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to Bell Telephone Laboratories, Incorpo-
rated, New York, N. Y., a corporation of

New York

Application Décember 19, 1950, Sérial No. 201,632
(CL 179--15)

9 Claims.

The present invention relates to interpolated
speech transmission in which speech is trars=
mitted in short fragmernits over available toll
circuits with fragments from different talkers ifi-
termingled on the same cireuits to make maxi-
mum use of the eircuits by minimizing périods
of no transmission during pavses between Words
or syllables of any one talker. _

Systems of this general type hetetofore pro=
bosed have provided for assighment of a given
toll cireuit to each talker in a given segquenée or
in preferential order or have employed at op-
bosite ends of the trunk circuits subsecriber iden-
tifying devices operating in sequential order or
dependent upon synehionous control or accurate
ly timed relationship. In aceorddnce with the
present invention, all talkers up to the capacity
that has been determined for the systern have
equal access to all toll circuits tiet in use, and
any toll circuit becoimes immediately available
for instantaneous tseé by any other subscriber as
soon as it is released by the previeus talker.
The cornections of subseriber lines to the toll
circuits are made for short periods comparable
to syllable length or vecal interval duration. By
way of example a voeal interval may vary from
about & fifth of a second to about a twentieth of
a second, these being approximate gnd depend-
ing somewhat upon the individusl talker. ffi-
ciency of use of the toll lines is increased
by making the periods of connéetion short since
a toll circuit is not held by a talker during pauses
between syllables or word portions. , ‘

A feature of the invention is a provision for
switching at the two ends of the toll circuits
such: that eertain equipment can be used it com-

mon by all subseriber lines and cross~talk is

avoided while still giving all subscriber Iites zc-
cess to thie toll circuits on an equal basis,

In accordance with this latter feature control
tones are sent over the system, one tone persist-
ing for the duration of the speech fragment be-
ing transmitted and another tone marking the
beginning' only of such fragment. These tomes
are used to control coordinate switching equip-
ment at the two ends of the toll circiits.

A general object of the invention is to incresse
the effectiveness of voice spurt transmission over
toll circuits of less number than the subscribers’
lines simultaneously served, by improving the
availability of the toll circuits to the subscriber
lihes.

Other objects and features of the invention will
appear from the following detdiled deseription
of a system embodying the invention, in cornec-
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tionr with the accompanying drawing in which:

Figs: 1 to 7 when placed together as shown in
Fig. 8 show in schematic circuit diagram a sys=
tem of transmission in accordahce with this in-
vention.

- Reference will be made first to the transmit-
ter circtiit shown on Figs. 1 to 4, inclusive.

‘The seven subscriber lines are indicated at the
top of Fig. 1 and each is shown provided with 4
voice-operated device 1§ for controlling & reldy
3" whieh is part of the vodas (or echo. Suppressor )
circuit and may e the vodas relay itself or &
relay operated with the védas telay. This relay
responds’ to voite spurts and remains operated
throughout a voice spurt which may be as-
sumed to be of syllable duration of the order of
one-tenth to one-twentieth of a second for illus-
tration.

Below the relays 18/ is an access circuit com-
prising a bank of gas-filled tiubes 65, one per
stbscriber line. Whenever a relay 13’ operates
it causes the corresponding tubé 65 to fire. This
firing of any tube 65 prevents any other tube 65
from firing for a brief interval such as a hun-
dredth of & second. A subscriber-identifying
torie is sent out utider control of g tube 70, one
ber subscriber line, and dt the sameé time selec-
tion is made of an idie one of the four circuits
A, B, C, D (Fig. 2), by firing, in the case of sub-
scriber line L, onie of the four gas-filled tubes
18, 11, 18 or 19. Eaéh of these last tubes is one
of a row of seven, there being therefore four
rows. The firing of any tibe in g row renders
inoperablé the other gas<filled tubes of the same
row and so prevents seizure of a given channel
by more than ohe subscriber at the same time.

