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UNITED STATES PATENT OFFICE

2,408,462
TELEPHONE SYSTEM

Raymond O. Wise, Short Hills, N. J., assignor i:o
Bell Telephone Laboratories, Incorporated, New

York, N. Y.

- Application June 8, 1943, Serial No. 490,033
10 Claims. (CL 179—15)

This invention relates to telephone systems
- and particularly to systems in which connections
between calling and called lines are established
by . subscriber controlled automatic selection of
idle channels through multichannel communi-
cation media.

Among the objects of the invention are the
provision of a more efficient and reliable common
medium multichannel exchange and the pro-
vision therein of the large number of channels
necessary in an automatic telephone system
without the use of expensive variable frequency
filters. .

This invention is an automatic telephone sys-
tem in which connections between calling and
called lines are automatically completed under
the control of the calling subscriber over chan-
nels of multichannel transmission media, one
channel being used for each direction of con-
versation. to constitute a conversational connec-
tion, a feature of the invention being a trunking
arrangement wherein a fixed band-pass filter is
provided  for the demodulator of each channel,
carrier sources of required frequency are selec-
tively associated with the modulators of the
channels and a pentode amplifier is provided
for each modulator to prevent interference be-
tween channels.

Another feature of the invention is a. frunk-
ing arrengement including channels of a com-
mon medium wherein carrier sources of required
frequency are selectively connected to the modu-
lators, isolating resistances being provided for
each modulator to prevent cross-talk . between
channels, the- number of modulators connected
in parallel to a group or line amplifier being large
enough to prevent interference between channels.

A further feature is a trunking. arrangement
including the channels of a common medium
wherein carrier sources of required frequency are
selectively connected to the modulators, isolating
resistances - are provided for each modulator to
prevent cross-talk between channels, group filters
are previded for groups of channels, a carrier
source of & different frequency is individually
associated. with each demodulator, and a chan-
nel amplifier is provided for each demodulator
to obtain satisfactory volume. ’

A further feature is a carrier switching system
for establishing connections between calling and
called telephone lines under the control of the
calling subscriber in which a double stage of
modulation is employed to obtain single side-
band operation, carrier sources of different fre-
quencies are individually connected -to - first
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modulators of the channels, fixed band-pass
filters interconnect the first and second modu-
lators of the channels, carrier sources of re-
quired freguencies are selectively connected to
the second modulators of the channels, and car-
rier sources of different frequencies are individ-
ually connected to the demodulators.

These and other features of the invention are
embodied in the systems shown schematically
in the drawings which form a part of this specifi-
cation.

Referring to the drawings: SRR

Figs. 1 and 1A show a telephone system com-
prising telephone offices A and B interconnected
by multichannel transmission media CMII,
CMI2, CMi3 and CMI4;

Fig. 2 shows a telephone system comprising
offices C and D interconnected by multichannel
transmission media CM2i, CM22, CM23 and
CM24; and

Fig.. 3 shows a telephone system comprising
telephone offices E and F interconnected by multi-
channel transmission media CM31, CM32, CM33
and CM34. : .

Consider first the system represented in Fig.
1. The subscribers’ stations Sl, 82, S8 and S4
are of the usual type connected to lines termi-
nating in common battery automatic telephone
offices and each of the stations includes a dial
or other impulse sending device for controlling
the establishment of desired connections.. The
line switches 1.Si, LS2 and final switches F8l
and FS2 may be of the crossbar type, the line
switches being operated in response to. the ini-
tiation of calls at subscribers’ stations to con-
nect calling lines to district circuits and the final
switches being directively controlled by sender-
marker means to select called lines. Reference
may be had to the patent to W. W. Carpenter
9,003,117, granted September 14, 1937, for a de-
tailed description of the operations involved in
connecting .calling lines to district circuits and
the operations of final switches in connecting
with called lines in a crosshar system. The line
switches ISI and LS2 may be similar to the line
switch shown in Figs. 14 and 15 of the afore-
mentioned Carpenter patent, the final switches
FSI and FS2 may be similar to the final switch
shown in Fig. 61 of said Carpenter. patent, the
originating senders OS! and OS2 may be similar
to the subscriber’s register sender shown in Figs.

