber is open.

As indicated previously, each of the scanned senders is
associated with a respective register space on magnetic
drum MD. This register space is shown in detail in FIG.
3 of the drawings. The cells in slot 1 of tracks ¥, 2 and
3 designated “TIMER” are utilized by the register spoce
control circuit to count the aumber of drum revolutions
between changes in state of the subscriber’s loop. The
cell in track 4 slot 1 designated “ON” is used by the
register space control circuit to indicate that the sender
associated with the register space is “off normal” A1
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is recorded in the “ON” cell when the sender is off nor-
mal, that is, when a call is being originated and a 0 is
recorded in the “ON” cell when the sender is normal or
unoperated.  The EPL cell in slot 1 track 3 will be uti-
lized by the register space control circuit to record in-
formation pertaining to the location of the last dial pulse.
This information differentiates between the first three-
quarters and the last one-quarter of a drum revolution.
£ a dial pulse terminates during the first three-guarters
of a drum revolution, a O is written in the EPL cell
and if u dial pulse terminates in the last one-quarter of a
drum revolution, a 1 is written in the EPL cell. The LR
cell in slot 1 track 6 of the register space records the
state of the calling subscriber’s line. A 1 is wriiten in
the LR cell of a register space by the register space con-
trol circuit when the subscriber’s loop to the sender asso-
ciated with the register space is closed and, conversely,
a 0 is written in the LR cell when the subscriber’s loop
to the sender associated with the register space is open.
The cells in tracks 1 through 4 of slots 4 through 14 of
each register space designated “1st Digit Reg,” “2nd Digit
Reg,” etc. through “11th Digit Reg” are binary counters
in which the register space control circuit counts and
registers the dial pulses of the eleven digits dialed in the
sender associated therewith. The cells in track 5 of slots
4 through 14 designated “Digit Dialed” cells adjacent to
cach digit register are written with a 1 when the digit
register is filled, that is, when an interdigital time out is
detected following the storage of pulses in the digit reg-
ister.

As indicated hereinbefore, the magnetic drum in the
illustrative embodiment of the present invention is di-
vided into four groups or quadrants each containing 39
register spaces and each register space is associated with
three mate register spaces located at one-quarter revolu-
tion intervals. There are six cells per register space al-
lotted to its mate registers. These cells are in track 6
and are designated S1, EP1, S2, EP2, S3 and EP3 in each
of the register spaces. Information stored in these cells
serves to detect ends of dial pulses at one-quarter revolu-
tions and, once detected, to carry this information from
one mate register space to the next in such a manner that
it is available when the home register space appears un-
der the main heads. Referring to FIG. 4, an abbreviated
outline of track 6 on magnetic drum MD is shown with
four mated register spaces. These register spaces, desig-
nated register spaces No. 1, No. 40, No. 79 and No. 113,
are each located in a different quadrant of magnetic drum
MD. FIG. 4 also shows the position of auxiliary read-
ing head HDSA with respect to the main read-write heads
as being 90 degrees less three slots ahead of the main
read-write heads. The six cells in track 6 of magnetic
drum MD associated with register space No. 1 are cells
S3 and EP3 in register space No. 40, cells EP2 and 32
in register space No. 79 and cells §1 and EP1 in register
space No. 118. Similarly, cells S3 and EP3 in register
space No. 79, cells 82 and EP2 in register space No. 118
and cells St and EP1 in register space No. 1 are associ-
ated with register space No, 40. Likewise, cells S3 and
EP3 in register space No. 118, cells S2 and EP2 in reg-
ister space No. 1 and cells 51 and EP1 in register space
No. 40 are associated with register space No. 79 and,
lastly, cells S3 and EP3 in register space No. 1, cells S2
and EP?2 in register space No. 40 and cells S1 and EP1

. in register space No. 79 are associated with register space

No. 118.
Recognizing Incoming Calls and Seizing Register Spaces

When a calling subscriber originates a call, the sub-
scriber’s loop is closed. This causes the subsequent op-
eration of a dial pulse repeating relay in a sender and an
active signal to be applied over the R1S lead in cable §
from the scanmner to the register space contro] circuit when
the sender is scanned. As indicated above, each sender

is associated with a particular register space on magnetic
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drum MD and due to the synchronization between the
drum rotation and the scanning, the “home scan” of a
particular sender is made at the moment the read-write
heads on magnetic drum MD stand over slot 14 of the
register space immediately preceding the space associated
with the sender being scannned.

Referring to FIG. 27, when the R1S lead is active in-
dicating a closed loop, pulse memory flip-flop PMFF-$
will be set. It will be noted that the active signal on the
R1S lead is applied to input B of AND gate —&—SS along
with an active signal on the L14 lead on input A and an
active signal on the ~WS write sync lead on input C.
When active signals are present on these three Ieads,
pulse memory flip-flop PMFF-S is set and will apply from
its 1 output on active signal condition to the S lead
through transmission gate TG-S and transmission pulse
amplifier PAT-S. Referring to FIG. 27, it will be noted
that when the subscriber’s loop is open or normal, an
active signal condition will be applied to the R0S lead
which is connected to input B of AND gate —&—SR.
This active signal in coincidence with the active signal
conditions on the L14 lead connected to input A of
AND pate —&—SR and the active signal on the write
sync lead ~WS connected to input C will cause the pulse
memory flip-flop PMFF-S to be reset to its normal con-
dition. This will cause an active signal condition to be
applied to the S’ lead from the O output of pulse mem-
ory flip-flop PMFF-S through transmission gate TG-S’
and transmission pulse amplifier PAT-S’, Therefore,
lead S will have an active signal applied thereto when
slot 14 of a register space is under the magnetic heads if
the subscriber’s loop is closed and lead S’ will be active
if the subscriber’s loop is open.

When slot 1 of a register space is passing under the
magnetic heads, a 1 is written in the ON cell in track 4
to indicate that the sender associated with the register
space is off normal. Referring to FIG, 27, it will be
noted that input A of AND gate —&—W14B is connected
to the S lead which will be active if the subscriber’s loop
is closed. Input B of this AND gate is connected to
the L1 lead which will be active when slot 1 of the reg-
ister space is under the main read-write heads, input C
is connected to the ~WS write sync lead and input D is
connected to the R0—4 lead. Therefore, when slot 1 of
a register space passes under the main read-write head, if
a 0 is read in the ON cell in track 4 and the subscriber’s
loop is closed (lead S active), AND gate —&—W14B will
be actuated to apply an active signal to input B of OR gate
—OR-W14. The actuation of OR gate —OR-Wi4
in this manner will apply an active signal condition
to the Wi1-4 lead which extends via cable 6 to the writ-
ing amplifier circuits associated with track 4 of magnetic
drum MD to cause a 1 to be written in the ON cell in
slot 1. The 1 in the ON cell indicates that the register
space is off normal and is ready to receive digits as they
are dialed.

A second operation which occurs in slot 1 of a reg-
ister space is the recording of the present condition of
the subscriber’s loop as indicated by the setting of pulse
memory flip-flop PMFF-S in the LR cell in track 6. If
the loop is closed, a 1 is written in the LR cell. If the
loop is open and a 1 is read in the LR cell, a 0 is writ-
ten in the LR cell. Referring to FIG. 27, input A of
AND gate —&—WI6A is connected to the —WS write
sync lead, input B is connected to the S lead, input C
is connected to the L1 lead and input D is connected to
the RO-6 lead. Therefore, if lead S is active and a 0
is read in track 6 of slot 1, AND gate —&—WI16A will
be actuated when the —-WS write sync pulse occurs to ap-
ply an active signal over the W16A lead to input A of OR
gate —OR-W16. The actuation of OR gate —OR-W16
in turn will apply an active signal on the W1-6 lead
which extends via cable 6 to the writing amplifier cir-
cuits associated with track 6 on magnetic drum MD. In
a similar manner, if the subscriber’s loop is open as indi-
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cated by the active signal on the S’ lead and if a 1 is read
in track 6 as indicated by an active signal on the R1-6
lead, AND gate —&-—WO06B shown in FIG. 27 will be
actuated to apply an active signal over the WO6A lead
to input A of OR gate —OR-W06. The actuation of
OR gate —OR-W06 will apply an active signal over the
W0-6 lead which extends via cable 6 to the writing am-
plifier circuits associated with track 6 on magnetic drum
MD. In this manner, a 0 is written in the LR cell in
track 6 slot 1 of a register space if the subscriber’s loop
to the sender associated therewith is open and a 1 is re-
corded in the LR cell if the subscriber’s loop is closed.
The information recorded in the LR cell is useful in the
various timing operations to be described hereinafter and
on the next revolution of magnetic drum MD this bit will
furnish information relative to the condition of the sub-
scriber’s loop one revolution earlier.

With the register space now marked as off normal and
the call not yet begun, each consecutive revolution of
magnetic drum MD characterized by a closed loop con-
dition adds 1 to a binary timer located in tracks 1,
2 and 3 of slot 1 of the register space. Referring to FIG.
31 of the drawings, the gates which control the binary
timer in slot 1 of a register space include AND gates
—&—WI3A, —&—WO3A, —&—-WI2A, —&—W0O2A,
~&—W11A, —&—-W01A and COR gates —OR-W1i3,
—OR~-W03, —OR-Wi2, —OR-W02, —OR-WI11 and
—OR-W81. For each successive revolution of magnetic
drum MD, which is characterized by a closed loop con-
dition, AND gate —&—CL shown in FIG. 31 is actuated.
Input A of this AND gate is connected to the EP lead
which will be active as will be described hereinafter if the
subscriber’s loop to the sender being scanned was closed
one-quarter revolution earlier (or at the completion of
three-quarters of the previous revolution of magnetic
drum MD). Input B of AND gate —&—CL is connected
to the L1 lead and is active during the passage of slot 1
under the magnetic heads, input C of AND gate —&—CL
is connected to the S lead which, an indicated above, is
active when a closed loop is detected during the reading
of slot 14 of the preceding register space and input D of
AND gate —&—CL is connected to the RO—6A lead and
will be active when a 1 is read by auxiliary reading head
HD6A in the EP1 cell in track 6 slot 4 of the mate regis-
ter space which passed under the main read-write heads
one-quarter revolution earlier of magnetic drum MD. As
will be described hereinafter, a 1 will be recorded in the
EP1 cell of this mate register space when a dial pulse
ended during the first three-quarters of the previous revo-
lution of magnetic drum MD. The actuation of AND
gate —&—CL in this manner applies an active signal to
lead CL which extends to input C of OR gate
—OR-WI10A. The actuation of OR gate —OR-WI10A
applies an active signal to the W10A lead. Thus, for each
revolution of magnetic drum MD characterized by a
closed loop condition, an active signal will be applied to
the W10A lead. These active signals are counted in the
timer cells in slot 1 through the gates listed above and
shown in FIG. 31,

At the completion of the first revolution of closed loop
condition, the active signal on lead W10A will cause the
actuation of AND gate —&—WI13A. As shown in FIG.
31, the other inputs to AND gate —&—W13A consist of
the ~WS write sync lead and the R0-3 lead. Therefore,
if a O is read in track 3 of slot 1 and the W10A lead is
active, AND gate —&—W13A will be actuated and in
turn cause the actuation of OR gate —OR-WI13. The
actuation of OR gate —OR-W13 applies an active signal
condition on the W1-3 lead which extends via cable 6
to the writing amplifier circuits associated with track 3
of magnetic drum MD to cause a 1 to be written in the

- timer cell in track 3 slot 1 of the register space.

At the completion of the second revolution of mag-
netic drum MD, if the loop remains closed, the active sig-
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nal on the W10A lead will cause the actuation of AND
gate —&—WO3A shown in FIG, 31. Because a 1 was
written in the timer cefl in track 3 slot 1 of the register
space on the completion of the first revolution of magnetic
drum MD, a 1 will now be read in this cell which will
apply an active signal condition to the R1-3 lead. The
active signal on the R1-3 lead will combine with the ac-
tive signal on the —-WS write sync lead and the WI0A
lead in AND gate —&—WO03A. The actuation of AND
gate —&—WO3A in turn causes the actuation of OR gate
_ OR-W03 which in turn will apply an active signal over
the W0-3 lead which extends via cable 6 to the writing
amplifier circuits associated with track 3 to cause a 0
to be written in the timer cell in track 3 slot 1 of the
register space. The active signal from the output of
AND gate —&—WO03A is also applied to an input of
AND gate —&—WI12A and AND gate —&—WGO2A. AO
will be read in track 2 slot 1 of the register space and the
active signal on the R0-2 lead will be combined with the
active signal from the output of AND gate —&—WEG3A
in AND gate —&—W12A which in turn will cause the
actuation of OR gate —OR-W12. The actuation of this
OR gate will apply an active signal over the W1-2 lead
extending via cable 6 to the writing amplifier circuits as-
sociated with track 2 of the magnetic drum to cause a 1
to be written in the timer cell in track 2 slot 1 of the
register space.

At the completion of the third revolution of magnetic
drum MD, if a closed loop condition still persists, the
active signal on the W10A lead will be combined with the
active signal on the R0-3 lead in AND gate —&—WI13A
to actuate OR gate —OR-WI13 to cause a 1 to be written
in the timer cell in track 3 slot 1 of the register space.
No further changes in the binary bits recorded in the
three timer cells in slot 1 are made at the completion of
this revolution of magnetic drum MD.