ThHe details of the foregoing operation follow,
When a relay 13’ pulls up, it applies ground at
8, poirit in the eathode circuit of tube §5 lowering
the potential of the eathode sufficiently to permit
the tube to fire, there being plate voltage on the
plate of the tube at all times except when an-
other gas tube in the reéw is conducting. Break-
down: of tube 65 results in making its grids posi-
tive causing triode 671 to saturate and cutting
off triede 68 which normally holds relays 69 and
T énetgized: Relay T releases immediately but
Telay €9 is held operated for a hundredth of a
second after relay I releases by condenser 8
and resistance 9, for a purpose to be described.

Relay Tf in releasing as deseribed initiates op-
eration of sirigle-trip multivibrator 70 which ex-
ecutes one ceycle resulting in dpplication of a
pulse, about & hundredth of a second long; to
lead 17 exteriding fo the tore coder $5 (Fig. 4)
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for subscriber identification. As will be described,
the tone coder performs its function of sending
subseriber-identifying tones in this hundredth
second interval after which it becomes avail-
able for use by other initiating subscribers. The
purpose of holding relay 69 operated for a hun-
dredth second after relay Ti releases is to allow the
single trip multivibrator 710 and the tone coder
which it controls to complete their cycle of op-
eration before gas tube 65 becomes deenergized as
o result of release of relay 63. As long as gas
fube €5 remains energized other on-coming or
waiting subscribers are denied control of the
access circuibt until the tone coder becomes avail-
able. - -

When relay 89 releases, it removes ground from
the cathode of gas tube 65 and restores that
tube, making the other tubes 65 of the access
circuit usable by other subscriber lines. Relay
89 when released also maintains triode 68 cut
off under control of ground from operated relay
13’. At the end of the voice spurt, relay 13’
releases restoring the circuit to normal. -

When a gas-filled tube such as tube 16 fires,
on release of relay 11 as described, current is
drawn through cathode resistor 81 raising the
potential of conductors 82 and 83. Lead 83 forms
part of the cathode-to-ground connection of each
of the other tubes 84 etc., of the A row, and

each tube has its own cathode resistor 85. The &

firing of any gas tube in the row A, including
tubes 16, 84, etc., raises the potential of the cath-
odes of all the other tubes in the row sufficiently
to prevent them from firing in response to a
voice spurt on any subscriber line. Lead 82 ap-
plies positive voltage to the grid of tube 115 af
the cross-point between the talking conductors
of line Li and channel A of the switching matrix
of Fig. 4. This results in actuation of relay 16
which extends the voice path coming from the
transmitting branch of line L through speech
transformer 116 to the channel A conductor 120.
The interlock between the gas-filled tubes 63
of the access circuit prevents simultaneously oc-
curring speech spurts on two subscriber lines
from initiating channel selecting and switching
operations at the same instant. Depending upon
which tube 65 fires first, the corresponding tone
sender tube 70 and channel seizing tube 16, 17T
ete., operate to effect switching for one of the
lines and as stated, a short interval of about a
hundredth of a second must elapse before the
speech spurt assumed to be present on the sec-
ond line can initiate the switching operation for
that line.
~ If all four channel selecting circuits A, B, C
and D (Fig. 2), are idle when a speech spurt be-
gins on any line, the channel that is selected
depends upon which one of the four tubes 18,
11, 18 or 19 (in the column bhelonging to the line)
fires first. One and one only of the tubes will
fire and in firing will drop the plate voltage of
the others below the ignition level by current
flow through the common plate resistor 87. Each
row of tubes 16, efe., has a busy signal tube 88
associated with its cathode resistor to maintain
the row (such as A) busy for about a hundredth
of a second after the reenergization of relay 1!
at the end of a speech spurt. The time constant
of the circuit is determined by resistance 89 and
condenser 89’. The charge on 89’ keeps the grid
positive until the charge leaks below a critical
value, and so maintains point 81’ positive. An-
other speech spurt beginning during this brief
holdover period is caused to select another row,
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assuming there is one idle. If only one talker is
active this short holdover causes his line to ro-
tate around the four channels thus giving some
privacy. -

Referring to the subscriber fone coder 3% (Fig.
4) this comprises twelve tubes, parts only of which
are shown at 122, 124, etc. - The upper three
tubes have their grids connected to the first
three leads 72, 13, T4. The next three leads (not
shown) each connect to the grids of a pair of
tubes (not shown) while the seventh and last
lead 15 connects to three tubes 124. Each relay
125, 126, 127 is connected to four anodes, the an-
ode of one of the upper three tubes, the anode of
one-of the lowest three tubes and the anode of
one of each of two different pairs. This results
in operating the relays 125, 126 and 127 either
singly or in various combinations to provide the

- geven different identifications necessary for the
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seven subscriber lines.

