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This invention relates to electrical call receiving devices,
circnits, mechanisms, and methods and to electrical call
storing or registering mechanisms, circuits and methods.

More particularly the invention appertains to improved
mechanisms, circuits and methods for receiving electrical
calling signals and storing or registering the received sig-
nals in forms suitable for use in annunciators, telephone
systems and other call receivers and storage mechanisms.

In the prior art the call receivers, registers and storing
mechanisms usually comprise a large plurality of relays

and Clarence A. Lovell,

arranged in complicated circuits frequently with registers-

or senders which circuits are large, complicated, expensive
and employ large numbers of relays which must be main-
tained in adjustment and the relay contacts maintained
in operative conditions. -

In accordance with an object of the present invention
a greatly simplified call receiver, register and storing de-
vice is provided.

Due to the complexity and expense of the previous.

registers or sender circuits for receiving and storing tele-
phone dial pulses only a few such circuits are provided in
most switching centers with the result that additional
switching circuits are required for establishing paths from
a calling line to the signal storing and register circuits.
An object of the present invention is to provide call
signal receiving, and registering apparatus in which stor-
ing circuits sufficiently simple and inexpensive are pro-
vided that a register or storing means is provided indi-

vidual to each of the subscribers’ lines with the result that -

no waiting is required by the subscriber who may dial at
any time and as soon as he desires to make a call without
waiting for dial tone or other indication that the call

receiving apparatus is ready to respond to the calling sig-

nals from the calling line.

Briefly, in accordance with the present invention, a
magnetic recording device or rotating drum is provided:
In the exemplary embodiment set forth herein the magnetic
material employed for recording and storing signals com-
prises a layer upon a rotating drum. However any suit-
ably moving layer of magnetic material such as a dise,

belt, etc. which moves in a closed or reentrant path may -

be employed equally well in combination with the circuits
and other apparatus embodying this invention. :
The drum comprises a cylinder of magnetic material or

a surface layer of magnetic material thereon having so-

- called hard magnetic characteristics, i. e., permanent mag-

net characteristics in which the magnetic condition im-

pressed thereon is retained until changed by other mag-
netic fields, forces or phenomena. Such magnetic proper-
ties are usually associated with relatively high coercive
-force and appreciable remanence or residual magnetic
induction.
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In addition to the magnetic drum for recording magnetic
conditions and permitting the recorded conditions to be
recovered, a scanning mechanism is also provided for
scanning the electrical condition of a plurality of calling
lines or circuits which scanning mechanism in accord-
ance with an exemplary embodiment of this invenfion com-
prises a cathode-ray tube having a plurality of targets in
the end thereof and a sweep circuit for directing the beam
of electrons successively over said targets.

Interconnecting and control circuits are provided for
interconnecting, controlling and synchronizing the mag-
netic drum and recording apparatus and the scanning
mechanism including the cathode-ray tube. The syn-
chronizing circuits are arranged to cause the beam of
the cathode-ray tube to fall upon the targets at the end of
the tube in synchronism with the rotation of the mag-
netic drum in such a manner that each time the beam
falls on any predetermined one of the targets of the
cathode-ray tube, the magnetic drum will be in the same’

. given position. -The portions of the magnetic drum under

the pick-up and recording coils when the cathode-ray beam
is directed towards any given target are individual to and
assigned to the particular line to which the target is inter-
connected and are employed for recording the electrical

» condition and the previous history of electrical condition

of the line when a call is initiated over the line. Thus
these elemental portions of the magnetic drum are always
under the recording and pick-up coils when the electron
beam falls upon a corresponding target. For convenience
in referring to these elements, they are frequently called
a “slot” and each one of the elemental elements is called a
“cell.” .

A feature of this invention relates to control means for-
erasing or canceling the storage of the electrical conditions
and history of the line from the magnetic drum at the

" termination of a call.
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A plurality of coils comprising one or more windings

on a ferromagnetic core structure are located adjacent
the periphery. of the magnetic drum and employed to
apply a magnetic field to the magnetic material of the drum
for changing its magnetic condition and also for responding
to the magnetic field or condition of the drum. '

70

Another feature of the invention relates to improved
counting and timing mechanisms including recording and
pick-up coils and the control thereof. These pick-up coils’
and recording coils are common to all of the lines served
by the magnetic drum.

Another feature of this invention relates to ‘control
equipment for recording electrical conditions of a plurality
of calling lines on the drum wherein a single preliminary
pulse is not recorded thus providing a preliminary pulse .
absorbing feature which feature is commeonly provided in
telephone dial recorders. o

Another feature of this invention relates to indicating
apparatus and the control thereof by pick-up coils adjacent
to said rotating magnetic drum which indicating apparatus

‘indicates the signal stored upon said drum and the line from

which the signals were received and thus indicates the
history of the electrical conditions of the line which con-
ditions in turn may be employed to indicate the nature of
the call and when desired may be employed to automatical-
ly control other equipment such as automatic telephone
switching equipment for establishing a call. .

Another feature of the invention relates to the delay
means comprising a magnetic drum or portions thereof,
pick-up coils and recording coils. . ‘

Another feature of this invention relates to a recording
drum or portions thereof including pick-up coils-and re-
cording coils associated therewith located adjacent thereto.

Another feature of this invention relates to methods’
apparatus and circuits for, in effect, integrating the output

~-of pick-up coils and thereby recovering an output wave

form similar to the wave form employed to record signals
in the drum.

Another feature of this invention relates to‘control
means for controlling the recording of signals upon a
magnetic drum jointly by signals previously recorded
upon said drum and by subsequently received signals.
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Another feature-of: this: invention relates to recording
control signals upon a magnetic drum and later employing.
said control signals for selectively recovering information
relative to signals stored upon:said drum.

Another feature of this. invention. relates: to. control
circuits responsive to the magnetic condition of a portion
of said drum and:the-availability of.the indicating. circuit
for- indicating magnetic conditions of other portiens: of:
said drum. -

Another feature of this invention relates. to. indicating.
mechanisms and: control mechanisms for simultanecusly,
indicating calling signals. originating on a. predetermined
line and the identity of the line upon which said signals
originated, In calling systems such as annunciators, tele-
phone dialing: systems, and the, similar- arrangements; two
signaling conditions. are usually sufficient. These two
conditions are, called X. signals and O signals herein and
comiprise: current or voltage.and no .carrent or;no voltage.

or vice versa, at many places.in this system. They may-

also be represented by positive voltage or current and'nega-
tive, voltage. or current, or vice versa, at other places. in
the.system. It is sometimes desirable to.represent. three
signaling conditions such as.no. current or voltage;.a cur-

rent. or voltage of. one polarity; and.a. current or-voltage:

of another polarity..
Another, feature of this invention. relates to; recording
either one of .two different magnetic conditions in-ele-

mental areas of certain portions of the magnetic: drum-
which magnetic conditions cause voltages to be induced in:

pick-up coils adjacent said portions of said drum.
Another. feature of.this invention. relates to recording

any one. of three different magnetic conditions, in ele-

mental areas of said drum, two of said magnetic condi-:

tions causing voltages of either one or another polarity..

to, be. induced in pick-up coils. adjacent thereto. and the
other magnetic condition causing no voltage to be induced
in the pick-up coils adjacent thereto.
Briefly, in accordance with an exemplary embodiment
-of this invention each of a plurality of calling lines is
tested or sampled in sequence by a distributor or.scanning
arrangement in which a.cathade-ray tube is employed as
the scanning mechanism or distributor. The: output from

the cathode-ray tube is.employed to control the recording.

of signals in, the magnetic material of a drum. Also sig-

nals previously recorded in the drum are also employed to--

control the recording of further signals.

In.order to so employ the previously recorded signals.
it “is  desitable to employ a delay section on the drum as
well as a main,recording section so that the signals. may
be .recovered or. read from_ the main section at the same
time or position of the main drum as.the succeeding signals
‘are recorded.in the delay section of the drum.. Eqnipment
is~also. provided. to respond to the recorded signals and:
indicate them as, well as.the line from which they were:
received:  Each.line is. assigned a certain, portion of the.
surface of thHe dftum for controlling the recording. of sig-.

nals thereon and the-dfum:and cathode-ray tube heam

synchronized.so that the signals from each line are re-
corded in the portions assigned to the respective lines.

The foregoing, as well as other objects and features: of
this invention, may be more readily understood from:the.
following description when read with reference to the
attached drawing in which:

Figs. 1 and 2 show the details of a simplified embodi--
ment of this invention;,

Fig. 3 shows detailed circuits for recording, recovering,

transferring and finally reading signals stored in a mag-.

netic drum in accordance with the exemplary:embodiment
of this invention; :

Figs. 4,.5, 6 and 7 show in detail the various elements:
and the manner in which they cooperate.to form a.more
comprehensive call recording system; ]

Fig. 8 shows. in:chart form-the various signals recorded
at various places in-the-magnetic drum during:the-receiv-.
ing of:a.cally
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4
" Figs: 9 and 10 show detailed circuits for indicating both
the origin.of. a.call and also. the call, signals: comprising
the call; ‘

Fig. 11 illustrates a suitable array of targets or elements
for the cathode-ray scanning tube;.

Figs. 124, 12B, 13A, 13B, 144, 14B, 14C, 15A, 15B,
164, .16B;:174A, 17B show in. detail control or gate: cir-
cuits employed controlling the recording amplifiers or re-
cording signals of the magnetic drum as well as simplified.
schematic representations of tiiese gate circuits;

" Hig, 18 .shews the manner in which Figs: 1 and-2 are
positioned:adjacent one another; s

Fig. 19:shows the manner. in:which: Figs. 4;.5, 6-and:7
are positioned adjacent one another; and S

Fig. 20 shows.the manner. in which Figs. 9.and 10.are
positioned adjacent one another.

Figs. 1 and 2 when positioned.as:shown in Fig. 18 show
an embodiment of this invention for receiving, recording
and indicating a plurality: of calls and their origin' which
is.suitable for use as an -annunciator call system; telephone-
call'systemor.other types of calling:systems and -apparatus:

In the exemplary system set forth herein-in detail'each
signal: or indication comprises one or- the other of ' two-
signaling: conditions. "One. of these signaling- conditions:
is called:. an. X signal herein and the other of these: signal-
ing conditions is:called-an O-signal. These:two-different
signaling. conditions, i. e, X signals and O signais; are
represented: by different. currents cr- voltages: or different
voltage conditions.or different current-conditicns in differ-
ent- circuits;. conductors. ‘and terminals in the systems.
These X and: O signals:may-also: be-represented by differ-
ent magnetic conditions in parts of the equipment. These
signaling conditions most frequently. comprise 2 voltage:-
or-current of cne polarity i.e. positive or negative, of
relative high large or maximum magnitude-and a voltage -
or current of the same polarity but of relative low or
minimum magnitude. When desirable-these signaling-con-
ditions: may. be represented by. other:voltages or currents

such:as: by positive and negative currents or voltages: of

tlie-same. or different magnitudes, or by current and-no
current—i. ¢..a current of zere-magnitude or: by a voltage
and.novoltage;etc.

‘Fig..'l- shows.a.cathode-ray scanning: tube 23 in:com-
bination-with . the. magnetic.drum. 104 and the manner in-
which these devices. are interconnected, one-with: anether,
to;record the.calls which: may be received: over a plurality
of calling:lines from any of a plurality-of calling-stations.
Fig. 2:shows the sweep circuits.employed for causing the
electron. beam: of the -cathode-ray tube 25: to be succes-
sively stepped over a. plurality-of:targets or-electrodes at:
the:end of the.tube which electrodes are assigned. to-and
connected to individual calling lines. . Fig. 11 represents
an end view of the cathode-ray tube showing .a suitable
arrangement. of the targets or electrodes which:are indi-

vidually. assigned. and- individually. connected: to the calling:

lines, .
The .cathode-ray  tube: 23 cemprises @ source: of eles-
trons.such- as:a: heater or heated cathode 26 and. beam

forming: and .conirel elements. 27, 28 -which: elements -

represent the beam: forming and: fecussing elements:some- -
times called the: electron gum:, After:the beam is:formed
and :focussed. by -these . elements -and directed towards
the. end’ of the tube where the-targets .32, 33, efc. are

‘mounted, it-passes_between: two pairs of deflecting. plates,

one: for deflecting the beam: in :2. horizontal: direction and
the other-for deflecting: the. beam: in -a: vertical: direction.

While; as shown:in. the drawing;:the deflecting means
as: well as the beam: forming. and focussing:means.com-
prise electrostatic elements, magnetic: focussing and. beam

‘forming elements may be employed and magretic defiect-

ing; elements:may:also. be employed when desired: ‘Alsc,
any ;suitable- combination of magnstic and--electrostatic
beam forming and: focussing: and deflecting. elements may :
be- employed: when. desired. T

The deflecting: and: synchrenizing: circnit:shown. in Fig:




2 catises thie beat to be: progressrvely stepped from one
target ‘to” the next, first falling upon each of fhe targets
in one row. and then bemg advanced step by step over
each of the targets in the next row and. so on. While
the sweep! circuits shown ifi Fig. 2" dré arranged to ad-
vance the beam’step by step,-as pointed otit above; when
desired, suitable deflection- control ciréhits may be em-
ployed which’ continuiously advancé' the: beam’ over the
various targets at'the proper raté of speed in synchronism
with the rotation of the rest of.the system.

Tn addition to the cathode-ray scanning tube 25 as
shown in Fig. 1, a magnetic delay and’ recording. drami
104 is provided. ' This dium'is arranged to rotate, on
shaft 100 which coiricides” with' the axis of drom-104.

- The driving. means, for rotating the drum may com-
prise any suitable engine or' motot, It is not essential that
the speed of rotation of the dnvmg'means be accurately
synchronized with any other rotating .quipment.

The drum may be made of any, .suitable. structural
material’ including metals such’ as’ brass, aluminum, iron,
steel, or stainless steel, etc., It .may’ "also be constricted
of any insulating material mcludmg any of a'large number
of plastic materials. The driim is‘'madeé i the. form of a
right circular cylmder and mounted on the shaft ‘passing
through' its axis and arranged to. rotate at a high speed
on this shaft which shaft is in tura supported by suitable
bearings. The surface of the drum, which is constructed
to" run’ trite, has deposited théréon, of incorporated
therein, magnetic material which may be in the form of
a thin layer. The magnetic material may comprise mag-
netic powders or’it may comprise magneétic alloys which
i’ any exetplary embodithent of the invention comprises
a thin'layer of electrodeposited | coating of electiomagentic
matenal made up of analloy of nickel and,cobalt hav-
ing a thickness in the range from 0: 0003 inch o 0. 0006
inch. However, other thicknessés r may be employed with
this or other magnetic materials or. alloys.

A plurality of coils are mounted close to the surface
of this' dfum but not in contact therewith.

These coils provid'e two' different functions, oné’ of
recording. the signals in the magnetic drum and the othér
of responding.to thé recorded signals. " THe coils which
are employed ‘to record in the ‘magnetic . drum are fie-
quently called recording of writing coils or heads, while
the coils employed to respond to. recorded ‘signals are
frequently called pick-up or reading coils or heads. These
coils or heads comprise a core structure having-two pole-
pieces separated. by a small air gap, which pole-pieces
extend very close to the surface of the.drum, but are not
in contact therewith. It is desirable that these pole_-preces
extend at least to within a few thousandths of an inch

or closer to the magentrc surface of the rapidly rotatitig

magnetlc drum.

- One’ or meore coils of wire 1s wound ‘on, these cores 55

s as to produce a magnetic ﬁeld within the core and
across the air gap between. the pole tips when energized
by current for recording or writing. on .or Wrthln the
magunetic drum. . One or.more coils of wire are also
wound upon the pick-up ‘coils. which’ have the voltages

induced therein when the signals recorded in theé. magnetic

drum pass under its pole-pieces. _

The circumferential area.on the drum which passes
1mmed1ately beneath. the pole tips of a given record-
ing. coil .is defined as a “channel.” In .addition to a
recording or writing coil individial to each channel; the
pick-up coil is also provided individual to each channel.

The recording or writing coil changes the magnetic condi-

tion of the magnetic material -of the drum which. passes
under - its pole-pieces -in accordance with. the:signals. or
currents supplied to the coils ‘wound upon this recording

head. The: magnetic: conditions: thus recorded: in the:
channel pass‘under a pick-up:coil. which has:a core struc-:

ture sintilar to the ‘recording coil-and- causes. the-corre-
sponding'signal veltages to be induced in: its winding,
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" The elemental part of the surface of. the drum cOoM-
prising an elemental portron of a channel of the drum
as defined above, which is dlreetly under or immediately
adjacent the pole. tips of a givén recording héad whén a
pulse of writing current is applied to the coils: thereof,
is frequently cailed a “cell” or elemental area and is
employed for recording a.single pulse in or on the drum
Where a mult1p11c1ty of the recording heads. are em-
ployed as in the exemplary embodiment set forth herein,
the aggregate of the “cells” or elemental areas which: are
under the several recording heads at’ any one instant of
time, is frequently called a “slot.” 1t is essential that
the arrangement of ‘the pick-up coils’ be similar_to the
arrangement of the. recordmg coil so that all of the ele-
mental areas formrng a slot in. addition to passing under
all of the recording heads stmultaneously, must also
pass under- all of the pick-up coils or heads simulta-
neously. A simple arrangement for-a so-calléd slot has
been assumed both in.Fig. 1 and in Flg 8 in order to
more readily describe the structure of an exemplary em-
bodiment.of this invention and to tmore readily explain
its mode of operatton The assumed arrangement of the
slot is a. rectangle running parallel with the axis of the
cylmder on the-surface of the. drum. -Thus, a cell com-
prises the portion of the surface of the drum common to
a slot and to_a.channel. - It is to be understood that slots
are not limited. to such. rectangular areas but may. com-
prise-any .complex pattern of aréas on the- surface of the
dfum depending upen the location of the various recordmg
and pick-up coils adjacent thie surface’ of the drum., It
may be desirable:to stagger the heads or, coils in. whxch
case the slot. may. be-in the ‘férm. of @ “helix, a saw-
tooth wave form or any:other form of dlscontlnuous or

. broken patiern or conﬁguratlon

A recordlng amplifier. is -provided for’ each recordmg
coil and is-provided with two input leads designated X
and O. . These amplifiers are normally biased so thaf
substantlally no current flows in the recording coil wind-
ings. When it is desited to-record an X signal a high
positive voltage with respect to- ground is applied to the
X input lead and when it is desired to record a Q signal
a high positive voltage. with respect to’ ground ‘is applied
to the O input lead. .

Apick-up or recording amphﬁer is-also; provrded for
each pick-up.coil. The pick-up or reading amplifiers have
two output leads or terminals, one designated X and the

* other O. In the exemplary embodiment of this invention
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described in detail herein, when.O 'signals pass under the
pole-pieces of the pick-up_coil. connected to the, respective
amplifiers, a low positive voltage is applied to the:X out-
put leads or terminals-and a.high positive voltage is ap-
plied to the O output terrinals.. When.an X signal passes
under the pole tips of a. plck-up coil, a high positive volt-
age is applied to the:X output termmal of the pick-up am-
plxﬁer individual to.said.coil and .a low positive voltage
is applied to the O output. termmal by the respectlve pick-
up -amplifier. :

In addition to.the. plck—up and recording - coils’ located
adjacent the magnetic drum . described. above, additional
prck -up coils such as 50 and 51 are provided. for generat-
ing timing and - synchronizing .pulses. As shown ‘in the
drawing these -coils are located adjacent the' perlphery ‘of
the timing wheel 101 which_is shown to be in. the form’
of a gear wheel. - Coil 50 is adjacent the wheel having a
plurality of substantrally uniform.. spaced teeth .or poles
while coil 51 is adjacent the timing wheel 102 having.a
single -gear tooth.or pole. . Each of. the teeth or poles. of
the wheel adjacent coil 50 generates:a. pulse which' is
employed to control the recording of signals in the drum
as will be described hereinafter. During:each. revolution
a- single ‘pulse- is- generated in. coil 51 which.,is: used .to:
restore NuUmMerots circuits to theitinitial condition: 50 these’
circuits may - start:-from- a given -initial--condition :once.
during each revolution. . €onsequéntly, etrors in the:cirs
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cuits will not be additive for more than one revolution
of the drum. While special coils 50 and 51 are shown
adjacent the gear or tooth wheels for generating timing
purposes, it is also within the scope of this invention to
provide the timing pulses from pick-up coils such as 50
and 51 located adjacent channels on the magnetic drum
which channels will have the synchronizing pulses re-
corded in them in any suitable manner such as by an
oscillator or continuous pulse generator or the like. How-
ever, in the exemplary embodiment set forth herein the
timing pulses are generated by means of the tooth wheels
which are mounted upon the same shaft or at least driven
at the same speed as the magnetic dram and usually from
the same motor or other driving means. The output of
coils 50 and 51 is amplified by the respective amplifiers
60 and 61. Output coil 50 and amplifiers 60 are so de-
signed that a high positive output pulse is obtained for
each tooth of gear wheel which passes under the pole-
pieces of coil 50. The amplifier 60 contains the neces-
sary pulse forming, pulse shaping means and means for
otherwise controlling pulse characteristics as required. In
an exemplary embodiment of this invention, pulse output
from amplifier 60 for each of the teeth of the gear wheel
under coil 50 has a duration of approximately one-tenth
the time required for a cell of the magnetic surface of the
drum as defined above to pass under a pick-up coil. This
pulse duration is not critical and satisfactory results may
be obtained with pulses of such a duration.

The output from amplifier 61 comprises a pulse of high
negative voltage or polarity for each revolution of the
drum or the single tooth wheel. This pulse has a dura-
tion which is appreciably greater than the duration of the
timing pulses obtained from amplifier 60 but still shorter
than the time required for a cell to pass under a record-
ing or pick-up head.

The pulses from the amplifiers 60 and 61 are applied
to the various gate circuits and other controlling circuits
to accurately time the operation of these circuits relative
to the angular position of the drum. In addition, the out-
put pulses from these amplifiers 60 and 61 are also ap-
plied to the sweep or synchronizing control circuits for the
cathode-ray tube 25 so that a beam of electrons will be
properly synchronized with the angular portion of the
drum and fall upon the proper targets in the cathode-ray
tube. Thus, the timing pulses from the amplifier 60 are
applied through a delay line 251 to a cathode follower
tube 252. The catliode follower tube repeats the pulses
and applies them to coupling condenser 253.

The delay line 251 may take any of the suitable forms
of delay lines or devices provided so that the pulses from
the cathode follower tube 252 are delayed sufficiently so
that the normal timing pulses applied to various gate cir-
cuits and thus to the recording coils are substantially ter-
minated before the pulses appear on the cathode of the
cathode follower tube 252. Thus, the operation of the
sweep circuit and the beam of electrons in the cathode-
ray tube 25 is actuated after or between the application
of timing pulses to the various gates of the recording
amplifiers as ‘will be described hereinaiter.

Each time the cathode of tube 252 becomes more posi-
tive, a pulse of the charging current is transmitted through
the coupling condenser 253, rectifier or diode 254 to the
storage condenser 256. The time “constant of these cir-
cuits is such that the charging current is completed before
the termination of the positive pulse. Asa result the dura-
tion of the pulse produces substantially no effect on the
quantity of charge delivered to the storage condenser 256.
This quantity of charge, of course, raises the potential
of the upper terminal of condenser 256 by a small in-
crement. S :

“Thereafter, when the cathode of tube 252 falls to a
lower voltage at-the termination of the pulse applied from
the delay line 251, a discharge current will flow through
coupling condenser 253, thus discharging this condenser
through a circuit including the diode or rectifier 255. The
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rectifier 25% is poled so it will pass the discharge current
from the right-hand terminal of condenser 253 to ground
through the output impedance of the cathode follower
tube 257. As a result the right-hand terminal of con-
denser 253 is discharged to a potential controlled by the
cathode of tube 257. Tube 257 is the cathode follower
tube which has.its grid or input circuit connected to the
upper terminal of the storage condenser 256 with the re-
sult that the voltage of its cathode is at substantially the
same voltage as the upper terminal of condenser 256.
Cousequently, at the termination of each of the pulses re-
peated through tube 252, the right-hand terminal of con-
denser 253 is discharged to substantially the same voltage
as the upper terminal of condenser 256. Then upon the
:application of the next positive pulse, an additional charge
is stored in condenser 256, the voltage of which is then
again increased by substantially the same increment.

By providing the cathode follower tube 257 and dis-
charging the right-hand terminal of condenser 253 to a
voltage substantially equal to the upper terminal of con-
denser 256, substantially the same quantity of charge is
conveyed to condenser 256 in response to each of the
timing or synchronizing pulses repeated by tube 252 from
the amplifier 60. Consequently, each of the increments
of charge and each of the increments of voltage of the
upper terminals of condenser 256 are substantially equal.

