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The present invention relates to signal trans 

mission systems and, particularly, to such systems 
wherein a given number of signal sources are 
accommodated by a lesser number of signal trans 
mission channels by the method of time sharing, 
thus to reduce the time during which any trans 
mission channel remains idle. While the inven 
tion isof general application, it is particularly 
suited for speech transmission systems and will 
be described in that connection. _ 
In communication over long distances, the 

number of telephone lines or other transmission 
channels available to a given service is often much 
more limited than the number of persons or sub 
scribers who may wish to communicate at a given 
time. Since the peak demand made on a com 
munication system of this nature occurs only dur 
ing one or two relatively short periods of the day, 
and may be greatest only during a certain season 
of the year, it is not economical to provide a suf~ 
?cient number of transmission channels always 
to ‘be able to allocate an individual channel to 
each person or subscriber wishing to communi 
cate over the system. Rather, a, limited number 
of transmission channels are provided and the 
persons wishing to use these channels must then 
do so by awaiting their turn, Or some form of 
rapid time-sharing arrangement is utilized. Sta 
tistical studies indicate that in ordinary dialogue 
the actual time required by the spoken words of 
one person is approximately V3 of the entire con 
versational time. ' 

Perhaps the majority of prior time-sharing 
arrangements, for utilizing transmission channels 
more emciently, employ some form of rotational 
distribution of the available transmission chan 
nels between a large number of active subscribers. 
A transmission channel is assigned to any one 
subscriber only during the actual conversational 
period of that subscriber Or perhaps only during 
the actual “word intervals” of his conversation. 
By the term "word interval” as used herein is 
meant the duration of one or a succession of syl 
lables no one of which is separated from another 
by an interval as great as that between succes 
sive words of a conversation. This term may in 
clude the “hang-over time,” an expression com 
monly used in telephone practice in connection 
with telephone systems including voice-operated 
devices, which is the period of time that a voice 
operated device remains, due to its own operating 
characteristics, in operated position after the 
operating impulse has been removed. A small 
amount of "hang-over time” insures that weak 
endings of syllables which by themselves are not 
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capable of holding a voice-operated relay in op 
erated position will not be lost due to a premature 
opening of the relay. The hang-over time may 
be increased or decreased in duration as the type 
of systems demands. Of the prior time-sharing 
systems mentioned, the one wherein a transmis 
sion channel is assigned to a given subscriber for 
the entire period of a sentence or group of sen 
tences without intervening-pauses has the dis 
advantage that.it does not eifect the greatest 
utilization of a given transmission channel since 
the latter must necessarily remain idle during the 
intervals between words of the conversation. 
The method of time sharing by word intervals 
e?ects somewhat higher emcieency, but has the 
disadvantage that it does not e?ect the most 
desirable distribution of the available channels 
between the active subscribers. 
During the past decade, the tendency in multi 

channel communication systems has been toward 
the utilization of a single conductive circuit de 
signed to translate a relatively wide frequency 
band and to divide this band into a plurality of 
discrete communication channels of lesser band 
width. The speech or telegraphic signals to be 
transmitted are carried as modulation compo 
nents of carrier waves having individual fre 
quencies such that desired components‘may be 
separated by band~pass selectors and individually 
applied to the plurality of available transmission 
channels. Since the cost of the transmission cir 
cuit varies with the band width which it must 
have to accommodate the desired number of 
transmission channels, it is desirable that its band 
width‘ be minimized for a given number of trans 
mission channels or, conversely, that the great 
est number of transmission channels be accom 
modated in a given band width. 

It is an object of the present invention to pro 
‘vide a new and improved signal-transmission sys 
term which avoids one or more of the limitations 
and disadvantages of prior systems of the type 
described. 

It is a further object of the invention to pro 
‘ vide a new and improved signal-transmission sys 
tem which substantially increases the e?iciency 
of communication systems by decreasing the time 
the transmission channels of the system remain 
idle. 