At the completion of the fourth revolution of magnetic
drum MD while the closed loop condition remains, the ac-
tive signal conditions on leads R1-3, W10A and ~WS are
combined in AND gate —&—WJO3A to actuate OR gate
—OR_W03 to cause a 0 to be written in track 3. The
active signal conditions on leads R1-2 and ~WS are
combined with the active signal condition on the output
lead from AND gate —&—WO3A in AND gate
—&—WO02A to actuate OR gate —OR-WO2 to cause a 0
to be written in track 2 and the active signal condition
on the R1-0 lead and the —WS lead are combined with
the active signal condition on the output lead from AND
gate —&—WO02A in AND gate —&—WI11A to actuate

OR gate —OR-W11 to cause a 1 to be written in track 1 *

slot 1 of the register space.

The operation of the AND and OR gates which control
the recording of 1’s and 0’s in the three timer cells in
slot 1 of a register is similar to that described above for
the fifth, sixth and seventh revolutions of magnetic drum
MD. The following binary code is utilized to record the
number of revolutions made by magnetic drum MD while
the condition of the loop remains unchanged.

Tracks
Number of Revolutions .
1 ‘ 2 L]
0 0 1
0 1 0
Q 1 1
1 0 0
1 0 1
1 1 1]
1 1 ]

Addition in the above binary notation proceeds in the
following manner. To add a count of 1 to the code
registered in the three-cell timer, moving from right to
left all 1's are changed to 0’s until a 0 is encountered,
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whereupon that 0 is changed to a 1 and all digits to the
left remain unchanged.

The timer cells and associated gates described above
are also utilized to count the number of consecutive revo-
lutions of magnetic drum MD made while a subscriber’s
loop to an associated sender is open. Referring to FIG.
31, AND gate —&—0L will be actuated when a sub-
scriber’s loop is open (lead $' connected to input C ac-
tive), when the loop was open on the previous revolution
(lead R0-6 active from reading a 0 in the LR cell in slot
1), when the register space is off normal (lead ON con-
nected to input B active) and when lead R0-6A con-
nected to input D is active from the reading of a 0 by
auxiliary reading head HDG6A in the EP1 cell in track 6
slot 4 of the mate register space which passed under the
main read-write heads one-quarter revolution of magnetic
drum MD earlier. As will be described hereinafter, a
0 will be recorded in the EP1 cell of this mate register
space when no dial pulse ended during the first three-
quarters of the previous revolution of magnetic drum MD.
The actuation of AND gate —&—0L will apply an active
signal pulse over the OL lead to input D of OR gate
—_OR-W19A which will add a count of 1 to the previous-
ly accumulated count in the timer cells in tracks 1, 2 and
3 of slot 1 as described above.

When a change in state of the subscriber’s loop is de-
tected, the count in the timer cells is erased. AND gate
—&—R168 shown in FIG. 31 will be actuated when the
subscriber’s loop changes from a closed condition (lead
R1-6 active from reading a 1 in the LR cell) to an open
condition (lead S’ active}. AND gate —&--SEP’ shown
in FIG. 31 will be actuated when the subscriber’s loop
changes from an open condition one-quarter revolution
earlier (lead EP’ active as will be described hereinafter)
to a closed condition (lead S active). The actuation of
AND gate —&-—R165’ or AND gate —&—SEP’ or the
ending of a dial pulse during the first three-quarters of
the previous revolution of magnetic drum MD (lead R1-
6A active as will be described hereinafter) will cause the
actuation of OR gate —OR-R6SS’ which in turn will ap-
ply an active signal to input C of AND gate —&—WOB.
As shown in FIG. 31, inputs A and B of AND gate
—&—_WOB are connected, respectively, to the ~WS and
11 leads. Accordingly, AND gate —&—WOB will be
actuated when slot 1 of a register space passes under the
main read-write heads when a change of state of the sub-
scriber’s loop is detected to apply an active signal to the
WSER lead which will cause the actuation of OR gates
—OR-W3, —-OR-W02 and —OR-W01. The actuation
of these OR gates will cause active signals to be applied
over the W03, W0-2 and WO0-1 leads, respectively, ex-
tending via cable 6 to the writing amplifier circuits asso-
ciated with tracks 3, 2 and 1, respectively, on magnetic
drum MD to cause 0’s to be recorded in these tracks in
slot 1.

The timer and the associated AND and OR gates de-
scribed above which control the recording in the timer
cells in slot 1 of a register space are utilized in the illus-
trative embodiment of the present invention to time or
count the number of revolutions between changes of state
of the subscriber’s loop to the sender associated with the
register space. This timer will also be utilized in the
manner described hereinafter for interdigital timing and
sender release timing.

Dial Pulse Recognition

As indicated hereinbefore, the shortest dial pulse dura-
tion, that is, the shortest open loop interval representing
a dial pulse is 11 milliseconds and the shortest interval
beiween pulses is 25.3 milliseconds. Thus, the shortest
time in which a dial pulse can begin and end is 36.3 milli-
seconds. Also, as indicated hereinbefore, the maximum
time for one revolution of magpetic drum MD in the il-
lustrative embodiment of the present invention is 44 milli-
ceconds and it is therefore obvious that more than one
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dial pulse may end during a single revolution of magnetic
drum MD. To be able to detect the beginning and end-
ing of dial pulses, it is therefore advantageous to provide
a system of multiple scanning which, in the illustrative
embodiment of the present invention, includes provision
for scanning each sender associated with the present in-
vention four times per revolution of magnetic drum MD.
Because a dial pulse cannot begin and end in less than
one-quarter revolution or approximately 10 to 11 milli-
seconds, no pulses will be lost. However, two dial pulses
can conceivably end during the same drum revolution
and it is therefore advantageous to break the revolution in-
to two intervals in order to be able to detect whether one
or two pulses have ended. The first portion of the revo-
lution of magnetic drum MD will include in the illustra-
tive embodiment of the present invention, the first three-
quarters of the revolution and the second portion will
include the last one-quarter revolution. The minimum
time for three-quarters of a revolution is therefore ap-
proximately 33 milliseconds and it will be observed that
two pulses cannot end during this interval. However,
one pulse may end during this interval and the second
pulse may end during the last one-quarter portion of the
revolution.

As indicated above, each register space in each quad-
rant of magnet drum MD is mated with three other regis-
ter spaces located in different quadrants of the drum and
each register space contains cells allotted to its mate reg-
ister spaces for the purpose of detecting the ends of dial
pulses in the senders associated therewith at one-quarter
revolution intervals. In order to facilitate an under-
standing of the multiple scanning utilized in the present
invention, it will be advantageous to consider the scan-
ning and dial pulse detecting circuits for one complete
drum revolution rather than an explanation of the system
as a whole.

The expianation of the operation of the dial pulse de-
tecting circuits in the register space control circuit shown
in FIGS. 27 through 31 of the present invention will be
made with reference to FIG. 4 where it will be assumed
that magnetic drum MD shown therein makes one com-
plete drum revolution and the sender which is being
scanned in this illustrative example is the sender associated
with register space No. 1. The starting point for this
illustrative example will be with the fourth scan (home
scan) of the sender associated with register space No.
1 during the revolution preceding the one to be described.
This scan of the sender associated with register space No.
1 takes place in slot 11 of register space No. 156 and the
condition of the subscriber’s loop is recorded in the scanner
detector upon the occurrence of the advance pulse in slot
13 of register space No. 156. This information is avail-
able to the logic circuitry of the register space control cir-
cuit in slot 14 of register space No. 156 and slot 1 of
register space No. 1 and serves to indicate the subscriber’s
loop condition at the conclusion of the revoluticn. As
described hereinbefore, pulse memory flip-flop PMFF-S
shown in FIG. 27 is set if the subscriber’s loop is closed
and remains normal if the loop is open. This Icop con-
dition is recorded in the LR cell in track 6 slot 1 as ex-
plained hereinbefore and a 1 is also written in the ON
cell in track 4 slot 1 to indicate an off normal condition.
Pulse memory flip-flop PMFF-S remains in the condi-
tion set on slot 14 of the preceding register space (regis-
ter space No. 156) until slot 12 of register space No, 1
passes under the magnetic heads. At this point, the sub-
scriber’s loop condition of 12 slots ago is recorded in the
S0 cell in track 6 slot 12 of register space No, 1. If pulse
memory flip-flop PMFF-S is set, AND gate —&—W16C
shown in FIG. 27 will be actuated. As shown in FIG. 27,
input A of this AND gate is connected to the R0—6 lead
and will be active if a 0 is read in the SO cell in track 6
slot 12. Input B of AND gate —&—W16C is connected
to the S lead which will be active if pulse memory flip-flop
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to the -WS write sync lead and input D of AND gate
—&—W16C is conected to lead L12 which will be active
when slot 12 is under the main read-write heads., There-
fore, if during the passage of slot 12 under the magnetic
heads, pulse memory flip-flop PMFF-S is set and a 0 is
read in the SO cell in track 6, AND gate —&—W16C
will be actuated to apply an active signal condition to the
WI16C lead which extends to input C of OR gate
—OR-W16. The actuation of OR gate —OR-W16 will
in turn apply an active signal to the W1~6 lead which ex-
tends via cable to the writing amplifier circuits associated
with track 6 on magnetic drum MD. In this manner, a
1 will be written in the S0 cell in track 6 of slot 12 of
register space No. 1.

If, during the reading of slot 12 of register space No.
1, pulse memory flip-flop PMFF-S is normal and a 1 is
read in the S0 cell in track 6 slot 12, AND gate
—&—W06D shown in FIG. 27 will be actuated to apply
an active signal over the W06C lead to input C of OR
gate —OR-W06. The actuation of this OR gate in turn
applies an active signal over the W0—6 lead extending
via cable 6 to the writing amplifier circuits associated with
track 6 on magnetic drum MD to cause a 0 to be written
in the SO cell in track 6. Therefore, if 12 slots previously
the loop was closed during the scan of the sender as-
sociated with register space No. 1, a 1 will be written in
the S0 cell in track 6 slot 12 of register space No. 1 and,
if the subscriber’s loop was open when the sender associ-
ated with register space No. 1 was scanned 12 slots pre-
viously, a 0 will be written in the SO cell in track 6 slot
12 of register space No. 1.

Magnetic drum MD now revolves the first one-quarter
revolution until slot 12 of register space No. 1 is under
auxiliary head HD6A. At this time, due to the three-cell
displacement of auxiliary head HD6A from 90 degrees as
shown in FIG. 4, slot 9 of register space No. 40 will be
under the main read-write heads. The first scan of the
sender associated with register space No. 1 is made during
the passage of slot 9 of register space No. 40 under the
magnetic heads. It will be recalled from the description
of the scanner and address circuit that the scanner will
be set to scan this sender by the address circuit when the
write sync pulse occurs in slot 6 of register space No. 40
and the condition of the scanned subscriber’s loop will be
recorded in the scanner detector upon the occurrence of
the unblocking pulse occurring in slot 8 of register space
No. 40. This recorded loop condition is then applied
to the R1S or ROS lead as negative logic active signal con-
dition during the occurrence of the read sync pulse in
slots 9, 10, 11 and 12 of register space No, 40. The
condition of the subscriber’s loop to the sender associated
with register space No. 1 as determined during the scan
of this sender when slot 9 of register space No. 40 is
under the main read-write heads is recorded in the S3 cell
in track 6 slot 9 of register space No. 40, Referring to
FIG. 28 of the drawings, it will be noted that OR gate
—OR-L369 is actuated during the passage of slots 3, 6
or 9 under the magnetic heads. The actuation of OR
gate —OR-L369 applies an active signal condition to in-
put A of AND gate —&—WI6E and input B of AND
gate —&—WOGF shown in FIG, 28. Referring to AND
gate —&-—WI6GE, it will be noted that input B thereof
is connected to the -WS write sync lead and input C is
connected to the R1S lead extending from the output of
the scanner detector. If the output of the scanner in-
dicates that the loop is closed, the R1S lead will be active
and AND gate —&—WI16E will be actuated. The actua-
tion of this AND gate will apply an active signal over
the W16E lead which extends to input E of OR gate
—OR-~W16 shown in FIG, 27. The actuation of OR
gate —OR-W16 will apply an active signal condition
over the W1-6 lead extending via cable 6 to the writing
amplifier circuits associated with track 6 on the magnetic
drum to cause a 1 to be written in the S3 cell in slot 9
track 6 of register space No. 40.
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If, during the scan of the sender associated with regis-
ter space No. 1 when slot 9 of register space No. 40 is
under the main read-write heads, the subscriber’s loop is
open, an active signal will be applied over the ROS lead
connected to input A of AND gate —&—WG6F shown
in FIG. 28. It will be observed that input B of this
AND gate is connected to the output of OR gate
—OR-1.369, input C of this AND gate is connected to the
—WS write sync lead and input D is connected to the R1-6
lead. Accordingly, if a 1 is read in the S3 cell in slot
9 track 6 of register space No. 40 and the output frem the
scanner over the ROS lead indicates that the subscriber’s
loop to the sender associated with register space No. 1 is
open, AND gate — & WO6F will be actuated and apply
an active signal over the WOSE lead to input E of OR
gate —OR-W6. The actuation OR gate —OR-WB86
will in turn apply an active signal over the W9-6 lead
extending via cable 6 to the writing amplifier circuits as-
sociated with track 6 on magnetic drum MD to cause a ¢
to be written in the S3 cell in slot 9 track 6 of register
space No. 40.