The upper terminal of condenser 256 is also connected
to the control grid of tube 258 as shown in Fig. 2 with the
result that the output of anode current of this tube flowing
through the resistor 249 is progressively increased by small
steps of uniform magnitude. As a result the voltage
across resistor 249 changes in corresponding steps of uni-
form 'magnitude. The resistor 249 and thus the anode of
tubes 258 and 259 are connected to one of the horizontal
deflecting plates of the cathode-ray tube 25, it being as-
sumed, of course, ‘that the other deflecting plate is con-
nected to the ground. Consequently, the beam is moved
across the tube in a.number of small steps of uniform
magnitude and between each movement of the beam the
be;m will rest upon one of the targets at the end of the
tube. .

Tube 258 is given a negative input or grid bias by the
positive battery connected to its cathode which should be
more positive than the most positive voltage of condenser
256. When the grid of tube 258 is thus maintained nega-
tive with respect to the cathode, its impedance is suffi-
ciently high so that it does not affect the voltage of the
upper terminal of condenser 256.

The upper terminal of condenser 256 is also connected
to the control grid of the left-hand section of tube 274
which tube is connected as a gate or threshold tube with
the right-hand section conducting current and the left-hand
section non-conducting. ~ As a result, the right-hand sec-
tion will have its anode at a relatively low voltage due
to current flowing in the anode-cathode circuit of this
section of the tube. Likewise, due to the action of the
cathode resistor common to both sections of this tube,
the cathodes of both sections will be at substantially the
same potential as the grid of the right-hand section plus
the small bias required in the operation of the right-hand
section of tube 274. Consequently, as long as the grid
of the left-hand section of this tube remains substantially
below the voltage of the grid of the right-hand section,
no current flows through the left-hand section of the tube.
In addition this grid has a high input impedance so it
does not materjally affect the voltage of the upper ter-
minal of condenser 256. ‘

However, after a sufficient number of steps or incre-
ments of charge have been stored in condenser 256, the
upper terminal of this condenser rises to a voltage which
approaches the voltage of the grid of the right-hand sec-
tion of tube 274. Consequently, when this grid voltage
approaches the grid voltage of the right-hand section, the
left-hand section will start to conduct current with the
result that its anode will fall in voltage and apply a nega-.
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tive woltage through the coupling condenser 280-to" the
control. grid .of the right-hand section of tube 274; This
negative puilse is.of sufficient ‘magnitude-to drive ‘the volt-
age of the grid of the right-hand section of tube 274 sub-
stantially below the voltage of the grid of the left-hand
section and negative with respect to ground and-thus
causes the current through the right-hand -section ‘to-be
interrupted whereupon the anode of this section rises to
amore positive voltage and applies a positive pulse to the
control grid of tube 273 .and also to the coupling con-
denser 263.

The positive pulse from the anode of the right-hand
section of tube 274 causes the charging current to- flow
through coupling condenser 263, rectifier or:-diode 264
to the:storage condenser 266 causing the voltage ‘of the
Upper terminal .of :this. condenser to become more positive
by .a.small increment, This voltage is applied to .the con-
trol grid of repeating tube 268 which causes the voltage
ofits anode to fall by a small increment due to the in-
crease of voltage drop across.the anode resistor 248. The
anode resistor 248 is connected to one.of the  vertical
deflection plates of tube 25 with the result that the:beam
is;moved up one step or one row of the ‘targets or anodes
in the-tube 25. At the termination of the positive pulse
from the. anode .of tube 274, the condenser 263 is .dis-
charged through the diode or rectifier 265 to a voltage
such that the lower terminal -of condenser. 263 ‘is at sub-
stantially the same voltage as the upper terminal of con-
denser.266 due to the operation of cathode follower tube
267 which tube operates substantially the same ‘as-de-
scribed-above with reference to tube 257. : ‘

When the number of targets or electrodes in the end
of the cathode-ray tube 25 is sufficiently small, the cathode
follower tubes 257 and 267 which cause the charges to'be
delivered to the:storage condenser 256°and 266-to be sub-
" stantially the same independently of the charge .on the
storage condensers, may be dispensed with and the lower
terminals. of rectifiers 255 and 265 connected directly ‘to
ground. : . O

In.response to the positive voltage applied .to the: con~
trol grid of tube 273, as described above, tube: 273 starts.
to conduct current and discharges.the upper terminal:of
condenser 256 to a voltage which is substantially equal to
ground potential due to the low impedance of the-rettifiers:
or ‘diedes 254 and 255 which are conducting in the for-
ward or.low impedance direction at this.time. The time

constant of the coupling condenser 280 and. its related:

circuit is such that the .anode current of the right-hand
section of tube 274 remains interrupted for a sufficiently
long interval of time to discharge condenser 256 and:

cause an increment of charge to be stored in. condenser:

266 as described above. Thereafier and before the next

timing pulse is received from amplifier 60-the right-hand-

section of tube 274. starts to pass current through -its
anode circuit and return the related circuits to their initial
condition. , '

Thereafter, each succeeding positive pulse from' tube

252 causes another. incremental charge to be stored: on’

condenser 256 and the above-described operation repeated.

As a result the electron beam of tube 25 steps across the.

next.row of targets and then returns to its initial position

and is moved in a vertical direction to the next row..
In this manner, the beam is caused to step -across and fall'
upon each of the targets of a row and move to the:next:

row and so on until it has passed over a target.in re-
sponse to each timing pulse received from amplifier 60.

After the drum has made substantially a complete revo-
lution, a negative pulse is received from the amplifier 61
which negative pulse is delayed by the delay line or. de-

vice 261 so that it may be properly: oriented-.or timed:
with respect to the other pulses in the manner-described:
above. This delay line may be of any suitable:type or-
After delay, this pulse.is applied:to -the control-.
grid of tube 262 which inverts it and-applies a positive:
pulse to both sections of tube 275. - Both sections of this’

design.
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tube-are biased to or. beyond plate current cistoff:'so that
these'-sections :do ‘not normally affect the voltage ‘on“the
upper ‘terminals of condensers 256 and 266, However,
upon the application of a positive pulse to the grids, both
sections ‘conduct. current and discharge -the storage con-
densers 266 and 256 to substantially ground ‘voltage, thus
restoring. the potential conditions of the ‘upper terminals
of condensers 256 and 266 to their initial voltage where:
upon the above-described cycle of operations is repeated
and the beam ‘within tube 25 caused ‘to again step on
each of the targets or electrodes in succession. :

In order to insure that the beam within tube 25 will
be properly centered on each' of the targets between ‘the
steps and' to insure that the béam will start from the first
target in each row and start on the first row of the verti-
cal direction, the centering tubes and controlling: circuits
and apparatus are provided. Tube 259 is connected with
its anode to the anode resistor 249 and thus in. parallel
with tube 258.: The control grid of tube 259 is connected
to potentiometer 271 which is employed: to contro] the
initial or bias current flowing through the ancde resistor
249-to properly position the beam in a ‘horizontal direc-
tion. Likewise tube 269 is connected in' parallel with
tube 268, and has its control grid connected to potentiom-
eter 272. *As a result the vertical positioning of the beam
is accurately ‘controlled ‘by means of potentiometer’ 272
which controls the -current flowing: through tube 269 and
thus through anode resistor 248. In this manner ‘the
beam may-be properly centered in a vertical direcfion.
Thus, the electron beam from tube 25 is causedto
step to each one of the targets or electrodes in'tube 25
which are connected to calling lines once for each revoli:
tion of the drum 164. The current or calling condition
Of the line at these times is employed to control the
recording of signals and magnetic conditions: within' the
drum.’ . T o

The“operation of the recording - of signals within th_é
drum ‘may be better understood and the initial operation
of the system improved, if it is assumed that the drum
is initially- magnetized “as will be described.
- As shown in Fig. 1 the drum is divided into two sec-
tions, the section on the left-hand being a delay section;
while the section ¢n the right is the main storage section-
of the drum.  Of course, when desired two drums may

3 be provided and driven by the same motor or at least

maintained in ‘accurate synchronism with each other by
any suitdble ‘means. - When desired, these sections may
be on the same drum as shown in Fig. 1. o

In the main or storage section -of the drum, it is as-
sumed that the drum is inifially magnetized by applying
a substantially continuous current through each of the
recording coils ‘and substantially saturating the magnetic
material in the drum as it passes under the pole-pieces
of ‘each of these coils. The direcfion of current applied
to these: coils is assumed to be in the direction producing:
the so-called O signal when it is desired to record such
a signal of the drum. In order to record the ‘opposite
or X signal in the drum the polarity of the current ap~
plied- to 'the recording <oil will be reversed and the mag-
netic- field between the pole-pieces and in the recording
coil-will likewise be reversed and reverse the magnetiza-
tion of the surface of the' drum in the cell under the
recording coil at that time. i :

In the case of the delay secfion of the drum, it is de-
sirable to provide a third type of magnetization which'
produces no voltage in the pick-up or reading coil. Such-
a magnetic condition is readily obtained by orienting an
additional coil located adjacent each of the channels and’
rotating -the “pole-pieces with respect to the channel so
that they are substantially:90 degrees displaced from the:
pole-pieces ‘of the recording coil and corresponding pick--
up coil' and “applying a  substantially unvarying current.-
Thus, when an O signal is recorded in the magnetic ma-
terial of a cell:by orienting the-so-called -magnetic vectors
in- one :direction, :said-direction causes a voltage of.one:
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polarity to be obtained from pick-up coils when that por-
tion or cell of the drum passes thereunder. - The record-
ing. of an X signal will apply the reverse magnetization
to .the magnetic material and thus. effect the reverse
orientation of fhe magnetic vectors so that voltage of
opposite polarity is obtained when such a cell passes
under the pick-up coil pole-pieces. The erasing or third
magnetic condition, will cause the magnetic vectors to be
rotated at an angle. of 90.degrees from the first direction
and- thus cause no volfage to be induced in the pick-up
or output coils when a cell having-its vector so oriented
passes under the pole-pieces of the pick-up coil.

" When only two magnetic conditions are required as in
most of the channels of the main recording drum, the
first or zero signal condition recorded in the drum will
not produce .a voltage in the pick-up coil, whereas, the
opposite magnetic condition represents an X signal and
causes a voltage of predetermined polarity and wave
shape to be induced in the corresponding pick-up coils.

Tt should be noted. that the pick-up coils, recording
coils, magnetic drum, the cathode-ray tube, as well as
gafe circuits, and other common control circuits, are com-
mon to all the lines assigned to slots or cells upon the
magnetic drum.

As the cathode-ray beam electrons fall on a target in
the beam tube 25 assigned to a given line, it will produce
output voltages as will be described hereinafter which
will be recorded in the magnefic drum. The beam of
electrons falls upon a given target at the same angular
position of the drum during each rotation of the drum.
The cells under the recording heads at this time, and
thus the slot comprising these: cells, are assigned to the
line connected to the target upon which the beam falls
at this time. These elemental areas or cells forming
such slots are employed only by the lines to which they
are assigned and may be employed continuously fo record
the electrical conditions and history of the electrical con-
ditions of said line as will be described hereinafter.

“Two calling lines 14 and 15 are shown in Fig. 1 con-
nected to the electrodes 32 and 33 of tube 25. Each of
these lines is provided with a calling switch 10 and 11,
respectively, and other calling devices such as dial 20
and 21, respectively. - A source of elecfrical or power
potential is applied through these lines through resistors
16 and 18 for line 14, and 17 and 19 for line 15. In
addition suitable terminating equipment such as 40 and
41 is provided for each of these lines which terminating
equipment may be telephone apparatus or other control
equipment, as may be desired so long as no direct current
path exists between the line conductors.

The speed of rotation of the drum 104 and thus the

speed of the electron beam of tube 25 must be sufficiently
rapid so that the beam will fall upon the electrodes con-
necfed to each line at least once during each signaling
condition -which it is desired to recognize and record in
the drum.. If the signals to be received are in the form
of dial pulses, then the speed of rotation of the magnetic
drum and also the speed of the cathode-ray beam must
be such that the drum will make one complefe revolution
and the electron beam sweep over all of the targets with-
in tube 25 in 2 minimum open or closed interval of any
dia] of any calling line. When desired, the scanning rate
and thus the speed of operation of the drum and electron
beam may be increased above the above minimum speed
and the system will operate in the same manner as de-
scribed herein.

As long as the calling lines such as lines 14 and 15
 remain idle substantially no curfent flows through the
resistors 16, 18, connected to line 14 and substantially no
current flows through resistors 17 and 18 connected to
line- 15. The same conditions apply to the other lines
similatly connected to tube 25 not shown in- the draw-
ing. ‘

Since no current flows through resistors corresponding
to resistors- 16 ‘and 17 the corresponding targets or
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anodes of tubes 25 such as the respective targets 32
and 33 are maintained at substantially ground potential
with the result that these electrodes attract elec-
trons from the beam of this tube when it is directed to-
wards these corresponding electrodes. As a result a large
number of the beam electrons fall upon these correspond-
ing electrodes when they are at substantially ground po-
tential as described above, with the result that a large
number of secondary electrons are emitted from the sur-
face of these electrodes of the targets which electrons are
collected by the collector electrode 37. In other words,
relatively large electron current flows through this collec-
tor electrode producing a relatively large voltage drop
across output impedance or resistor 39 with the result
that the voltage of the collector element 37 is maintained
at a relatively low or negative value in response to the
ground potential maintained on the respective target ele-
ments 32, 33, etc.

However, when it is desired to originate a call over
one or more of the lines corresponding switches 10, 11,
etc., will be closed. If switch 11 is closed a circuit is
completed from negative battery through resistor 18, line
conductor 14, contacts 19 and 20, line conductor 14
and resistor 16 producing a flow of current through re-
sistor 16 and thus causing a voltage drop to appear across
this resistor.

The call-initiating contacts 10 may be of any suitable

type such as key contacts, switchhook contacts or cradle
contacts of the telephone subscriber’s station or any suit-
able type of electrical switch. Likewise the contacts 20
may comprise any suitable form of signaling contacts such
as a telegraph key, a telephone dial or contacts of other
calling devices employing annunciators, dispatching sys-
tems, etc.
. The current flowing through resistor 16 in response to
the initiation of a call over line 14 produces a voltage
drop across resistor 16 such that conductor 30 connect-
ing the upper terminal of resistor 16 to target 32 of tube
25 becomes a negative with respect to ground. Conse-
quently, the target element 32 of tube 25 tends to repel
more electrons from the beam even when directed to-
wards this target element and as a result fewer electrons
fall upon the target at this time. Consequently, fewer
secondary electrons are emitted since the ratio between
primary and secondary electrons under the operating con-
ditions of tube 25 remain substantially constant. As a
result less electrons are collected by the collector 37 so
that the smaller potential drop appears across resistor 39.
In other words the voltage of the collector electrode 37
becomes more positive during the time the electron beam
is directed toward the target element 32.

Consequently, the collector element 37 is at a relatively
more negative voltage when the electron beam of tube 25
impinges upon a collector element connected to an idle
line and is relatively more positive when the beam im-
pinges upon a collector element connected to the calling
line over which electric current flows. These voltage
changes are repeated by the cathode follower tube 46
and over lead 45 to the lower left-hand input circuits of
the gates G1 and G2 designated 201 and 211 in Fig. 1.
These gate circuits are employed to control the writing
or recording of information upon a magnetic drum
mounted on the shaft 100. The magnetic drum com-
prises any suitable type of cylindrical surface rotatably
supported on the shaft which permits revolution of the
drum about its axis. The drum in turn is rotated about
its axis by means of an electric motor or other suitable
driving force, not shown in the drawing. It is assumed
however, that the drum continuously rotates during the
time the system is in operation. As pointed out herein-
before the surface of this drum comprises a layer of”
magnetic material which once magnetized maintains its
magnetization indefinitely. The direction of the magne-
tization, however, may be changed by means of a record-
ing coil such as coils 111, 121, etc. located adjacent the
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surface of the drum. These writing or recording coils
are- provided with two windings, one for magnetizing
the magnetic elements of the surface of the drum in one
direction, and the other for magnetizing the elements of
the surface of the drum in the opposite direction.

For convenience in referring to these directions of
magnetization the left-hand coil of head 111, for example,
as shown in the drawing is assumed to produce a direc-
tion of magnetization in the drum called an X signal
while the right-hand coil is assumed to produce a direc-
tion of magnetization on the surface of the drum called
an O signal. It is to be understood, however, that the
coils that produce the X signal and the coils that produce
the O signal may be wound upon both of the pole-pieces
of the recording coil 111. As shown in the drawing the
coils of the recording head 111 are connected to the out-
put circuit of a recording or writing amplifier 110. As
shown, the amplifier 110 is provided with two input
leads, one designated X and the other O.

Both of these leads are normally maintained at a rela-
tively low voltage near ground potential by the gate cir-
cuit 201. The input leads 2 and 3 are coupled through
condensers to the in grids of the respective tubes 311 and
312.  See Fig. 3. In the exemplary embodiment these
input. grids of the amplifier tubes 311 and 312 are nor-
mally maintained or biased at a negative voltage with re-
spect to ground and as a result no output current flows in
the output circuit of amplifier 110 so that under these
conditions the magnetic conditions of the surface. ele-
ments of the drum passing under the pole tips of coil 111
are not changed.

Gate circuits such as G1 comprise a plurality of recti:
fiers or diodes which may be either of the germanium
crystal type, or other suitable forms of crystals or com-
binations of crystals or high vacuum diodes. The gate
circuits have an input circuit shown at the bottom of the
rectangle which is connected tc the output of the syn-
chronizing amplifier 60. The- gate circuit has input cir-
cuits shown at the left-hand side of the rectangle or box
291 which in turn are connected to the rectifiers 206 and
208. This gate circuit also has an input lead shown at
the right-hand side of the rectangle in turn connected to
the rectifier element 207,

Each of the input leads to the gate circuits have either
one or the other of two different voltage or current condi-
tions applied to it. In the exemplary system described
herein in detail the gate circuits are arranged to have their
input circuits or terminals connected to relative low
impedance circuits which will apply either a high posi-
tive voltage of say about 75 volts or more to the input
terminal or a low positive voltage of say about 25 volts
or less thereto.

So long as a low positive voltage is applied to any one
or more of the inputs current flows from battery 200,
and from any of the other inputs having a high positive
voltage applied to if, through the diode connected to the
relative low positive voltage with the result that the com-
mon point which comprises an output from the gate cir-
cuit is maintained at or near the voltage of the rela-
tive low voltage applied to that input lead or leads.

When the voltage applied to all of the input terminals
on the left-hand side is a high positive voltage, the gate
circuit is arranged so that it will apply a high positive
voltage to the X input lead to amplifier 119 in response
to a high positive synchronizing pulse supplied from the
synchronizing amplifier 60 to the common point between
the diodes 204 and 20S, with the result this change in
voltage causes an X signal to be recorded in the corre-
sponding cell or unit area in the surface of the drum
passing under the recording coil 111, at this time. Like-
wise when a high positive voltage is applied to the input
lead .connected to the diode 267 a high poesitive voltage
i3 repeated to the O input lead to amplifier 110 when a
high" positive synchronizing. pulse is- applied from: the
synchronizing amplifiers 60 to the common point between:
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the diodes 264 and 265 with the result that an O is re-
corded in the nragnetic element of the drum passing under
the'recording head 311 at this time.

The gate circuits such as G1 shown within the rec-
tangle 281 may be arranged in a plarality of different
manners. These gate circuits may be arranged. so that
a high positive voltage applied to any one of the. inptit
leads will cause a high positive voltage to be repeated
to the corresponding output lead in response to the appli-
cation of a high positive synchronizing pulse from the
syachronizing lead. Such gate circuits are sometimes
called “or” gate circuits, that is, circuits in which out-
puts appear in response to a high positive voltage applied
to any one or more of the input leads: Alternatively,
the gafe circuits may be arranged such that a high posi-
tive voltage has to be applied to ail of the input leads
or all of a group of the input leads before a high positive
voltage is repeated to the corresponding output lead.
Such circunits arg frequently called “and” circuits. Such
circuits are obtained by applying suitable potentials to
the diode elemtents and properly orienting the diede ele-
ment. These circuits may alsc be arranged so that com:
binations of the two types of circuits may be employed
when- desired. -Furthermore; the voltages applied to these
circuits may be-such that input voltages so applied to the
input leads prevent a high positive output pulse instead
of permitting one, as deseribed above. :

For example, with respect to the gate circuit G1, it
Is- niecessary for a high positive voltage to be applied to
the right-hand terminal of the diode 267 to cause an O
to' be- recorded by thie recording coil 111 in response to
a high positive synchronizing pulse from the synchromniz-
ing amplifier 6.

With respect to the inputs required to cause the record-
ing coil to record X in the: corresponding cell of the mag-
netic drum, the voltage of both of the input leads 6n the
left-hand side of the gate G must be high & positive
voltage. However, in the absence of a recorded X signal
passing under the pick-up coil 115 at this time the output
from the X lead from amplifier 126 is a low positive
voltage and the output from the O lead of amplifier 116
is- a high positive voltage as will be described hereinafter,
with. the result that a high positive voltage is applied to
the diode 266. Consequently, when the voltage of the
collector electrode 37 becomes positive, a high positive
potential is applied to the left-hand terminal of the dicde
298 through. the cathode follower tube 46 and as a result
when: the synchronizing pulse from the amplifier 69 is
applied to the gate GI, the voltage of the X input lead
to amplifier 110 becomes a high positive voltage and
causes an. X to be recorded in the corresponding cell
under the recording head 111 at this time. No high posi-
tive voltage is applied to the O input lead to amplifier 110
at this time. Then the electron beam will move on to
the next target in response to the sweep circuit and syn-
chronizing circuit described hereinbefore so that in case
the next line is also busy or has current flowing over it,
an X will be written or recorded in the next cell. Con-
versely, if the next line has no current flowing in it at
this time, an X will not be written or recorded in the
succeeding. cell -because collector electrode. 37 will not
be §1_1ﬁiciently positive. and thus will not apply a high
positive. voltage te the left-hand terminal of diode 208.

After the above-described X is written in the cell cor-
responding to line 14, in the manner described  above,
this cell will pass around the drum and pass under the
pick-up or reading head 112 and. canse an output voltage
to be developed in the winding of this head or coil.  The
output coils from the pick-up head 112 are connected to
transfer amplifier 113 which causes the corresponding X
to be recorded by the recording head 114 in the cell pass-
ing under this recording coil at this time. The X recorded
by the recording head 111 then continues around the
drum' and passes under the erasing head 118. The eras-
ing head comprises a permanent magnet or a continuously
energized electromagnet oriented’ in such direction that
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.the magnetization of the drum after passing under this
head produces no output voltage in any of the pick-up
coils under which this portion of the drum will pass.
During the time the X recorded by the recording head
111 is rotating from the pick-up head 112 to the erasing
head 118 and then on to the recording head 111 again
the X recorded by the recording head 114 is also rotated
around the drum so that at approximately the same that
the electron beam of tube 25 again falls on target 32
connected to line 14 in the manner described above, the
X recorded in the cell assigned to line 14 cn the drum
in the channel associated with head 115 will pass under
head 115. As a result the voltage induced in the pick-up
head 115 and amplified by amplifier 116 causes a high
positive voltage to be applied to the output X lead of
amplifier 116 and causes a low positive voltage to be
applied over the output O lead from amplifier 116 to
the left-hand terminal of diode 206 at this time, so that
when this next high positive pulse from the scanning tube
due to the scanning of line 14 and the next corresponding
high positive synchronizing pulse from the amplifier 60

are applied to diodes 208, 204 and 2035, the voltage of

the X lead is prevented from becoming positive. Con-
sequently, no further signals will be recorded by the
head 111 at this time so no further voltages will be
induced in the pick-up head 112 by the cell in the channel
under head 111 assigned to line 14. However, the X
recorded in the cell in the channel under heads 114 and
115 assigned to line 14 will remain until removed or
changed in the manner described hereinafter.

. The voltage from the electrode 37 as repeated by the
cathode follower tube 46 is also applied to the left-hand
fnput terminal of the gate G2 shown within rectangle 211
in Fig. 1. This gate is in turn connected through an
amplifier 120 to a recording head 121 which amplifier
and recording head are arranged to write or record only
X’s upon the corresponding channel of the drum. Thus,
each time the synchronizing pulse from the amplifier 60
is applied to the dicde 214, a high positive pulse appears
on the X lead from gate 211 when positive voltage is
also applied to the diode 216 through the cathode fol-
lower tube 46 from the collector electrode 37 of tube 25.
As pointed out above, such a high positive voltage is
applied to the collector electrode 37 and thus to the
diode 216 each time the beam of the tube 25 falls upon
the target connected to a line over which line current is
flowing, with the result that an X is written in each of
the_ cells in the channel under the recording head 121
assigned to the respective lines having current flowing
over them.. When these cells pass under the pick-up head
122, they induce voltages therein which are repeated by
the repeating or transfer circuit 123 to the recording
head 124 which records corresponding X’s in the cor-
responding cells in this channel assigned to the respective
lines. Returning now to the X recorded in the cell as-
signed to line 14, of the.channel under the head 122, as
the drum rotates this cell passes from under the head 122
to the erasing head 128.- At this time this X is erased
and the cell then continues to travel around the drum
and again passes under the recording head 121 where
an X is again written in this cell if current is still flowing
in the line at this time. = As pointed out above, the beam
of tube 25 will again fall on a target 32 at this time.