When relay 125 operates it substifutes tuning
elements 132 for tuning elements {3{ of oscil-
lator 130 to change its output from spacing to
marking frequency. The other two oscillators
are similarly controlled. These identifying sig-
nals are, as stated, in the form of short pulses
occurring at the beginning of each speech spurt
that is to be transmitted. Due to the interlock
above described in the switch initiating circuits
no two identifying tone combinations can be sent
at the same time or in overlapping times but
must be separated in time by about a hundredth
of a second.

Five channels, the four speech channels A, B,
C and D and the signal channel, are shown ex-
tending to the receiving station. In practice
these may be separate wire lines. Alternatively,
they can as well be any other suitable type of
transmission channels, such as a radio or carrier
channel in which case the conductors shown
would lead to modulators supplied with different
carrier frequencies at the transmitter, while suit-
able detectors would be used at the receiver, or
time separation instead of or in addition to fre-
quency separation may be used. The signal
channel need not he a separate line or channel
but the seven different frequencies from the os-
cillators 20 to 23 and 36, 37, 38 could be placed
below or above a speech band or partly below
and partly above the speech band as well as sent
in part over different ones of the four speech
channels.

Reference will now be made to the channel
identifier 1080 (Fig. 3). The four control con-
ductors 50 lead to the grids of tubes 135 ete.,
from the cathode resistor 81 of respective A,
B, C, and D rows, one conductor being 83 lead-
ing to the grid of tube {35. Whenever any tube
16, 84, etc. in row A fires and places positive
voltage on lead 83, tube (35 causes relay 137 to
operate. Relays 138, 139 and 140 are similarly
operated from tubes 11, 18, 19 respectively or
from other tubes in the respective rows. I is
the function of relays 137 to 140, inclusive, to
send a channel-identifying tone to the distant
end. The tones are controlled by relays {41 etc.,
which operate from front contacts of relays 137
ete., to shift the tuning of oscillators 20 ete.,
from normal or spacing frequency Fs to marking
frequency Fr by exchanging timing controls 143,
and {44 (Fig. 3).

A lockout relay 188 is energized from the back
contacts of relays 137 to 140 in parallel. When
all of these relays are operated no energizing
path exists for relay 188 and it releases and ap-
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plies negative voltage to conductor 190 extend-
ing to the grid circuits of-all of the seven gas
tubes 65 ete., thus preventing any of these tubes
from firing in response to a speech fragment in-
coming from any line Li to LT inclusive, that
may be seeking a channel. As soon as one of
the four talkers using the four channels re-
leases a channel the corresponding relay {37 to
140, inclusive, releases and energizes lookout. re-
lay 188 to interrupt the lockout condition at its
back contact. Circuit 189 allows about a hun-
dredth of a second hangover in this interrup-
tion.

Reference will now be made to the receiving
terminal shown on Figs. 5, 6 and 7. The channel
selecting tones from the four filters 201—284 are
lead through limiters 251 to 254 to discriminator
circuits and debtectors. Each limiter such.as 251
is followed by a pair of discriminator branches
255, 256 to differential detector 27i which: con-
verts. the marking and spacing frequencies on
its channel into current and non-current sig-
nals for operating the corresponding relay 2371.