During the occurrence of the reading interval while
slot 9 of register space No. 40 is under the main read-write
heads, the bit of information in the SO cell in slot 12 of
register space No. 1 is read by auxiliary head HD6A and
a comparison is made with the present condition of the
loop as indicated by the scanner leads. If a dial pulse
has ended in the first one-quarter revolution of mag-
netic drum MD, pulse memory flip-flop PMFE-EP
shown in FIG. 28 is set. Referring to FIG. 28, AND
gate —&—EPSA is actuated when an active signal is
present on the WI6E lead from the output of AND gate
—&-—W16E, when an active signal is present on the
R0-6A lead and when the write sync pulse on the —-WS
lead occurs. The end of a dial pulse during the first
quarter revolution of magnetic drum MD is detected when
the subscriber’s loop to the sender associated with register
space No. 1 is closed at the completion of the first quarter
revolution of magnetic drum MD and was open at the
start of the first quarter revolution, Therefore, if the loop
is closed, the R1S lead applied to input C of AND gate
— &—WI16E when slot 9 of register space No. 40 passes
under the main read-write heads will cause the actuation of
AND gate —&—W16E. This will apply an active signal on
the W16E lead which extends to input A of AND gate
_&—FPSA. If a dial pulse has ended in the past one-
quarter revolution of magnetic drum MD as evidenced by
a closed loop condition on the present scan, the condition
of the loop one-guarter revolution earlier will be open.
"This open loop condition will be evidenced by an active
signal on the RO-6A lead which is made active when the
auxiliary head HD6A reads a 0 in the SO cell in slot 12
of register space No. 1. As shown in FIG. 28, the RO-6A
lead is connected to input B of AND gate —&—EPSA.
Upon the occurrence of the write sync pulse on the -WS
lead, AND gate —&—EPSA will be actuated if a dial
pulse has ended. The actuation of this AND gate will in
turn cause the actuation of OR gate —OR-EPS shown
in FIG. 28 which in turn will apply an active signal con-
dition to set pulse memory fip-flop PMFF-EP to its
1 or “set” condition. With pulse memory flip-flop
PMFF_EP set to its one condition an active signal con-
dition wiil be applied to the EP lead through transmission
gate TG-EP and transmission pulse amplifier PAT-EP.

In the event that no dial pulse has ended and that the
subscriber's loop remains open when the scan of the
sender associated with register space No. 1 is made in
slot 9 of register space No, 40, the ROS lead from the
scanmer will be active and, hence, AND gate —&—W16E
will not be actuated. Therefore, AND gate —&—FPSA
and OR pate —OR-EPS will not be actuated to set pulse
memory flip-flop PMFF-EP to its 1 condition and this
flip-flop will remain normal or unoperated. With pulse
memory flip-lop PMFF-EP normal or unoperated, an
active signal condition will be applied from its O output
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through transmission gate TG-EP’ and transmission pulse
amplifier PAT-EP’ to lead EP’,

One slot later, that is, when slot 10 of register space
No. 40 passes under the main read-write heads, if pulse
memory flip-flop PMFF-EP is set, a 1 is recorded in cell
EP3 in track 6 slot 19 of register space No. 40. Refer-
ring to FIG. 27, AND gate —&—W16D will be actuated
when an active signal is applied over the R0-6 lead which
occurs when a 0 is read in the EP3 cell in slot 10 track 6
of register space No. 40, when an active signal is applied
over the EP lead which is active, as described above, when
pulse memory flip-flop PMFEF-EP is set and when a
sync pulse occurs on the -WS write sync lead during
the time siot 10 of register space No. 40 is passing under
the main read-write heads. The actuation of AND gate
—&-—W16D in this manner applies an active signal over
the W16D lead to input D of OR gate —OR-W16.
The actuation of OR gate —OR-W16 in the manner
described previously causes a 1 to be written in the EP3
cell in track 6 slot 10 of register space No. 40.

In the event that a dial pulse did not end during the
first quarter revolution of magnetic drum MD and pulse
memory flip-flop PMFF-EP is not s¢t, a 0 will be written
in the EP3 cell in slot 10 track & of register space No. 40.
Referring to FIG. 27, AND gate —&-WO6E will be
actuated when an active signal is applied to its input A
on the L16 lead, to its input B over the EP’ lead which
is active when pulse memory flip-flop PMFF-EP is nor-
mal, to its input C over the R1-6 lead which is active
when a 1 is read in track 6 slot 10 of register space No. 40
and on the —WS write sync lead. The actuation of AND
gate —&—WOSGE in this manner causes ainl active signal
to be applied over the W6D fead to input D of OR gate
—OR-W06. The actuation of OR pate —OR-WG06 in
the manner described previously causes a 0 to be written
in the EP3 cell in track 6 slot 10 of register space No. 40.

Now that information concerning the completion or
not of a dial pulse during the first quarter revolution of
magnetic drum MD has been taken from pulse memory
flip-flop PMFF-EP shown in FIG. 28 and recorded in the
EP3 cell in track 6 slot 10 of register space No. 40, pulse
memory flip-flop PMFF-EP may be restored to normal
(if operated) in preparation of the second guarter revolu-
tion of magnetic dram MD. When slot 11 of register
space No. 40 passes under the main read-write heads on
magnetic drum, MD, AND pgate —&—FEPR11 shown in
FIG. 28 will be actuated which in turn will cause the
actuation of OR gate —OR-EPR. The actuation of OR
gate —OR-EPR in turn will apply an active signal to
the resetting input of pulse memory flip-flop PMFF-EP,
resetting this flip-flop to normal.

After the second quarter revolution of magnetic drum
MD, the sender associated with register space No. 1 is
scanned a second time. In the manner described hereinbe-
fore, this scanning takes place during the passage of slot 6
of register space No. 79 under the main read-write heads.
While stot 6 of register space No. 79 is under the main
read-write heads, the S3 cell in slot 9 of register space No.
40 is under the auxiliary head HD6A. The condition of
the subscriber’s loop to the sender associated with register
space No. 1 is again determined and active signals are
applied over the RIS and ROS leads to AND gates
_ & —-W16E and —&—WGOGF, respectively, shown in FIG.
28. These AND gates will be actuated in the manner
described previously to cause a 1 or 0 to be recorded in
the S2 cell in track 6 slot 6 of register space No. 79 to
indicate the present condition of the subscriber’s loop to
the sender associated with register space No. 1. A com-
parison is made between the present condition of the sub-
scriber’s loop as recorded in the 52 cell in track 6 slot 6
of register space No. 79 and the condition of the loop
one-quarter revolution earlier as recorded in the S3 cell
in slot 9 track 6 of register space No. 40. This com-
parison i{s made in AND gate —&—EPSA in the manner
described above. If a dial pulse has ended during the
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second one-quarter revolution of magnetic drum MD,
pulse memory flip-lop PMFF-EP shown in FIG. 28 is
set to its 1 condition.

When slot 7 of register space No. 79 passes under the
main read-write heads, a 1 will be recorded in the EP2
cell in track 6 slot 7 of register space No. 79 if a dial
pulse has ended during the second quarter revolution of
magnetic drum MD as evidenced by pulse memory flip-
flop PMFF-EP being set to its 1 condition. This is ac-
complished by AND gate —&—WI16D and OR gate
—OR-W16 shown in FIG. 27 in the same manner as the
1 was recorded in the EP3 cell in slot 10 track 6 of regis-
ter space No, 40 described above. If a dial pulse ended
during the first quarter revolution of magnetic dram MD
as evidenced by a 1 being recorded in the EP3 cell in slot
10 track 6 of register space No. 40, a dial pulse cannot
end, due to time considerations as explained hereinbefore,
in the second quarter revolution of the magnetic drum.
If this is the situation, a 1 will still be recorded in the
EP2 cell in slot 7 track 6 of register space No. 79 to indi-
cate that one dial pulse ended during the first half revolu-
tion of magnetic drum MD. Referring to FIG. 27, input
A of OR gate —OR-EP16A is connected to the R1-6A
lead. Therefore, if a 1 is read in the EP3 cell in track 6
slot 10 of register space No. 40 by auxiliary head HD6A,
the R1-6A lead will be active. The active signal on
this lead will cause the actuation of OR gate
—OR-EP16A which in turn will apply an active signal
condition on input B of AND gate —&—W16B shown
in FIG. 27. As shown in FIG. 27, input A of AND
gate —&—WI16B is connected to the output of OR gate
—OR-L47. The inputs to this OR gate are connected
to the 1.4 and L7 leads and therefore the OR gate will
be actuated when slot 7 of register space No. 79 is passing
under the main read-write heads. The actuation of OR
gate —OR~-L47 will cause an active signal to be applied
to input A of AND gate —&—W16B. Input C of AND
gate —&—WI16B is connected to the R0-6 lead which will
be active when a 0 is read in the EP2 cell in track 6 slot
7 of register space No. 79. Input D of AND gate
—&—WI16B is connected to the —-WS write sync lead.
Accordingly, AND gate —&—W16B will be actuated when
slot 7 of register space No. 79 passes under the main
read-write heads if a 0 is read in the EP2 cell in siot
7 track 6 of register space No. 79 and if a 1 is read in the
EP3 cell in slot 1€ track 6 of register space No. 40 by
auxiliary head HDG6A. The actuation of AND gate
—&—W16B applies an active signal over the W163B lead
to input B of OR gate —OR-W16. The actuation of OR
gate —OR-W16 applies an active signal over the Wi-6
lead extending via cable 6 to the writing amplifier cir-
cuits associated with track 6 on magnetic drum MD to
cause a 1 to be written in the EP2 cell in track 6 slot 7
of register space No. 79. The second condition described
above for which a 1 is written in the EP2 cell in slot 7
track 6 of register space No. 79 may not coexist with the
first condition described above because of time considera-
tions. In other words, a pulse cannot end in the quarter
revolution preceding the one just described and in the
present quarter revolution.

In the event that a pulse did not end in the second
quarter revolution of magnetic drum MD and a pulse had
not ended in the first quarter revolution of magnetic
drum MD, a 0 will be written in the EP2 cell of track 6
slot 7 of register space No. 79. Referring to FIG. 27,
it will be observed that AND gate —&—W06C will be
actuated when an active signal is applied to input A there-
of from the output of OR gate —QOR-147 as slot 7 of
register space No. 79 passes under the main read-write
heads, when an active signal is applied to input B thercof
over the —-WS write sync lead, when an active signal is
applied to input C thereof over the R0~6A lead, when an
active signal is applied to input D thereof over the R1-6
lead and when an active signal is applied to the EP’ lead
connected to input E thereof. If a pulse did not end
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in the second quarter revolution of magnetic drum MD,
pulse memory flip-flop PMFF-EP shown in FIG. 28 will
be normal and lead EP’ will be active. If no pulse was
completed in the first quarter revolution of magnetic
drum MD, a 0 will be read in the EP3 cell in siot 10
track 6 of register space No. 40 by auxiliary reading head
HD6A and an active signal will be applied to the R9-6A
lead. If a 1 is read in the EP2 cell in track 6 slot 7 of regis-
ter space No. 79, lead R1-6 will be active. Therefore, AND
gate —&—WO6C will be actuated to apply an active sig-
nal over the WO06B lead to input B of OR gate
—OR-~W06. The actuation of OR gate —OR-W06 will
cause an active signal to be applied over the W0-6
lead extending via cable 6 to the writing amplifier cir-
cuits associated with magnetic drum MD to cause a 0
to be written in the EP2 cell in track 6 slot 7 of register
space No. 79.

Magnetic drum MD now rotates until slot 8 of regis-
ter space No. 79 is passing under the magnetic heads.
When this occurs, pulse memory flip-flop PMFF-EP
shown in FIG. 28 will be reset to normal if it is operated.
As shown in FIG. 28, AND gate —&—EPRS will be
actuated when slot 8 of register space No. 79 is passing
under the main read-write heads. The actuation of AND
gate —&—EPRS8 will in turn cause the actuation of OR
gate —OR-EPR. The actuation of OR gate —OR-EPR
will in turn apply an active signal to the resetting input of
pulse memory flip-flop PMFF-EP, resetting this flip-flop to
normal.