Consider now the X written or recorded by the record-
ing head 124. As the drum rotates, this X will pass under
the reading or pick-up head 125 and cause an output in
.- the output amplifier 126 indicating that an X was recorded
in the corresponding cell in a channel under the record-
ing head 124. As this cell or area continues to rotate,
it will pass under the erasing head 129 which changes
the magnetization of this cell so that it is no longer capa-
ble of inducing any voltage in the pick-up head 125.
However, as pointed out above, if current continues to
flow in the line so that an X is again written or recorded
by head 121, the corresponding voltage will again be
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induced in the pick-up head 122 and transferred to the
recording head 124 and recorded in the same cell assigned
to line 14. The above operations then continue for each
of the lines so long as line current flows over the line.
At this time it should be noted that the channel under
the heads 111 and 112 do not have either an X or an O
recorded in them; the previous recordings having been
erased. The channel under the heads 121 and 122 has
an X written or recorded in each of the cells each time
these cells pass under recording head 121 so long as the
corresponding line has current flowing in it when the
electron beam of tube 25 falls upon the target electrode
connected to the respective line. The X’s written in this
channel are continually transferred to the recording head
124 and then later erased by the erasing head 128. X's
recorded by the recording head 124 in turn induce output .
voltages in the pick-up head 125 and then are erased by
the erasing head 129 associated with the channel of heads
124 and 125.

The above-described operation of the various heads,
coils, circuits, amplifiers, gates and scanning tube 25 has
been described with reference to line 14. The circuits
respond in a similar manner to current flowing over line
15 and to all the other lines connected to the respective
targets of tube 25. As pointed out above, the voltage
condition across the corresponding resistance of the
respective lines causes X signals to be written in the
cells of the respective channels described above assigned
to the respective calling lines. The condition of each of
the calling lines is thus recorded in a predetermined cell
or unit area on the surface of the magnetic drum assigned
to the respective lines.

So long as the line 14 remains closed the potential of
the collector electrode 37 will be at a high positive value
each time the beam falls upon a target 32. However,
the X signal recorded in a channel under coils 114 and
115 will prevent any recording by the recording coil 111
at this time. However, X signals will be recorded by
recording coil 121 of the delay portion of the drum at
each of these times which X signals are transferred to
the storage portion of the drum and recorded therein by
coil 124. At each of these times except the first one as
described above, high positive voltages exist at the X
output leads and low voltages exist at the O output leads
from amplifiers 116 and 126 due to the X’s recorded in
the cells or elemental areas of the drum assigned to line
14, for example, as these cells pass under the pick-up
coils 115 and 125.

In response to an opening of the contacts of the dial
20 or contacts 10 the potential drop across resistor 16
would fall to zero with the result that the voltage of the
target element 32 becomes more positive and thus at-
tracts more electrons from the beam the next time the
beam is directed towards this target element. Conse-
quently more secondary electrons will be emitted by the
target 32 thus causing greater current to flow in the
circuit of the collector electrode 37 with the result that
the output voltage will be at a lower or more negative
value at this time. As a result an X will not be recorded
by either of the recording coils 121 or 111 and thus an
X will not be recorded by the recording coil 124. As
a result the next time the cell under coil 124 assigned
to line 14 passes under the pick-up coil 125 positive voli-
age appears on the output lead O instead of on the X
lead of amplifier 126. At the same time the X initially
recorded by the recording coil 134 will pass under the
pick-up coil 115 and cause a positive voltage pulse to
be transmitted over the X lead from amplifier 136. The
outputs of amplifiers 116, 126, and 136 are connected to
a translating or combining circuit 251. The combining
circuit 251 comprises a plurality of two-element dicdes
which may be of a high vacuum type but as indicated
in the drawing, these elements may also comprise crystal
rectifiers or any suitable type including germanium, and

similar types of rectifying contacts, semiconductors and
the like.
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As indicated on the left of the rectangle 251 .an XO
lead extends from the rectangle which lead has a rec-
tifier or diode connected between it and the X ocutput
lead from amplifier 116. The XO lead also has a rec-
tifier connected between it and the O lead from ampli-
fier 126. These rectifiers are poled in such a direction
that the voltage on the XO lead is at a low value so long
as the voltage on the X lead from amplifier 116 or the
O lead from amplifier 126 is at a low value. If either
of these outputs are negative the corresponding rectifier
will conduct appreciable current froml the battery 2532
and thus maintain a voltage of the XO lead at a relatively
low value near the lowest value voltage applied to either
X lead from amplifier 116 or the O lead from amplifier
126 whichever of these two leads is the lowest in voltage.

However, when an X passes under the pick-up coil
115 and an O passes under the pick-up coil 125 substan-
tially simultaneously therewith, positive voltage appears
on the X lead output from amplifier 116 and the O lead
output from amplifier 126.

Due to the previous magnetization of the other por-
tions of the drum the output from the amplifier 136 will
be a high positive voltage on the O lead and a low posi-
tive voltage on the X lead at this time and untl an X
is recorded in the corresponding cells passing under these
coils assigned to the line 14.

As a result a high positive output voltage appears on
lead XOO at this time. - The XOO lead has a rectifier or
diode connected between it and the X output lead from
amplifier 116 and a diode connected between it and the
O output lead from amplifier 126 and a diode connected
between it and the O output lead from amplifier 136,
These rectifiers are poled in such a direction that the
voltage on lead XOO is low so long as the voltage of any
of the above identified leads from the amplifiers 114, 126,
136 is a low positive voltage. However, as described
above the first time after line 14 has been opened and the
slot assigned to this line passes under the pick-up coils
115, 125 and 135, a high positive voltage appears on the
output leads from amplifiers 116, 126 and 136 connected
to lead XOO through the diodes as described above.
Consequently the voltage on lead XOO becomes high at
this time. At the same time another cell or elemental
area of the surface of the drum or cylinder assigned to
line 14 passes under the recording coil 131, The high
positive voltage on lead XOO which is connected to the
dicde 222 in the gate circnit 221 causes a high positive
voltage to be repeated on the X output lead of gate cir-
cuit 221 in response to a high positive synchronizing volt-
age pulse from amplifier 60 and diode of gate circuit
221. This X output lead extends to the recording am-
plifier 130 and the high positive voltage on this X lead
in turn causes the recording coil 131 to record an X in
the elemental area in this recording coil assigned to line
14. After a delay interval the X is transferred to the
recording coil 134 and recorded in an elemental area
under this coil at this time which elemental area is like-
wise assigned to line 14. When the X recorded by the
recording coil 134 passes under the pick-up coil 135, it
will cause the output on the O lead from amplifier 136
to be low and the voltage applied to the output X lead
from amplifier 136 to become high. As a result a high
positive voltage does not again appear on the XOO lead
because the output voltage of the O lead from amplifier
136 is now low and thus controls the voltage of the
XO0O0 lead. )

After the X recorded by the recording coil 131 passes
under the pick-up coil 132 and is transferred to the re-
cording coil 134 as described above, it is erased by the
erasing magnet or coil 138. Thus when the X passes
under the pick-up coil 135 as described above, no high
positive voltage appears on the X lead to the recording
amplifier 130 an X is not recorded in the elemental area
assigned to line 14 at this time. The X remains re-
corded in the elemental area assigned to line 14 associ-
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ated with- the pick-up coil 135 until changed as will be
described hereinafter.

So long as line 14 remains open no further signals are
recorded by any of the recording coils 111, 121, 114 or
124 with the result that a high positive voltage appears
on lead XO each time the X originally recorded by the
coil 114 passes under the pick-up coil 115 in the manner
described above. These high positive voltages are
transmitted lo a counting or timing circuit and employed
to indicate a disconnect or termination of the call in a
manner to be described hereinafter.

However, assume that before any disconnect or termi-
nation connection appears due to the operation of the
counting or timing circuit 278, line 14 is reclosed. As a
result the voltage of the collector electrode 37 again be-
comes more positive when the cathode-ray beam next im-
pinges upon the target 32. . As a result an X signal will
be recorded by the recording coil 121 in the delay sec-
tion of the magnetic drum. At a short interval of time
later an X signal will be recorded by the recording coil
124 in the cell or elemental area thereunder assigned to
line 14 in a manner described hereinbefore. When this
portion of the drum passes under pick-up coil 125 the
X signal originally recorded by the recording coil .114
also passes under the pick-up coil 115 with the result
that high positive voltage appears on the X output leads

-from amplifiers ¥16 and 126 and a low voltage is obtained

from the O output leads from these amplifiers.

The XXX lead from the translating or combining cir-
cuit 251 has a diode connected between it and the X
output leads from each of the amplifiers 116, 126 and
136 with the result that a high positive voltage is ob-
tained from this lead the first time the X originally re-
corded by the recording coil 114 and the X recorded by
the coil 124 and the X recorded by recording coil 134
passes under the pick-up leads 115, 125 and 135 after
the line 14 has reclosed.

Lead XXX extends to the diode 223 of the gate or
translating circuit 221 and also to the diode 232 of the
gate circuit 231. The high positive pulse applied to the
diode 223 at this time causes an O signal to be recorded
in the cell or elemental area of the drum assigned to line
14 under the coil 131 at this time. Likewise 2 high posi-
tive voltage on lead XXX at this time applied to the
diode 232 causes an X signal to be recorded by the re-
cording coil 141 which X is later transferred to the re-
cording coil 144 and recorded in another cell or ele-
mental area of the drum under coil 144 which is likewise
assigned to line 14.

The O signal recorded in the cell under coil 131 later
basses under the pick-up coil 132 and is transferred to
the recording coil 134. At the time this O signal is ap-
plied to the recording coil 134 the X signal previously
recorded in the cell which is now under this coil and as-
signed to line 14, will be written over or changed to an
O signal and thus in effect canceled and an O signal
substituted therefor. Thus after the elemental areas
assigned to line 14, pass under the respective coils 114,
124, 134 and 144 they wili have X, X, O, and X signals
respectively stored or recorded in them.

Thus in response to the closure of a calling line, such
as 14, an X signal is recorded by coils 131 and 114 in
the cells or elemental areas assigned. to said line 14.
These areas are in the channel designated G1. In re-
sponse to the subsequent opening of the calling line 14
an X signal is recorded by coils 131 and 134 in the areas
assigned to line 14. These areas are in the channel des-
ignated H herein. In response to the subsequent reclos-
ing of the calling line 14 an X signal is recorded in the
elemental areas or cells under coils 141 and 244 as-
signed to-line 14. These areas are in the channel on
the magnetic drum designated channel J herein,

Any of the above signals or sequences of signals; i. e.,
the closure of a calling line, the closure of the calling line
followed by the opening thereof, or the closure of the
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calling line, 'féllowed -by an -opening of ‘that line which
opening is followed by a reclosure of-the'line may com-
prise-a . calling ‘$ignal and the -exemplary ‘enibodiment de-
scribed in detail herein may'be arranged to recognize and
respond to-any or all -of ‘the above “calling signals or to
more complicated patterns of “signals "as ‘described here-
~-inafter. -As :¢éhown ‘in 'Fig. ‘1 the input lead 148 to the
register ‘and display ‘apparatus ‘is -connected to the X
output lead from amplifier 146 ‘6f c¢hannél J. Conse-
queritly ithis:equipment ‘responds to the ‘last type of call
signals enumerated above. ‘However, ‘by connecting a
lead similar to 148 to:the X -output‘lead from the ampli-
fiers of other channels, such ‘as‘G1 or’H, instead of from
channel J-the-system-will:respond ‘to- the-other call signals
described above. 'When -desired -additional register and
display -equipment may -be -provided and connected to
differerit-ones of the channels for: responding to ‘different
types of call signals.

In orderito-display - the’call it-is necessary that the dis-
play or registering mechanism be idle and:properly reset
to azero-condition. - "Fhis registering equipment as shown
in ‘Fig. 1 comprises a plurality "of counter tubes 1011,
1012, etc., resetmultivibrator tube 1050, a group of regis-
tering ‘tubes - 1640,1041, etc., indicating tubes 1079, 1071,
etc.,-and-reset tubes 1060, 1061, etc. ‘A-control and-com-
bining: éircuit - comprising -the -diodes 153, '154, 155 and
156 -together :witha Tepeating ‘cathode-follower tube 911
is provided for -controlling *the registering equjpment.
The restoring multivibrator:tube 1630 is arranged so-that
the conduction within-the ‘tubes automatically returns to
the ‘normal conditions after'a restoring or reset operation
in the manner described ‘hereinafter. ‘The circuit is fur-
ther arranged so'that with’key'1051 unoperated, as shown
in -the - drawing, ‘the left-hand - section will*‘be conducting
and the right-hand section non-conducting ‘due to the con-
neetion of the grid of: the l¢ft-hand section to a-more posi-
tive bias voltage than that applied to-the grid of the right-
hand section. ‘Under ‘these circumstafnices the voltage of
the anode of ‘the 'left:hand section is ‘at a relatively ‘low
value -so -thatthe tight-hand sections “of gates 731, 732,
etc. are blocked at:this-time. The voltage ofthe anode
of the right-hand-section- of ‘tube 1050 is-at'its-most posi-
tive ‘value -when ‘the right-hand-section-is conducting sub-
stantially -no-current. ‘As a result, a-positive voltage is
applied: to:the upper terminal of dicde 154, which voltage
is‘in such-a direction that it'produces substasitially no cur-
rent flow throughithe diode because it is in a reverse di-
rection to:the mode of ‘easy’ conduction of the diode.

The counter tubes 1011 and 1012 comprise two rep-
resentative stages of a multistage binary counter employed
to designate the line over-which the calling signal orsignals
originate. In the ‘binary number system-each -place or
denominational.order of a number has-¢ither one of two
different digiss, i. e.,'a’l or-a:0. The tubes 1011, 1012,
etc., -represent -each -stage -or “denominational - order and
conduction of current by one:section of-such a-tube rep-
resents a -0 for ‘that-stage or ‘denominational order-and
the . other -section’ conducting ‘represents -a ‘1 ‘for 'that de-
nominational order. These counter-stages- are arranged
to be reset once per:revolution of the drum 164 aswill be
described -hereinafter. Theredfter they count -each of
the synchronizing -pulses which-défine the:unit areas in-
dividual -to-the respective lines. In'the exemplary em-
bodiment -of ‘the present invention-a-synchronizing pulse
is generated for and defines each:of .the elemental areas
under the pick-up - coils-assigned- to the individual calling
lines:and:these elemental:areas-assigned a line are-under
the -various -pick-up :coils as -deseribed above 'when the
beam: of tube 25 impinges upon the corresponding target
or.electrode -element. assigned that line,-and’ inasmuch -as
this beam.is:synchronized: by the-synchronizing pulses to
fall on such a target:for each:synchronizing:pulse and in-
asmuch .as ‘the ‘beam follows:the same pattern for each
revolution -of the .drum, ithe tbeam will :in reffect ‘sample
or test:the voltage:condition:of :asgiven: line-after a: given
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number of ‘synchronizing pulses have’ been received from
the réference point :determined by ‘the single rTesetting
pulse. Consequently, the ‘condition -of the counter’ tubes
1631, 1612, etc., accurately identifies the'line having ele-
mental areas under-the-various pick-up “coils.at each in-
stant of time.

As shown-in the drawing the counter tubes 1611 and
1012 have been arranged so that they are reset totheir
zero or initial condition once per revolution by a nega-
tive pulse applied to them as will"be described hereinaft-
er. When these tubes are in their initial or zero condi-
tion, the right hand-triode is conducting.current between
its anode and cathode but no current flows in the anode
path of the left-hand section of these tubes.

The synchronizing or timing pulses after passing
through the delay line 251 and repeating tube 250 are
applied to both sections of tube 1011 through the coupling
condenser 1015 and the ‘two diode rectifiers .as shown
in the drawing. The timing pulses as received from am-
plifier 60 through the delay line 251 are of a positive
polarity. These delayed pulses are repeated by tube 250
as negative pulses and applied to the two.diodes. The
diodes are poled in such a direction as to offer a'low resist-
ance or impedance to negative pulses. Under the assumed
conditions with "the right-hand section of tube 1611 con-
ducting current, its anode will be at a lower voltage than
the anode of ‘the left-hand section. -Consequently, the
diode ‘connected tothis right-hand section will offer ap-
preciably more’impedance to'the piilse than will- the dicde
connected to “the ‘lefi-hand section. Furthermore, .the
application “of a negative pulse through this right-hand
diode to'the anode of the right:hand section of tube 2611
and then through the coupling network to the control
grid of the'left-hand section:produces.no appreciable. ef-
fect upon either section of this tube. .However, the ap-
plication ‘of ' the negative. pulse to the left-hand anode of
tibe 1011 and-then through the coupling condenser to the
control grid of the right-hand section of this.tube tends
to-reduce the current flowing in the right-hand section. As
a result the voltage of the anode of the right-hand sec-
tion ‘tends to Tise or .become more .positive .and apply 2
more positive voltage to the control grid of the left-hand
section ‘of tube “1011 which tube then starts to.conduct
current 'and as a result its anode voltage falls tending to
make the grid of ‘the.right-hand section still more nega-
tive. ‘Consequently, ‘the current previously flowing
through: the right-hand section of tube 1011 is interrupted
and the ‘current flow'through the’left-hand section.initiat-
ed.

“Under- these ‘circamstances tube 1611 indicates a.count
of ‘ome and remains ‘in ‘the -above-described conducting
conditions wherein ‘current flows through the left-hand
section “but ‘not through the right-hand section until the
next timing pulse is applied. to'both sections of this tube.

"The second délayed negative timing pulse is applied
to both anodes of tube 1011 in the same manner.as de-
scribed dbove. At this time, ‘however, current flowing
through the left-hand section is interrupted due to a nega-
tive pulse transmitted fromthe anode of the right-hand

U section.of tube 1011 and the coupling network to'the con-

trol, grid of ‘the'left-hand section. As.a result.of the con-
sequent decrease in current flowing through the ieft~hand
section, positive voltage -is applied to’the control grid of
the right-hand section which causes current to start the
flow through this section.

Thus, ypon the application of each.of the delayed nega-
tive timing pulses-the conducting conditions.in"tube 1611
are reversed.

The ‘initiation-of a discharge through “the right-hand
section of tube 011 causes the véltage of the anede-of
this section to:fall from -substantially” the ‘full anode bat-
tery supply ‘voltage :to -a much :lower voltage Avhich in
turn ;applies.a negative ipulse :threugh the :coupling .con-
denser :and:the.rectifiers: or:diedes: connected to theitwo

-anodes- of tube -1932. ‘Under :the :assumed conditions
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prior to the application of this negative pulse, the right-
hand section of tube 1612 is conducting current while
the left-hand section is not. The application of the nega-
tive pulse to the two diodes does not at once effect or
initiate the flow of current through the left-hand section.
However, the application of the negative pulse through
the diode connected to the anode of the left-hand section
and then through the coupling arrangement to the control
grid of the right-hand section reduces or interrupts the
current flowing to the right-hand section of this tube thus
causing the anode of this section to rise in voltage and
apply a positive voltage to the grid of the left-hand sec-
tion which then starts to conduct current and applies a
still more negative voltage to the grid of the right-hand
section. In this manner the application of the negative
pulse through the coupling condenser and coupling diodes
causes the current flowing through the right-hand section
to be interrupted and a flow of current from the lefi-
hand section initiated.

Had the left-hand section been conducting current in-
stead of the right-hand, then the application of the nega-
tive pulse would be transmitted through the opposite diode
and cause the interruption of the current flowing through
the left-hand section and an initiation of current flowing
through the right-hand section. In other words, upon
the application of each negative pulse from the anode
of the right-hand section of tube 1011, the discharge
current within the tube 1612 is transferred from the pre-
vicusly conducting section to the other section. In a
similar manner, each time the anode of the right-hand
section becomes more negative due to the initiation of a
flow of current to this section of tube 1912, a negative
pulse iz relayed to the next counter stage and so on.

With the right-hand section of tube 1011 conducting
and the left-hand section of tube 1012 conducting, these
two tubes indicate a count of 2, since two synchronizing
pulses have been applied to the cathodes of tube 1011 as
described above.

It should be noted that the counter tubes are advanced
by delayed timing pulses. In other words, these counter
tubes are not advanced until the undelayed timing pulses
have controlled the gate circuits 731, 732, etc., in a
manner described hercinafter. Consequently, the timing
yulses control the gate circuits and accurately indicate the
setting of the counter tubes in a manner described herein-
after before the counter tubes are advanced by the re-
spective delayed timing pulses.

In a similar manner additional synchronizing pulses
are counted by tubes 1811, 1812, and similar tubes not
shown but provided when necessary. Thus the setting

of the conducting conditions of the counter tubes 1011,

1012, etc., at all times accurately represents the identity
of the respective lines.

Tubes 1040 and 1941 are gas-filled tubes having a gas
pressure of a fraction of an atmosphere and in which the
control grid loses control of the current flowing in the
anode-cathede circuits once this current starts to flow.
These tubes are initially set or conditioned with no cur-
rent flowing in their anode-cathode circuits and are re-
stored to this condition after each call has been recorded
and noted as will be described hersinafter. With each of
the tubes 1048, 1941, etc., non-conducting their anodes
are at a relatively high positive voliage. However, the
diodes 155, 156, etc., are connected to the respective
anocdes of tubes 1043 and 1041 in the direction to oppose
the flow of current throvgh these diodes when these tubes
are non-conducting. However, at this time the com-
raon terminal of the combining circuit which is connected
to the grid of tube $11 is maintained at a relatively low
voltage by the output of amplifier 146 until an X signal
recorded in channel ¥ is picked up by the corresponding
pick-up coil 145.

Upon the sampling of line 14 during the next revolution
of the drum 194 after the X signal is recorded in channel
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plifier 146 will have a high positive voltage applied fo
its X lead due to the X signal recorded in this channel
of the magnetic drum.

Under the assumed conditions the high positive voltage
on the X lead 148 from amplifier 146 is the last high
positive voltage to be applied to the diodes 153, 154, 155
and 156 with the result that the voltage of the common
conductor of this combining circuit changes to a high
positive value and tube 911 repeats a high positive volt-
age in its output or cathode circuit to diodes of the gate
circuits 731, 732, etc. If the corresponding counter tube
indicates a 1, the right-hand sections will be non-conduct-
ing and thus have their ancdes at a relatively high volt-
age. If on the other hand these countér tubes indicate
a count of zero the right-hand section will be conducting
and its anode at a correspondingly low voltage with the
result that the left-hand sections of gates 731 and 732 are
substantially- blocked or ineffective to transmit a positive
voltage to their common or output terminals.

Thus, during the time the X signal recorded in channel
T passes under the pick-up coil 145 and causes a high posi-
tive voltage to be applied to the output lead 148 from
amplifier 146, positive voltage will be applied to all of
the input terminals on the left-hand side of the gate
circuits 731, 732, etc., when the synchronizing pulse oc-
curring at this time is received from the pick-up coil 56
and amplifier 60. - As a result, the tubes 1048, 1041, etc.,
which are individual to the counter tubes 1911, 1812,
etc., which indicate a count or digit value of 1 have a
positive voltage applied to their control grids. The tubes
1049 and 1041 individual to counter tubes 1911, 1812,
etc., which are in their original or initial condition, that
is, indicating a digit value of zero, do not have a posi-
tive voltage applied to their control grids. Consequently,
discharges are initiated through the register tubes 1040,
1041, etc., at this time if a corresponding counter tube
is in-its operated condition and not initiated if the corre-
sponding counter tube is in its initial or zero condition.
Consequently, the register tubes 1848, 1041, etc., have
discharges initiated through them in accordance with
the count of the binary counter tubes 1011, 1012. efc.
In addition, each high positive pulse from amplifier 66
causes the electron beam within tube 25 to step to the
next target and also to advance the counter by a count
of one. Thus the count of the binary counter designates
or identifies both the target upon which the electron
beam in tube 25 falls and also the calling line which is
assumed to be the line designated 14 in the drawing.
Generally the count of the binary counter which iden-
tifies the respective calling lines will not be the directory
number of the line but may be such number or represent
such member when desired.

Indicating devices 1070 and 1671 are connected in the
cathode circuits of tubes 1649 and 1041 and have dis-
charges initiated through them at substantially the same
time discharges are initiated in the corresponding register
tubes 1040 and 1941, thus indicating to an attendant the
identity of the calling line. It is to be understood of
course that relays, switches or other indicators or other
types of mechanisms may be employed in addition to or
in place of the gas tube indicators 1979, 1071, etc., for
indicating the identity of the called line or for responding
to the call from the called line in any desired manner.
These responsive devices may actuate other switching
devices, signals, buzzers, lamps and the like.

In addition, the initiation of a discharge through the
register tubes 1040, 1641, etc., causes the anodes of
the tubes through which discharge is initiated to fall to a
relatively low voltage with the result that the voltage
applied to the diodes 155, 156, etc., also fails to a rela-
tively low value. Consequently, the voltage applied to
the grid of tube 911 also falls to this low value so that
the output of tube 911 is no longer sufficient to permit
positive voltages to be transmitted through the gate

J of the delay section the output of the X lead of am- 75 circuits 731, 732, etc., and as a result the register circuits
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will ‘remain -in the condition -indicating the identity ‘of
the calling line until restored by an attendant or'by other
means.