22 to 96 of said Carpenter patent, and the termi-"

nating senders TSI and TS2 may be similar to
the terminating senders shown in Figs. 46 and
47 of said Carpenter patent. The district .and
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fina] circuits 119, 120, 130 and 140 are similar to
the district circuit D—I{ shown in Fig. 5 of the
patent to Hubbard-Matthies-Myers, No. 2,345,048
dated March 28, 1944 except that each of appli-
cant’s modulators {i4, {28, {34 and {44 has a
variable frequency carrier source associated
therewith tunable under the control of an origi-
nating marker -and each of applicant’s demodu-
lators 418, 128, 1233 and 148 has a fixed irequency
carrier scurce associated therewith; whereas in
the Hubbard-Matthies-Myers patent the trans-
mitter (modulator) T—5 of the district circuit
D-—i{ has a fixed frequency carrier source asso-
ciated therewith and the receiver (demodulator)
R—F5 of the district D—1{ is tunable under the
control of an originating marker to a desired
channel frequency. Fach of the originating
markers OMI, OM2 and terminating markers
TMI, TM2? is similar to the corresponding decoder
markers of the aforementioned Carpenter patent
except that it is arranged to control the tuning of
the variable frequency carrier source of the
modulator of a connected district or final circuit
in similar manner to that in which the originat-
ing marker OMI of the aforementioned patent
to Hubbard-Matthies-Myers controls the tuning
of the receiver R—5 of the district D—1! shown
in Fig. 5. In the aforementioned Carpenter pat-
ent, the originating decoder marker is shown in
Figs. 29 to 40 and the terminating decoder is
shown in Figs. 50 to 56. In the Hubbard-
Matthies-Myers patent the originating marker
OM is shown in Figs. 12 to 20.

Each district circuit and each final circuit is
connected, through a low-pass filter, to a voice
frequency hybrid cocil; and each hybrid coil is
further connected to g line balancing network,
to a modulator for one direction of communica~
tion, and to a demodulator for the other direc-
tion of communication. The low-pass filter
passes frequencies below 3,000 cycles per second

~and the modulators are preferably of the double-
halanced copper-oxide type to obtain maximum
linearity and thus avoid extra band products
which would increase cross-talk. Each demod-
ulator has a particular carrier source associated
therewith and is connected to a multichannel
medium through a band-pass filier tuned to pass
a band, the cut-off frequencies of which are egual
to the carrier frequency of the associated demod-
ulator plus and minus the voice frequency band.
For instance, if the carrier frequency of a demod-
ulator is 100,000 cycles per second, the band-pass
filter associated with the demodulator in ques-

tion passes a channel band of 97,600 to 103,000 ;

cycles per second. Thus there are as many
channels through the multichannel medig CMI{,
CMI2, CM{2 and CMIi4 as there are demodu-
lators -connected thereto; and the carrier fre-
quencies have at least an 8 kilocycle spacing.
Each modulator is supplied with any desired one
of a plurality of carrier sources, the connection
of a desired carrier being under the control of the
originating or terminating marker which is con-

trolling the establishment of a desired conversa- -

tional connection through the associated district
or final circuit. As shown in Fig. 1 the marker
tunes a variable frequency carrier scurce to the
desired frequency; but this arrangement may be

modified according to Fig. 1A in which a desired

one of & plurality of carrier sources is selected
“under the control of the marker. Each modu-
lator is connected through a pentode amplifier to
one of the multichannel media, the inherent in-

efficiency of pentodes as plate medulator ampli- -
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fiers being effective to prevent cross-modulation
between channels.

Assuming now that a call is initiated at the
subscriber’s station SI, the line Li is extended
through a line switch LSI to a district circuit 1 (0
and an originating register sender OS!{ is con-
nected to the district, in the manner sef forth in
detail in the aforementioned Carpenter patent
beginning on page 14, line 68, second column and
ending on page 26, line 37, first column. The
number of the subscriber’s station, with which a
‘conversational connection is desired, is dialed by
the calling subscriber and is registered in the
sender OSi, as described in the Carpenter patent
beginning on page 32, line 5, first column &and
ending on page 36, line 41, first column. An orig-
inating marker OMI is associated with the sender
and the number registered in the sender is de-
coded, in the manner set forth in the aforemen-
tioned Carpenter patent beginning on page 38,
line 44, first column and ending on page 40, line
38, first column.