Magnetic drum MD now rotates through its third
quarter revolution until cell S1 in slot 3 track 6 of regis-
ter space No. 118 is under the main read-write heads.
At this time, cell S2 in slot 6 track 6 of register space
No. 79 will be under the auxiliary reading head HDSA.
The third scan of the subscriber’s loop connected to the
sender associated with register space No. 1 is made and
active signals are applied over the R1S or ROS leads to
AND gates —&—WI16E or —&—WOGF, respectively,
shown in FIG. 28. These AND gates will be actuated in
the manner previously described to cause a 1 or O repre-
senting the present condition of the subscriber’s loop to
be recorded in Cell S1 in slot 3 track 6 of register space
No. 118. Again, a comparison is made between the pres-
ent condition of the subscriber’s loop as evidenced by the
scanner leads and the condition of the subscriber's loop
one-quarter revolution previously as determined by read-
ing the S2 cell in track 6 slot 6 of register space No. 79.
If a dial pulse has ended in the third quarter revolution,
pulse memory flip-flop PMFF-EP shown in FIG. 28 is
set in the manner described previously, When the next
slot passes under the main read-write heads, that is, slot
4 of register space No. 118, there are again two possible
conditions which necessitate writing a 1 in the EP1 cell in
track 6 slot 4 of register space No. 118. The first condi-
tion is if pulse memory flip-flop PMFF-EP has been set
to indicate that a dial pulse has ended in the third quarter
revolution of the drum and the second, a 1 is read by
auxiliary reading head HD6A in the EP2 cell in track 6
slot 7 of register space No. 79, indicating that a dial pulse
had ended during the first half revolution of magnetic
drum MD. If either of these conditions is present (and
only one may be present due again to time considera-
tions), a 1 is written in the EP1 cell in slot 4 track 6 of
register space No. 118. This 1 is written in the EP1
cell in the manner described above. Pulse memory flip-
flop PMFF-EP will be reset to normal if it is operated
when slot 5§ of register space No. 118 passes under the
main read-write heads. Referring to FIG. 28, it will be
observed that AND gate —&—EPRS will be actuated
when slot 5 of the register space No. 118 passes under
the main read-write heads. The actuation of the AND
gate in turn causes the actuation of OR gate —OR-EPR
which applies an active signal condition to the resetting
input of pulse memory flip-flop PMFF-EP. Magnetic
drum MD now makes its final quarter revolution.
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As slot 14 of register space No. 156 appears under
the main heads, the fourth scan (the home scan) of the
sender associated with register space No. 1 is made as de-
scribed above. The subscriber’s loop condition as dcter-
mined from this scan is recorded in pulse memory fip-fiop
PMFEF-S in the manncr described before. This will be
used one slot later in stot 1 of register space No. 1. Dur-
ing the scan of the sender associated with register spuce
No. 1 while slot 14 of register space No. 156 is passing
ander the main tead-write heads, auxiliary head HD6A
is teading the condition of the subscriber’s loop one-
quarter revolutien earlier, or, at the end of the tturd
quarter revolution of magnetic drum MD as recorded in
the S1 cell of slot 3 track 6 of register space No. 118,
No comparison between the preseat condition of the sub-
scriber’s leop and the condition one-quarter revoluticn
earlier is made at this time. Instead, the information
from cell S1 in slot 3 track 6 of register space No. 113
is recorded in pulse memory flip-flop PMFF-EP shown
in FIG. 28. Referring to FIG. 28, AND gate —&—EPSB
will be actuated when an active signal is applied to its in-
put A over the -WS write sync lead, when a 1 is read
in the S1 cell in slot 3 irack 6 of register space No. 118
by auxiliary reading head HD6A to apply an active signal
over the R1-6A lead and when slot 14 of a register
space is passing under the main read-write heads. The
actuation of AND gate —&—EPSR will in turn cause
the actuation of OR gate —OR-EPS and the actuation
of this OR gate will in turn cause pulse memory flip-flop
PMFE-EP to be set to its 1 condition.

When slot 1 of register No. 1 appears under the main
read-write heads (the home pass of register space No.
1), auxiliary head HDGA is reading the information re-
corded in the EP1 cell in slot 4 track 6 of register space
No. 118. As indicated above a 1 will be read if a dial
pulse ended during the first three-quarters revoluijon of
magnetic drum MD and a 0 will be read if no dial pulses
ended during the interval. The revolution of magnetic
drum MD is completed and the information obtained dur-
ing this complete revolution is as follows:

(1) Present condition of the subscriber’s loop con-
nected to the sender associated with register space No. 1
as evidenced by the setting of pulse memory flip-flop
PMFF-S shown in FIG. 27.

(2) Condition of the subscriber’s loop one-quarter revo-
Jution earlier as set in pulse memory flip-flop PMFF-EP
shown in FIG. 28.

(3) Condition of the subscriber’s
revolution earlier as is evidenced by a 1 or 0 recorded
in the LR cell in slot 6 track 6 of register space No. 1.

(4) Absence or presence of a dial pulse in the first
three-guarters of the previous revolution as evidenced by
a0 or a 1 appearing in cell EP1 of track 6 slot 4 of
register space No. 118 and available over the R6—6A or
R1-6A leads from the output of auxiliary head HDSA.

With the above information available when slot 1 of
a register space is passing under the main read-write
heads, it is possible through the logic circuitry to deter-
mins whether dial pulses have ended during the last revo-
lution and if so whether there were one ot two pulses.
The operation of this logic circuitry will be described
below. Pulse memory flip-flop PMFF-EP shown in FIG.
28 will bs reset to normal if it is operated when slot 2
of register space Mo. 1 passes under the main read-write
heads. Referring to FIG. 28, it will be observed that
AND gate —&-—-EPR2 will be actuated when slot 2 of
register space No. 1 passes under the mazin read-write
heads. The actuntion of this AND gate in turn operates
OR gate —OR-EPR which applies an active signal con-
dition to the resetting input of pulse memory flip-flop
PMFF-EP.

with dial pulses now quantitatively detectable, pro-
vision is made in the logic circuitry of the register space
control circuit for the proper registration of the digits
represented by these dial pulses in the register spaces

loop one complete

20

40

65

56

on magnetic drum MD as will be described hereinafter.
In addition to the conditions representing the completion
of one or two dial pulses as described above which are
present when slot 1 of a register space is passing under
the main magnetic read-write heads, other conditions will
also be available as will be described. These conditions
include information relating to interdigital timeouts and
sender releases. All of the above conditions, that is,
completion of dial pulses, interdigital timeouts and sender
release timing, cause the operation of a group of three
pulse memory flip-flops designated PM¥F-C1, PMFF-C2
and PMEF-C3 shown in FIG. 29. Thesc pulse memory
fiip-flops with their associated transmission gates TG-C1,
TG-CY’, TG-C2, TG-C2’, TG-C3 and TG-C3 and their
associated transmission pulse amplifiers PAT-C1, PAT-
CV, PAT-C2, PAT-CY, PAT-C3 and PAT-C3, cause
active signal conditions to be applied to leads Ci, C1',
2, C2, C3 and C3' of cable 7 shown in FIG. 29.
“These pulse memory flip-flops will be operated in various
combinations to provide various combinations of active
signal conditions on the C-leads. The table of conditions
and combinations is as follows:

State of Pulse
Memory Flip-Flop

PMIF Combination Interpretation

C1 C2 C3
Normal State .- 0 1] 0
Sender Release. 0 1
= dial palses have ended during last revolution. ... )] 1 ]
i dial pulse has ended during last revolution. - 1 i} )]
Interdigital HMEOUt . ooooeooomoo oo ! 1 0 1
Dial palse has begun only during last rm‘olutior,,__" 1 1 0

If one dial pulse has ended during the preceding revo-
lution, it will be noted by reference to the above table
and to FIG. 29 that pulse memory flip-flop PMFF-C1 is
the only flip-flop operated and, accordingly, leads C1,
C2 and C3 will have an active signal condition applied
thereto. Similarly, if two dial pulses have ended during
+he last revolution, pulse memory flip-flop PMFF-C2
alone will be operated. Again referring to FIG. 29, it
will be noted that leads C1’, C2 and C3¥’ will be active.
From the above table, it will be noted that if a dial pulse
has begun only during the last revolution, both pulse
memory flip-flops PMFF-C1 and PMFF-C2 will be oper-
ated and leads C1, C2 and C3’ will be active.

Digit Registration

With active signal conditions applied to the C1, C2,
C3, C1’, C2’ and C3' Ieads of cable 7 as described above
through the operation of the three pulse memory flip-
flops shown in FIG. 29, indicating the detection of dial
pulses (either one or two during the preceding revolution
of magpetic drum MD), the logic circuitry of the register
space control circuit will be actuated to record the dial
pulses in the digit registers of a register space, as shown
in FIG. 3. The pulses of the first digit are recorded in
the first digit register, the pulses of the second digit are
recorded in the second digit register, et cetera. The in-
terdigital period between the pulses of the first digit, the
second digit and succeeding digits will be detected in the
marnmner described hereinafter by the interdigital timing
circuitry in the register space control circuit. When the
end of a pulse is detected and active signal conditions are
applied to the C-leads of cable 7 from the outputs of
the pulse memory flip-flops PMFF-C1 through PMFF-
C3 shown in FIG. 29, the register space control circuit
looks for the first digit register of the register space in
which a 0 is recorded in the digit dialed cell in track 5.
In other words, if the pulses received are for the first
digit, the first 0 encountered in track 5 as the register
space passes under the magnetic heads will be the 0 in
slot 4 associated with the first digit register. In the man-
ner described hereinafter, when all of the pulses of the
first digit have been received and an interdigital timeout
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is detected, a 1 will be recorded in the digit dialed cell
of the appropriate register. The manner in which the
pulse memory flip-flops PMFF-C1 through PMFF-C3
are operated in accordance with the conditions indicating
the completion of one or two dial pulses will now be de-
scribed.

Returning again to the example previously utilized, if,
as a result of the four scans of the sender associated with
register space No. 1 during the preceding revolution of
magnetic drum MD, only one dial pulse was detected,
pulse memory flip-flop PMFF-C1 shown in FIG. 29 is
set as indicated hereinbefore. Referring to FIG. 29, it
will be noted that input A of AND gate —&—CI1SC is
connected to lead S which extends to the output of pulse
memory flip-flop PMFF-S shown in FIG. 27. The S
lead will have an active signal thereon if the subscriber’s
lcop to the sender associated with the register space No.
1 is closed. Input B of AND gate —&—CISC is con-
nected to the R0O-6A lead which will be active when a
0 is read in the EP1 cell in track 6 slot 4 of register
space No. 118 by auxiliary reading head HD6A. As in-
dicated above, a 0 in the EP1 cell indicates that a dial
pulse did not end during the first three-quarters of the
previous revolution of magnetic drum MD. Input C of
AND gate —&—C1SC is connected to the —WS write
sync lead and input D is connected to the ON lead
which, as indicated hereinbefore, will be active when
the register space is marked off normal. Input E of
AND gate —&—CISC is connected to the EP’ lead
which, as indicated above, will be active when the sub-
scriber’s loop to the sender associated with register space
No. 1 in the illustrative example was open one-quarter
revolution earlier. The closed lcop condition of the sub-
scriber’s loop as evidenced by the active signal on the
S lead and the open loop condition one-quarter revolu-
tion earlier as evidenced by the active signal on the EP’
lead indicates the completion of a dial pulse during the
immediately preceding one-quarter revolution of mag-
netic drum MD. AND gate —&—C1SC will therefore
be actuated to apply an active signal over the C1SC lead
to input C of OR gate —OR—C1S. The actuation of OR
gate —OR-C1S will in turn apply an active signal to the
set input of pulse memory flip-flop PMFF-C1 setting this
flip-flop to its 1 condition.

In the event that the dial pulse which ended in the
preceding revolution of magnetic drum MD ended during
the first three-quarters of this drum revolution, a 1 will
be recorded in the EP1 cell in track 6 slot 4 of register
space No. 118 as described hereinbefore. The reading
of a 1 in this cell will cause an active signal to be applied
to the R1-6A lead. In the event that only one dial pulse
ended during the preceding revolution and this dial pulse
ended during the first three-quarters of this revolution,
and the subscriber’s loop one-quarter revolution earlier
was closed as evidenced by an active signal on the EP
lead, AND gate —&—CI1SD shown in FIG. 29 will be
actuated. As shown in FIG. 29, input A of AND gate
—&—C1SD is connected to the output of OR gate —OR~
EPS’. Therefore, if the subscriber’s loop one-quarter
revolution earlier was closed (lead EP active) or if the
subscriber’s loop is now open (lead S’ active), OR gate
—OR-EPS’ will be actuated to apply an active signal to
input A of AND gate —&—CI1SD. Active signals on
either of these leads precludes the possibility of two dial
pulses having ended during the preceding revolution. In-
put B of AND gate —&—C1SD is connected to the ON
lead which will be active as indicated hereinbefore when
the register space is off normal. Input C of AND gate
—&—C1SD is connected to the R1-6A lead which will
be active when a 1 is read in the EPI1 cell of register
space No. 118, as indicated above, indicating a dial pulse
ended during the first three-quarters of the last revolu-
tion and input D of AND gate —&—CI1SD is connected
to the -WS write sync lead. The actuation of AND
gate —&—CISD will apply an active signal over lead
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C1S8D to input D or OR gate —OR—C1S which in turn
will apply an active signal to the setting input of pulse
memory flip-flop PMFF-CI, setting this flip-flop to its
1 condition. With pulse memory flip-flop PMFF-C1 set
and pulse memory flip-flops PMFF-C2 and PMFF-C3
normal, active signals will be applied to the C1, C2’ and
C3’ leads of cable 7 which extend to FIGS. 30 and 31 of
the register space control circuit where these signals con-
trol the logic circuits as described hereinafter to record a
1 in the appropriate digit register of register space No. 1.