When it is desired to restore the ‘register -circuits de-
scribed above to their-initial or zero condition key 1651
will be-operated which applies a more negative voltage
to the giid of the left-hand -section-of tube 10590 -for a
short interval of time during-the charging 'time of -the
small condenser 1952, As a-result of cross coupling-of
the -monostable circiits -of -tube 1050 -the -eurrent ‘How-
ing -through this section is’interrupted and current flow
through the right-hand section of this tube initiated. Asa
restlt, ‘the voltage applied -to the diode 154 -is reduced
so that further -signals or ‘high 'positive pulses- received
over comductor ‘148 can ‘not ‘be ‘Telayed to-the grid of
tube ‘911 even'if and when the-other input contréls de-
scribed heréin -would : otherwise ‘permit:pulses to be re-
peated ‘from conducter 148 -to -the grid:to-tube 911, -in
addition, the-voltage of the left*thand-anede of tube 1650
becomes mere positive -and ‘is-applied through the right-
hand terminals of gates 731,732, etc. ‘As a result posi-
tive voitage-is applied to the grids of‘the restoring tubes
1060, 1061, etc., during the.application- of synchronizing
pulses-to the gate circuits 731, 732, ete.

The application of positive voltages to:the contro} ¢le
ments: of tubes 1869 and 1061 causes thesetubes to con
duct current with 'the -Tesult that the voltage -of -theit
anodes -and - the anodes of -the register tubes 11040, 1041,
etc., is reduced. The veltage of -the cathodes of the
register tubes is maintained at'the voltage resulting fron
the discharge current flowing through the cathode re-
sistor by thecondenser - connected -around that ‘resistor.
The reduction of the anode voltage of these tubes 1046,
1041, etc. is sufficient to reducethe voltage ‘between the
anodes and.cathodes of -these -tubes below the sustaining
voltage required to maintain a-discharge-through them.
As-a result, the discharge through ‘these register:tubes is
interrupted and the register circuit restored ‘to normal.
Likcwise, -the indicating -tubes '1¢79 and 1671 -are also
restored ‘to normal, -thus cancélling the -indication of:the
previously calling line.

Thereafter as condenser 1853 continues ‘to.charge 'the
voltage of the grid of the left-hand section of tube 1050
approaches the voltage of the grid of the rightthand sec-
tion. “When -these two grid veltages. differ ‘by less:than
the magnitude of the ‘negative pulses as applied to the
cathodes of both sections of tube :1858 the next delayed
negative synchronizing or itiming pulse applied to the
cathodes of -this tube causes the grid:to-cathode :voltage
of the left-hand section to become sufficiently positive
to initiate a. fiow.of current through the left-hand section
of tube 105¢ which in turn, due 'to 'the cross:connections
between the sections of this tube, causes the current flow-
ing through the right-hand secticn toibe interrupted. .As
a tesult the voltage of the anode:of'the:léft-hand section
falls to a relatively low value so:that no further pulses
are transmitted through the right-hand terminals of the
gate circuits 731,732, etc. :In addition, the:voliage of the
left-hand section of tube 1050 rises so that positive :volt-
age is applied:to the diode 154 thus indicating :that:the
register circuit is again in condition for responding ‘to
other X signals recorded in.channel J.

The X signals recorded in the various channgls;:as-de-
scribed above may.be canceled.or removed by-applying-O
signals to the .corresponding :recording amplifiers in re-
sponse to the opening: of:key 10 of:iline 14, for-example,
with the result that after a predetermined time:of posi-
tive signals or pulses .on the XO .lead -at-times assigned
to line 34, for example, or -after .a .predetermined num-
ber of said signals have been received over this:lead,-timer
circmit 27¢ functions and causes zeros .to be written
in all of the channels G1 and J which may .have X’s
stored in them-in.the individual areas assigned to the re-
spective calling lines.

1t is thus evident that the calling arrangement described
is capable of recording a call originating ‘on any ‘one Or
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more ofa plurality of lines and then register and indicate
this ‘fact and the identity ‘of:the line over which the call-
ing -signals -originated. That portion of the-equipment
required - toindicate -these-signals may later be restored
to normal whereupon it.is ready-to-register and indicate
the signalssreceived: over the next line the-elemental areas
of which ‘have -a complete series of signals recorded -in
them and which next pass under:the pole tips of the pick-
up-coils. ‘The identity -of this line is also-indicated. It
is also-evident that calls from all of the lines may all be
substantially -simultaneously recorded ‘by the -magnetic
recording: equipment: and:the associated cathode-ray tube
25 -of ‘the scanning or-distributor -mechanism.

‘When : desired, the -anode - of :the ‘left-hand section of
tube 1050 or the-output.of the repeating tube 911 may
be connected -tothe :right-hand -side of -gate .circunit 231
and.- cause a zero to:be recorded in channel J-in the ele-
mental area of this channel assigned to line ‘14, for ex-
ample, with the result that after the -indication of a-call
has actuated ‘the register circuit and equipment in the X
in .this- elemental area-of channel J will be canceled and
changed :to.an O signal.

‘Details -of :the -recording -amplifiers, -recording coils,
pick-up coils, -pick-up -amplifiers and transfer amplifiers
and equipment are:shown in Fig. 3. Here the two sec-
tions of the drum -are illustrated as two drums wherein
the ‘delay drum- or ‘section of the drum is illustrated by
drum 104 -and the storage section by drum -185. The
recording amplifiers,-such as'110, are illustrated by tubes
311 -and '312. These -tubes may be separate tubes -as
shown in the drawing or they may be sections of 2
twin -tube. The tube 311 is employed to write or record
X’s in the ¢lemental areas of the corresponding channel,
while ‘tube 312 ‘is ‘employed ‘to write or .record zeros.
Thus, eachtime a positive-pulse is applied to the No. 2
terminal -and thus ‘through the couplnig condenser to
the -grid -of ‘tube 311 current flows in the output or
anode-cathode circuit of this tube and through the X
winding of ‘the recording or writing coil 111, for ex-
ample. Conversely, when a positive pulse is applied to
the No. ‘3 ‘terminal positive voltage is -applied through
its coupling condenser to the grid of tube 312 with the
result ‘that current flows in the output circuit of tube
312 and -through the O -winding of the recording coil
111, causing a zero ‘to'be recorded in-the elemental areas
passing under this coil at this time.

The elemental areas recorded by the recording -coil
111 then rotate part way around the delay drum 104
and pass under the pick-up coil 112, for example, and
induce voltages in the two output windings of this coil.
These voltages have the wave forms illustrated by the
small curves designated T and TO in response to an
X signal or an O signal passing under the pick-up coil
112. These voltages are applied through respective re-
sistances to-the grids of tubes 315 and 316. As shown
in the drawings, tbue 315 has a condenser comnected
between its anode and grid which condenser in combi-
nation with ‘said grid circuit resistance causes the com-
bined ‘circuit to operate as an integrating device and in
effect integrates the signal applied to the control grid
of this tube. Likewise, tube 316 has a condenser 318
similarly connected and integrates the voltage wave form
applied to ‘the control element or grid of tube 316 with
the Tesult that the output wave form of the anodes of
these tubes is -as illustrated by the curves designated
317-X and 317-0. ‘It is to'be understood that the tubes
315 and 316 represent a suitable amplifier which may
comprise one or more stages of amplification, depending
upon the ‘extent of -amplification required and the ac-
curacy of the integration necessary. The output of the
integrating ‘tubes 315 and 316 is connected to the con-
trol grids of tubes 321 and 322, respectively. These
grids -are-also biased so-that in-the absence-of a signal
applied ‘to them -substantially no current flows in their
output circuits. ‘In addition, ‘these grids are connected
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o a source of synchronizing signals received over lead
305 so that when positive synchronizing signals are
applied to lead 305 and thz voltage from either tube
315 or 316 is at a high positive, current will flow in the
corresponding tube 321 or 322 and cause a correspond-
ing X or O signal to be recorded in its elemental area
under the recording coil 114 at this time.

Thereafter, the signal or signals are carried around the
drum 185 and pass under the pole tips of the pick-up
coil 115. The output of coil 115 is applied to the inte-
grating tube 331 and integrated as before and then re-
peated by tube 332. The integrated signal applied to the
grid of tube 332 comprises a voltage of relative high
amplitnde in response to an X signal passing under the
pole tip of coil 115 so a high positive voltage is repeated
by the cathode of this tube to the X output lead. Con-
versely, the integrated signal applied to the imput of
tube 332 comprises a voltage of relative low amplitude i
response to an O signal passing under the pole pieces
of the coil 115. Consequently the anode of tube 332
is at a high positive voltage and this positive voltage is
coupled through a gas or high vacuum diode 333 to the
O output lead where it causes a high positive voltage to
be applied to this lead. These voltages are employed in
the circuits as described herein. to control the various
recording and indicating circuits. The change in volt-
age applied to the O lead in response to an X signal
passing under the pole tips and the change in voltage
applied to the X lead in response to an O signal passing
under the pole tips of the pick-up coil are both of low
magnitude.

After the signal recorded by the recording coil 111
as described above passes under the pick-up or reading
coil 132 jt will pass under the erasing coil 118 and be
erased in the manner described hereinbefore whereupon
the elemental area applied to the respective lines is
again in condition to respond to signals recorded by the
recording coil 111.

It should be noted that the pick-up coils as shown in
Fig. 1 have their pole-pieces oriented with respect to the
cylinder such that the air gap extends circumferentially
around the cylinder. Consequently, the recording coils
orient the magnetic vectors circumferentially around the
cylinder in their respective channels.” As shown in Fig.
3 the air gap is shown extending along the axis of the
drum and at right angles to the arrangement shown in
Fig. 1. The coil 118 has likewise been shown rotated
90 degrees from that shown in Fig. 1. It is to be under-
stood that the recording and pick-up coils as well as the
other equipment operate with the coils in either orienta-
tion. However, in an exemplary embodiment the coils
have been actually oriented as shown in Fig. 1. The
air gaps of the coils have been rotated through substan-
tially 90 degrees in the showing of Fig. 3 to aid in the
drawing and understanding of the manner in which the
various coils are located one relative to another and the
flow of signals or pulses from the first recording coil
through the delay drum and then to the storage drum
and finally to the final pick-up coil from the storage
drum. It is to be understood, of course, that when de-
sired the coils may be arranged as actually shown in
Fig. 3 and as satisfactory operation will be obtained
when the coils are so arranged.

As shown in Fig. 1, a number of gate circuits 201,
211, 221, 231, 251, 731, 732, etc., are provided and each
of these gate circuits comprises a plurality of diodes.
In general, these gate circuits comprise two different types
of arrangements. In one arrangement the voltages ap-
plied to all of the input leads must be of a given polarity
before this polarity is repeated through the gate circuits.
Such gate circuits are frequently called “and” circuits
or “all” circuits. In another form the diodes are ar-
ranged so that if a voltage of a given polarity is applied
to any of the leads it will be repeated to an output
circuit. Such circuits are frequently called “or” or “any”
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combining- or gate circuits. Tn the case of the “and”
circuits the voltages are applied in a direction opposed to
the direction of conduction of the diodes whereas in the
“or” circuits the voltages are applied in the direction of
conduction through the diode circuit.. Various combina-
tions of these different elemental types of combining
circuits are employed as described in reference to Fig. 1.
In addition, more complicated arrangements are repeat-
edly employed in a more comprehensive embodiment of
this invention shown in Figs. 4, 5, 6 and 7.

In order to simplify the disclosure of these figures and
aid in the understanding of them, these gate circuits have
been classified into different groups and represented by
symbolic designations. The complete gate circuits, to-
gether with the corresponding simplified representation
of them, are shown in Figs. 12A, 12B, 13A, 13B, 14A,
148, 14C, 154, 15B, 16A, 16B, 17A and 178B. In all of
these circuits the No. 1 terminal is arranged to be con-
nected to a source of synchronizing pulses as described
herein. Terminal 2 is connected to the terminal or lead
of the recording amplifier or other utilizing or indicating
device which records or indicates an X signal, whereas
terminal 3 is similarly connected to record or indicate an
O signal.

As illustrated in the exemplary embodiment set forth
herein these gate circuits are all arranged to employ or
transfer positive pulses over the various output leads in
response to positive pulses applied to their input terminal,
It is to be understcod of course that the polarities of the
various diodes may be reversed and the system arranged
to respond to negative pulses applied to the various leads,
or when desired, certain of the gate circuits may be ar-
ranged to respond to and repeat positive pulses, whereas
cthers of the gate circuits may be employed to respond
to and repeat negative pulses. It is also to be understood
that when desired the input or output to the various gate
circuits may be repeated, amplified, shaped or otherwise
controlled by repeating tubes, circuits and apparatus.

The left-hand terminals of each of the figures are ar-
ranged to respond to high positive voltages applied to
them for recording X signals, whereas the right-hand ter-
minals are arranged to respond to high positive signals
for recording O signals. As shown in Fig. 12A the left-
hand inputs for recording X signals are arranged sc that
a positive pulse has to be applied to both of the input
leads 4 and 5. When a pulse of positive polarity is ap-
plied to both the input leads 4 and 5 and a positive
synchronizing pulse applied to the No. 1 terminal, a
positive cutput pulse is repeated to the output terminal 2.
However, in the absence of any of these three positive
input pulses no ouniput pulse is applied to output ter-
minal 2 because the impedance of any of the input circuits
connected to the terminals to ground or to a small posi-
tive voltage or a negative voltage is low in the absence
of a positive voltage applied to them and in effect shunts
the positive pulses applied to all of the other input ter-
minals so that substantially none of the voltages of these
other pulses appears at the output terminal 2. A cor-
responding simplified designation is illustrated in Fig. 128
which shows two leads connected to the input arrow on the
left-hand side thus indicating that positive voltage must be
applied to botir of these leads in addition to the positive
synchronizing pulse in order to obtain a positive output
at the No. 2 terminal or lead. Terminals 6 and 7 of Fig.
12A are arranged so that the application of a positive
pulse to either lead 6 or 7 in combination with the ap-
plication of a positive pulse to the synchronizing input
terminal 1 causes a positive pulse to be applied to the out-
put lead 3. It is to be understood that the polarity
of the diodes applied to leads é and 7 is reversed from
the polarity of the diodes connected to leads 4 and 5
and that an additional diode is interposed between lead
3 and terminals 6 and 7. Here, positive voltage applied
to either lead 6 or 7 is repeated through the respective
diode and then when positive voltage is applied to ter-
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minal 1:is repeated to‘lead 3. Fig. 12B-shows the-cor-
responding simplified designation of such a cireuit where-
in two ‘input -arrows -are 'shown ‘on ‘the righthand -side
connected to individualileads. IniFig.'13 a single X in-
put lead is shown on'the'left-and an-arrangement similar
to the arrangement :shown in Fig. 112A -for repeating O
signals is shown at the right. Fig. 14A shows an X in-
put . circuit similar:to’ that shown-in Fig. 12 and a -single
O input circuit. Fig. :14B:shows:the corresponding sim-
plified designation. The configuration showiriniFig. 144
may beemployed in a somewhat: different manner {rom
that ‘described abeve. For-example, if the No. 4 imput
terminal. is normally connected to -a positive veltage and
No. 5:'to:ground or:negative voltage, then-a:positive pulso
is repeated on the output lead 2 in response to the simul-
taneous application-of each positive pulse applied to the
input'terminal -5 and-each synchronizing pulse applied to
the No. 1.terminal. However,-if a negative pulse is also
simultaneously appliedito the No. 4 terminal this negative
pulse blocks-the repeating:action and prevents the repeti-
tion.of -a positive pulse on the output lead. This block-
ing arrangement is shown in the simplified designation or
representation of :Fig. ‘14C.

The arrangements shown in the remaining figures are
similar to the arrangements: described above. Figs. 15A
and .15B show arrangements wherein a-single input is em-
ployed for writing either X-or O signals. Figs. 16A-and
168 show a more complicated "arrangement for con-
trolling: the ‘writing of O signals. -Here the arrangement
for controlling the writing of X signals is similar to the
arrangement shown in -Figs. 12A and :12B. However,
{or recording or responding to'O signals three input-ter-
minals are shown. In this case the application of a posi-
tive voltage to terminal-§ causes a positive pulse to be re-
peated on the output lead 3 upon - the application of a
synchronizing pulse-to terminal ‘1. “With respect to ter-
minals 6 and 7, however, it is necessary that a positive
pulse ‘be applied to ‘both .of these ‘terminals ‘before a
positive pulse is repeated:over ‘the cutput lead 3 in re-
sponse to the application of a positive synchronizing pulse
to terminal 1. Thus a“high positive pulse applied to ter-
minal 8 or a high-pesitive-ptilse applied to both terminals
6 and 7 are necessary to permit a synchronizing pulse
to be transmitted to:terminal 3. .Fig.-16B shows the cor-
responding simplified representation of this circuit ar-
rangement. Figs. 17A and ‘178 show a simplified gate
circuit wherein positive voltage'is repeated on the output
terminal 2 upon the application of a positive voltage tc
input terminal 3 and the application of a positive synchro-
nizing puise to terminal 1.

‘Figs. 4, 5, 6 and 7 show a more comprehensive call re-
ceiver suitable for use as a-more:complex annunciating
system calling device and also suitable for use as a dial
pulse register to receive calls in an automatic communica-
tion switching system.

‘In Figs. 4, 5, 6 and 7 the'two-toothed wheels 181 and
162 have not been shown in detail associated with the
pick-up coils 59 and 51. However, the showing in Fig. 7
is intended to be merely a:schematic showing so that when
desired a multinle toothed wheel 167 will be provided- for
coil ‘50 and the single toothed wheel 102 for coil 51 as
shown in Figs. 1'and 9.

However, it is understood that when desired suitable
timing pulses or -signals-may be recorded on the surface
of the magnetic ‘drum and -these signals employed in a
corresponding manner to-synchronize and time-the opera-
tion of the various circuits'in the manner-set forth herein.
In this case the cells or elementdl areas comprising a chan-
nel which pass up under the pick-up coil 50 will be pro-
vided with an X -signal in-each of the cells or elemental
areas thereof whereas in the channel associated with coil
51 only a single ‘X signal ‘will be -recorded in one cell
thereof. When the -signals are thus recorded ‘by any
suitable means including oscillators, pulse generators, and
other control -circuits, ‘the :signals recorded in these
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synchronizing and control chaunéls may be employed to
actuate the control cireuits in-the same manner as toothed
wheel generators described herein with reference to ‘Fies.
1-and‘9.

‘In :these ‘figures ‘the separate functions of ‘the -drum
mechanism have ‘been shown on'two drums. Drum 400
is cmployed as'a delay “mechanism ‘while drum 418 is
employed to store the desired information. As in the case
of Fig. 1, both of these drums may comprise a portion
of a singie magnetic drum or they may comprise sep-
arate drums as shown-in ‘Figs. 4, 5,6 and 7. In either
case the drums are rotated ‘at a substantially -uniform
speed -and in the case -of two drums both drums are
rotated -in synchronism. The delay -drum comprises a
plurality of recording coils-or-devices 402, 412, 422, 432,
442, 432, 502, 522,532, 572,-582, ‘111, %21, 131, 141,
151, 164, 174, 782, etc.,-shown at the top-of Figs. 4,5, 6
and 7. These recording -heads are connected to ‘the
writing or recording amplifiers 428, 430, 448, 456, 599,
510, $2%, 539,-370, 580, -11Q, 120, ‘130, 140, ‘150, ‘186,
178, 788, etc., -shown -across -the lower-portion of these
figures. The delay drum also has associated with it 2
plurality of pick-up coils such as 312 and ¥22 and a
group.of-erasing coils-such as 118 as $hown. The delay
drum - is rotated-such -that a given elemental portion ot
area of the drum first passes under an erasing head magnet
and. then under a recording ceil, then undera pick-up coil,
and then -back to-the -erasing coil or magnet. The sig-
nals recorded  on this-drum thus pass under the pick-up
coils after a predetermined delay interval depending upen
the spacing of the recording and pick-up coils and the
speed: of the drum. The pick-up coil signals pass through
the amplifier to a tecording coil adjacent the recording
¢rostorage. drum-where: they -are recorded. in the recording
drum and later pass-under-the pick-up coils adjacent to
the recording drum.

As:in-the case of Fig. 1-the output of the pick-up coils
adjacent the delay drum is either zero or no current or
a.veliage: or current.of one or the other of two polarities
due to the recording in the drum- of eitherof one of two
different signals-referred-to:for convenience as X signdls
and .O signals. The delay drum is magnetized by the
erasing heads:in -a direction so-that no output voltage is
induced in the pick-up-heads unless a signal is recorded
by -the recording.coil associated with the same chanpel
of the drum. This magnetic condition is established ix
the drum prior to recording any signals by any of the
recerding coils associated: therewith. All of the channels
cn the storage drum or sterage portion of the drum pre-
viously -are magaetized ‘in the -same direction -as O sig-
nals so that-the pick-up coils associated with these chan-

als or sections of -the- drum -will ‘have output voltages
corresponding-to recorded: O-signals, i. e., a‘low or zero
veltage. :Hewever, the - channel on the storage ‘drum as-
sociated with the:piek-up coil 125 may be magnetized in
a manner similar to that described above with respect to
the delay channels of the drums. ‘This channel may be
also magnetized in the same manner as all the other chan-
nels-on the storage or delay drum in which case the
erasing head -is:oriented to magnetize the drum in the
direction- of : O signals. -As a resuit, the output from the
pick-up coils ¥15, 125, 135, etc. shown in Fig. 6 as well
as corresponding pick-up coils shown in-Figs. 4,5 and 7
apply voltages- corresponding to' O signals to their asso-
ciated ‘amplifiers- unless and until an X is recorded in any
of.the celis and elemental -areas of these channels. The
output of reading amplifiers-116, 126,°136, etc. of Fig. 6,
as well.as the corresponding amplifiers of the other fig-
ures are. arranged to have-a high positive output voltage
on the designated lead in response to a recorded signal
of the corresponding character passing under the respec-
tive pick-up coils. Thus in the case of amplifier 154,
for example, the output voltage en lead G wiil be a high
positive voltage -and-the output voltage on lead X 2 low
voltage each time an'O-signal recorded in the drum
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passes under the pick-up coil 155.  Likewise a high posi-
tive voltage is applied to the X lead and a low positive
voltage is applied to the O lead each time an X signal
passes under the corresponding pick-up coil 155.

Assume now that it is desired to record the history of
a plurality of voltage conditions in one -or ‘more of ‘the
lines 14 ‘or 15 or other corresponding lines shown in
Fig. 1 on the recording mechanism shown in Figs. 4, 5, 6
and 7. The signals from the scanning mechanism as
repeated to-lead 45 of Fig. 1 through the cathode-fol-
lower tube 46 may be -amplified and -otherwise shaped
and controlled by amplifier 44 ‘when desired. and then
applied to gate circuits 201 and 211 in a manner similar
to the manner described above with respect to Fig. 1.
When current flows over the ‘corresponding calling lines
such as line 14 in response to the closure of switch 10
positive veltage is applied to lead 45 which voltage is
transmitted through -the gate circnit 201. As pointed
out above an ‘O signal will be passing under pick-up head
115 at this time due to the previous magnetization of
drum 410 as' described above. - As a resnlt high positive
voltage appears on the O output lead from amplifier 116
which high positive voltage together with the high posi-
tive voltage from lead 45 occurring simultaneously there-
with is transmitted through gate circuit 261 and causes
a positive voltage to be transmitted over the X lead to
the recording amplifier 110 thus causing an X to be re-
corded in the elemental area under the recording head
111 assigned to line 14. This signal then passes: under
pick-up head 112 through the transfer amplifier 113 and
is recorded in an elemental area on drum 410 assigned
to line 14. When this X signal appears under pick-up
coil 115 it causes a high positive voltage to appear on
the X output lead and a low positive voltage on the O oui-
put lead from amplifier 116. "A high positive output
voltage on the X lead is applied to combining circuit
251 as 'will be described hereinafter. The low voltage
on the output O lead is applied to the gate circuit 201
in such a manner that high positive signals received over
lead 45 produce no further output voltages from the gate
circuit 201 to the amplifier 110 and thus do not cause
further X signals to be recorded by the recording head
111 and later transferred to the recording channel. The
X signal recorded in the elemental area of this channel
assigned to line 14, however, remains recorded on the
drum 419. Consequently, each time this signal passes
under the pick-up head 115 it prevents further recording
of X signals under control of the recording amplifier 110.