The subscriber-selecting tones are received
through filfers 231 to 233, inclusive and are passed
through limiter and detector circuits 270 ete., for
controlling the three relays 225 to 221, inclusive.
These respond singly or in various combinations
to actuate selectively the seven relays 214 to
223, inclusive, of the subscriber-selector cireuit,
Fig. 6. Relays 214 to 220 are all normally ener-
gized and selection of a subscriber is made by
releasing the corresponding relay, thus connect-
ing ground at its back contact to the outer grids
of the thyratrons in the corresponding vertical
column instead of the normal negative bias. Re-
lay 214 is normally energized from the back con-
tact of relay 225 and will be released when relay
225 is energized provided neither relay 228 nor

221 is also energized. Relay 215 is released by !0

energization of relay 226 only, etc. Release of
relay 216, 217 or 218 requires energization of a
pair of relays 225-—221, while all three relays
must energize in order to release relay 220. In
this manner the seven selections are made by
use of three relays 225—227 controlled by three
tones. -

When any speech spurt is received at the re-
ceiving station the subscriber tone bulse received
with its selects one of the seven relays 214 to
220 (Fig. 6) and releases it. Also, the channel
tone received with the speech spurt operates one
of the channel selecting relays 237 to 240 (Fig. 5).
When one of the latter relays operates, it ap-
plies plate voltage to seven thyratrons in the cor-
responding row, such as 801, 302, etc., of the
channel A row. This alone will not cause any
thyratron to fire, however, since the shield grids
of all thyratrons are normally held too far nega-
tive to fire by battery applied over vertical con-
ductors 310, 31, etc. This negative voltage is
removed from any vertical column of thyratrons
by selection (release) of a subscriber tone reiay
2i4, 215, etc. When this disabling voltage is re-
moved and plate voltage is applied, only that
thyratron at the cross-point of the marked chan-
nel and subscriber buses will respond, this being
the selected thyratron. The initiation of the
plate voliage produces a2 momentary positive pulse
which nullifies the negative voltage applied to
the inner grid over the conductor 215 (consider-
ing channel A) from bias source 311, this pulse
coming from flow of surge current through con-
denser 318 and through varistor 319 in its for-
ward direction. This causes the selected thyra~
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tron-to fire 'and drop. the plate voltage on those
of the same channel by current through commeon
resistor such as 321, » o

Each of the séven gas tubes in a channel row
has an individual lead extending from its cath-
ode: to the control grid of a triode 331 ete. in.
the corresponding row of the subscriber con-
nector (Fig. 7). The firing of one of the thyra-
trons puts a positive pulse on the grid of the
respective triode causing relay. such as 332 to
energize and connect the speech lead of that
channel to the corresponding subscriber line LM
to I'T. .

Any thyratron 301 ete. in the subscriber selec-
tor “when onee fired remains ionized until its
plate voltage is removed, notwithstanding that
relays 214 to 229 release, when selected, for only
about one~hundredth second and, again ener-
gizing, reapply negative voltage to the shield
grids 'of the tubes in the respective column. As
long as the channel tone persists; holding one
of relays 231—240 (Fig. 5) operated, the one op=~
erated thyratron in the corresponding row in the
subscriber selector holds the subscriber connect-
ing tube and relay (such as 331 and 332) aetu-
ated to maintain the connection. Upon release
of an operated relay in the group 237—240, Fig. 5,
the ecircuit is restored.

Since each subscriber selecting relay 214—220,
Fig. 6, releases as soon as a connection to the de-
sired subscriber is made, these relays become
available for use by other subscribers in making
calls. :

The cordinate switching éircuits used at the
receiver as specifically -disclosed herein -are
claimed in an application of D. Robertson -and
A, V. Wurmser Serial No. 201,631 filed December
19, 1950; and the coordinate switching circuits
used at the transmitting terminal as specifieally
disclosed herein are claimed in an application
of D. Robertson Serial No. 201,563 filed Decem-
ber 19, 1950.

It is to be understood that various modifica~
tions may be made in the circuits within the
scope of the invention.

What is claimed is:

1. In--a telephone system, a group of sub-
scriber lines, a smaller number of trunk circuits,
a switching cireuit for connecting any subseriber
line of the group to any one of said trunk cir-
cuits one at a time, a voice-operated access cir-
cult for giving each line access to said switching
circuit, comprising a device per line operating
in response to a vocal-interval speech spurt on
the respective line, said device in responding to
8 speech spurt disabling all of the other devices,
means operated by the response of a device for
selzing an idle trunk circuit ang connecting the
respective subscriber line thereto, said last means
in its operation rendering all of the other devices
again operable.