If, as a result of the four scans of the sender associ-
ated with register space No. 1 during the preceding revo-
lution of magnetic drum MD, two dial pulses were de-
tected, pulse memory flip-flop PMFF—C2 shown in FIG.
29 is set when slot 1 register space No. 1 is passing under
the magnetic heads. Referring to FIG. 29, input A of
AND gate —&—C2SA is connected to the ~WS write sync
lead and input B is connected to the R1-6A lead. Lead
R1-6A will be active if a 1 is read in the EP1 cell in slot
4 track 6 of register space No. 118. A 1 recorded in
this cell gives an indication that a dial pulse has ended
during the first three-quarter revolution of magnetic drum
MD. Input C of AND gate —&—C2SA is connected to
the EP’ lead which, as indicated hereinbefore, will be
active when pulse memory flip-flop PMFF-EP shown in
FIG. 28 is normal. As described above, when slot 1 of
register space No. 1 is passing under the main read-write
heads, pulse memory flip-flop PMFF-EP will be set in
accordance with the condition of the subscriber’s loop
one-quarter revolution earlier. Therefore, if EP’ lead
from the output of this flip-flop is active, the subscriber’s
loop one-quarter revolution earlier was open. Input D
of AND gate —&—C2SA is connected to the S lead which,
as indicated above, will be active when the subscriber’s
loop to the sender associated with register space No. 1
was closed at the completion of the preceding revolution
of magnetic drum MD. The EP’ lead being active and
lead S being active gives an indication that the subscriber’s
loop closed for the second time during the preceding
revolution thus giving an indication of the completion of
two dial pulses. Input E of AND gate —&—C2SA is
connected to the ON lead which will be active, as indi-
cated hereinbefore, when the register space is marked off-
normal. The actuation of AND gate —&—C2SA in this
manner in turn causes the actuation of OR gate —OR-
C2S which in turn will apply an active signal condition to
the set input of pulse memory flip-flop PMFF-C2, setting
this flip-flop to its 1 condition.

With pulse memory flip-flop PMFF-C2 alone set, active
signal conditions will be applied to leads C1’, C2 and
C3’ of cable 7 which extend to the logic circuitry of the
register space control circuit shown in FIGS. 30 and 31.

In the event that no dial pulse ended during the previous
revolution but only started, pulse memory flip-flops
PMFF-Ci and PMFF-C2 will both be actuated to their
1 condition. Referring to FIG. 29, AND gate —&--C12S
controls the simultancous operation of pulse memory
flip-lops PMFF-C1 and PMFF-C2. As shown in FIG.
29, input A of AND gate —&—C12S is connected to the
S’ lead. This lead will be active if the condition of the
subscriber’s Joop is presently open. Input B of AND
gate —&—C12S is connected to the RO-6A lead which
will be active when a 0 is read in the EP1 cell in slot 4
track 6 of register space No. 118 indicating that a dial
pulse had not ended during the first three-quarters of the
preceding revolution of maguetic drum MD. Input C of
AND gate —&—C12S is connected to lead L1 and will
be active when slot 1 of register space No. 1 in the as-
sumed example is passing under the main read-write
heads. Input D of AND gate —&—C12S is connected
to the ~WS write sync lead and input E of AND gate
—&—C12S is connected to the R1-6 lead which will be
active when a 1 is read in the LR cell in slot 1 track 6 of
register space No. 1 indicating that on the previous revo-
Iution of magnetic drum MD, the subscriber’s loop was
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closed. Therefore, if the subscriber’s loop was closed at
the beginning of the previous revolution and no dial pulse
was completed during the first three-guarters of the rev-
olution and the subscriber’s loop is now open, a dial pulse
has begun but has not ended and, accordingly, AND
gate —&—CI12S will be actuated. The actuation of this
AND gate will apply an active signal over lead C12S to
input B of OR gate —OR-C2S and input E of OR gate
—OQR-C1S. The actuation of these OR gates will in turn
apply active signals to the setting inputs of pulse memory
flip-flops PMFF-C2 and PMFF-CI, respectively. The
setting of these flip-flops will cause active signals to be
applied from the output of the three pulse memory flip-
flops shown in FIG. 29 to leads C1, C2 and C3’ of cable 7.

When it is determined that one dial pulse ended dur-
ing the previous revolution of magnetic drum MD, the
active signals on leads C1, C2’ and C3’ will be combined
in AND gate —&—1DP shown in FIG. 30 with an active
signal on the IDL lead. As shown in FIG. 30, lead IDL
is fed from the output of AND gate —&—IDIL. and input
A of AND gate —&—IDL is connected to the R0-5 lead
which will be active when a 0 is read in track 5. Input
B of AND gate —&—IDL is connected to the output of
OR gate —OR-L4-14. The inputs of OR gate —OR~
L4-14 are connected to the outputs, respectively, of OR
gate —OR-L4-11 and AND gates —&—LI12RS, —&—
L13RS and —&—L14RS. It will be observed by referring
to FIG. 30, that the inputs of OR gate —OR-L4-11 are
connected, respectively, to the outputs of AND gates
—&—L4RS through —&—L11RS. Assume, for example,
that the first dial pulse detected is the first pulse of the
first digit, accordingly a count of one should be recorded
in the first digit register in slot 4 of register space No. 1
{returning again to the assumed example). When slot 4
of register space No. 1 passes under the main magnetic
read-write heads, AND gate —&—L4RS will be actuated
by the active signal on the L4 and the ~RS read sync
leads. The actuation of AND gate —&—L4RS will in
turn cause the actuation of OR gate —~OR-L4-11. The
actuation of OR gate —OR-L4-11 will in turn cause the
actuation of OR gate —OR-L4-14. The actuation of
OR gate —OR-L4-14 will apply an active signal to input
B of AND gate —&—IDL. If a 0 is read in track 5 slot
4 of register space No. 1, the active signal on the R0-5
lead applied to input A of AND gate —&—IDL will cause
the actuation of this AND gate which in turn will apply
an active signal condition to the IDL lead. The active
signal condition on the IDL lead will be combined with
the active signal conditions on the C1, C2” and C¥ leads
in AND gate —&—1DP. The actuation of AND gate
—&—1DP will apply an active signal condition to the 41
lead which extends to the inputs of AND gates —&—
WI14A and —&—WO04C shown in FIG. 31, Ifa0is read
in track 4 slot 4 of register space No. 1, AND gate
_&—_WI14A will be actuated by an active signal condi-
tion on the R0-4 lead, the —WS write sync lead and the
41 lead. The actuation of this AND gate will in turn
apply an active signal over the W14A lead to input A_ of
OR gate —OR-W14 shown in FIG. 27. The actuation
of OR gate —OR-W1i4 will in turn apply an active sxgpal
over the W1-4 lead extending via cable 6 to the .writmg
amplifier circuits associated with track 4 of magnetic drum
MD and will cause a 1 to be written in track 4 slot 4 of the
first digit register of register space No. 1.

The active signal on the C1 lead when one dial pu!sp
is detected during the previous revolution of magnetic
drum MD will also cause the actuation of OR pate
__OR_Ci2 shown in FIG. 29, The actuation of this
OR gate will in turn apply an active signal over the
DFPLR lead which extends to input C of AND gate
_.&—CRS shown in FIG. 30. The active signal on the
DPLR lead is combined in AND gate —&—CRS with
the active signal on the IDL lead applied to input B and
the —WS write sync lead applied to input A to cause the
actuation of AND gate —&—CRS. The actuation of
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AND gate —&—CRS will apply an active signal over
the RS lead which extends to input B of OR gate
—QOR-CR shown in FIG. 29, The actuation of OR gate
-——OR-CR applies an active signal condition to the re-
setting input of all three pulse memory flip-flops
PMFF-C1 through PMFF-C3 shown in FIG. 29, thus
resetting these flip-flops to normal.

Referring again to AND gate —&—W14A shown in
FIG. 3! and OR gate —OR-W14 shown in FIG. 27,
these two gates together with AND gates —&—WO4C,
& W13A, —&—WO03A, —&—WI2A, —&—WO2A,
—&—WI11A, —&—WO01A and OR pgates —OR-W04,
—~0OR-W13, —OR-W03, —OR-W12, —OR-WJ2, —OR~-
Wil and —OR-W10, shown in FIG. 31, comprise the
gates which control the recording of the number of dial
pulses detected in the digit registers of the register spaces.
it will be remembered from the previous description of
the timer cells that a portion of these gates were utilized
to control the recording of the number of revolutions
between changes of state of the subscriber’s loop in the
timer cells in slot 1 of the register spaces. The manner
in which the gates control the recording of detected dial
pulses in the digit register cells is identical to that de-
scribed for the timing function. These gates utilize the
existing count in any register to form a new binary num-
ber which is one count higher than the number previ-
ously registered (two counts higher if two dial pulses are
detected during the preceding revolution of magnetic drum
MD). The same gates are used with all of the digit
registers of all of the register spaces. Carries are effected
logically. Whenever an attempt is made to write in a
track already containing a 1, a write 0 gate is activated
and a carry signal is transferred into the gates controlling
the next column.

Assume that at the completion of a revolution of mag-
netic drum MD the second dial pulse of the first digit is
detected. In this event, AND gate —&—L4RS shown in
FIG. 30 will be actuated, OR gates —OR-~L4-11 and
—OR-L4-14 will again be actuated and AND pgate
—&—IDL will again be actuated because a 0 will still
be read in the digit dialed cell in track 5 of slot 4 of
register space No. 1. The active signal on the IDL lead
will in turn be combined with the active signals on the
C1, C2 and C3’ leads in AND gate —&—1DP and once
again an active signal pulse will be applied to the 41
lcad which extends to inputs of AND gates —&—WI14A
and —&—W04C shown in FIG. 31. This time, however,
a 1 will be read in the digit register cell in track 4 slot 4
of register space No. 1 and the R1-4 lead will be active.
The active signal on the R1-4 lead will be combined
with the active signal from the +1 lead in AND gate
—&—W04C, The actuation of AND gate —&—W04C
will in turn cause the actuation of OR gate —OR-W04
which will apply an active signal over the W0-4 lead
extending via cable 6 to the writing amplifier circuits
associated with track 4 to cause a 0 to be written in
track 4. The actuation of AND gate —&-—W04C will
also apply an active signal to input A of OR pgate
—OR-WI9A. The actuation of OR gate —OR-WI10A
will in turn apply an active signal over lead WI10A to
an input of AND gates —&—WI13A and —&—WO03A.
Because a O will be read in track 3 slot 4 of the first digit
register of register space No. 1, the R0-3 lead will be
active and AND gate —&—-WI13A will be actuated. The
actuation of AND gate —&—W13A will in turn cause
the actuation of OR gate —OR-W13 to apply an active
signal over the W1-3 lead extending via cable 6 to the
writing amplifier circuits associated with track 3 on
magnetic drum MD to cause a 1 to be written in track
3 slot 4 of the first digit register in register space No. 1.
As long as single dial pulses are detected on each suc-
cessive revolution of magnetic drum MD, the AND gates
shown in FiG. 31 will be actuated in the manner de-
scribed above to add a count of 1 at the completion of
each revolution.
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In the event that two dial pulses are detected during
a particular revolution of magnetic drum MD, leads
C1’, C2 and C¥ in cable 7 from the output of the pulse
memory flip-flops PMFF-C1, PMFF-C2 and PMFF-C3,
shown in FIG. 29 will be active as indicated above. The
active signals on the C1’ and C2 leads will be combined
with the active signal on the IDL lead in AND gate
—&—2DP shown in FIG. 30, The actuation of this
AND gate will apply an active signal over the 4-2 lead
which extends to input B of OR gate —~OR-W@1A shown
in FIG. 31. Assume, for example, that two dial pulses
have been previously recorded in the first digit register
of register space No. 1, thus making the count in the
cells 1 through 4, respectively, read 0010. The active
signal on the 4-2 lead wili cause the actuation or OR
gate —OR-WO01A. The actuation of this OR gate will
apply an active signal over the WO1A lead to the inputs
of AND gates —&—W13A and —&—WO03A. As de-
scribed above, a 1 is recorded in track 3 and therefore
the R1-3 lead will be active. This will cause the actua-
tion of AND gate —&—WO3A which in turn will apply
an active signal to actuate OR gate —OR-WO03. The
actuation of OR gate —OR-W03 will in turn apply an
active signal over the W0-3 lead extending via cable 6
to the writing amplifier circuits associated with track 3
of magnetic drum MD. The actuation of AND gate
—&—WO03A as described above will also apply an active
signal to an input of AND gates —&—WI12A and
—&—W02A. Under the assumed example, a 0 will be
read in track 2 slot 4 of the first digit register in register
space No. 1 and the R0-2 lead will be active. The active
signal on the R0-2 lead will in turn cause the actuation
of AND gate —&—WI12A. The actuation of this AND
gate will in turn cause the actuation of OR gate
—OR~WI12 to apply an active signal over the W1-2 lead
extending via cable 6 to the writing amplifier circuits
associated with track 2 on magnetic drum MD to cause
a 1 to be written in track 2 slot 4 of the first digit regis-
ter of register space No. 1. After completion of the
above operation, the count recorded in the first digit
register cells in tracks 1 through 4 of slot 4 will read
0100 and it will be noted that this count in binary code
is an addition of two to that previously recorded in the
digit register. The actuation of AND gate —&—IDL
shown in FIG. 30 in addition to controlling the actuation
of AND gates —&—1DP and —&—2DP and the record-
ing of the detected dial pulses in the appropriate digit
registers of the register spaces, also causes the actuation
of AND gate —&—CRS shown in FIG. 30 in the manner
described above to apply an active signal over the RS
lead to reset the pulse memory flip-flops PMFF-C1 and
PMFF-C2 when operated.