The high positive voltage applied to lead 45 in re-
sponse to the closure of contacts 10 of line 14 as de-
scribed above also causes a positive voltage to be applied
to the gate circuit 211 which voltage is transmitted through
the gate circuit 211 under control of the synchronizing
pulse to the recording amplifier 120 which causes an X
to be recorded by the recording coil 121 in the elemental
area passing under this coil at this time. This elemental
area is likewise assigned to line 14. The X signal is
then transferred to recording drum 410 in the manner
described above. After the signal passes under the pick-
up coil 125 it is erased by the erasing head associated with
this channel. The X signal is erased from the delay
channel by the corresponding erasing magnet or coil. In
the case of the second channel designated G2 at the top
of Fig. 6, the X signal is recorded each time the ele-
mental area assigned to line 14 passes under the cor-
responding heads as long as line 14 remains closed and
causes an output voltage to be induced in the pick-up
coils and related amplifier each time the recorded X signal
passes under the pick-up.coils. The output of the reading
or pick-up amplifier 126 is also applied to the combining
circuit 251. So long as cells having X signals recorded
in them simultaneously pass under both of the pick-up
coils 115 and 125, a high positive voltage appears on the
X output leads from these amplifiers to the combining
circuit 251. The application of a high positive voltage
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to both of these leads substantially simultaneously causes
a high positive voltage on the XX lead from the com-
bining circuit. The application of high positive voltage
on.the XX lead causes O signals to be recorded in the
A and all the B channels. However, since O signals were
previously recorded in these -channels the high positive
voltage on the XX lead produces no further effect at this
time.

So long. as the line 14, for example, remains closed,
the above condition of the recording mechanisms remain
as described above, each time the elemental areas of
the various chanuels of the drums pass under the various
recording and pick-up coils.

Assume now that the subscriber or attendant actuates
the switch 10 ‘or 20 in such a manner that next time the
electron beam of the scanning mechanism described above
passes over the target connected to line 14 no current
will be flowing in this line with the result that a lower
voltage is applied to lead 45 which voltage is insufficient
to be transmitted through the gate circuit 211. As a result
no X signal is recorded by the recording coil 121 in the
elemental area assigned to line 14, as described above,
with. the result that the output of amplifier 126, the next
time the area assigned ‘to line 14 passes under pick-up
coil 125, will be a high positive voltage or pulse on the
O lead and low positive voltage on the X lead. These
output voltages will continue in this manner, as long as
line 14 remains open, each time the section of the drum
assigned to line 14 passes under the pick-up coil 125. At
the same time the X signal previously recorded in G1

" channe] passes under the pick-up coil 115 and causes a
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high positive voltage on the X lead and a low veltage on
the O lead output from amplifier 116.

Inasmuch as’'O signals previously recorded in drum 419
pass under pick-up coil 135 at this time, a high positive
voltage is applied to on the O output lead of amplifier
136 and a low voltage on the X lead from this amplifier.
The above-described voltages are combined in the com-
bining circuit 251 to produce high positive voltages on the
output XO lead and also a high positive voltage on the
XG0 lead.

The positive voltage on the XOO lead is applied to the
left-hand side of gate 221 and causes a positive voltage
to be ‘transmitted through gate 221 over the X lead to
the recording .amplifier 130 which voltage causes an X
to be recorded by the recording coil 131 in the area as-
signed to line 14. - During the next revolution of the
drum this X signal is transferred to the storage drum
and when the line 14 is again tested, this X signal passes
under the pick-up coil 135 and causes a low voltage to
be applied to the output O lead and a high positive voltage
to be applied to the output X lead of amplifier 136, As
a result a high positive voltage is still applied to the XO
lead, but a low positive voltage is applied to the XOO lead
because the signals recorded in the channels G1, G2 and
H'are now XOX instead of XOO. The above output
voltages from amplifiers 116, 126 and 136 remain the
same each time the areas assigned to line 14 pass under
these: pick-up. coils so long as the line 14 remains open.

Turning now to the high positive voltages applied to
the XO lead, the first time positive voltage is applied to
this lead after the line 14 is momentarily opened by
switch 10 ‘or 20 in the manner described above, this
positive voltage is transmitted to the upper right-hand
leads of the gates 521, 531, 571, 581, etc., where it will
cause a high positive voltage to appear on the output O
lead of the gates and thus cause an O signal to be re-
corded by the corresponding recording coils. However,
inasmuch as an O signal had been previously recorded in
the corresponding portions of the channels on drum 410

" at this time, the recording of another O signal over the

75

previously recorded O signal produces no useful results.

The high positive voltage on the XO lead is also ap-
plied to the left-hand terminal of gate 431 and causes a
high positive voltage to be.transmitted over the output
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X lead from this gate to the recording amplifier 430
which in turn causes an X signal to be recorded by the
recording coil 432.
The positive voltage on the XO lead is also applied to
the left-hand terminals of gate circuits 401, 411 and 421.
However, since a high positive voltage is also required
from the output of the pick-up amplifiers of the next
preceding channel in the sequence of the B channels and
the A channel to produce an output on the X lead from
these gate circuits and since an O signal is recorded in
the corresponding elemental areas assigned to line 14 at
this time, a high positive voltage on the XO lead causes
no further resulis to be recorded at this time.
Upon sampling of the line 14 during the next revolu-
tion of the drums, if a subscriber’s line 14 is still open,
a high positive voltage will be again applied to the XO
lead when the elemental areas assigned to this line again
pass under the pick-up coils 115, 125 and the correspond-
ing coils sach as 435 and also under the recording coils
111, 112, 422, 432, etc. At this time the X signal pre-
vigusly recorded by recording coil 432 and transferred
to the storage drum 410 passes under the pick-up coil 435
and causes a high positive voltage to appear on the X
output lead of the amplifier 436. This voltage together
with the high positive voltage on the XO lead at this time
causes a high positive voltage to be transmitted through
gate circuit 421 as well as through the gate circuit 431
with the result that an X signal is recorded by both the
recording coils 422 and 432.
In this manner the number of revolutions of the drum
during which the contacts 10 or 20 of line 14 are opened
may ‘be counted, each revolution causing the recording
of an X signal by an additional recording coil of channels
B1, B2, etc. If the line remains open an X will eventually
be recorded by the pick-up coil 402 and on the next revo-
luticn of the drum the X will pass under the pick-up
coil 405 and cause the circuits and the recorded signals
to be restored to their initial condition as will be described
hereinafter,
Concurrently with the recording of the signals in re-
sponse to the operation of the equipment with respect
" to line 14 as described above similar signals may be re-
corded for any or all of the other lines during the suc-
cessive sampling periods of the other lines. These other
signals will of course be stored in the various cells com-
prising the slots assigned to these other lines respectively.
Assume, however, that the contacts 19 or 20 of line 14
are opened only momentarily so that they reclose again
before the drum rotates a sufficient number of times 1o
cause an X to be recorded by the recording coil 492.
When the contacts 1@ or 20 reclose positive voltage is
again applied to lead 45 the next time the electron beam
of the scanning mechanism tests the line 14. As a result
an X is recorded by the recording coil 121. With the
next revolution of the drums an X will again be recorded
by the recording head 121 assuming line 14 remains closed
and an X passes under the pick-up coil 128 with the
result that a high positive voltage is again applied to
the X output lead and a low voltage to the C output lead
from amplifier 126. As a result a high positive voltage
now appears on the XX lead from the combining circuit
251 instead of on the XO lead. A high positive voltage
applied to the XX lead is transmitted through the right-
hand side of gate circuits 401, 411, 421 and 431 with the
result that a positive voltage is applied to the output O
leads from these circuits to the associated recording
amplifiers such as 429, 439, etc. causing O signals to be
recorded by the recording coils 402, 412, 422, 432, etc.,
- so that all of the previously reccrded X’s in the elemental
areas assigned to line 14 in channels Bl, B2, etc,, are
changed to O signals at this time thus restoring elemental
areas or registers of the counting mechanism assigned to
line 14 to their initial condition.

The above-described operation is further illustrated by

the table 'shown in Fig. 8. The table shown in Fig. 8
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shows the signals applied to and recorded by the record-
ing coils during that small period, in each revolution,
when line 14 is sampled and the elemental areas or cells
assigned to line 14 are under the various pole tip of the
recording and pick-up coils as a result of the current
conditions in line 14. This table also shows the output
signals obtained from the pick-up coils as a result of the
signals recorded under control of line 14. The various
recording channels are designated by letters across the
top of these figures, which letters or designations are the
same as appear across the top of Figs. 4, 5, 6 and 7 for
each of the recording coils. These figures designate the
channels in both drums and thus also the transfer mecha-
nism and the pick-up coils, as well as the respective
amplifiers associated with each of these coils. In the
table each of the channels has two columns, the left-
hand column designated R which illustrates the voltage
or output signals from the pick-up or reading coils such
as 405 through 455, 565 through 585, 115 through 175
and 715 through 785. The right-hand column for each
channel designated W illustrates the signal supplied to
each of the recording or writing coils shown across the
tops of Figs. 4, 5, 6 and 7. The horizontal rows of Fig.
8 have been numbered in the column marked REV to
indicate the revolutions of the two drams, namely, 460
and 410. The signals shown are those recorded in only
the clemental areas assigned to line 14, it being under-
stood that similar signals can be recorded and read from
other elemental areas assigned to other lines which will
pass under the various recording and pick-up coils at
successively different intervals of time.

1t is also noted that the signals associated with line
14, for example, for any given revolution of the drum,
appear in a straight row across these columns. Like-
wise the various pick-up and recording coils are shown
arranged in a substantially straight line along the respec-
tive drums. These figures have been arranged in this
manner to aid in the description and understanding of
the various features and elements of applicants’ inven-
tion and the manner in which they operate and cooperate
one with another. However, it is to be understood that
the various clemental areas assigned to any given line
on the respective drums do not necessarily line up in a
straight line axially along a surface of the drum. As a
matter of fact, in the usual case, these elemental areas
may be assigned arbitrarily in a desired manner in the
various channels along the drum so long as they appear
substantially simultaneously under the pick-up or record-
ing coils. Thus all of the elemental areas assigned to line
14 on drum 400 should substantially simultaneously pass
under the recording coils shown across the tops of Figs.
4,5, 6 and 7. Likewise, ail of the elemental areas as-
signed to line 14 on the storage drum 416 should sub-
stantially simultaneously pass under the pick-up coils
shown in the middle of the above Figs. 4, 5, 6 and 7.
In addition, the elemental areas assigned to line 14 on
drum 4690 should pass under the recording coils across the
tops of these figures at substantially the same time the
clemental areas assigned to line 14 on drum 410 pass
under the pick-up coils shown in the middle of these
figures.

As shown in Fig. 8 and described hereinbefore, the
output from the pick-up coils and thus the output from
the reading amplifiers is either a O or an X. It is further
assumed that when the output from these amplifiers is a
O signal 2 high positive voltage appears on the O output
1ead and a low or more negative voltage on the X output
lead. Conversely, when the output is an X due to an X
passing under the corresponding pick-up coil, the voltage
on the output X lead is high or more positive and the
voltage on the output O lead is low or more negative.

 As described above, the recording drum 419 is previ-
ously magnetized so that all of the outputs are O. This
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is shown in the first line of the table of Fig. 8 which shows
that the output from all of the reading amplifiers is a O.
The signaling condition of the calling line 14 assumed
for illustrative purposes is also shown on Fig. 8. For
the first two revolutions of the drum the line is shown open,
consequently, no signals are recorded by any of the re-
cording coils and only O’ are present in the output of
the pick-up or reading coil amplifiers. The synchronizing
pulses from the synchronizing generator are also shown

adjacent the line representing the signaling condition on !

line 14. These representations of timing or synchroniz-
ing pulses are shown to occur once during each revolution
of the drum and represent only those synchromzmg
pulses which occur when the electron beam is directed
towards the target connected to line 14 which is sub-
stantially the same time when the elemental areas of the
drum comprising the slot assigned to line 14 and under
the recording and pick-up coils. Other synchronizing
pulses occur for each slot of the drum and thus for each
target of tube 25 and for each line to which the tube 25
and magnetic drum are common. These pulses are of
short duration and control the writing or recording of
the signals on the amplifier as described herein.
Assume, as shown in Fig. 8, that line 14 is closed be-

tween the synchronizing pulses assigned to line 14 be- -

tween the second and third revolutions of the drum.
As a result, an X is recorded by the recording coils 111
and 121 of channels G1 and G2 as shown in line 3 of

Fig. 8. On the next revolution of the drum, these signals
will have been recorded in the storage drum 410 and °

cause' X signals to appear on the output of the pick-up
or reading amplifiers 116 and 126 as described above.
The output X signal from amplifier 116 prevents further

signals from being recorded in channel G1 by recording ...
In addition, the combining

coil 111 as described above.
circuit in response to the positive voltages or pulses from
amplifiers 116 and 126 causes a positive voltage or pulse
to be applied to the XX lead which voltage in turn causes
O signals to be recorded in the elemental areas assigned
to line 14 of channel A and all the B channels. However,
since O signals are present in these areas no further action
takes place in response to the recording of these O sig-
nals. X signals continue to be recorded by the record-

ing coil 121 so long as line 14 remains closed as described |

above. During this time no further action takes place.
Thus as shown in Fig. 8, the signals recorded and read
from the drum remain the same during this interval of
time which is represented by revolutions three, four or five.

It is assumed that between the samples taken during
the fifth and sixth revolutions the line 14 is momentarily
and inadvertently opened and that such opening lasts
for several revolutions of the drum. When the syn-
chronizing pulse assigned to this line is then received
no corresponding X signal will be recorded or written
in channel G2 by the coil 121 and, as a result, on the
next revolution an X signal is read by the pick-up coil
115 and a O signal by the pick-up coil 125 as shown in
Inasmuch ‘as a O signal had been previously
recorded in channel H and appears on the output of the
amplifier 136 at this time, positive voltages appear on
the X output lead from amplifier 116, the O output lead
from amplifier 126 and the O lead from amplifier 136.
Consequently, a positive voltage appears on the XOO
lead as described above and causes an X signal to ‘be
recorded in the H channel by coil 131 when the syn-
chronizing puise for the assigned seventh revolution of
the drum is received.

Likewise, a positive voltage is applied to the XO lead
which causes O signals to be recorded in each of the
channels F1, F2, F3, F4, F5 and E and an X signal to
be recorded in channel B1 by the recording coil 432. On
the next revolution of the drums the output from the
G1, G2 and H channels will be XOX, consequently, posi-
tive voltage no longer appears on the XOO lead and no
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further signals are recorded in the H channel by pick-up
coil 131. However, so long as the line remains open a
hlgh positive voltage is impressed upon the XO lead dur-
ing the sampling period of the respective line or lines
for each revolution of the drums and a O signal is re-
corded in channels Fi through F6 and E as described
above. Inasmuch as O signals are already recorded in
the elemental areas assigned to line 14 for these chan-
nels the rerecording of O signals at this time produces
no further effects. !

However, as described above, on revolution seven as a
result of the first XO signal, and thus the first positive
voltage on the XO lead, an X is recorded in channel B1
due to the fact that the XO lead extends to the left-hand
input of the gate circuit 431. During the next or eighth
revolution of the drum this X signals appears on the’
output of the amplifier 436 due to the X signal passing
under pick-up coil 435.. As a result, positive voltage
appears on the left-hand input to gate 421 in channel B2
when positive voltage is again applied to the XO lead
on revolution eight. Consequently, an X is written or
recorded by the recording coil 422 in channel B2 as well
as by coil 432 of channel Bl in the elemental areas of
these channels assigned to line 14. The above described
action is repeated each revolution of the drum so long
as the line 14 remains open, an X being recorded in the
elemental area assigned to line 4 in each additional
succeeding B channel for each succeeding revolution of
the drum. :

Assume, as shown in the table, that after the ninth
revolution of the drum the line 14 is again reclosed and,
as -a result, when the synchronizing pulse of the tenth
revolution assigned to line 14 is received, an X signal
is written in channel G2 by the recording coil 121. Dur-

" ing this revolution; nothing further happens except that

an X is recorded in an additional one of the B channels
in the manner described above. However, during the
next or eleventh revolution of the drum, as shown in

y Fig. 8,’an X appears in the output of amplifier 126, as

well as amplifier 116, with the result that a positive voltage
now appears on the XX lead as described above, which
positive voltage extends to the upper nght-hand input of
the gate circuits 401, 411, 421 and 431 causing O signals-
to be recorded in the A and all of the B channels at this
time. In addition during the sampling of line 14 on the-
eleventh revolution, an X signal is read by each of the:
channels G1, G2 and H thus causing a high positive
voltage to be applied to the XXX lead, which high posi-
tive voltage causes an X signal to be recorded in channel
J by recording coil 141 and a O signal to be recorded in
channel H by the recording coil 131 due to the fact that
the XXX lead extends to the left-hand side of the gate
231 and the right-hand side of gate 221, cOnsequently,
when the synchronizing signal assigned to line 14 is
apphed to these gates the above signals are recorded.

The high positive voltage on the XXX lead is also
transmitted through the diode or rectifier- 615 of the
combining circuit 611 to lead 614 which lead extends
to both sides of gate circuit 241, 167, 177, 711, 721, 781,
etc., that is, this lead -extends to both terminals 5 and’
7 of these gate circuits. As described above and shown
in Fig. 6, these gate circiuts require a high positive mput’
on both terminals 4 and 5 and cause an X signal to be
recorded by the corresponding recording coil and ‘a high
positive signal to be applied to both inputs 6 and 7 or'
to input 8 to cause a O signal to be recorded.

At this time, when a positive voltage is applied to lead
614, the outputs from amplifiers 146, 156, 166, 176, etc.
have a high positive voltage on their O leads and a low
voltage on their X leads due to the fact that O signals are
passing under the respective pick-up coils 145, 155, 165,
175, etc. As a result the voltage applied to the No. 4
terminals of the above gate circuits of the K channels
is at a low value so no X signals are recorded in response
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to" the high positive voltage applied to lead 614. How-
ever, a high positive voltage is applied to both terminals
6 and 7 of these gate circuits with the result that O
signals will be recorded by the recording coils of all of
the K channels as illustrated in Fig. 8 for the eleventh
revolution of the drum during the sampling time of line 14.

At the sampling of line 14 on the next or 12th revolution
of drum 410, O signals will be read or received from the
pick-up coils in channels A, all of the B channels, all
of the C, D, E and F channels and, in addition, the signal
output from channels G1, G2, H and J will be an XX0OX

with. the result that a high positive voltage is applied:

to. the. XXOX lead which extends to the left-hand input
terminal. of gate 581. causing an' X signal to be recorded
in. channel. F1 by the recording coil 582. The XXOX
lead also extends to. other gate circuits individual to
channels E and F2 through FN, i. e, F6 as shown in
the. drawing.. However, the left-hand input terminal of
these other. gates also extends to the output of the pre-
vious or next lower numbered or preceding F channel
in the .sequence or group of F channels, which outputs
are due to O.signals previously recorded in these channels
and.not passing under the respective pick-up coils during
the twelfth revolution, and a a result, no X signal is re-
corded in any of the other channels.

Assuming the line 14 remains closed for an appreciable
period. of time, as shown in the drawing, on sampling
of line. 14 on the next or thirteenth revolution a high
positive voltage is again impressed upon the XXOX lead
and this voltage again causes an X to.be recorded in
channel F1, The high positive voltage on the X output
lead from the reading amplifier 586 of channel F1 causes
an X to be recorded in channel F2. During the next
sampling of line 14 during the fourteenth revolution of
the drum 410 positive voltage on the XXOX lead causes
X, signals to be recorded in channels F1, F2 and F3.
During each succeeding revolution upon the sampling of
line 14 an X signal is recorded in an additional one of
the F channels due to similar connections to those de-
scribed above on the lefthand input side of the gate
circuits. During the eighteenth revolution, assuming
the above conditions of line 14 remain unchanged, an
X signal is recorded in channel E by the recording coil
522. On the sampling of line 14 during next revolution
of the drum 410, namely, revolution nineteen as as-
sumed, above, an X signal, i. e, a high positive voltage,
is present in the output of channel E on the X output
lead from amplifier 526 and, as a result, a high positive
volfage is applied to the XRE lead, which lead extends
to the lower right-hand input of the gate circuits 521,
531, 571, 581 etc., of the F channels causing O signals
to be recorded in all of these channels. This lead is
also connected to the right-hand input of gate 231 of
the J channel so a positive voltage on the XRE lead
also causes an O to be recorded in this channel. The
XRE lead also- extends to the combining circuit 612.
However, since there is no output high positive voltage
on the lead from the combining circuit of 610 at this
time, an X signal is not stored in the cells of either the
K1 or K2 channels assigned to line 14, the positive volt-
_age on the XRE lead is not repeated through circuit 612
to lead 613. '

“As a result, on the next revolution which is the
twentieth revolution, the output from the E and all of
the F channels, as well as channels H and J, is a O sig-
nal. During this twentieth and succeeding revolutions
X signals appear in the output from only channels G1
and G2. The above-described conditions then prevail
as long as line 14 remains closed which is assumed to
be through the twenty-first revolution of drum 410.

"It.is thus apparent that one or more initial and iso-
lated short opens or interruptions of line 14 followed
or separated by reclosures of the line which are longer
than a predetermined time interval, i. e., a full count in
the F and E channels, do not cause X signals to be stored
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in any of the K channels and such opens are thus in effect
discarded.

Assume now that the dial on line 14 has been actu-
ated to transmit two pulses representing the first calling
digit 2 of line 4. Also assume that the dial is released
at such a time that line 14 will open sometime after the
X was recorded in channel E as described above. As
shown in Fig. 8 it is assumed that line 14 is thus opened
between the twenty-first and. the twenty-second revolu-
tions of the drum 410. Thus, during the twenty-second
revolution an X signal is not recorded in channel G2 by
the recording coil 121. Consegquently, on the next or
twenty-third revolution of the drum 419 an O signal ap-
pears in the output of the pick-up coil 125 and related:
amplifier 126 of channels G2.. Consequently, at this time
the output from G1 is X, G2 is O and the H channel’
also O. Consequently, positive voltage appears on- the
X0OO0 lead and causes an X to be recorded by the record-
ing coil 131 of channel H.

In addition a positive voltage is applied to the XO lead
which causes O.signals to be recorded in all the F chan-
nels and in chanel E and an X to be recorded in the Bl
channel by the recording coil 432.

Also during the interval of this next or twenty-third
revolution of the drum during which line 14 is sampled,
it is assumed that line 14 is still open at the dial con-
tacts. Consequently, an X signal is not recorded in
channel G2 at this time. On the next or twenty-fourth
sampling interval of line 14, therefore, an O signal is
again obtained from the amplifier 126 of channel G2.
During this sampling interval of line 14, however; the
X previously recorded in channel H causes the output of
amplifier 136 to have 2 high positive voltage on lead X
and a low voltage on lead O with the result that a high
positive voltage is no longer repeated to the X0O lead
so that no further signals are recorded in channel H at
this time. The high positive voltage is again- applied
to the XO lead which causes an X signal to be recorded
in chanels B1 and B2 at this time since an X signal ap-
pears at the output amplifier 436 of channel B1. O sig-
nals are again recorded in chanmnels E and- all the F
channels.

It is further assumed that the line recloses between
the twenty-third and twenty-fourth revolutions of the
drum so that the line will be closed at time of twenty-
fourth sample and thus an X signal will be recorded in
channel G2, in the elemental area assigned to line. 14.
During the next or twenty-fifth sampling interval of line
14, a high positive voltage appears on the XX lead since
X signals are present in the outputs of ‘channels . of G1
and G2 from amplifiers 115 and 125. A high positive
voltage on the XX lead at this time causes O signals to
be recorded in all of the B channels and the A channel.
As a result an O signal is now recorded in all the B
channels and the A channel.” A high positive voltage is
applied to the X lead from the output of each of the
channels G1, G2 and H with the result that positive
voltage also appears on the XXX lead which. voltage is:
applied to the right-hand terminal of the gate circuit
221 and the left-hand terminal of gate circuit 23%.- As
a result an O signal is recorded in channel ¥ during -this
sampling interval by the recording coil 131 and an X
signal is recorded in channel J by the recording .coil 141
in the manner described hereinbefore.

Consequently, during the sampling of line 14 during
the next revolution of the drum 416 the cutputs from
channels G1, G2, H and J will be XXOX, respectively;
which causes a positive. veltage. to. be applied to the
XXOX lead by the combining circuit 251 as described
above which positive voltage causes an X signal to be
recorded in channel F1.

Now, unlike the previously described series of -events
it is assumed that between the twenty-fifth and the twenty-
sixth revolutions of the drum 410 line 14 is again.opened
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by the dial. Consequently, during the interval assigned
to line 14 during this twenty-sixth revolution an X is
not recorded -in channel G2. Consequently, during the
sampling interval of line 14 the next or twenty-seventh
revolution of drum 410 as shown in Fig. 8, the output
from channels G1, G2 and H will be XOO with the re-
sult that a positive voltage is applied to the XOO.lead
which voltage in turn causes an X signal to be recorded
in channel H in the elemental area assigned to line 14,
During this twenty-seventh sampling interval an X ap-
pears in the output of channel F1 due to the recording
of the X in channel F1 as described above in response
to the XXOX signals recorded in channels G1, G2, H
and J.

However, during the time of the twenty-seventh revo-
lution, of the drum assigned to line 14, the outputs from
channels G1 and G2 are X and O, respectively, with
the result that a positive voltage is applied to the XO
lead. At this time this voltage causes O signals to be re-
corded in all of the F channels and in channel E. In ad-
dition, an X signal is recorded in channel B1. Due to
the recording of the signals described above, the cufput
of channels G1, G2, H and [ during sample from line 14
obtained during the next or twenty-eighth revolution of
the drum 418 will be XOXX. As a result a positive
voltage appears on the XO lead which voltage causes an
X to be recorded in channels B1 and B2 since an X was
previously recorded ‘in channel B1 and also causes an O
signal to be recorded in all of the F channels and chan-
nel E.