The marker OMI, thereupon, makes a trunk
test, in the manner set forth in detail in the
aforementioned patent to Hubbard-Matthies-
Myers beginning on page 3, line 71, second col-
umn and ending on page 5, line 46, second col-
umn, to select a trunk or channel through media
CMI{t and CMI{2 which is not in use and the de-
modulator of which in office B is associated with
a final switch having access to the line of the
called station. The variable frequency carrier
source {15 of the modulator {14, which is asso-
ciated with the district 149, is tuned to the re-
quired frequency under the control of the marker
OMI! in similar manner tc that in which the re-
ceiver R—bB of the district D—I in the Hubbard-
Matthies-Myers patent is tuned to the required
frequency as described in the Hubbard-Matthies-
Myers patent on page 6, beginning in line 54, first
column. A seizure signal is transmitted from the
distriet circuif {18 through the low-pass filter
{11, hybrid coil 142, modulator 114 and channel
amplifier {16, through common medium CMIl,
line ampliier LAf, common medium CMI2,
through the particular band-pass filter 147 which
is tuned to pass the carrier wave and signal band
transmitted by modulator {14, to the demodulator
448 whose carrier source 149 is of the same fre-
quency as that of the source 115 connected to
modulator §i4. The demodulated seizure signal
is thus further transmitted through hybrid coil
142 and low-pass filter 141 to the final circuit 140.
In response to the seizure signal reecived by final
circuit 140, a terminating sender TS2 is con-
nected to the final circuit 146, Numerical sig-
nals are now transmitted by the originating send-
er OS{, through district circuit 110, low-pass
filter 111, hybrid coil {12, modulator {14, ampli-
fier 18, common medium CMI|, line amplifier
LAI{, common medium CMi2, and band-pass filter
147, to demodulator 148; and the demodulated
signals are transmitted through hybrid coil 142,
filter 141 and final circuit 148 to the terminating

, sender T8Z, in which the identity of the called

subscriber’s station is thereby registered.  TFor
description of the sending of the seizure signal
from the district {19, the connection of a ter-
minsting sender to the final circuit 48, and
transmission of the numerical digits from the
originating sender to the terminating sender,
reference may be had to the aforementioned
Hubbard-Matthies-Myers patent beginning on

Ppage 8, line 6, first column. The originating

sender further transmits a signal indicative of
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the frequency of the carrier source 119 which
is connected to-the demodulator {18 which is as-
sociated with hybrid coil 112 and district 110;
and this signal operates register means in sender
TS2. A terminating marker TM2 is thereupon
connected to the sender TS2, the marker is con-
nected to the modulator 144 and final switch FS2
which are associated with the final circuit (40,
the variable frequency -carrier source of modu-
lator 144 is tuned to the same frequency as thaf of

the source |15 associated with the demodulator .

118 in office A, and the final switch FS2 is con-
trolled by the marker TM2 to connect with the
line 14 of the called station S4. The called line
is tested and, if the line is idle, & signaling cir-
cuit is: closed in the usual manner.. When the
call is answered, a two-way conversational con-
nection is completed hetween stations St and S4,
one way through media CMI{ and CMI{2 and the
other way through media CMI3 and CMI4. The
originating marker OMI is released as soon as
the carrier source 115 has been tuned to the re-
quired frequency; the originating sender OSf is
released as soon as the numerical and channel
frequency indicating signals have been transmit-
ted to the called office; and the terminating send-
er TS2 and marker TM2 are released as scon as
connection with the called line: has been com-
pleted. Supervisory signals may be transmitted
in both directions, release of the connection being
" effected when the subscriber at the calling sta-
tion S restores the telephone set to normal. The
line and final switches L3I and FS2 are theére-
upon restored to normal; and the carrier sources
{15 and 145 are disconnected from modulators
114 and 144.