In the event that a dial pulse started but did not end
in the previous revolution, pulse memory flip-flops
PMFF-C1 and PMFF-C2 in FIG. 29 will be operated
as described above. The active signals on the C1, C2
and C3’ leads will not actuate any of the AND gates
shown in FIG. 30 to add an additional count to the digit
register in which the pulses are being counted. No
further action in the circuit takes place until slot 14 in
the register space passes under the magnetic heads at
which time an active signal on the L14 lead applied to in-
put A of OR gate —OR-CR shown in FIG. 29 will cause
the actuation of this OR gate which in turn will apply
an active signal to the resetting input of the pulse memory
flip-fiops PMFF-C1, PMFF-C2, and PMFF-C3, prepar-
ing these flip-flops for operation in accordance with the
conditions for other register spaces.

As will be described hereinafter, when an interdigital
interval is detected indicating the completion of the pulses
of a particular digit, a 1 will be written in the digit dialed
cell in track 5 of the register space associated with the
particular digit register in which the previous dial pulses
were recorded. Thereafter, successively received dial
pulses will be counted and recorded in the first succeeding
digit register in which a 0 is written in the digit dialed
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cell. For example, after the pulses of the first digit have
been received and the first interdigital interval is detected,
a 1 will be written in the digit dialed cell in track 5 slot
4 of register space No. 1. Thereafter, the next dial
pulses received will cause the actuation of AND gate
—&—1L5RS, OR gate —OR-L4-11, OR gate —OR-L.4-14
and AND gate —&—IDL shown in FIG. 30 when slot
§ of the register space is passing under the main magnetic
heads and the AND gate —&—1DP if one pulse is de-
tected or the AND gate —&—2DP shown in FIG. 30 if
two pulses will be actuated by an active signal on the IDL
lead to count the pulses of the second digit in the second
digit register. It will be noted that AND gate —&—IDL
is actuated only when a 0 is read in track 5 of a register
space. In this manner, the pulses of the appropriate
digits are steered into the appropriate digit registers.

Interdigital Timing

When dial pulses cease, the state of the subscriber’s
loop remains unchanged, that is, closed, and the revolu-
tions of magnetic drum MD are counted on the timer
celis in slot 1 of the register space. In the illustrative
embodiment of the present invention, closed loop in-
tervals of greater than 88 milliseconds are classified as
interdigital timeouts. These interdigital timeouts may
last up to a maximum of 121 milliseconds. It is impor-
tant to detect interdigital timeouts within these limits
because the first pulse of a succeeding digit might be re-
ceived and if the interdigital timeout has not been de-
tected a false count for the succeeding digit will be
recorded. It will be noted that under the assumed operat-
ing speed of magnetic drum MD two drum revolutions
are completed in 88 milliseconds and the third drum
revolution will not be completed until 132 milliseconds
have elapsed, hence means must be provided for detecting
interdigital timeouts at the completion of two and three-
quarters drum revolutions.

For the purpose of interdigital timing as will be de-
scribed hereinafter, it is advantageous to know the loca-
tion of the last dial pulse, in other words whether this
dial pulse ended during the first three-quarters of the
last revolution of magnetic drum MD or whether it ended
in the last one-quarter of the last revolution of magnetic
drum MD. If the last dial pulse ended in the first three-
quarters of a revolution of magnetic drum MD, a 0 is
written in the EPL cell in track 5 slot 1 of the register
space. Referring to FIG. 27, AND gate —&--WOSA
will be actuated when an active signal is applied to its
input A from the R1-5 lead, when an active signal is
applied to its input B from the R1-6A lead, when an
active signal is applied to its input C from the ON lead
from the output of AND gate —&—ON shown in FIG.
27, when an active signal is applied to its input D from
the —WS write sync lead and when an active signal is
applied over the EP lead to input E. AND gate
—&—WO5SA will be actuated to in turn cause the actua-
tion of OR gate —OR-W95 when a dial pulse has ended
during the previous three-quarters revolution of mag-
netic drum MD. The actuation of OR gate —OR-W05
will in turn apply an active signal over the W0-5 lead
extending via cable 6 to the writing amplifier circuits
associated with track 5 on magnetic drum MD to cause a
0 to be written in the EPL cell in slot 1 track § of the
appropriate register space.

If the last dial pulse ended in the last one-guarter
revolution of magnetic drum MD, a 1 will be written in
the EPL cell in track § slot 1 of the register space. Re-
ferring to FIG. 27, AND gate —&—WI15B will be actu-
ated when an active signal is applied to its input A over
lead S, when an active signal is applied to its input B
over lead EP’, when an active signal is applied to its in-
put C over lead ON, when an active signal is applied to
its input D over lead ~-WS and when an active signal is
applied to its input E over the R0-5 lead. The actua-
tion of AND gate —&—WI15B in this manner in turn
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causes the actuation of OR gate —OR-W15. The actua-
tion of OR gate —OR-W15 will apply an active signal
condition to the W1-5 lead which extends via cable 6
to the writing amplifier circuits associated with track 5
on magnetic drum MD to cause a 1 to be written in the
EPL cell in track 5 slot 1 of the register space.

When slot 1 of a register space is passing under the
main read-write heads on magnetic drum MD, if the
last pulse of a digit ended in the first three-quarters of
the previous drum revolution an interdigital timeout will
be completed at the end of one and three-quarters drum
revolutions of closed loop condition thereafter. On the
first pass of slot 1 of the register space under the main
magnetic heads after the last dial pulse ended in the first
three-quarters of the previous revolution, leads S, EP,
R1-6A, L1, ON and -WS will be active. Lead S will
be active because the subscriber’s loop is now closed.
Lead EP will be active because the subscriber’s loop was
closed one-quarter revolution earlier, Lead R1-6A will
be active because a 1 will be read by auxiliary head
HD6A in the EP1 cell in track 6 slot 4 of the mate reg-
ister space which previously passed under the main mag-
netic heads giving an indication that a dial pulse ended
in the first three-quarters of the previous drum revolu-
tion. Lead ON will be active because as described here-
inbefore the register space is marked off normal. Under
these conditions a O will be written in the EPL cell in
slot 1 track 5 of the register space if a 0 is not now
written therein. As shown in FIG. 27, AND gate
—&—WO5A and OR gate —OR-W05 will be actuated as
described above (lead R1-5 will be active because a 1
will be read in slot 1 track 5 of the register space). The
timer cells in the timer of slot 1 of the register space will
also be erased. As shown in FIG. 31, OR gate
—OR-R6SS’ will be actuated by the active signal on the
R1_6A lead to in turn actuate AND gate —&—WOB in
the manner described hereinbefore.

At the completion of the first complete revolution of
closed loop condition after the termination of a dial
pulse, that is, when slot 1 of the register space passes
under the main magnetic heads the second time after
completion of the dial pulse, leads S, EP, RO-6A, RO-5,
R0-3, and —WS will be active. Lead EP will be active
because the subscriber’s loop was closed one-quarter rev-
olution earlier. Lead S will be active because the sub-
scriber’s loop is now closed. Lead RO-6A will be active
because a 0 will be read by auxiliary head HD6A in the
EP1 cell in track 6 slot 4 of the mate register space which
previously passed under the main magnetic heads. This
0 indicates that a dial pulse did not end in the first three-
quarters of the immediately preceding drum revolution.
Lead R0-5 will be active because a 0 will be read in
EPL cell in slot 1 track 5 of the register space. Lead
R0-3 will be active because a 0 will be read in track 3
of the timer in slot 1. Under this set of conditions a 1
will be written in the timer cell in track 3 slot 1 of the
register space to record one complete revolution of closed
loop condition. As shown in FIG. 31, AND gate
_&—CL will be actuated and in turn actuate OR gate
—OR-WI10A, AND gate —&—W13A and OR gate
—-OR-W13 in the manner described hereinbefore.

At the completion of the next revolution of magnetic
drum MD which is the third pass of slot 1 of the register
space under the main magnetic heads after the termina-
tion of the dial pulse, leads EP, R0-6A, R&-5, L1, -WS
and R1-3 will be active. Lead R1-3 will be active be-
cause a 1 will be read in timer cell in track 3 slot 1. The
active conditions on these leads will cause the actuation
of AND gate —&—C13SB shown in FIG. 29. The ac-
tuation of this AND gate will in turn apply an active
signal to lead C13SB which extends to input B of OR
gate —OR—C1S and inmput C of OR gate —OR-C3S.
The actuation of these two OR gates will in turn causs
pulse memory flip-flops PMFF-C1 and PMFF-C3 to be
set to indicate the completion of an interdigital timeout.
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The setting of these flip-flops will cause active signals to
be applied to the C1, C2’ and C3 leads of cable 7 ex-
tending to the logic circuitry of the register space con-
trol circuit.

It is possible for the subscriber’s loop to have closed
at the end of the last dial pulse of a digit 1 microsecond
after slot 1 of a register space passes under the main heads
on magnetic drum MD. When slot 1 of the register
space again passes under the main heads the loop will
have been closed for 44 milliseconds less 1 microsecond
(under the assumed drum speed). When slot ¥ of the
register space again passes under the main heads the
loop will have been closed for 88 milliseconds less 1
microsecond. At the completion of three-quarters of an
additional drum revolution the loop will have remained
closed for 121 milliseconds less 1 microsecond. It is
also possible for the subscriber’s loop to have closed at
the end of the last dial pulse of a digit 1 microsecond be-
fore the completion of three-quarters of a drum revolu-
tion, and therefore when slot 1 of the register space passes
under the main magnetic heads on the magnetic drum
after the completion of a dial pulse during the first
three-quarters of the previous drum revolution the sub-
scriber’s loop will have been closed 11 milliseconds plus
1 microsecond. When slot 1 of the register space again
passes under the main magnetic heads the loop will have
been closed 55 milliseconds plus 1 microsecond. At the
completion of three-quarters of an additional drum rev-
olution the subscriber’s loop will have been closed 88
milliseconds plus 1 microsecond. Accordingly, it will
be observed that the interdigital timing accomplished by
the above described circuitry will time interdigital inter-
vals lasting between approximately 88 milliseconds and
121 milliseconds.

When slot 1 of a register space is passing under the
main read-write heads on magnetic drum MD, if the last
pulse of a digit ended in the final one-quarter of the pre-
vious drum revolution, an interdigital timeout will be
completed at the end of two complete drum revolutions
of closed loop condition thereafter. On the first pass of
slot 1 of the register space under the main magnetic
heads after the last dial pulse ended in the final one-
quarter of the previous revolution, leads S, EP’, RO-6A,
L1, ON and -WS will be active, Lead S will be active
because the subscriber’s loop is now closed. Lead EP’
will be active because the subscriber’s loop was open
one-quarter revolution earlier. Lead R0O-6A will be ac-
tive because a 0 will be read by auxiliary head HD6A
in the EP? cell in track 6 slot 4 of the mate register space
which previously passed under the main magnetic heads.
This O indicates that adial pulse did not end in the
first three-guarters of the previous drum revolution. Lead
ON will be active because as described hereinbefore the
register space is marked off normal. At this time the
logic circuits of the register space control circuit will
cause a 1 to be written in the EPL cell in track 5 slot 1
of the register space if a 1 is not now written therein.
As shown in FIG. 27, AND gate —OR-W15 will be
actuated in the manner described hereinbefore (lead
RO-5 will be active because a 1 will be read in slot 1
track 5 of the register space). The timer cells in the
timer of slot 1 in the register space will also be erased.
As shown in FIG. 31, AND gate —&—SEP’, OR gate
_OR-R65S’, and AND gate —&—W¢B will be actuated
in the manner described hereinbefore.