It is further assumed in Fig. 8 that line 14 again closes
between the twenty-seventh and twenty-eighth revolutions
of drum 4186. As a result an X signal is now recorded in
channel G2 during this twenty-eighth sampling period
of line 14.

As shown in Fig. 8 it is assumed that the dial contacts
maintain line 14 open and closed for equal periods of
time. Such assumption is not required and is not usually
encountered in telephone dial systems. Applicants’ pres-
ent system is not limited to such ratios of open and closed
periods of the dial contacts. The only essential require-
ment is that the elemental areas assigned to given lines
such as line 14 pass under the recording coils and pick-up
coils at least once during each time the dial is open and
at least once during each time the dial contacts are subse-
quently closed. Should the dial remain open or closed
for longer periods of time during each of the signaling
periods the circuits operate in substantially the same man-
ner as described above and wait for each open and re-
closure.

Thus during the sampling pericd assigned to line 14
during the next or twenty-ninth revolution of the drum
410 the cutput from channels G1, G2, H and T will all
be X signals with the result that high positive voltage
appears on the XX lead and also on the XXX lead. ' The
positive voltage applied to the XX lead causes O signals
to be recorded in the A channel and all of the B channels
thus restoring the magnetic condition of the elemental
areas of these channels assigned to line 14 to their initial
conditions. .

A high positive veltage applied to the XXX lead at
this time causes an O signal to be recorded in channel H
and an X signal in channel ¥ since this lead extends to
the left-hand terminal of the gate circuit 231 and the
right-hand terminal of gate circuit 221. In addition, the
XXX lead extends to the combining circuit 611 and
through a diode or rectifier 615 in this circnit in a con-
ducting direction with the result that positive voltage is
applied to lead 614 at this time. Inasmuch as the out-
put from the amplifier 146 of channel J has a high positive
voltage supplied to its X lead in response to the X signal
previously recorded in the elemental area of this channel
assigned to line 14, an X signal is recorded in channel
K1 by the récording head 151 because positive voltage is
applied to both leads extending to the left-hand input
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terminal of gate 241. An O signal is recorded in the re-
mainder of the K channels at this time because an O signal
was previously stered in all of the K channels and thus a
high positive voltage is received over the O output lead
from the respective amplifiers 156, 166, etc. of each of
the K channels. Consequently, positive voltage is ap-
plied to both of the conductors extended to the upper
right-hand terminal of the respective gate circuits caus-
ing O signals to be recorded in the remaiping K chan-
nels. It should be noted that positive voltage is applied
to one of the leads extended to the left-hand terminals
of these gate circuits but that negative voltage from the
output amplifier of the previous channel is applied to the
other lead extended to the left-hand terminals of these
gate circuits thus rendering the left-hand side of these
gate circuits ineffective while the right-hand - sides are
effective to cause O signals to be recorded in these chan-
nels.

During the sampling period assigned to line 14 dur-
ing the next or thirtieth revolution of the drum 410 the.
output from channels G1, G2, H and J will be XXOX,
respectively, and as a result a positive voltage is applied
to the XXOX lead which voltage in turn causes an X
signal to be recorded in channel F1. © At this time the
output of the J and K1 channels is an X signal as shown
in the table. During the next sampling interval assigned
to line 14 the output from the channels remains the same
as described above except that now an X signal appears
in the output of the channel F1. As a result an X signal
is recorded in channels F1 and F2. During each suc-
ceeding revolution during which the line 14 remains
closed, an X signal is recorded in an additional one of.
the F channels in the elemental areas assigned to line 14:

The number of F channels provided determines the
length of time to be measured as the interdigital pause
in the dialed numbers. If a relatively long time interval
is to constitute the interdigital pause a large plurality of
F channels will be provided. Conversely, if a relatively
short time is all that is required to indicate an'interdigi-
tal interval then only a few F. channels will be required.
Thus the time interval of this pause is measured by count-
ing the number of revolutions of the drum after the line
is reclosed in the manner described above. In the exem-
plary embodiment set forth herein six F channels are
shown. Consequently, the last F channel, i. e., F6, will
have an X signal recorded in- it during the sampling
time assigned to line 14 of the thirty-fifth revolution as
shown in Fig. 8. Then during the time of sampling of
line 14 of the succeeding revolution which is: the. thirty-
sixth revolution an X signal is recorded in channel E in
the cell thereof assigned to line 14. Upon the next or
thirty-seventh sampling interval, an X signal is obtained
in the output of the E channel from amplifier 526.  As a
result of the positive voltage output on the X lead from
this amplifier O signals are recorded in the E channel and
all of the F channels thus restoring the magnetic condi-
tion of the elementsl areas assigned to line 14 of these
various chanels to their initial conditions in the manner
described above. In addition, since the output of channel
E, which is designated XRE, extends to the right-hand
terminal of gate circuit 231, an O is also recorded in chan-
nel T at this time by the recording coil 141.

The XRE lead also extends to the combing circuit 612
and to the diode element 616 thereof.” The diode ele-
ment 616 is poled in a direction to oppose the positive
voltage on the XRE lead so that the voltage on the out-
put lead 613 will not become positive unless the voltage
applied to the other input diode 617.of the combining cir-
cuit 612 is also positive. : v

During the time assigned to line 14 during the thirty-
seventh revolution of drum 410 and for a number of pre-
vious revolutions the output from the K1 channel has
been an X signal and the output from amplifier 156
has supplied a high positive voltage to its X lead due
to the fact that an X signal was. previously recorded
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in this channel in the manner described above. Conse-
quently, a positive voltage is applied to the upper diode
618 of the combining circuit 616 during the time as-
signed to line 14 of this thirty-seventh revolution of
drum 410. The diode 618 is poled in such a direction
as to transmit this positive voltage with the result that
the positive voltage appears on the outer conductor 619
independently of whether or not the voltage applied
to the input diode 620 of the combining circuit 613 is
positive or not. Consequently, positive voltage is also
applied to the lower diode 617 of combining circuit 61
with the result that a positive voltage is also applied to
Jead 613 at this time which voltage is in turn applied
to the diode 621. The diode 621 is connected to conduct
this voltage to lead 614 independently of the voltage ap-
plied to the diode 615. Lead 614 extends to the gate
circuits of the K chanpels. At this time the gate cir-
cuits of these various channels are coanected as described
above in such a manner that a signal will be recorded
in’ channel K1 in accordance with the cutput of channel
J. Likewise, a signal will be recorded in each channel
of the K sequence of channels in accordance with the
signal previously recorded in each of the immediately
preceding channel of the sequence. Thus during the
thirty-seventh revolution an X signal exists at the out-
put circuit of the amplifier 146 of the J channel and this
voltage in combination with the high positive voltage
from lead 614 causes an X signal to be recorded in the
K1 channel. Likewise, an X signal exists to the out-
put terminals of amplifier 156 of channel X1 and causes
an X signal to be recorded in channel X2 by the record-
ing coils 161. At this time the output from the remain-
ing K channels will be an O which in combination with
the positive voltage from lead 614 causes O signals to be
recorded in- each of the succeeding K channels at this
time as shown in the table of Fig. 8.

A positive voltage on lead 613 as described above in
response to a positive voltage on both lead XRE and
on lead 619 dué to a posiiive voltage on the X ocutput
lead from channel K1 is applied to the left-hand termi-
nal of gate 511 and causes an X signal to be recorded
in channel D1 thus indicating that one digit has been
dialed. over line i4. Lead 613 alsc extends to one of
the conductors of the left-hand terminals of the other
gate circuits of the D channels but the other conductor
extending to these terminals does not have a positive
voltage applied to it at this time since the output from
all of the D channels will be C signals. Consequently,
an X is recorded in only channel D1 at this time.

Thereafter so long as line 14 remains closed the out-
put of channels G1 and G2, H and J will be XXO0O, re-
spectively, while the output of channels K1 and K2 will
be XX indicating that the first digit is 2 and the out-
put-from the remaining K channels will be O signals.
Likewise, the output from the other ccunting channels
described hereinbefore will also be O signals. When
the line 14 is again recpened in response to the first of
whatever number of pulses represent the second digit,
an X signal will not be recorded in channel G2. As
shown in:the table in Fig. 8 it is assumed that the line is
again reopened between the thirty-seventh and thirty-
eighth revelutions although it need not be reopened until
a much later revolution. - As a result during time assigned
to line 14 of the thirty-ninth revolution the ocutput from
channels G1 and G2 will be XO which output causes a

positive voltage to be applied to the XO lead. As a re-

sult an. X signal is recorded in the cell of channel B1 as-
signed tc line 14 and in an additjonal B channel on each
succeeding. revolution as long as line 34 remains open in
the manner described hereinbefore.

In -addition a positive voltage or pulse. is applied to
the XOO lead during the time interval assigned to line
14.with the result that an X signal is recorded in chan-
nel.H at this time.

" As shown in the table in Fig. 8 it is assumed that line
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14 was only opened for one revolution of the drum in
response to the first pulse of the second digit. The line,
however, may be opened as long as desired on each
pulse so long as it does not remain open sufficiently long
to constitute a disconnect signal as will be described
hereinafter.

Thus, under the assumed conditions an X signal is re-
corded in channel G2 during sampling period of line
14 during the thirty-ninth revolution of drum 4i6. Con-
sequently, during time assigned to line 14 of the fortieth
revolution of this drum the outputs from channels Gi and
G2 and H will all be X signals which in turn causes
high positive voltage to be applied to the XX and XXX
leads. The high positive voltage on the XX lead causes
an O signal to be recorded in all of the B channels in-
cluding BX and also in the A channel. The high positive
veltage on the XXX lead in turn causes an O signal to
be recorded in the cell of the H channel assigned to line
14 and an X in the J channel. In addition, an O signal
will be recorded in the K1 channel under control of the
output from the J channel. Likewise, signals will be re-
corded in each of the channels of the K sequence of
channels in accordance with the output from the next pre-
ceding channel in the sequence of K channels. Under
the assumed conditions, therefore, an O signal is recorded
in the X1 channel because an O signal is received from
the Ji channel during this fortieth revolution, an X is
recorded in the K2 and K3 channels and an O signal is
recorded in each of the succeeding K channels.

During time assigned to line I4 during the next or
forty-first revolution of the drum 41§ the output from
the G1, G2, H and J channels will again be XXOX sig-
nals which causes a high positive voltage to be applicd
to the XXOX lead and as a result an X signal is recorded
in the F1 channel. During the time of sampling line
14 of each succeeding revolution of drum 410 that the
line circuit remains closed an X signal is recorded in an
additional F channel. If additional pulses are received
before an X signal is recorded in all of the F channels
and in channel E the circuits will respond to these ad-
ditional pulses in the manner described above and cause
additional X signals to be recorded in the X channels.
However, as assumed in Fig. & the second digit. com-
prises a single pulse so that no additional signals are
received until an X signal is recorded in channel E dur-
ing the sampling interval of line 14 during the forty-
seventh revolution of the drum.

Consequently, during the forty-eighth revolution the
output from channel E will again comprise an X signal
which again. causes O signals to be recorded in channel
E and all of the F channels. . At this time the output
from channel X1 is O as shown in Fig. 8 but the output
from- channel X2 is an X signal. Consequently, a high
positive ‘voltage is now applied to the lower diode 620
instead of 618 as described above with the result that
high positive voltage is again applied tc conductors 619,
613 and 614. The high positive voltage applied to 613
causes an X signal to be recorded in both channels
DI and D2 thus indicating that two digits have been
received. The high positive voltage applied to con-
ductcr 614 again shifts the signals recorded in the J
and K channels to the adjacent next highest numbered
channel with the result that an X signal is now recorded
in channel K1, an O signal in channel K2, X signals
in channels K3 and K4 and O signals in the remaining
K channels thus indicating, when read in descending or-
der of the K channels, and when O signals are taken to
indicate pre-digit and interdigit spaces, that the first two
digits are 21.

The operation of the various circuits described above
is then repeated for each of the digits dialed. At the
completion of each of the digits an X signal will be re-
ceived from either the K1 or K2 channel so that the
complete number is progressively advanced to higher
numbered K channels. At the same time each succeed-
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ing digit caisés an X signal to be recorded in_an addi-
tional one of the D channels which channels count the
total number of digits received.

It is thus apparent that at the end of any given num-
ber of digits the X signals recorded in the cells of the
K channels assigned to line 14 will represent the pum-
ber of pulses received during each digit from line 14.
The digits are separated by O signals recorded in the K
channels in response to the interdigital spaces which set
apart the different digits. It is also apparent that any or
all digit values may be recorded for each of the digits
except the first which must be greater than one. So long
as only one is dialed for the first digit, it is not re-
corded in any of the X channels and is completely ab-
sorbed or disregarded or discarded thus providing the

usual preliminary pulse absorption .arrangement gener--

ally employed in numerous dial telephone switching
systems.

It is assumed that the last two digits of the dialed num-
ber will be 13 and that an X signal is recorded in chan-
nel E on the hundredth sampling period assigned to line
14 the starting point as shown in Fig. 8. 'In other words,
an X signal has appeared in each one of the F channels
and the E channel subsequent to the last pulse received,
thus indicating that an additional digit has been com-
pletely dialed. At this time an X signal has previously
been recorded in channel D7 .or: the highest number
D channel provided. On the next or one-hundred-and-
first an X signal appears on the output leads from ampli-
fier 526 which is in the form of a positive voltage on
the X output lead and, as described hereinbefore, this
voltage causes an O signal to be recorded in all of the
F channels as well as the E channel. At this time an
X signal is recorded in both of the K1 and K2 channels
with the result that, during this revolution, positive volt-
age is applied to both the diodes 618 and 620 of the
combining circuit 610, which voltages are relayed. to
lead 619 and this positive voltage, together with . the
positive voltage from the output of amplifier 526 which
is applied to the diode 616, causes a positive voltage to
be applied to lead 613. This voltage is transmitted
through the diode 621 which causes the signals recorded
in the K channels to be advanced to one higher num-
bered K channe] as described above, thus at this time an
X is recorded in channels K1, K2, K3, and an O is re-
corded in channel K4, an X in K5, an O.in K6 and so
forth, thus advancing the recorded number one channel
in the K group.

The positive voltage applied to lead 613 at this time
causes an X signal to be recorded in each of the D chan-
nels, and since an X signal is already recorded in. all
of these channels, and more particularly, since an X
signal is already recorded in the last one which is D7 as
shown in Fig. 4, an X signal is also recorded in channel
C. The recording of the X in channel C indicates. that
the dialing or calling signals are completely received
and stored and the subsequent voltages produced by the
signal recorded in the elemental area. of this channel
assigned to line 14 is employed to indicate that a.com-
plete number has been dialed and awaits further action.

Consequently, on the -one-hundred-and-second revo-
lution the output from the various channels during. the

time assigned to line 14, due to the signals recorded in:

them, will be as illustrated in the one-hundred-and-second
revolution in the table shown in Fig. 8.  Under condi-
tions assumed and described hereinafter an O signal is
recorded in channel C at this time, as explained herein-
after. These conditions prevail until the call is aban-
doned or until the circuits functlon in other manners as
described herein.

If at any time during the above-described operations,
or in the subsequent described operations, it is desirable
to abandon or terminate a call, the switch 10 is opened
thus interrupting the current flowing over line 14 at

which time X signals are not recorded in chan’ng:l G2
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with the result that -the output from-.channels G1 . and
G2 are X and O respectively. Consequently, a high pos-
itive voltage appears on the XO lead as described above
and as assumed at the two-hundred-and-first sample, as
shown in tables of Fig. 8, an X signal is recorded in
channel B1. ~During sampling period of line 14 during
the next revolution of the drum during which the line
remains open, an X signal is recorded in both channels
Bl and B2. Likewise, during the time assigned to line
14 of the third revolution an X signal will- be recorded.
in each of the channels B1, B2 and B3 in the manner
described hereinbefore. If during the sampling interval
of line 14 of any revolution of the drum and the corre-
sponding scanning of the target of the scanning tube as-
signed to line 14 the line should be closed; then dur-
ing sampling times of line 14 of the subsequent revolu-
tion of the drrum a high positive voltage is applied to the
XX lead, which voltage immediately causes O signals
to be recorded in all of the B channels with the result
that the count must start over again when the line again
becomes open. If the line remains open sufficiently long,
an X signal will be recorded in all of the B channels.
The number of B channels provided is determined by
the time required to distinguish or recognize a discon-
nect signal. Upon the next sampling periocd of line 14
after the X signal is recorded in the last B channel, as-
sumed to be during revolution number two-hundred-and-
twenty-one in Fig. 8, an X signal is recorded in the A
channel and upon the next revolution of the drum 410,
O signals are written in all of the channels A, B1 through
BN, C, Di through D7 in the unit areas assigned to
line 14. O signals have previously been wriften in chan-
nels E, and F1 through F§, inclusive. An O signal is also
written in channel G1 and an O signal is already present
in output from channel G2 as described above. O sig-
nals have already been recorded in channels H and ¥
at the termination of the last recorded digit in the man-
ner described above, and O signals are recorded in all
of the K channels thus completely restoring the elemen-
tal areas of the drum assigned to line 24 to their ini-
tial condition indicating an idle condition of this: line.

Returning now to the indication that a complete num-
ber has been dialed comprising an X signal recorded in
the elemental area of channel C assigned to line 14, a
group of circuits shown in the lower portion of Fig. 7
are provided to indicate both the identity of the calling
line 14 and also the number dialed by that line.

This equipment comprises first, a counter designated
750 which is arranged to count the synchronizing pulses
from drum 410 during each revolution thereof. In addi-
tion, a reset pulse per revolution is employed to reset the
counter to an initial or zero position once durmg each
revolution of the drum. This eqmpment comprises, in -
part, a single toothed gear 182 shown in Fig. 1, mounted

ﬂv on the drum shaft and rotated therewith. Thus the count

existing in the counter 750 at any instant of time indicates
the identity of the line being scanned by the electron
beam of tube 25 at that time. This count may be identi-
fied by any suitable number of binary digits or denominal
positions or other form of identification including the
listing or directory number of calling line when desired.
However, it is-not essential that the identifying number
counted by the counter indicate such directory or listing
number. - Instead, it may merely serve to identify each
line by a particular assigned number. : As shown in the
exemplary embodiment set forth herein, it is assumed that
each line is identified by a binary number indicating the
number of pulses from the reference pulse which must be
counted by the counter until the elemental areas assigned
to that line simultaneously pass under the recording coils
shown on the top of Figs. 4, 5, 6 and 7 and also under the
pick-up coils shown in the middle of these figures and
designated 405, 415, 425, 435, 445, 455 and so forth in
the other Figs. 5 6 and 7.

. If it is assumed that the monqstable multmbrator 1050.
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has been reset in the manner described herein, and that
the registers 744 and 745 do not have a number displayed
on them but rather have been returned to normal in the
manner described herein, when the X recorded in the
elemental area of channel C assigned to line 14 passes
under the pick-up coil 445, a positive voltage is applied
to the diode 760 in combining circuit 741. The multi-
vibrator 1050 as assumed above is reset, a high positive
voltage is also applied to the diode 762.  Likewise, if the
register circuits 744 and 745 are properly conditioned to
record or display a number and are not at that time so
displaying a number, positive voltage is also applied to
diode 761 and thus to each of the diodes of the com-
bining circuit 741, which repeats this positive voltage to
its output circuit which extends via lead 724 to the gate
circuits 731, 732, 733, 734, 735, 740, 751, 752, eic., and
also to the right-hand terminal of the gate circuits 441 of
channel C. The application of positive voltage to the
right-hand terminal of this gate circuit causes an O signal
to be recorded in channel C at this time as indicated
during revolution one-hundred-and-two of Fig. 8. Conse-
quently, during the next and subsequent revolutions cf the
drum, a positive voltage does not appear on the X output
lead from the amplifier 446 of channel C. Consequently,
no further indications are given in elemental area assigned
to line 14 that a number had been completely recorded
and is awaiting further operation of the circuits. The
application of a positive voltage to lead 724 and to the gate
circuits 731 through 752, as described above, causes the
register circuit 744 to be set in accordance with the signals
from the K channels associated with line 14 and causes
the register circuit 745 to be set in accordance with the
binary number designating line 14. Thereafter, the high
positive voltage is removed from diode 761 thus prevent-
ing the use of these register circuits for storing, holding, or
displaying other numbers. Likewise, the number. con-
tinues to be displayed in this register until key 1051 is
operated which operates the monostable multivibrator
1050.

As shown in Fig. 7 leads extend from the register cir-
cuits 744 and 745 and from multivibrator circuit 1858 to
common control equipment. These leads are optional
and may be provided when desired and may extend to any
desired type or types of common control equipment.

Multivibrator 1059 in operating in response to the op-
eration of key 1651 removes the positive voitage from the
diode 762 thus preventing use of the register circuits 744
and 745 during the time they are being reset by the multt-
vibrator due to the positive voltage from the multivibrator

1050 which is applied to the right-hand gate terminals of ¢

the gate circuits 731 through 746 and 75% and 752, etc.;
which voltage causes the register circuits to be restored to
their normal condition.

Thereafter when multivibrator 1830 is again restored to
its normal or idle condition the register circuits will be in
condition to record the identity of another line and the
nomber dialed over that line. The operation of the
register circuits 744 and 745, as well as counter 750, and
the gate circuits 731 through 740 and 751, 752 and so
forth, may be more fully understood by reference to Figs.
9 and 10 which show in detail circuits forming the ex-
emplary embodiment of the various counting register and
gate circuits shown in Fig. 7.

Fig. 9 also shows in greater detail the amplifiers asso-
ciated with the timing wheels 161, 102 which are mounted
on shaft 100. The output from the pick-up céil 50 asso-
ciated with the timing wheel 101 is amplified and limited
by both sections of tube 97 so that substantially a square
wave form is applied to the left-hand secticn of tube $71.
This section of tube 971 is normally biased so that sub-
stantially no current flows in its anode-cathode circuit.
However, when the output of the right-hand section of
tube 970 is positive current will flow through the left-hand
section of tube 971 and through the coupling coil 972 of
the normally blockeéd or quiescent blocking oscillator
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comprising the right-hand section of tube 971. As a
result a pulse current flows in the anode-cathode circuits
of the right-hand section of tube $71 with the result that
the cathode of this section becomes positive and transmits
a positive pulse of short duration over lead 973. These
pulses are repeated in response to each input pulse and are
applied to the various circuits shown in the other figures
of the drawing for controlling the recording of signals in
the drum in a manner described hereinbefore.

These positive pulses from lead 973 are also connected
through the delay line 251 to the input of the phase in-
verting repeating tube 250. The delayed negative going
pulses cutput from this tube are applied to the input
circuit of a counter circuit represented by the three tubes
1011, 1012 and 1019. Each of these tubes comprises a
binary counting stage which is normally arranged to have
the right-hand section conducting when the counter is set
in a zero position or condition. These tubes are initially
set in this condition in a manner described hereinafter.
While only a first, second and intermediate or last tube
of such a counter is shown in Fig. 10, it is to be under-
stcod -that cne tube similar to tubes 1811, 1012 and 1619
is provided for each counter stage and that so many
counter stages are provided as are required to count the
number of calling lines associated with a magnetic drum.
That is, a sufficient number of counter stages will be pro-
vided to count the number of total cells in each of the
individual channels on the drum.

As the drum rotates the timing wheel 101 induces
voltage in the pick-up coil 59 which voltage is in turn
relayed by both sections of tube 976 which applies a
positive pulse or portion of a square wave to tube 971
for each of the cells or unit areas of the respective
channels of the drum. Thus a positive pulse is gen-
erated by the blocking oscillator tube for each of the
lines connected to the cathode-ray tube which contrels
the tecording of the signals in the magnetic drum. These
positive pulses are delayed, inverted and then in turn
counted by the counter tubes 1011, 1812, 1619, etc.

Briefly, as pointed out herein the timing or synchroniz-
ing pulses applied to lead 973 are positive pulses. The
positive timing or synchronizing pulses are transmitted
from lead 973 through the delay line 251 and repeated
by the phase inverting tube 250 as negative going pulses.
In turn the negative going pulses from tube 250 are
transmitted through the coupling condenser 1§15 to the
diodes connected to the anodes of tube 1211 and thus
to the grids of these tubes through the cross-coupling
networks. Each pulse then causes the conduction within
sections of the various counting tubes to transfer to the
other section of the respective tubes.

If it is assumed that the right-hand section of tube
1011 is conducting, then the diode connected to the
left-hand section will have a relatively lower resistance
or impedance to the applied negative pulse than will the
diode connected to the right-hand plate because the volt-
age of the anode of the conducting right-hand section is
much lower or more negative than the voltage applicd to
the anode of the left-hand section when the left-hand
section is cut off. Consequently, substantially all of the
applied negative pulse is transmitted to the ancde of the
left-hand section and then to the control grid of the right-
hand section where it causes the current flowing through
the right-hand section to be interrupted. As & conse-
quence, the flow of current through the left-hand section
is initiated in the usual manner with the result that the
conduction within the tube 1811 is transferred from the
right-hand section to the left-hand section.