"In. the offices C and D shown in Fig. 2, the
district circuits 218 and 230 and final circuits
220 and 240 are individually connécted through
low-pass filters 211, 231, 221 and 241 to hybrid
coils 212, 232, 222 and 242. The hybrid coils
are further connected to line balancing networks
213, 233, 223 and 243, to modulators 214, 234, 224
and 244, and through channel amplifiers 219, 239,
228 and 249 to demodulators 217, 237, 227 and
247. Fixed frequency carrier sources 218, 238,
222 and 248 are connected to the demodulators;
and carrier sources of desired frequency are se-
lected and connected to the modulators under
control of originating and terminating markers.
The modulators are divided into¢ groups, modula-
tors 214 and 228 in office C bheing connected
through individual-isolating resistance pads 216
and 228 and through group filter GF'! to the mul-
tichannel transmission medium CM21{; and modu-
lators 224 and 244 in office D being individually
connected through resistance pads 226 and 245
and  through group filter GF3 -to multichannel
transmission medium CM23. The resistance pads
and group filters are used instead of pentode
amplifiers as in Fig. 1. - The demodulators are
also divided into groups, group filler GF2 con-
necting a group of demodulators 217, 227 to mul-
tichannel transmission medium CM24 and group
filter GP4 connecting a group of demodulators -
237, 247 to multichannel transmission medium
CM22. -Since the energy from one modulator,
which feeds back into another modulator to cause
cross-talk, is inversely proportional to the square
of the number of modulators connected in paral- -
1e], the cross-talk due to intermodulation between
channels will not e substantial with large num-
bers of modulators connected to each group filter.
The loss which is introduced by the isolating re-
sistance pads is made up in the line amplifiers. "

A further modification introduced in the ar-
rangement of Fig. 2 is the elimination of the de-
modulator filters shown in Fig. 1, the balance of
the Gemodulators necessary to prevent cross-talk
being obtained by the use of double-balanced cop-
per-oxide modulators. The most serious cross-
talk will be contributed by the third harmonic of
the carrier modulating with energy approximate-
1y three times the frequency of the wanted sig-
nal; and this type of cross-talk is prevented by
the group filters which pass a non-harmonically
related group of carriers. The remaining serious
distortion products involve the square and higher
orders of the signal energy; and these are reduced
by operating the demodulators at low level, single
tube amplifiers being provided to raise the out-
put volume of each demodulator to a satisfactory
level. )

In the arrangement snown in Fig. 3, a double
stage of modulation is provided with single side-
band transmission. Each district circuit 310 is
connected by a low-pass filter 3if to a voice fre-
quency hybrid coil 3{2; and each final circuit
238 is connected by a low-pass filter 331 to a voice
frequency hybrid coil 332.. The hybrid coil 312
is further connected to a line balancing network
313, & primary modulator 314 and a demodulator
321: and the hybrid coil 332 is further connected
to a line balancing network 333, a primary modu-
lator 334 and a demodulator 34{. The primary
modulator 3i4 is connected to fixed-frequency
carrier source 315 and through a corresponding
band-pass filter 316 to a secondary modulator
2171; and the primary modulator 334 is connected
to a fxed-frequency carrier source 339 and
through a corresponding band-pass filter 336 to
a secondary modulator 337. The channels are
divided into groups, the same primary carrier fre-
quency being used for all of the primary modula-
tors in the group and a different secondary car-
rier frequency being used for each secondary
modulator. The particular frequency of the car-
rier source 318 which is connected to the sec-
ondary modulator 31T on a given call is con-
trolled by the originating marker under whose
control the desired conversational connection is
being established; and the particular frequency of
the carrier source 338, which is connected to the
secondary modulator 337 on a given call, is con-
trolled by the terminating marker under whose
control the desired conversational connection is
being established. The frequency of the carrier
connected to each primary modulator cof a group
of channels is greater than the band-width passed
55 by the group filter; and the band-pass filter of

each channel selects. one of the side-bands of
the primary carrier and passes it to the second-
ary demodulator. The frequency of the carrier
source 318 which is selectively “associated with
60 the secondary modulator 311, lies within the band-
width of the groun filter 249 and determines the
position of the modulated single side-band in the
group band. And the frequency of the carrier
source 338 which is selectively associated with
65 the secondary demodulator 337, lies-within the
band-width of the group filter 238 and determines
the position of the modulated single side-band in
the group band. Since the unwanted side band
of each channel is outside of the group band
70 and is not transmitted. only a single stage of
demodulation is required.  Thus each group of
secondary medulators is connected through a
group filter 218 or 338 to a multichannel medium
M2 or CM23, thence through a line amplifier,
75 g multichannel medium CM382 or CM34, and an
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office filter 320 or 348 to all of the demodulators
321 and 341, each demodulator having a dif-
ferent fixed carrier frequency. While this ar-
rangement requires the use of an additional
modulator and filter for each channel, it greatly
reduces the cost of the required carrier supply
system, reduces the delay distortion, and increases
the number of channels which may be provided
through the common transmission media.