At the completion of the first complete revolution of
closed loop condition after the termination of a dial
pulse, that is when slot 1 of the register space passes
under the main magnetic heads the second time after
completion of the dial pulse, leads S, EP, R0-6A, R1-5,
R0-3, L1 and -WS will be active. Lead EP will be
active because the subscriber’s loop was closed one-quar-
ter revolution earlier. Lead S will be active because
the subscriber’s loop is now closed. Lead RO-6A will
be active because a 0 will be read by auxiliary head HD6A
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in the EP1 cell in track 6 slot 4 of the mate register
space which previously passed under the main magnetic
heads. This 0 indicates that a dial pulse did not end in
the first three-quarters of the immediately preceding
drum revolution. Lead R1-5 will be active because a
1 will be read in the EPL cell in slot 1 track 5 of the
register space. Lead R0-3 will be active because a 0
will be read in track 3 of the timer cell in slot 1. Un-
der this set of conditions a 1 will be written in the timer
cell in track 3 slot 1 of the register space to record one
complete revolution of closed loop condition. As shown
in FIG. 31, AND gate —&—CL will be actuated and in
turn  actuate OR gate —OR-WI10A, AND gate
—&—W13A, and OR gate —OR-W13 in the manner de-
scribed hereinbefore,

At the completion of the next revolution of magnetic
drum MD which is the third pass of slot 1 of the reg-
ister space under the main magnetic heads after the ter-
mination of the dial pulse, leads S, EP, RO-6A, R1S5,
L1, -WS, CL and R1-3 will be active. Lead R1-3 will
be active because a 1 will be read in the timer cell in
track 3 slot 1. Lead CL will be active because AND gate
—&—CL shown in FIG. 31 will be actuated by the ac-
tive signals on leads EP, L1, S and RO—6A. The active
signal on lead CL is combined with the active signals
on the ~WS lead, the R1-3 lead, and the R1-5 lead in
AND gate —&—C13SA shown in FIG. 29. The actu-
ation of AND gate —&—CI13SA in this manner will
apply an active signal to lead C13SA extending to input
A or OR gate —OR-C1S and input A of OR gate —OR—-
C38. The actuation of these two OR gates will in a
similar manner to that described hereinbefore cause the
setting of pulse memory flip-flops PMFF—C1 and PMFF-
C3 to their 1 condition, to indicate the completion of an
interdigital timeout. The setting of these flip-flops will
cause active signals to be applied to the C1, C2' and C3
leads of cable 7 extending to the logic circuitry of the
register space control circuit,

It is possible for the subscriber’s loop to have closed
at the end of the last dial pulse of a digit, 1 microsecond
after completion of three-quarters of the previous rev-
olution of magnetic drum, and therefore when slot 1 of
the register space passes under the main magnetic heads
the first time after completion of the dijal pulse the sub-
scriber’s loop will have been closed 11 milliseconds less
1 microsecond (under the assumed drum speed). When
slot 1 of the register space again passes under the main
heads the loop will have been closed for 55 milliseconds
less 1 microsecond. When slot 1 of the register space
passes under the main heads the third time after termina-
tion of the dial pulse the subscriber’s loop will have been
closed 99 milliseconds less 1 microsecond. It is also
possible for the subscriber’s loop to have closed 1 micro-
second before slot 1 of a register space passes under the
main magnetic heads so that upon the first pass of slot
1 of the register space under the main magnetic heads
after termination of the dial pulse the subscriber’s loop
will have been closed for but 1 microsecond. At the
completion of the second pass of slot 1 of the register
space under the main magnetic heads after termination
of the dial pulse the subscriber’s loop will have been
closed for 44 milliseconds plus 1 microsecond. When
slot 1 of the register space passes under the main mag-
netic heads for the third time after termination of the
dial pulse the subscriber’s lIoop will have been closed for
88 milliseconds plus 1 microsecond. Accordingly, it
will be observed that the interdigital timing accomplished
by the above described circuitry will time interdigital
circuits lasting between approximately 88 milliseconds
and 99 milliseconds.

The reason for terminating interdigital timeouts for
dial pulses ending the first three-quarters of a drum rev-
olution after one and three-quarters revolutions of closed
loop condition is to permit detection of the interdigital
timeout under the upper limit of 121 milliseconds indi-
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cated above. The reason for terminating interdigital
timeouts for dial pulses ending in the last one and one-
quarter revolutions of magnetic drum MD after two
complete revolutions of closed loop condition is to per-
mit detection of an interdigital timeout above the lower
limit of 88 milliseconds indicated above.

The differentiation between one and three-quarters
and two revolutions of closed loop condition is accom-
plished by AND gates —&—CI135A and —&—C13SB
shown in FIG. 29. It will be noted that leads EP, L1, S,
RO-6A, -WS, R1-3, and R1-5 must be active to cause
the actuation of AND gate —&—C13SA; and leads RO-
5, -WS, R1-3, L, EP and R0-6A must be active to cause
the actuation of AND gate —&-—CI13SB. It will be
noted that the only timing difference between the two
AND gates is the presence of lead S which must be ac-
tive before AND gate —&—CI3SA may be actuated.
Because the loop condition at the end of three-quarters
of a revolution of the magnetic drum is recorded in pulse
memory flip-flop PMFF~EP shown in FIG. 28 and avail-
able on the EP or EP’ leads when slot 1 of the register
space passes under the main read-write heads. It is pos-
sible to distinguish between three-quarters of the rev-
olution of closed loop condition and one revolution of
closed loop condition. Accordingly, for one and three-
quarters revolution timing it is unimportant if a new
pulse begins in the last one-quarter of the second rev-
olution because the condition of the subscriber’s loop at
the completion of one and three-quarters revolutions of
the drum is recorded in pulse memory flip-flop PMFF-
EP. However, when two revolutions of closed loop con-
dition are being timed the loop must remain closed for
the fourth and final scan of the second revolution in or-
der to detect an interdigital timeout because lead S must
be active and, as described hersinbefore, lead S is active
only when the subscriber’s loop is closed at the com-
pletion of a revolution of magnetic drum MD.

When an interdigital timeout is detected pulse memory
flip-flops PMFF-C1 and PMFF-C3 are set apd the logic
circuitry of the register space control circuit hunts for
the first of the slots 4 through 14 of the register space
which contains a 0 in track 5. Referring to FIG. 30, it
will be noted that OR gate —OR-L4-11, OR gate —OR-
14-14 and AND gate —&—IDL determine which of the
slots 4 through 14 of a register space is the first to con-
tain a 0 in track 5. The IDL lead from the output of
AND gate —&—IDL will be active whenever one of the
slots 4 through 14 of a register space contains a ¢ in
track 5. The active signal on the IDL lead is applied to
input D of AND gate —&—WI15A shown in FIG. 30.
Input A of AND gate —&—WI15A is connected to the C1
lead. Input B of AND gate —&—WI15A is connected to
the C3 lead. Input E of AND gate —&—W15A is con-
nected to the —WS write sync lead, and input C of AND
gate —&—WI5A is connected to the output of OR gate
—OR-BSY. Therefore, if OR gate —~OR-BSY is actu-
ated and pulse memory flip-flops PMFF-C1 and PMFF-
C3 are operated making leads C1 and C3 active, AND
gate —&—WI15A will be actuated when the first slot of
slots 4 through 14 which contains a 0 in track 5 is under
its main read-write heads. The actuation of AND gate
—~&—WI15A applies an active signal over the W15A lead
which extends to input A of OR gate —OR-W15 shown
in FIG. 27. The actuation of OR gate ~OR—-W15 in
turn applies an active signal over the W1-5 lead extend-
ing via cable 6 to the writing amplifier circuits associated
with track 5 on magnetic drum MD to cause a 1 to be
written in the digit dialed cell in track 5 of the register
space.

Returning again to OR gate —OR-BSY shown in FIG.
30, it will be noted that this OR gate will be actuated
whenever a 1 is read in tracks 1, 2 or 3 of a register space
or when AND gate —&—BSY shown in FIG. 30 is actu-
ated. It will be noted that AND gate —&—BSY will be
actuated when a 1 is read in track 4 of slots 5 through 14,
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The provision of AND gate —&-—BSY and OR gate
—OR_BSY assures that AND gate —&—W15A will not
be actuated in response to an interdigital timeout unless
at least a count of 1 is registered in the register opposite
the 0 except in slot 4 where preliminary pulse rejection is
accomplished as will be described below.

Preliminary Pulse Rejection

The logic circuitry covering interdigital timeout after
the first dialed digit is recorded in slot 4 is more selec-
tive. This precludes the possibility of a subscriber acci-
dentally deflecting a switchhook when lifting the handset
and thereby getting an incorrect number if this accidental
break in the loop condition is recorded as a dial pulse.
Provision is made to reject any 1 (preliminary pulse) as
a first digit dialed. Accordingly, if only one dial pulse is
detected and recorded in slot 4 and is then followed by
an interdigital timeout, this preliminary pulse will be re-
jected by simply erasing the 1 in track 4 rather than by
writing a 1 in the digit dialed cell in track 5.

Referring to FIG. 30, input A of AND gate —&—W04B
is connected to the L4 lead which will be active when slot
4 of a register space passes under the main read-write
heads. Input B of AND gate —&—W04B is connected
to the C1 lead, input C of AND gate —&—W04B is con-
nected to the C3 lead, input D of AND gate —&—W04B
is connected to the R1-4 lead and input E of AND gate
—&—WO04B is connected to the output of AND gate
_&—PPRA. Accordingly, if a @ is read in tracks 1, 2
and 3 of slot 4 and a @ is read in track 5 of siot 4, AND
gate —&—PPRA will actuated to apply an active signal
to input E of AND gate —&—W04B. If a 1is read in
track 4 of slot 4 and if leads C1 and C3 are active indi-
cating the detection of an interdigital timeout, AND gate
__&—-W04B will be actuated to apply an active signal
over the WO04B lead extending to an input of OR gate
_OR-W¢e4 shown in FIG. 31. The actuation of OR
gate —OR-W04 will in turn cause an active signal to be
applied to the W0—4 lead extending via cable 6 to the
writing amplifier circuits associated with track 4 on mag-
netic drum MD to cause a O to be written in track 4 slot
4 of the register space. In other words, there must be
more than one pulse recorded in the first digit register in
slot 4 of a register space before an interdigital timeout
can be detected. This rejection of 1's as a first digit
dialed will continue indefinitely as long as these pre-
liminary pulses are detected.

If, at any time during which the revolutions of either
open or closed loop condition are being counted in the
timer, a change of loop condition is noted, the count in
the timer is erased in the manner described hereinbefore.

Sender Release

From the table given hereinbefore, it will be noted that
a sender release is evidenced by the operation of pulse
memory flip-flop PMFF-C3 alone. This indicates that
the calling subscriber’s loop has opened as a result of
abandonment or termination of a call. The logic cir-
cuitry of the register space control circuit counts the
number of revolutions of open loop condition and when
the count in the timer cells in slot 1 of a register space
stands at 111 (seven revolutions), conditions are such so
as to operate pulse memory flip-lop PMFF-C3 shown
in FIG. 29. Referring to FIG. 29, AND gate —&—W0C
has inputs connected to the R1-1, R1-2 and R1-3 leads
which will be active when a count of 111 is read in the
timer cells in tracks 1, 2 and 3 of slot 1 of the register
space. Input A of this AND gate is connected to the
~WS write sync lead and input E is connected to the 0L
lead from the output of AND gate —&—0L shown in
FIG. 31. As described hereinbefore, lead OL will be
active when an open loop condition is detected. The
actuation of AND gate —&—WOC will in turn cause
the actuation of OR gate —OR~C3S which causes the
operation of pulse memory flip-flop PMFF-C3. The out-
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put of AND gate —&—WOC is also applied to lead WOC
which extends to an input of OR gate —OR-W84 shown
in FIG. 31, The actuation of OR gate —OR-W04 causes
an active signal to be applied over the W0-4 lead ex-
tending via cable 6 to the writing amplifier circuits asso-
ciated with track 4 on magnetic drum MD to cause a 0
to be written in track 4 slot 1 (the ON cell) of the register
space. The active signal on the WOC lead is also applied
to input B or OR gate —OR-W05 shown in FIG. 27
which in a similar manner causes a 0 to be written in
the EPL cell in track 5 slot 1 of the register space. When
the count of 111 is read in the timer cells, the timer it-
self recycles and 0’s will be written in tracks 1, 2 and 3
of the timer cells in slot 1 of the register space. The LR
cell in track 6 slot 1 will have been previously set 10 0
because of the previous detection of the open loop
conditions.

With pulse memory flip-flop PMFF-C3 in FIG. 29 ac-
tuated, the active signal conditions on leads C3, C2’ and
C1’ are combined in AND gate —&-W0A shown in
FIG. 31. The actuation of this AND gate applies an
active signal to the WOA lead which extends to OR gates
_OR-W05, —OR-W04, —OR-W3, —OR-W02 and
—OR-WO1 causing 0's to be written in each of tracks
1 through 5 of the slots of the register space. Pulse
memeory flip-flop PMFF-C3 is reset when slot 14 of the
register space passes under the magnetic heads. Re-
ferring to FIG. 29, it will be noted that lead L14 is
applied to input A of OR gate —OR-CR. Therefore,
this OR gate will be actuated when slot 14 of the register
space passes under the magnetic heads to apply active
signals to the resetting inputs of all three pulse memory
flip-flops PMFF-C1, PMFF-C2 and PMFEF-C3. The
register space is now empty and all flip-flops are normal
and a new call may be bandled by the register space
whenever its associated sender requires it.

It is to be understood that the above-described ar-
rangements are illustrative of the application of the prin-
ciples of the present invention. Numerous other ar-
rangements may be devised by those skilled in the art
without departing from the spirit and scope of the inven-
tion.