2. A combination according to claim 1, includ-
ing a circuit for sending a subscriber-identifying
signal to the distant station, said device in re-
sponding to a speech spurt causing said circuit
to transmit the signal characteristic of the re-
spective subscriber line and means to limit the
duration of said signal to a small fraction of a
speech spurt length.

3. In g telephone system, for transmitting
spurts of speech from subscribers’ lines over a
group of toll eircuits in common, a connecting
point per subseriber line per toll circuit at the
transmitting terminal for effecting connection
between any line and any toll circuit for the du-
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ration of & speech spurt to be &efit, an access
circuit common to said subscriber lines and op-
erating in response to a speech spurt on one of
said lines for effecting connection of such line
to an available toll circuit, means rendering said
aceess circuit usable by only one subscriber line
at a time for effecting a connection and means
releasing said access cireuit for use by other sub-
seriber lines a predetermined time after connec-
tion to a toll circuit has been effected.

4. A combination according to claim 3, In
which said access circuit has equal access at all
times to all idle toll circuits.

5. A speech spurt switching system for con-
necting subscriber lines to a lesser number of
trunk paths for simultaneous speech transmis-
sion to a distant station by said lines comprising
a connection point per subscriber line per trunk
path, voice-operated switching means for effect-
ing a connection at any available one of said
connection points, means operated by said voice-
operated means for sending to the distant station
a subscriber-identifying signal of a duration that
is only a small fraction of the length of the
speech spurt being transmitted, and means op-
erated by said voice-operated means for sending
to the distant station a path-identifying signal
for the duration of the transmitted speech spurt.

6. In a telephone system a group of sub-

scriber lines, a lesser group of trunk circuits, con- ¢

necting means capable of connecting said lines
to said trunk circuits for short intervals of the
order of syllable duration comprising a voice-
operated device per subscriber line, a connec-
tion point per subscriber line per trunk circuit,
means operated from each device in response to
a speech spurt on the corresponding subscriber
line for momentarily preventing the devices of
all other subscriber lines from operating, switch
means operated from an operated device for con-
trolling actuation of one of said connection peints
to effect connection between the corresponding
subscriber line and an available trunk circuit,
said switch means in operating releasing to op-
erable condition the devices of the other sub-
seriber lines, and means controlled from said
switch means in its operation for preventing ac-
tuation of more than said one connection point
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in response to operation of said device in ré-
sponse to said speech spurt.

7. The combination claimed in claim 6, includ-
ing means operated from said:switch means in
its operation for rendering inoperable by other
subscriber lines the connection points between
said other lines and the trunk circuit between
which and said corresponding subscriber line said
connection is effected. ’

8. In a speech-spurt system, groups of sub-
seriber lines, trunk ecircuits for effecting infer-
connection between said groups on a speech-spurt
basis, means at a sending end of the system op-
erating in response to initiation of a speech spurt
on a line for seizing an outgoing idle frunk cir-
cuit and transmitting to the distant end a tone
identifying the seized trunk ecircuit and a signal
identifying the subscriber line to which the seized
trunk circuit is to be connected, means causing
said tone to persist for the duration of the speech
spurt being transmifted, means limiting the du-
ration of said signal to a small fraction of a
speech-spurt length, means giving said seized
trunk circuit at said distant end access to all
of the subscriber lines in the group of lines
thereat, means controlled in response to said
signal for conditioning the subscriber line iden-
tified thereby for connection to any one of said
trunk circuits to receive a speech spurt there-
from, and means controlied by said tone for ef-
fecting conmnection of the seized trunk eircuit to
only the subscriber line so conditioned.

9. The combinhation according to claim 8 in-
cluding means operating in response to the ef-
fecting of said connection for disabling the means
giving the seized trunks circuit access to all of
szid subscriber lines of the group at said distant
station excepting only that subscriber line to
which said connection has been effected.

PAUL G. EDWARDS.
ATLPHONS V. WURMSER.
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