The carrier channel equipments may be ar-
ranged so that fixed carrier frequencies are as-
signed to both the modulator and demodulator
associated with a final swifch in which case the
originating marker selectively controls the con-
nection of carrier sources of required frequency
to. both the modulator and demodulator associ-
ated with the district through which a call is
initiated., This and other modifications of the
above-described arrangements may be made
within the scope of the invention.

What is claimed is:

1. In a telephone system, subscribers’ lines, a
plurality of high frequency carrier channel equip-~
ment units each comprising a modulator and a
demodulator, means for individually connecting
said units with subscribers’ lines, amplifiers, one
for each of said modulators, band-pass filters,
one for each demodulator, for passing a differ-
ent band of frequencies to each demodulator, a
plurality of carrier current sources, a source of
a different frequency for each demodulator, a
multichannel transmission medium connected to
a plurality of said amplifiers, a multichannel
fransmission medium connected to a plurality of
said filters, an amplifier interconnecting said
multichannel media, and means including con-
trol means common to said units for selectively
connecting to the modulator of any unit con-
nected with a calling line a carrier source of
the same frequency as that of the carrier source
connected to the demodulator of a unit adapted
to. be connected to the called line.

2. In a telephone system, subscribers’ lines, a
plurality of high frequency carrier channel
equipment units, means including electromechan-
ical switching means for individually connecting
said equipment units to subscribers’ lines, each
of said units comprising a modulator and a de-
modulator, multichannel transmission media
common to said units, a plurality of carrier cur-
rent sources, a source of a different frequency
for each of said demodulators, and means includ-
ing control means common to a plurality of said
units for selectively effecting the connection of
carrier sources of required frequency to said mod-
ulators, thereby to effect the completion of non-
interfering two-way conversational connections
through said common media between units con-
nected to calling subscribers’ lines and units
adapted to be connected to called subscribers’
lines.

2. In a telephone system, subscribers’ lines, a
plurality of carrier channel equipment units, each
comprising a modulator and a demodulator,
means for individually connecting said units with
subscribers’ lines, a multichanne] transmission
medium common to a plurality of said modu-
lators, resistance pads one for each of said plu-
rality of modulators, each of said pads connect-
ing the associated modulator to said medium, a
multichannel transmission medium common to
8 Dlurality of saild demodulators, sn amplifier
interconnecting said media, a plurality of carrier
current sources, a source of a different frequency
for each of said demodulators, and means in-
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cluding control means common fo said units for
selectively connecting to the modulator of any
unit connected to g calling subscriber’s line a
carrier source of the same frequency as that of
the carrier source connected to the demodulator
of a unit adapted to be connected to the called
line,

4. In a telephone system, subscribers’ lines, a
plurality of high frequency carrier channel equip-
ment wunits, means for individually connecting
said units with subscribers’ lines, each of said
units comprising a modulator and a demodulator,
a multichannel transmission medium common to
a plurality of said modulators, resistance pads one
for each of said modulators connecting said
modulators to said medium, a multichannel
transmission medium common to a plurality of
said demodulators, an amplifier interconnecting
said media, a plurality of carrier current sources,
a source of g different frequency for each of said
demodulators, and means including control
means common to said units for selectively con-
necting to the modulator of any unit adapted to
be connected to a called subscriber’s line a car-
rier source of the same frequency as that of the
source connected to the demodulator of the unit
connected to the calling subscriber’s line.

5. In a telephone system, subscribers’ lines, a
plurality of carrier channel equipment units; each
comprising a modulator and a demodulator,
means for individually connecting said units
with subscribers” lines, a multichannel transmis-
sion medium common to a plurality of said mod-
ulators, resistance pads one for each of said plu-
rality of modulators, each of said pads connect-
ing the associated modulator to said medium, a
multichanrel transmission medium common to
a plurality of said demodulators, an amplifier in-
terconnecting said media, a plurality of carrier
current sources, a source of a different frequency
for each of said demodulators, means including
control means common to said units for selec-
tively connecting to the modulator of any unit
connected to a calling subscriber’s line a carrier
source of the same frequency as that of the car-
rier source connected to the demodulator of a
unit adapted to be connected to the called line
and for selectively connecting to the modulator
of said unit adapted to be connected to a called
stbscriber’s line a carrier source of the same fre-
dquency as that of the demodulator connected to
the unit connected to the calling subscriber’s line.