When the current flowing throngh the right-hand sec-
tion is, as described above, interrupted the anode of this
section becomes more positive and applies a more posi-
tive pulse through condenser 1033 and over lead 3831
to the coupling diodes or rectifiers 1032. These diodes
or rectiffers are connected so as to prevent the transmis-
sion of this positive voltage to tube 1012.
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Upon the application of the next positive voltage pulse
from the tube 971 over lead 973, delay line 251, and
repeating tube 250, current flowing through the left-hand
section of tube 1011 will be interrupted and a flow of
current through the right-hand section initiated in a
manner similar to the manner in which the current was
transferred to the opposite direction upon the applica-
tion of the first delayed and inverted pulse from lead 973
to this tube as described above. As a result the voltage
of the anode of the right-hand section falls to a2 rela-
tively low voltage which in turn causes a negative pulse
to be applied through the condenser 1833 to the diodes
1032. The condenser 1033 together with the magnitudes
of the resistors and impedance devices connected in cir-
cuit therewith is such that the negative pulse is of rela-
tively short duration. This pulse is of a proper polarity
to be transmiited through the diodes 1832. However
since the right-hand section of tube 1012 is conducting
current its anode is at a lower positive voltage than the
anode of the left-hand section. As a result the left-hand
diode 1032 offers less impedance than the right-hand
dicde and this pulse is applied through the left-hand
diode 1032 to the left-hand anode of tube 1612 and then
to the control grid of the right-hand section of tube 1012
which negative pulse tends to interrupt the current flow-
ing through this section of tube 1012 and initiates flow
of current through the left-hand section of tube 1012.
Thus with tube 1011 in its initial condition and the left-
hand section of tube 1012 conducting a count of two is
recorded by the binary counter. In the above-described
manner each succeeding delayed and inverted pulse from
lead 973 is counted by the binary counter in the nsnal
manner.

Inasmuch as a pulse is applied to lead 973 for each

of the cells or slots around the magnetic drum, each line.

associated with the drum may be represented or des-
ignated by a different count of the binary counter com-
prising tubes 1011, 1012, 1019, etc.

The output from the single tooth timing wheel 102
also mounted on shaft 100 is amplified and shaped by
tube 980 with the result that a substantially square pulse
is applied to the control grid of the left-hand section of
tube 981. This tube, like tube 971, has its left-hand
section normally non-conducting but conducts a pulse of
current in response to each of the positive pulses applied
to its control grid. These positive pulses flow through
the coupling coil 982 of the blocking oscillator which
includes the right-hand section of tube 981, and causes
an output pulse which is in a negative direction, or of
lower positive voltage, to be applied to the conductor 983
extending to the counter tubes 1011, 1012 and 1019.
As a result after each revolution of the drum a pulse
of a negative-going character is applied to the lead 983.
This lead is coupled to the anodes of the right-hand
sections of tubes 1611, 1012, 1019, etc., through a cou-
pling diode or rectifiers 1034, 1035, etc.

The rectifiers 1634 and 1035 are poled or connected
in such a manner that so long as the right-hand section
of tube 981 is not conducting current so that its anode
is at the same or a relatively higher potential than the
anodes of the right-hand sections of tubes 1611, 1012
and 1619, substantially no current flows through these
rectifiers 1034, 1035, etc. However,. if any of the left-
hand sections of tubes 1011, 1012, 1019, etc., are con-
ducting current and as a result the right-hand’ sections
of these tubes are not conducting current when a nega-
tive pulse is applied to the conductor 983, this negative
pulse is transmitted through the respective diodes 1634,
1035, etc., to the grids of the left-hand sections of the
corresponding tubes and causes the interruption of cur-
rent flowing through these sections which then restores
the flow of current to the right-hand section of these
tubes. Such an action mormally tends to change the
conducting condition of the immediately succeeding
counter stage. Howeve-r,} by properly selecting the cir-
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cuit constants. and by properly controlling the duratior
and .otherwise shaping the negative pulse applied to lead
983 this negative pulse is made sufficiently long to pre-
vent the initiation of a transfer of current in a succeed-
ing counter stage with the result that when the negative
pulse from lead 983 terminates or falls below a predeter-
mined magnitude, that is, the anode of the right-hand
section of ‘tube 981 rises above a predetermined positive
voltage, all of the counter stages of Fig. 10 have been
restored to.their original or initial condition indicating
a count of zero. Thereafter the next delayed and in-
verted timing pulse causes the counter to start over and
again count each of these pulses. As a result, the count
on the counter for each revolution identifies each of the
lines common fo the magnetic drum and cathode-ray
tube scanning arrangement. .

As described hereinbefore; when complete calling sig-
nal information has been received and recorded in a mag-
netic drum an X signal is recorded in the cell or unit
area of channel C assigned to the respective line. The
pick-up coil 425 and amplifier 426 of channel C are
shown for convenience in Fig. 9. The X output lead
from amplifier 426 is connected to the first diode of the
gate circuit 741. During timing interval assigned to line
14 of the next revolution of the drum the X signal causes
a high positive voltage to be applied to the X output lead
from this channel C which positive voltage is, in turn,
applied to the gate circuit 741. Assuming for purposes
of illustration that the register is idle and that the restor-
ing multivibrator comprising tube 1050 is in its normal
condition with current flowing through the left-hand sec-
tion of this tube so that the anode of the right-hand sec-
tions is at a substantially maximum positive voltage which
causes positive voltage to be applied over conductor 904
to the second diode of the gate circuit 741. . If it is fur-
ther assumed that the register tubes such as 910, 920, 930,
1040, 1641, 1649, etc., are all idle then the anode of the
tube 910 will also be at its substantially maximum posi-
tive voltage. Consequently, the grid of tube 911 will
also become more positive and repeats a high positive
voltage to the cathode of this tube, which tube acts as a
cathode follower and repeats the voltage condition of
its grid.

In this case, the cathode-follower tube or other suitable
relay or repeater tube is connected to the output of the
combining circuit which repeats the output voltage from
this circuit to a large plurality of other gate circuits. In
this case as well as in the case of any of the other gate
circuits described herein, such a repeating or amplifying
tube may be included in the output circuit where desired
or necessary due to the large number of diodes connected
to this output circuit. Such repeating tubes have not been
shown in all of the other output circuits merely to simpli-
my the drawing and aid and facilitate the understanding
of the exemplary embodiment of this function set forth
herein. It is to be understood however, that such tubes
are provided in any or all of the gate or combining cir-
cuits as may be required.

The output of tube 911 is applied to the gate circuit 441
of channel C as described hereinbefore and causes an O
signal to be recorded in the elemental area of channel C
assigned to line 14, for example, with the result that upon
the next revolution of the drum a high positive pulse is -
not applied to the X output of amplifier 446 in response
to the unit area of this channel assigned to line 14.

-However, the positive pulse from the amplifier 446 as
described above is repeated by tube 911 and applied to
one of the left-hand input circuits of the gate circuits 731,
732, 740, etc., as shown in Fig. 9 as well as Fig, 7, and
also to the corresponding rectifiers of the gate circnits
751, 752, 759, etc., of the gate circuits shown in Figs.
10 and 7. As a result, the gate circuits and only those
gate circuits of those K channels which have X signals
recorded in the cells or unit areas assigned to line 14,
and thus have a high positive voltage ontheir output X
leads from the corresponding output amplifiers, will have
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a high positive voltage applied to their output circuits
upon the application of the synchronizing pulse from lead
973 individual to line 14. - Consequently, a high positive
voltage is applied to the control grids of tubes 910, 9243,
930, etc., individual to the various K channels which have
X signals recorded in the cells individual to line i4.

These tubes 910, 920, 930, etc., are gasfilled tubes
and once a flow of current through these tubes is initiated
the current continues to flow until interrupted in a man-
ner described hereinafter. Current flowing through tube
910 reduces the anode voltage of this tube so that the
voltage applied to the right-hand diode of the gate circuait
741 is no longer sufficiently positive to allow the former
value of positive voltage to be applied to the cutput lead
of tube i1, Consequently, no further signals can be
recorded in the register circuits at this time even though
other X signals are recorded in other cells of channe] C
which will cause a positive voltage on X output of am-
plifier 426 which is applied to the left-hand diode of gate
circuit 741. Furthermore, no further signals are recorded
in the register: circuits shown in Figs. 7, 9 and 10 even
though the various K channels provide X signals derived
from- other cells of said K channels corresponding to
other calling lines. In addition, when a discharge flows
through any tube such as tubes 916, 526, 930, etc., the
cathode of these tubes becomes sufficiently positive to in-
jtiate a discharge in the indicating tubes 912, 922, 932,
etc. As a result the tubes 912, 922 and 932 become
lighted in response to the X signals but not in response to
O signals recorded in the corresponding K channels thus
clearly indicating the number dialed by the attendant at
the calling station. Likewise, the positive voltage from
the cutput of tube 911 causes positive voltages to be ap-
plied to the output circuits from the gate circuits 751, 752,
759, etc., individual to those stages of the binary counter
which are in their off-normal condition indicating a digit
of 1, but not to those gate circuits 751, 752, 739, etc. indi-
vidual to binary counter stages which are in their initial
condition indicating a zere. These voltages cause dis-
charges through the corresponding discharge tubes 1840,
1041, 1049, etc., which discharges in turn cause discharge
through the associated indicating tubes. Consequently,
the signals recorded in the K channels as well as the iden-
tity of the line over which these signals were received are
transferred to the indicating tubes associated with each
of the gas tubes of the register circuit. Thereafter, the
register cireuit remains in the condition indicated until the
attendant or operator notes the number or designation
dialed and also the identity of the line over which a num-
ber was dialed. At this time the attendant may restore
the register circuits to its initial condition by momentarily
operating key 105i.

When the common control equipment indicated in Fig.
7 is provided this equipment may be arranged io auto-
matically initiate the operation of the reset monostable
multivibrator 1058 in which case the operation and resto-
ration of the display and register circuits becomes auto-
matic.

The operation of key 1651 applies a more negative volt-
“age to the coatrol grid of the left-hand section of tube
1050 thus interrupting the current flowing through this
section and initiating the flow of current through the
right-hand section of the multivibrator tube 1050. As a
result the voltage applied to the lead 904 becomes more
negative so that during the time the multivibrator 1058 is
in its off-normal condition, that is, during the time cur-
rent flows through the right-hand section, other pulses
from the output of channel C will be unable to actuate
any of the register circuits. In addition, the interruption
of current through the left-hand section of tube 1650
causes its anode to become more positive and thus apply
meore positive voltage to conductor 965 which extends to
the right-hand sides of each of the gate circuits 731, 732,
748, ctc., and each of the gate circuits 751, 752, 759, etc.
Coasequently, during each of the succeeding synchroniz-
ing pulses applied to lead 973 a positive pulse is trans-
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mitted through the right-hand side of these gate circuits
and applied to the control grids of tubes 90¢, 921, 931,
etc., and the corresponding tubes of the register circuits
1020, 1621, 1029, etc. As a result, tube 900, for ex-
ample, conducts current and reduces the anode voltage
of tube 910 to a value such that the ancde-cathode volt-
age is less than the sustaining voltage of this gas tube
since the voltage of the cathode of this tube is maintained
by the cathode condenser at a relative high positive volt-
age resulting from the discharge current flowing through
the cathode resistor, thus interrupting the discharge cur-
rent through this tube and thus extinguishing this tube and
also the indicator tube 912. In a similar manner dis-
charges through the other tubes 920, 930, 1949, 1041,
1049, etc., are interrupted with the result that the register
and indicating tubes are all restored to their initial or
normal condition. When tube 918 is restored, its anode
voltage will rise to a moere positive value and thus apply
a positive voltage to the right-hand diode of the gate 741
thus indicating that the register circuit is idle. It should
be noted that tube 916 is associated with channel K1 and
that this channel will always have a final pulse in it, inde-
pendently of the number dialed so that so Jong as a num-
ber is recerded in the register the anode of tube 919 will
be at a reduced voltage thus preventing the recording of
any other number in the register circuit. However, upon
the restoration of tube 910 to its normal condition, the
voltage of its anode rises to a high positive value thus
indicating that the register is idle and free to accept some
other dialed number and line identification. So long as
the monostable multivibrator 1059 is in its reset position
the voltage applied to the middle diode of the gate 741 is
at a relatively low value which prevents the operation of
the combining circuit and thus prevents the registering of
additional numbers in the register circuit. After the
register, counter, tubes and circuits have had sufficient
time to become reset the grid of the left-hand section of
tube 1050 again becomes positive causing this section to
start to conduct current and interrupt the current flowing
through the right-hand section of this tube. Consequent-
ly, the voltage of its anode rises to its most positive value
thereupon conditioning the gate circuit 741 for accepting
other pulses and causing the registration of other dialed
numbers. The restoration of tube 1050 to its idle condi-
tion again applies a relatively low voltage to lead 905 so
that no further pulses are transmitted to the restoring
jeads 919, 921, 931, etc. Thereafter, when the next posi-
tive pulse is applied to the output lead of amplifier 426
an additional number is registered in the registered cir-
cuits which circuits will then again indicate both the num-
ber dialed and the line over which the number was dialed
in the manner described hereinbefore.

It is to be understood that relays or other indicating
devices instead of tubes 910, 926, 930, etc., may be used
in place of or in addition to the tubes 912, 922, 932, etc.,
as described herein to control lamps or other circuits as
may be desired.

What is claimed is:

1. In combination, a plurality of calling lines, appara-
tus for applying voltages to said calling lines, a cathode
ray tube including an electron gun structure for produc-
ing and directing a beam of electrons, a plurality of targets
within said tube each individual to one of said calling
lines, interconnections between the respective targets and
lines, sweep circuit control means for deflecting said beam
of electrons over said targets in succession, a magnetic
medium moving in a closed path having a plurality of
arrays of elemental areas in which each array is individ-
ual to one of said lines, control coils adjacent to said
moving medium for changing and responding to the mag-
netic condition of the elemental areas of said moving me-
dinm, and interconnections between said tube and said
moving medium for recording indicia representing the
voltage conditions of said lines in the array of elemental
areas individual thereto.

2. In combination, a plurality of calling lines, appara-~
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tus for applying voltages to said calling lines, a cathode
ray tube including an electron gun structure for producmg
and directing a beam of electrons, a plurality of targets
within said tube each individual to one of said calling
lines, interconnections between the respective targets and
lines, sweep circuit control means for deﬁectmg said beam
of electrons:over said targets in succession, a magnetic
medinm moving in a closed path having a plurality of
arrays of elemental areas in which each array is individual
to one of said lines, control coils adjacent to said medium
for changing and responding to the magnetic coandition
of the elemental areas of said medium, interconnections
between said tube and said medium for recording indicia
representing the voltage conditions of said lines in the
array of elemental areas individual thereto, and control
means for synchronizing said sweep circuits with the
movement of said medium,

3. In a telephone system the combination with a plu-
rality of lines, of means for periodically testing each of
said lines for the voltage condition thereon, a magnetic
recorder responsive to said- testing means for recording
indicia representing the voltage condition on each of said
lines, and other magnetic recording means for recording
indicia representing changes in the voltages on each of
said lines.

4. In combination, a call receiver and a plurality of
calling lines including means for applying a source of elec-
trical energy to each of said lines, magnetic means for
recording indicia representing the electrical condition of
each of said lines, and an electrical distributor for suc-
cessively and momentarily operatively associating each of
said lines with its corresponding portion of said magnetic
means. \

5. In combination, a plurality of calling lines, -means
for applying a source of electrical energy to each of said
lines, a call receiver including an electrical scanner for
testing the electrical condition of each of said lines in
succession, and magnetic storage elements individual to
each of said lines, means interconnected with said scanner
for storing indicia representing the electrical conditions
of the respective lines.

6. In combination, a plurality of calling lines, means
for applying a source of electrical energy to each of said
lines, a call receiver including an electrical scanner for
testing the electrical condition of each of said lines in suc-
cession, magnetic recording elements individual to each
of said lines, means interconnected with said scanner for
recording indicia representing the electrical conditions of
the respective lines, and apparatus responsive to a pre-
determined electrical condition of each of the said lines
for restoring magnetic elements individual thereto to a
predetermined magnetic condition.

7. In combination, a plurality of calling hnes means
for applying a source of electrical energy to each of said
lines, a signal receiver including an electrical scanner
for successively testing the electrical condition of each
of said lines, magnetic recording elements individual to
each of said lines, means interconnected with said scan-
ner for recording indicia representing the electrical con-
ditions of the respective lines, and apparatus responsive
to an electrical condition of each of said lines for a pre-
determined interval of time for restoring the magnetic
conditions of all the magnetic elements individual thereto
to a predetermined state of magnetization.

8. In combination, a-plurality of calling lines, means
for applying a source of electrical energy to each of said
lines, a call receiver including an electrical scanner for
successively testing the electrical condition of each of
said lines, magnetic recording elements individual to each
of said lines, means interconnected with said scanner for
recording indicia representing the electrical condition of
the respective lines, and apparatus for determining the
magnetic condition of magnetic elements individual to
each of said lines.

9. A call receiver for responding to calls originating
on each of a plurality of calling lines comprising an
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array of magnetic elements individual to each of said
iines, apparatus for changing the magnetization of each
of said magnetic elements, other means for determin-
ing the state of magnetization of elements individual
to each of said lines, and distributing means for suc-
cessively operatively connecting each of said lines to
said apparatus for changing the magnetization of said
elements.

10. A calling system comprising a plurality of calling
lines, means for applying a source of electrical energy
to each of said lines including a resistance element, a
cathode ray tube including a target individual to each
of said lines conmected to said resistance element, an
output element responsive to electrons received under
the control of the voltage of each of said targets, a mag-
netic recording device controlled by said output electrons,
a sweep circuit for sweeping an electron beam over said
targets one after another and in succession, and syn-
chronizing means for synchronizing said sweep circuits
with said magnetic recording means.

11. In a calling system, a call receiver compnsmg a
cathode ray tube having a plurality of targets each in-
dividual to a calling line, 'an electron gun means for
producing a beam of electrons, deflection means for
deflecting said beam of electrons over said targets one
after another in succession, a magnetic drum ‘having an
array of elemental arrays assigned to each of said lines,
a first source of synchromzrng pulses included in said
drum structure for synchronizing the deflection of said
beam in one direction, and a second source of synchro-
nizing pulses also included with said drum structure for
restoring said beam to a predetermined position.

12. In a call recorder a drum of magnetic material,
means for rotating said drum, a plurality of magnetic
recording and pick-up coils located arcund . the periphery
of said drum, apparatus for applying the calling signals
to one of said recording coils, connections from a cor-
responding pick-up coil and another recording coil on
said drum for transferring sa1d s1gnals to another posi-
tion on said drum, apparatus responsive - to the signals
recorded in said other position on said drum.

13. In a call recorder, a layer of magnetic material,
means for continuously moving said layer of magnetic
material in a closed path, a plurality of magnetic record-
ing and pick-up coils located adjacent said layer of
magnetic material, apparatus for applying ‘calling signals
to one of said recording coils, connections from a cor-
responding pick-up coil and’ another recording coil adja-
cent said layer of magnetic material for transferrmg said
signals to another position in said layer of magnetic ma-
terial, apparatus: responsrve to the signals recorded in
said other position in said layer of magnetic material, -
circuit connections from said last-named apparatus for
controlling the recording of 51gnals by said one recording
coil.

14. In a call signal recorder in combination, a drum
means for rotating said drum, a layer of magnetic ma-
terial on the surface of said d.rum, a plurality of recording
and pick-up coils Jocated adjacent said magnetic surface,
interconnections between said coils for jointly controlling
the recording of one of said coils in accordance with
call signals and signals picked up by a plurality of said
pick-up devices from said magnetic surface.

15. A call signal recorder comprising a cyhndrlcal
drum, means for rotating said drum about its axis, a
layer of magnetic material on the surface of said dram
providing a plurahty of - elemental miagnetic recordmg
‘elements arranged in channels ‘around the periphery of
said drum and also arranged in arrays axially along said
drum, apparatus for assigning arrays to different calls, a
pick-up and recording device individual to each of said
channels around the drum located adjacent said drum and
said  channel thereon, apparatus controlled by call sig-
nals for changing the magnetic conditions of said elements
in accordance with the call signals.
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16. A call signal recorder comprising a cylindrical
drum, means for rotating said drum about its axis, a layer
of magnetic material on the surface of said drum pro-
viding a plurality of elemental magnetic recording ele-
ments arranged in channels around the periphery of said
drum ‘and also arranged in arrays axially along said
drum, apparatus for assigning axial arrays to different
calls, a pick-up and recording device individual to each
of said channels around the drum located adjacent said
drum and said channel thereon, apparatus controlled by
call signals for changing the magnetic conditicns of
said elements in accordance with the call sigaals, control
circuits for preventing the application of call signals to
one of said recording devices operated in response to a
predetermined signal recorded in one of said elemental
areas on said drum.

17. A call signal recorder comprising a cylindrical
drum, means for rotating said drum about its axis, a
layer of magnetic material on the surface of said drum
providing a plurality of elemental magnetic recording
elements arranged in channels around the periphery of
said drum and also arranged in arrays axially along said
drum, apparatus for assigning axial arrays to.different
calls, a pick-up and recording device individual to each
of said channels around the drum located adjacent said
drum and said channel thereon, apparatus controlled by
call signals for changing the magnetic conditions of said
elements in accordance with the call signals, coatrol cir-
cuits jointly responsive to call signals and the signal
recorded in a predetermined one of said recording ele-
ments for recording a call signal in ancther channel on
said drum.

18. A -call signal recorder comprising a cylindrical
drum, means for rotating said drum about its axis, a
layer of magnetic material on the surface of said drum
providing. a plurality of elemental magnetic  recording
elements arranged in channels around the periphery of
said drum and also arranged in arrays axially along said
drum, apparatus for assigning axial arrays to different
calls, a pick-up and recording device individual to each
of said channels around the drum located adjacent said
drum and said channel thereon, apparatus controlied by
call signals for changing the magnetic conditions of said
elements in accordance with the call signals, control ap-
paratus comprising connections between one of said
recording devices and a plurality of said pick-up devices
for controlling the recording by said recording device
under control of signals recorded in a plurality of said
magnetic recording elements on said drum.

19. A call receiver comprising a cylinder of magnetic
material, means for rotating said cylinder about its axis,
a magnetic recording and pick-up device individual to a
band of magnetic material around the circumference of
said cylinder and located ‘adjacent said band of magnetic
. 'material, a second pick-up device and recording device
individual to another band of magnetic material around
said - cylinder located adjacent thereto, apparatus for
applying calling signals to said first-mentioned recording
device for recording said signals on the band of magnetic
material adjacent thereto, circuit connections from the
pick-up device located adjacent to the first menticned
band for applying the calling signals recorded therein to
the second recording device after a predetermined interval
. of time.

20. A call receiver comprising a layer of magnetic
material, means for constantly moving said layer of mag-
netic material in a closed path, a magnetic recording and
pick-up device individual to a strip of magnetic material
parallel to the direction of movement of said magnetic

material and located adjacent said strip of magnetic ma- 7

terial, a second pick-up device and recording device in-
dividual to another strip of magnetic material also parallel
to the direction of motion of said magnetic material and
located adjacent thereto, apparatus for applying calling
signals to said first-mentioned recording device for re-
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cording said signals on the strip of magnetic material
individual thereto, circuit connections from the pick-up
device located adjacent the first-mentioned strip for ap-
plying the calling signals recorded thereon to the second
recording device after a predetermined interval of time,
a third recording device, circuit connections between said
second pick-up device and said third recording element
enabling said third recording element.

21. A call receiver comprising a cylinder of magnetic
material, means for rotating said cylinder about its axis,
a magnetic recording and pick-up device individual to a
band of magnetic material around the circumference cf
said cylinder and located adjacent said band of magnetic
material, a second pick-up device and recording device
individual to another band of magnetic material around
said cylinder located adjacent thereto, apparatus for ap-
plying calling signals to said first-mentioned recording
device for recording said signals on the band of magnetic
material individual therewith, circuit connections {rom
the pick-up device located adjacent said first-mentioned
band for applying the calling signals recorded therein
to the second recording device after a predetermined in-
terval of time, circuit connections between said second
pick-up device and another recording element for dis-
abling said other recording element.

22. In a magnetic recording device, a cylinder of mag-
netic material, means for rotating said cylinder about its
axis, a plurality of pick-up and recording coils located
adjacent the periphery of said cylinder, apparatus for
applying calling signals to-said recording devices and
interconnections between a plurality of said recording
devices and a plurality of said pick-up devices for restor-
ing the magnetic condition of s2id cylinder under a plural-
ity of said recording devices under control of signals
induced in one of said pick-up devices.