What is claimed is:

1. In a pulse signaling system including a plurality
of transmission paths having either one or the other of
two states wherein a signal pulse is characterized by the
change from a first state to a second state and back again
to said first state, a signal pulse detector and register
comprising in combination, a magnetic storage medium
comprising a continuously rotating surface of a mag-
netizable material, scanning means operative to deter-
mine the state of said paths, means connecting said scan-
ning means to each of said paths a plurality of times
during each revolution of said medium, means controlled
by said scanning means for recording on said medium
indicia representing the state of each of said paths as
determined by each of the scans thereof, comparing means
for comparing the state of each of said paths during
each scan thereof with the state determined on the im-
mediately preceding scan thereof, pulse detecting means
controlied by said comparing means and operable when
a change of state representing the completion of a sig-
nal pulse is detected in any of said transmission paths,
and means controlled by said pulse detecting means and
operable after each scan of each of said transmission
paths during any one revolution of said medium for
recording on said medium indicia representing the cumu-
lative count of the signal pulses detected thus far in said
one revelution.

2. A signal pulse detector and register as defined in
claim 1 in combination with means operable at the com-
pletion of each revolution of said medium for recording
on said medium indicia representing the total cumula-
tive count of the signal pulses detected in each of said
paths for the revolution of said medium just completed
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plus the number of signal pulses detected in previous
revolutions of said medium.

3. A signal pulse detector and register as defined in
claim 1 wherein said comparing means comprises settable
means settable after each scan of each of said paths to
either of two conditions corresponding to the state of
the scanned path, means for reading the indicia rep-
resenting the previous state of the scanned path recorded
on said medium during the immediately preceding scan
thereof and means operable after each scan of each of
said paths for comparing the previous state of the scanned
path represented by said indicia with the state of said
scanned path represented by the setting of said settable
means.

4. In a data storage system, a source of data to be
stored, a magnetic storage medium comprising a con-
tinuously rotating surface of a magnetizable material,
said medium being divided into a plurality of sections, a
combined recording and pickup device located adjacent
to said medium, each of said sections of said medium
sequentially passing said device, recording means includ-
ing said device for recording data on said medium, means
for connecting said recording means to said data source
during the passage of each of said sections of said medi-
um past said device, and means for successively trans-
ferring data from section to section of said medium during
one revolution thereof,

5. In a data storage system, a plurality of sources of
data to be stored, a magnetic storage medium compris-
ing a continuously rotating surface of a magnetizable
material, said medium being divided into a plurality of
sections, a combined recording and pickup device located
adjacent to said medium, each of said sections of said
medium sequentially passing said device, recording means
including said device for recording data on said medium,
means for connecting said recording means to each of
said data sources during the passage of each of said
sections of said medium past said device, and means
for successively shifting data from section to section
of said medium during one revolution thereof in a di-
rection opposite to the direction of rotation thereof.

6. In a data storage system, a source of data to be
stored, a magnetic storage medium comprising a con-
tinuously rotating surface of a magnetizable material,
said medium being divided into a plurality of sections, a
recording device located adjacent to said medium, each
of said sections of said medium sequentially passing said
recording device, recording means including said record-
ing device operable during the passage of each section of
said medium past said recording device for recording
therein on said medium data received from said source,
reading means operable during the passage of each sec-
tion of said medium past said recording device for read-
ing the data recorded in the previous section of said
medium to pass said recording device, combining means
operable during the passage of each section of said medi-
um past said recording device for combining the data
read by said reading means and the data received by
said recording means, and a second recording means con-
trolled by said combining means and including said
recording device operable during the passage of each of
said sections of said medium past said recording device
for recording therein on said medium the data combined
by said combining means.

7. In a data storage system, a plurality of sources of
data to be stored, a magnetic storage medium comprising
a continuously rotating surface of a magnetizable mate-
rial, said medium being divided into a plurality of sec-
tions, a plurality of groups of areas on said medium each
group being individually associated with a different one
of said sources of data and each area in said groups being
located in a different one of said sections of said medium,
a combined recording and pickup device located adjacent
to said medium, each of said areas of said medium Se-
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quentially passing said device in sequence, data receiv-
ing means, scanning means operable during the passage
of each of said areas on sai¢ medium past said recording
and pickup device for connecting the source of data
associated therewith to said data receiving means, first
recording means including said recording and pickup
device operable during the passage of each of said areas
on said medium past said recording and pickup device
for recording thereon on said medium the data received
by said data receiving means from the data source asso-
ciated therewith, an auxiliary pickup device, reading
means including said auxiliary pickup device operable
during the passage of each of said areas on said medium
past said recording and pickup device for reading the
data recorded on said medium in the last area of the same
group of areas to pass said recording and pickup device,
combining means operable during the passage of each of
said areas on said medium past said recording and pickup
device for combining the data read by said reading means
and the data received from the source of data associated
therewith by said data receiving means, and second re-
cording means controlled by said combining means and
including said recording and pickup device operable dur-
ing the passage of each of said areas on said medium past
said recording and pickup device for recording therein
on said medium the combined data received from said
combining means.

8. In a pulse signaling system including a plurality
of transmission paths having either one or the other of
two states wherein a signal pulse is characterized by the
change from a first state to a second state and back again
to said first state and wherein successive digital values
are represented by successive series of signal pulses each
series of which is separated by an interdigital interval,

5 means for detecting said interdigital intervals comprising

in combination, a magnetic storage medium comprising a
continuously rotating surface of a magnetizable material,
a plurality of recording and pickup devices located adja-
cent to said medium, scanning means for determining the
state of each of said paths a plurality of times during
each revolution of said medium, pulse detecting means
controlled by said scanning means for detecting the
completion of signal pulses in each of said paths, timing
means including said medium and controlled by said
pulse detecting means for timing the interval between
the end of each of said signal pulses detected and the
start of a succeeding signal pulse, timeout means oper-
able when said timing means times a predetermined
interval corresponding to a nonintegral number of com-
plete drum revolutions and means controlled by said
timeout means for recording on said medium indicia
indicating the detection of an interdigital interval.

9. In a pulse signaling system including a plurality
of transmission paths having either one or the other of
two states wherein a signal pulse is characterized by
the change from a first state to a second state and back
again to said first state and wherein successive digital
values are represented by successive series of signal
pulses each series of which is separated by an interdigital
interval, means for detecting said interdigital intervals
comprising in combination, a magnetic storage medium
comprising a continuously rotating surface of a magnet-
izable material, a plurality of recording and pickup de-
vices located adjacent to said medium, scanning means
for determining the state of each of said paths a plu-
rality of times during each revolution of said medium,
pulse detecting means controlled by said scanning means
for detecting the completion of signal pulses in each of
said paths, counting means controlied by said scanning
means for counting the complete revolutions made by
said medium between the end of each detected signal
pulse and the next succeeding signal pulse, timeout means
controlled by said counting means and operable a pre-
determined portion of one revolution of said medium
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after a predetermined number of complete revolutions
thereof, and means controlled by said timeout means
and including said recording and pickup devices for re-
cording on said medium indicia indicating the detection
of an interdigital interval.

10. In a pulse signaling system including a plurality
of transmission paths having either one or the other
of two states wherein a signal pulse is characterized
by the change frem a first state to a second state and
back again to said first state and wherein successive
digital values are represented by successive series of
signal pulses each series of which is separated by an
interdigital interval, means for detecting said interdigital
intervals comprising in combination, a magnetic storage
medium comprising a continuously rotating surface of
a magnetizable material, a plurality of recording and
pickup devices located adjacent to said medium, scan-
ning means for determining the state of each of said
paths a plurality of times during each revolution of
said medium, pulse detecting means controlled by said
scanning means for detecting the completion of signal
pulses in each of said paths, means operable at the com-
pletion of a revolution of said medium following the
detection of a signal pulse in any of said paths in a
first part of said revolution for recording a first indicia
on said medium, means operable at the completion of
a revolution of said medium following the detection of
a signal pulse in any of said paths in a second part of
said revolution for recording a second indicia on said
medium, timing means for timing the interval between
the end of each signal pulse detected and the start of
a succeeding signal pulse, timeout means responsive to
said first indicia on said medium and operable after the
timing of a first predetermined interval by said timing
means and responsive to said second indicia on said
medium and operable after the timing of a second pre-
determined interval by said timing means, and means
controlled by said timeout means when operated for
recording on said medium indicia indicating the detec-
tion of an interdigital interval.

11. In a pulse signaling system including a plurality
of transmission paths having either one or the other of
two states wherein a signal pulse is characterized by the
change from a first state 10 a second state and back
again to said first state and wherein successive digital
values are represented by successive series of signal pulses
each series of which is separated by an interdigital interval,
means for detecting said interdigital intervals comprising
in combination, a magnetic storage medium comprising a
continuously rotating surface of a magnetizable material,
a plurality of recording and pickup devices located ad-
jacent to said medium, scanning means for determining
the state of each of said paths a plurality of times during
each- revolution of said medium, pulse detecting means
controlled by said scanning means for detecting the
completion of signal pulses in each of said paths, means
operable at the completion of a revolution of said medium
following the detection of a signal pulse in any of said
paths in a first part of said revolution for recording a first
indicia on said medium, means operable at the comple-
tion of a revolution of said medium following the detec-
tion of a signal pulse in any of said paths in a second
part of said revolution for recording a second indicia on
said medium, counting means controlled by said scanning
means for counting the number of complete revolutions
made by said medium between the end of each detected
signal pulse and the start of the mext succeeding signal
pulse, first timeout means controlled by said counting
means and responsive to said first indicia on said medium
and operable a predetermined portion of one revolution of
said medium after a predetermined number of complete
revolutions thereof, second timeout means controlled by
said counting means and responsive to said second indicia
on said medium and operable after a predetermined num-
per of ¢complete revolutions of said medium, and means

&

10

30

35

40

60

65

70

72

controlled by said first timeout means and said second
timeout means when operated for recording on said
medium indicia indicating the detection of an interdigital
interval.

12. In a data storage system, a source of signals to be
stored, a magnetic storage medium comprising a continu-
ousty rotating surface of a magnetizable material, said
medium being divided into a plurality of sections, a record-
ing device located adjacent said medium, each of said sec-
tions of said medium sequentially passing said recording
device, signal detecting means, means for connecting said
signal detecting means to said source of signals during the
passage of each of said sections of said medium past said
recording device, means including said signal detecting
means and said recording device operable when a signal
is detected in said source during the passage of any of said
sections of said medium past said recording device for
recording on said medium indicia representing said signal,
an auxiliary pickup device located adjacent said medium
and positioned with respect thereto to read the indicia
recorded thereon by said recording device, means includ-
ing said auxiliary pickup device for accumulating the
number of signals detected in said source during each
revolution of said medium, and means controlled by said
accumulating means operable at the completion of each
revolution of said medium for recording on said medium
indicia representing said number of signals.

13. In a data storage system a plurality of sources of
signals to be stored, a magnetic storage medium compris-
ing a continuously rotating surface of a magnetizable
material, a plurality of areas on said medium each indi-
vidual to a different one of said sources, said areas on
said medium being divided into a plurality of groups, a
magnetic head located adjacent said medium, each of
said areas of said medium sequentially passing said head,
signal detecting means, means for connecting said signal
detecting means to each of said sources during the passage
of each of said groups of areas on said medium past said
head, and means including said head controlled by said
signal detecting means for recording indicia representing
the number of signals detected in each of said sources
in the area on said medium individual thereto.

14. In a pulsc signaling system incloding a transimis-
sion path having either one or the other of two condi-
tions wherein a signal pulse is characterized by the
changs from a first condition to a second condition and
back to said first condition, a signal pulse detector and
register comprising in combination, a magnetic storage
medium comprising a continuously rotating surface of
a magnetizable material, said medium being divided into
a plurality of sections, a magnetic head positioned adja-
cent said medium, each of said sections of said medium
sequentially passing said head, recording means including
said head for recording indicia on said medium, scanning
means for determining the condition of said transmission
puth, means connecting said scanning means to said trans-
mission path during the passage of each of said sections
of said medium past said head. means controlled by said
scanning means and including said recording means for
recording in each of said sections of said medium indicia
representing the condition of said transmission path duor-
ing the respective scan thereof as each of said sections of
said medium passes said head, an auxiliary pickup device
iocated adjacent szid medium and operative during the
passage thereby of each of said sections of said medium
1o read ihe indicia previously recorded therein during the
imraediately preceding passage past said head, comparing
means controlled by said scanning means and said aux-
iliary pickup device for comparing the condition of said
transmission path after each scan thereof with the con-
dition determined on the previous scan thereof, pulse
delecting means controlled by said comparing means and
operable when the completion of a signal pulse is de-
tected, and means including said recording means and
controlled by said pulse detecting means cperable on the
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detection of a completed signal pulse during the passage means operable at the completion of each revolution of
of any of said sections of said medium past said head for said medium for recording on said medium indicia repre-
recording therein on said medium indicia indicative of senting said number of signal pulses.
the completon of said signal pulse.

15. The combination of claim 14 in combination with References Cited in the file of this patent
pickup means including said head for reading the indicia UNITED STATES PATENTS
recorded on said medium by said recording means, means .
controlled by said pickup means and said auxiliary pickup 2,679,035 Daniels - May 18, 1954
device for determining the number of signal pulses com- 2,700,148 McGuigan oo Jan. 18, 1955
pleted in said transmission path during each revolution | 2,764,634 Brookeetal. —__________ Sept. 25, 1956

of said medium, and means controlled by said last named 2,896,019 Wrightetal July 21, 1959