6. In a telephone system, subscribers’ lines. a
plurality of high frequency carrier channel equip-
ment units, means for individually connecting
said units with subscribers’ lines, each of said
units comprising a modulator and a demodula-
tor, said modulators and said demodulators being
divided into groups, group filters, one for each
group of modulators and one for each group of
demodulators, resistance pads, one for each of
said modulators, each of said pads connecting the
associated modulator to the associated group fil-
ter, multichannel transmission media, the group
filters of each of a plurality of groups of mod-
ulators being connected to one of said transmis-
sion media and the eroup filters of each of a
pluraltiy of groups of demodulstors being con-
nected to ancther of said transmission media.

7. In a telephone system, subscribers’ lines, s
plurality of high frequency carrier channel equip-
ment units, means for individually conneciing
said units with subscribers’ lines, each of said
units eomprising a modulator and a demodula-
tor, said modulators and said demedulators being
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divided into groups, group filters, one for each
group of modulators and. one for each group of
demodulators, resistance pads, one for each of
said modulators, each of. said pads connecting
the associated modulitor to the associated group
filter, multichannel transmission media, the
group filters of each of a plurality of groups of
modulators being connected to one of said trans-
mission media and the group filters of each of a
plurality of groups of demodulators being con-
nected to another of said transmission media, a
plurality of carrier current sources, a source of a
different frequency for each of said demodula-
tors, and means including control means commaon
to said units for selectively connecting to the
modulator of any unit connected to a calling sub-
scriber’s line a carrier source of the same fre-
quency as that of the carrier source connected
to the demodulator of a unit adapted to be con-
nected to the called subscriber’s line.

8. In a telephone system, subscribers’ lines, &~

plurality of high frequency carrier channel equip-
ment units, means for individually connecting
said units with subseribers’ lines, each of said
units comprising a modulator and a demodula-
tor, said modulators and said demodulators being
divided into groups, group flters, one for each
group of modulators and one for each group of
demodulators, resistance pads, one for each of
said modulators, each of said pads connecting the
associated modulator to the associated group fil-
ter, multichannel transmission media, the group
filters of each of a plurality of groups of modu-
Jators being connected to one of said transmis-
sion media and the group filters of each of a
plurality of groups of demodulators being con-
nected to another of said transmission media, a
plurality of carrier current sources, a source of a
different frequency for each of said demoduators,
and means including control means common to
said units for selectively connecting to the mod-
ulator of any unit adapted to be connected to &
called subscriber’s line a carrier source of the
same frequency as that of the source connected
to the demodulator of the unit connected to the
calling subscriber’s line.

9. In a telephone system, subscribers’ lines, a
_ plurality of high frequency carrier channel equip-
" ment units, said units divided into groups, means
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for individually connecting said units with sub- -
scribers’ lines, each of said units comprising a
primary modulator, a secondary modulator and
a, demodulaior, multichannel transmission media
common to & plurality of said units, group filters,
each of said filters connecting one of said media
to the secondary modulator of a different group
of said units, a plurality of sources of carrier
current, a source of a different frequency being
individually connected to each of said priméry
modulators and said demodulators, band-pass fil-
ters adapted to pass one of the voice frequency
side-bands from the associated modulator to the
associated secondary modulator, and means in-
cluding control means common to said units for
selectively connecting to the secondary modu-
lator of a unit connected to a calling subscriber’s
line a carrier source of required frequency to es-
tablish a conversational connection through one
of said media with the demodulator of a umit
adapted to be connected with the called sub-
scriber’s line.

10. In 3 telephone system, subscribers’ lines, a
plurality of high frequency carrier channel equip-
ment units, said units divided into groups, means
for individually connecting said units with sub-
seribers’ lines, each of said units comprising a
primary modulator, a secondary modulator and
a demodulator, multichannel transmission media
common to a plurality of said units, group filters,
each of said filters connecting one of said media
to the secondary modulator of a different group
of said units, a plurality of sources of carrier cur-
rent, a source of a different frequency being in-
dividually connected to each of said primary
modulators and said demodulators, band-pass fil-
ters adapted to pass one of the voice frequency
side-bands from the associated modulator to the
associated secondary modulator, and means in-
cluding control means common to said units for
selectively connecting to the secondary modula-
tor of ‘a unit adapted to be connected to a called
subseriber’s line a carrier source of the required
frequency to establish a conversational connec-

43 tion through one of said media with the de-

modulator of the unit connected to the calling

subscriber’s line.
RAYMOND O. WISE.