23. In combination in a call system, a plurality of
calling lines, means for applying a source of electrical
ensrgy to each of said lines, a calling device for each line
operable for changing the electrical condition of said
line, selectively a call recciver jncluding an electrical
scanner for successively testing the electrical conditions
of each of said lines in succession, magnetic storage
means individual to each of said lines, apparatus respen-
sive to said conditions connected to said scanner for stor-
ing said signals representing the said conditions in the
preassigned magnetic elements, and apparatus respon-
sive to cessation of operation of said calling device for
restoring said magnetic elements to their initial magnetic
condition. '

24. In combination, a plurality. of calling lines, a dial
associated with each line for transmitting calling impulses
over said lines, apparatus for applying electrical condi-
tions to said lines, scanning means for pericdically and
successively testing the electrical condition of said lines,
a continuously rotating magnetic drum, recording and
pick-up coils adjacent said drum, control apparatus inter-
connected between said recording and pick-up coils aad
said scanning means for recording signals on said drum
in response to the signals transmitted from each of said
dials.

25. In combination, a plurality of calling lines, dials
for transmitting calling impulses over said lines, ap-
paratus for applying electrical conditions to said lines,
scanning means for periodically and successively testing
the electrical condition of said lines, a continuously ro-
tating magnetic drum, recording and pick-up coils ad-
jacent said drum, control apparatus intercommected be-
tween said scanning means and said pick-up coils for
recording on said drum the signals transmitted from
each of said dials, apparatus for indicating the signals
dialed over said lines.

26. In combination, a plurality of calling lines, a dis!
associated with each line for transmitting calling impulses
over said line, apparatus for applying electrical condi-
tions to said lines, scanning means for periodically and
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successively testing the electrical condition of said lines,
a continuously moving magnetic member, recording and
pick-up coils adjacent said member, control apparatus
interconnecting said scanning means and said pick-up

coils for recording on said member predetermined signals

in response to signals transmitted from each of said dials,
apparatus for indicating the signals dialed over said lines,
apparatus for identifying the line over which said dial
signals are received.

27. In combination, a plurality of calling lines, a dial
associated with each line for transmitting calling impulses
over said line, apparatus for applying electrical condi-
tions to said lines; scanning means for periodically and
successively testing the electrical condition of said lines,
a magnetic medium continuously moving in a closed path
recording and pick-up coils adjacent said medium, control
apparatus interconnected with said scanning means and
with said pick-up coils for recording on said drum the
signals transmitted from each of said dials, apparatus for
indicating the identity of the line over which said dial
signals are received.

28. In combination, a plurality of calling lines, a dial
associated with each line for transmitting calling impulses
over said line, apparatus for applying electrical conditions
to said lines, scanning means for periodically and suc-
cessively testing the electrical condition of said lines, a
continuously moving magnetic member, recording and
pick-up coils adjacent said member, control apparatus
connected to said scanning means for said pick-up coils
for recording on said drum the signals transmitted from
each of said dials, apparatus for preventing the registra-
tion of a one as the first dial signal.

29. In combination, a surface of magnetic material
constantly moving in a closed path, a plurality of record-
ing coils located adjacent said surface, a plurality of pick-
up coils located adjacent said surface, apparatus for re-
cording the electrical signals applied to a group of said re-
cording coils by changing the magnetic condition of a
first portion of said surface under said coils, apparatus
for transferring said recorded signals to another loca-
tion on said surface, means responsive to said transferred
signals for changing the magnetic condition of said sur-
face under the first one of said recording coils the next
succeeding time said first portion of said surface passes
uander the first one of said recording coils.

30. In combination, a continuously rotating drum of
magnetic material, a plurality of pick-up coils located
adjacent the periphery of said cylinder, a plurality of
recording coils also located adjacent the periphery of
said cylinder, apparatus responsive to a predetermined
pattern of signals received from a plurality of pick-up
coils, and apparatus for counting the number of revolu-
tions during which said pattern does not change.

31. In combination, a continuously moving surface
of magnetic material, a plurality of pick-up coils located
adjacent said surface, a plurality of recording coils also
located adjacent the periphery of said cylinder, apparatus
responsive to a predetermined pattern of signals received
from a group of pick-up coils for changing said pattérn
of signals.

32. In combination, a continuously rotating drum con-
structed of magnetic material having permanent mag-
netic properties, a recording coil and a pick-up coil ar-
ranged adjacent the periphery of said drum for changing

the magnetic condition .of said magnetic material in ac--

cordance with electrical signals applied to said recording
coil, and for recovering said signals from said drum as
said magnetic drum rotates, apparatus for transferring
said recovered signals to another portion on said drum,
and means for recovering said transferred signals sub-
stantially one revolution of said drum after said signals
were originally recorded, means responsive to said re-
covered signals for controlling the further recording of
signals by said first recording coil.

33. In combination, a cylinder -of magnetic material’
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having permanent magnet properties, apparatus for con-
tinuously rotating said cylinder about its axis, a plurality
of recording and a plurality of pick-up coils positioned
adjacent said cylinder, apparatus for generating a timing
“pulse at each of a plurality of angularly spaced positions
around said cylinder, signal responsive means, apparatus
jointly controlled by said signal responsive means and
said timing pulses for actuating said recording coils, and
apparatus responsive to a recorded pattern of signals re-
ceived from a group of pick-up coils for changing said
recorded pattern to a different pattern of signals.

34. In combination, a right circular cylinder having
a surface of magnetic material having permanent magnet
properties, -means for .continuously rotating said cylinder
about its axis, timing pulse generator means including
apparatus controlled by said cylinder at a plurality of
angularly displaced positions of said cylinder for gen-
erating timing pulses, a cathode-ray tube, a plurality of
targets in said tube, sweep circuit control means con-
nected to said apparatus for generating timing pulses for
advancing the beam of said cathode tube step Dy step
from target to target in response to each of said timing
pulses. ’

- 35. In combination, a magnetic recording device in-
cluding a magnetic drim, a plurality of recording and
pick-up coils located adjacent to the periphery of said
drum, timing pulse generating means including apparatus
contrelled by the angular position of said drum for gen-
erating a plurality of timing pulses at predetermined posi-
tions of said drum, a plurality of calling lines, a scanning
device comprising a cathode-ray tube, a plurality of tar-
gets located within the said tube, sweep circuits means
controlled by said timing pulses for advancing said beam
from one target to the next in response to each of a plu-
rality of said timing pulses, and apparatus jointly con-
trolled by said timing pulses and said electron beam for
recording at predetermined positions in said drum.

36. In combination, a signal recording device, a con-
tinuously rotating magnetic drum, a plurality of record-
ing coils located adjacent to said magnetic drum for re-
cording signals therein; a plurality of pick-up coils lo-
cated adjacent to the periphery of said drum for respond-
ing to the signals recerded therein, control apparatus for
controlling recording of received signals by said record-
ing coils in said drum, apparatus for recovering the stored
signals and delay means for delaying said recovered sig-
nals for substantially an integral number of revolutions
of said drum, and apparatus controlled by said recovered
signals and other received signals for changing the re-
corded signal in said drum.

37. In combination, a magnetic recording system, a
continuously operating drum of magnetic material hav-
ing permanent magnet characteristics, signal responsive
means, means controlled by said signal responsive means
for recording signals in said drum at predetermined times
during each revolution of said drum, apparatus for re-
covering a recorded signal on the succeeding revolution
after said signal is stored and means for changing the
recorded signal under control of said recovered signal.

38. In combination, a plurality of signaling lines, a
scanning mechanism for scanning the signaling condition
of each of said lines in succession, a continuously rotating
magnetic drum, means for synchronizing said scanning
mechanism with said continuously rotating drum, appa-
ratus jointly controlled by said scanning mechanism and
said synchronizing mechanism for recording signals in
said drum in response to signals from each of said lines,
and apparatus for substantially simultaneously identifying
a calling line and the calling signals transmitted there-
over. )

39. In a magnetic recording and storage device in
combination, a plurality of signaling lines, a scanning
device for scanning each of said lines in succession, a
continuously rofating magnetic drum, apparatus for

‘generating timing pulses at predetermined angilar posi-
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tions of said drum, means controlled by said timing
pulses for synchronizing said scanning means, apparatus
jointly controlled by said timing pulses and said scan-
ning means for recording indicia representing the elec-
trical condition of said lines at predetermined angular
positions around said drum, apparatus for recovering
stored signals substantially one complete revolution after
it has been stored.

40. In a call signal recorder in combination, a drum,
means for rotating said drum, a layer of magnetic ma-
terial on the surface of said drum, a plurality of record-
ing and pick-up coils located adjacent to said magnetic
surface, interconnections between said coils for control-
ling recording of one of said coils by signals simultane-
ously picked up by a plurality of said pick-up coils from
said magnetic surface.

41. In combination, a continuously rotating drum of
magnetic material, a plurality of pick-up coils located ad-
jacent the periphery of said drum, a plurality of record-
ing coils also located adjacent said periphery of said
drum, apparatus responsive to a predetermined pattern
of signals received from a plurality of pick-up coils, con-
trol circuits for a plurality of said recording coils inter-
connected with said pick-up coils for recording a signal
" in the magnetic material of said drum in responsive fo
each of said predetermined signals received from said
plurality of pick-up coils:

42. In combination, a continuously rotated cylinder
of magnetic material, a plurality of recording and pick-
up coils located adjacent to the periphery of said cyl-
inder, apparatus responsive to' a predetermined pattern
of signals received from a plurality of pick-up coils,
means for counting the number of revolutions of said
drum during which said predetermined pattern of signals
is received, said counting apparatus including apparatus
for recording an additional signal on said drum for each
revolution during which said pattern is received.

43. In combination, a continuously rotating cylinder
of magnetic material, a plurality of recording and pick-
up coils located adjacent to the periphery of said cyl-
inder, apparatus responsive to a predetermined pattern
of signals received from a plurality of pick-up coils,
means for counting a number of revolutions of said drum
during which said predetermined pattern of signals is re-
ceived, said counting apparatus including apparatus for
recording an additional signal on said drum for each
revolution during which said pattern is received, and
apparatus responsive to the reception of another pre-
determined pattern for removing from the magnetic ma-
terial of said cylinder all of the signals stored in response
to said first pattern.

44. In a dial calling system in combination, a drum
of magnetic material, means for continuously rotating
said drum of maguetic material, a plurality of pick-up
and recording coils located adjacent the periphery of
said rotating magnetic drum, a calling line, -apparatus
for changing the magnetic condition of said drum in re-
sponse to calls received over said line, means for pro-
ducing a signal pattern in response to a closure followed
by an opening of said line, apparatus including a plural-
ity of said pick-up and recording coils for recording an
additional signal in said magnetic material for each rev-
olution of said drum during which said predetermined
pattern exists and apparatus responsive to a prede-
termined number of said signals recorded in said -drum
for removing said additional signals from said drum.

45, In a calling system in .combination, a continuous-
ly rotating drum of magnetic material, a plurality of
pick-up coils located adjacent to the periphery thereof,
a calling line, apparatus for recording a signal in said
drum in response to one signaling condition received
over said line following a second and different signaling
condition received over said line, apparatus for record-
ing an additional signal in said drum upon each reveolu-

tion of said drum during which said line condition re--
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mains unchanged, and apparatus responsive to a prede-
termined number of said additional signals for restoring
a portion of the magnetic material of said drum to its
initial state of magnetization.

46, In a dial calling system in combination, a calling
line, a dial pulse transmitting device individual thereto,
a continuously moving sheet of magnetic material, inter-
connections between said sheet and said line for chang-
ing the magnetic condition of a small element of said
sheet in response to a closure of said line followed by
an opening of said line which in turn is followed by a re-
closure of said line, means for applying an additional
signal to said sheet during each revolution thereof dur-
ing which said line thereafter remains closed.

47. In a dial calling system, a calling ling, a con-
tinuously rotating drum having magnetic material on
its surface, a pick-up coil located adjacent said periphery
of said drum, a dial pulse transmitting device individual
to said line, control means interconnected with said line
and said coil for recording a signal upon said drum in re-
sponse to each pulse transmitted by said-dial, said system
also including means for repeatedly recording the same
signal more than once in response to each dial pulse.

48. In combination, a calling line, means for trans-
mitting two signaling conditions over said line, a mag-
netic recording device interconnected with said Iine com-
prising in combination a continuously rotating cylinder
of magnetic material, apparatus for recording a signal
on said drum in response to each of said signaling condi-
tions and counting means for counting the number of
revolutions of said drum during which said line trans-
mits one signaling condition following the transmission
of another signaling condition.

49. In combination, a calling line for making calls,
means for transmitting two signaling conditions over said
line, a magnetic recording device intercomnected with
said line comprising in combination a centinuously ro-
tating cylinder of magnetic material, apparatus for re-
cording a signal on said drum in response to each of
said signaling conditions, counting means for counting
the number of revolutions of said drum during which
said line transmits one signaling condition following the
transmission of another signaling conditicn and means
responsive to a predetermined number of revolutions of
said drum during which said one signaling condition
persists for indicating the termination of a call, and
means responsive to said indication for removing said
recorded signals from said drum.

50. In combination, a czlling line, a dialing device
for transmitting a plurality of series of two signaling con-
ditions over said line, a magnetic recording device inter-
connected with said line comprising in combination a
continuously rotating cylinder of magunetic material, ap-
paratus for recording a signal on said cylinder in response
to each of said signaling conditions, counting means for
counting the number of revolutions of said cylinder dur-
ing which said dialing device transmits one signaling con-
dition following the transmission of =another signaling
condition, and means responsive to a predetermined num-
ber of revolutions of said drum during which said one
signaling condition persists to record an additional sig-
nal on said cylinder.

51. In a calling system, in combination, a continuously
rotating drum of magnetic material, a plurality of pick-
up coils adjacent the periphery thereof, a calling line, and
apparatus for recording a signal in said drum in response
to one signaling condition received over said line follow-
ing a second and different signaling condition received
over said line.

52. In a dail calling system, in combination, a calling
line, a dial pulse transmitting device individual thereto,
a continuously rotating drum of magnetic material, and
interconnections between said drum and said line for
changing the magnetic condition of a small element of
said drum in response to a closure of said line followed

*
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by an opening of said line which is, in turn, followed by
a reclosure of said line.

53. In combination, in a calling system, a plurality
of calling lines, means for applying a source of electrical
energy to each of said lines, a calling device associated
with each line for changing the electrical condition of
said lines selectively, a call receiver including an electri-
cal scanner for selectively testing the electrical condition
of each of said lines in succession, magnetic storing means
individual to each of said lines, apparatus comnected to
said scanner and responsive to said conditions for storing
signals representing the said conditions in the preassigned
magnetic elements, apparatus responsive to predetermined
series of signaling conditions received over said line fot
recording a signal in said drum for each revolution there-
of during which said predetermined signaling condition
is transmitted, and apparatus responsive to recording of
said predetermined signaling condition in said drum to
restore said magnetic elements to their initial magnetic
state.

54. In combination, a calling line, a dialing device for
transmitting a plurality of series of two signaling condi-
tions over said line, a magnetic recording device intercon-
nected with said line comprising in combination a con-
tinuously rotating cylinder of magnetic material, appa-
ratus for recording a signal in said cylinder in response
to each of said signaling conditions, counting means for
counting the number of revolutions of said cylinder dur-
ing which said dialing device transmits one of said signal-
ing conditions following the transmission of another sig-
naling condition which in turn was preceded by trans-
mission of said first signaling condition, apparatus re-
sponsive to a predetermined count of said counting means
to indicate the end of a series of signals, other apparatus
responsive to a predetermined number of series of said
signals.

55. In combination, a continuously moving layer of
magnetic material, a plurality of pick-up and recording
coils located adjacent said layer of magnetic material,
a cathode ray tube, a plurality of targets within said tube,
interconnections between said cathode ray tube and said
coils for recording signals on said drum in response to sig-
nals applied to said targets, distributing apparatus for per-
manently associating each of said targets with a particu-
lar portion of said magnetic surface comprising a source
of synchronizing signals controlled by said moving mag-
netic material, and a sweep circuit controlled by said
synchronizing signals for advancing the eleciron beam
within said tube from target to target.

56. In combination, a plurality of lines, a cathode
ray tube including an electron beam, a target in said tube
individual to each of said lines, a magnetic drum having
a portion of its surface assigned to each of said lines, a
synchronizing circuit for generating synchronizing pulses
under control of said drum, a sweep circuit controlled
by said synchronizing pulses for advancing said beam
from target to target, control circuits for said drum for
recording signals in said drum synchronously with the
advance of said beam from target to target, a counting
circuit also controlled by the said source of synchronizing
pulses for indicating the target upon which said beam
impinges, and the area of said drum wherein signals are
being recorded.

57. In a dial calling system, a calling line, 2 contin-
uously moving magnetic medium, a plurality of pick-up
and recording coils located adjacent said continuously
moving magnetic medium, a dial pulse transmitting device
individual to said line, control apparatus interconnect-
ing said line and said coils for recording a signal upon
said drom in response to each digit transmitted by said
dial, and other apparatus responsive to a predetermined
number of said digit signals to display indicia represent-
ing the signals recorded in said predetermined area of said
drum.
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58. In a dial calling system, a calling line, a confinu-
ously moving magnetic medium, a plurality of pick-up
and recording coils located adjacent said continuously
moving magnetic medium, a dial pulse transmitting device
individual to said line, control apparatus interconnecting
said line and said coils for recording a signal upon said
drum in response to each digit transmitted by said dial,
other apparatus responsive to a predetermined number of
said digit signals to display signals recorded in said
predetermined area of said drum, and apparatus opera-
tive incident to the display of signals recorded in said
drum for preventing the redisplay of said recorded and
displayed signals.

59. In combination, a plurality of calling lines, appa-
ratus for applying voltages to each of said calling lines,
a continucusly rotating magnetic cylinder having a por-
tion of the area thereof individually assigned to each of
said lines, a plurality of pick-up and recording coils lo-
cated adjacent the magnetic surface of said drum, and
control apparatus for independently recording signals in
said drum in the area assigning to respective line under
sole control of the calling signals originating on said
lines.

60. In a dial calling system, in combination, a calling
line, a dial pulse transmitting device individual thereto, a
continuously rotating drum of magnetic material, inter-
connections between said drum and said line for chang-
ing the magnetic condition of a small element of said
drum in response to a closure of said line followed by an
opening of said line which is in turn followed by a re-
closure of said line, apparatus for recording indicia repre-
senting the number of the above sequences of signaling
conditions transmitted over said line, and apparatus re-
sponsive to a predetermined number of series of said sig-
naling condition to record a still further signal in said
drum. :

61. In combination, a plurality of calling lines, ap-
paratus for applying voltages to said calling lines, a dial-
ing mechanism associated with each line for changing the
voltage conditions of said lines, a magnetic storage de-
vice comprising a continuously moving magnetic medium,
a plurality of recording and pick-up coils located adjacent
said moving medium, interconnections between said lines
and said storage device for storing signals therein in re-
spoanse to signals received from any of said lines, an out-
put circuit, and apparatus for simultaneously applying
to said output circuit all the signals recorded in response
to signals received over one of said lines.

62. In combination, a plurality of calling lines, dials for
transmitting calling impulses over said line, apparatus
for applying electrical conditions to said lines, a2 con-
tinuously moving magnetic surface, recording and pick-up
coils located adjacent said surface, control apparatus inter-
connected with said coils and said lines for recording
the signals received from each of said lines in preassigned
positions on said magnetic surface, and other control
means responsive to signals recorded in said medium
for simultaneously responding to a plurality of the sig-
nals recorded in said surface in response to signals trans-
mitted over one of said lines.

63. A method of receiving and recording calling sig-
nals arriving over a plurality of lines each comprising the
steps of (1) sampling each line at a sufficiently higher
rate than the shorter signals received over said line, (2)
employing the sample obtained to ‘control the storage of
the signal, and (3) employing said storage signal to fur-
ther «control the storing of additional signals from said
line.

64. A line testing system comprising a plurality of lines
each capable of having more than one significant condi-
tion, a magnetic medium constantly traveling in a closed
path, said medium being divided into zones parallel with
and other zones transverse to the direction of travel, re-
cording heads individually associated with the respective
zones parallel with the direction of travel, and a distribu-
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tor operated synchronously with and in accordance with
the travel of the medium whereby indicia representing the
now present condition of each line are assigned a definite
one of said transverse zones.

65. In a calling system in combination, a calling line,
a dial for sending pulses over said line, a magnetic storage
medium, apparatus for contimuously moving said me-
dium, a plurality of recording and pick up devices ad-
jacent to said medium, interconnections betwzen said line
and said devices for recording a signal in said me:
dium in response to a pulse received from said dial,
other interconnections between said coils responsive to
each succeeding dial pulse for progressively shifting pre-
viously recorded signals to different positions in said me-
dium.

66. In a dial pulse register in combinaticn, a calling
line, a magnetic storage device comprising in combination
a sheet of magnetic material, apparatus for moving said
sheet in a closed path, a plurality cf recording and pick
up devices located adjacent to said sheet, apparatus in-
cluding interconnections between said line and said devices
for recording a signal in said sheet of magnetic material
in response to each received dial pulse, and other inter-
connections for recording a different signal in said sheet in
response to interdigital pause in dial signal pulses.

67. In a dial pulse register in combination, a calling
line, a magnetic storage device comprising in combination
a sheet of magnetic material, apparatus for moving said
sheet in a closed path, a plurality of recording and pick up
devices located adjacent to said sheet, apparatus includ-
ing interconnections between said line and said devices for
recording a signal in said sheet of magnetic material in
response to each received dial pulse, other means including
interconnections for recording a different signal in said
sheet in response to interdigital pause in dial signal pulses,
and means for progressively changing the location of pre-
viously recorded signals in response to each subsequently
received dial pulse.

68. In a magnetic storage device in combination, a sur-
face of magnetic material, means for constantly moving
said surface in a-closed path, a plurality of recording and
pick-up devices located adjacent said surface and providing
a plurality of storage channels therein, apparatus for stor-
ing a first signal in one of said channels, and means includ-
ing interconnections between said channels responsive to
the recording of a second signal in one of said channels
and the reading of said previously stored first signal for
recording a signal in one of said channels. )

69. In a call signal recorder in combination, a drum,
means for rotating said drum, the surface of said drum
comprising magnetic material, a plurality of recording
and pick-up coils located adjacent said surface, means in-
cluding interconnections between said coils for jointly
controlling the recording of signals by one of said coils
in accordance with incoming call signals and previously
recorded call signals picked up by one of said pick-up
devices from said surface.

70. In a call signal recorder in combination, a drum,
means for rotating said drum, a layer of magnetic mate-
rial on the surface of said drum, a plurality of recording
and pick-up coils located adjacent said magnetic surface,
a calling line, means including interconnections between
said coils and said line for jointly controlling the record-
ing of signals by one of said coils in accordance with cail
signals received from said calling line and previously re-
corded call signals from said line picked up by one of said
pick-up devices from said magnetic surface.

71. In 2 call signal recorder combination, a drum,
means for rotating said drum, a layer of magnetic mate-
rial on the surface of said drum, a plurality of recording
and pick-up coils located adjacent said magnetic surface, a
calling line, means including interconnections between said
coils and said line for controlling the recording of signals
by one of said coils in accordance with call signals re-
_ceived from said calling line, and other control circuits
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jointly responsive to call signals received from said Iine
and to previously recorded call signals from said line
picked up by one of said pick-up devices from said mag-
netic surface.

72. In combination, a plurality of communication lines
terminating at a central point, outlying means at the
remote termini of each of said lines for imparting one of
a plurality of conditions to each thereof, a rotating mag-
netic cylinder having a succession of cells in a circumferen-
tial porticn thereof, a recorder head for recording one of a2
corresponding plurality of conditions in cells of said por-
tion, a distributor coupled to said recorder head and to
each of said lnes in succession, whereby said recorder
is successively assigned to said lines, and current supply
means whereby upon each rotation each of said cells is
magnetically conditioned to correspond to the instan-
‘ganeously existing one of said plurality of conditions of
its respective line.

73. A playback circuit for magnetic recordings com-
prising a scanning head in which voltages are induced
upon scanning the magnetization spots of a coded data
record, said scanning head having its-two poles separated
by a small gap, means for amplifying and wave-shaping
said voltages, a source of sharply defined gating pulses,
and means responsive to said gating pulses for differenti-
ating said voltages as to their components of mark and
space significance, said means being operative in stibstan-
tial coincidence with the passage of each sensed magneti-
zation spot center past the gap between pole-pieces of said
scanning head.

74. Tn 2 playback circuit for deriving information from
a spot-magnetized record track, a scanning head and
amplification circuit therefor, a source of sharply defined
gating pulses synchronized with the passage of magnetiza-
tion spot centers past the magnetic axis of said scan-
ning head, and means including amplifier structure having
an inherent delay characteristic for delivering output po-
tentials at the instants of said gating pulses, these output
potentials being of a high or a low 1eve! depending on ths
polarity of the scanned magnetization spot.

75. Means for sensing a magnetic recording track having
a series of magnetic spots of alternate polarities densely
packed therein with the fringes of adjacent spots overlap-
ping, including a playback head scanning the track, an
amplifying and pulse shaping circuit driven by said head
and having a time delay characteristic equal to the time
delay between presentation of the advance fringe and of
the center of a spot to the playback head, and gating
means controlled to permit output from said circuit only in
coincidence with the presentation of a spot center to the
playback head.
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