It is an additional object of the invention to 
provide a new and improved signal-transmission 
system of the carrier-wave type which possesses 
the desirable characteristics previously men— 
tioned. 
In accordance with a feature of the invention, 
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a signal-transmission system comprises a plu 
rality of signal sources which may be considered 
as arranged in consecutive order, a plurality of 
transmission channels, and means coupling the 
sources to the channels for temporarily assigning 
all of the sources when inactive to one of the 
channels. The system includes means responsive 
to a predetermined operating characteristic 01 
active ones of the sources for controlling the cou 
pling means to maintain the lowest-order active 
source assigned to the aforesaid one channel and 
highereorder active‘ sources assigned in order in 
dividually to consecutive channels proximate to 
the aforesaid one channel. 
In accordance with a particular form of the in 

vention, a signal-transmission system of the type 
described includes means responsive to a prede 
termined operating characteristic of active ones 
of the sources for coupling the active source’s dur 
ing the active signal interval of each selectively to 
the transmission channels, and means for con 
ditioning the system to assign a plurality of the 
active sources to each such channel including 
means responsive to the band width of the signal 
or" each active source for controlling in accord 
ance therewith, during the aforesaid each ac 
tive signal interval, the width of the frequency 
spectrum assigned to each such active source. 
For a better understanding of the present in 

vention, together with other and further objects 
thereof, reference is had to the following descrip 
tion taken in connection with the accompanying 
drawings, and its scope will be pointed out in the 
appended claims. 

Referring now to the drawings, Fig. 1 illus 
trates schematically the general arrangement of 
a signal-transmission system embodying the 
present invention; Fig. 2 is a circuit diagram, 
partly schematic, of several transmitting stations 
arranged in a system embodying the invention; 
and Fig. 3 is a circuit diagram, partly schematic, 
of several receiving stations arranged in the sys 
tem of the invention. ' 
Referring particularly to Fig. 1, there is shown 

the general arrangement of a plurality of trans 
mitting stations S1 to S10, inclusive, a plurality 
of corresponding receiving stations R1 to R10, 
inclusive, and a plurality of interconnecting trans 
mission channels T1 to T6, inclusive, in a signal 
transmission system embodying the present in 
vention. The transmitting stations S1 to S10, in 
clusive, and corresponding receiving stations R1 
to R10, inclusive, may be considered as arranged 
in consecutive order and it will be noted that the 
number of transmitting and receiving stations 
exceeds the number of transmission channels‘ 
provided in the system. Statistical data indi 
cates that, in practice, the number of transmit 
ting stations may exceed the number of trans 
mission channels in the ratio of 3:1 without too 
greatly impairing the overall operation of the 
system. In the ensuing discussion of the Fig. 1 

15 

20 

25 

30 

35 

40 

2,888,001 
group including stations S1 to S5, inclusive, and 
a second group including stations Se to S10, in 
clusive. The system of the present invention 
temporarily assigns all inactive stations of each 
group to individual end transmission channels 
T1 and T0. As the stations become active, the 
assignment of the lowest-order active station to 
the channel T1 is maintained while the higher 
order active stations are assigned in order indi 
vidually to consecutive channels T2, T3, etc., 
proximate to the channel T1. The terms "lower 
order” and “higher-order” are used in the pres~ 
ent speci?cation and claims simply to denote the 
order in which the stations, or the speech-signal 
sources thereof, have priority of assignment to 
the available channels, the lower-order stations 
having priority of assignment over a high-order 
station. 
Assume for purposes of illustration that the 

stations of the first group S1 to S5, inclusive, have 
increasing order from the station S1 to the sta 
tion S5. Further assume that the stations S3 and 
S5 are active at a given moment. As indicated 
by the solid-line arrows, the active stations & 
and S5 are so assigned to the available channels 
that the assignment of the lowest-order active 
station 83 to the ?rst channel T1 is maintained 
while the higher-order active station S5 is as 
signed to the second channel T2. If now one 
of the even lower-order stations S1 or S2 were to 
become active, this station would immediately be 
assigned the ?rst channel T1 and the active sta 
tions S3 and S5 would be shifted to the respec 
tive channels T2 and Ta. Alternatively, should 
the station S4 become active, the fact that it is 
of higher order than the station S: but of lower 
order than the station S5 would have the result 
that it would not disturb the assignment of the 
station S: to the ?rst channel T1, but would 
rather, by virtue of its priority, cause the station 

‘ S5 to be newly assigned to the channel T3 to en 
' able the assignment of the station S4 to the sec 
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system, reference is made only to the transmit- , 
ting stations S1 to S10, inclusive, but it will be 
understood that provision is made, as will here 
inafter be described in detail, by which the as 
signment of one of the transmitting stations to 
a given transmission channel effects the au 
tomatic assignment of the corresponding receiv 
ing station to the same channel. 
For reasons which will become more fully ap 

parent during the description of the Fig. 2 trans 
mitter system, the transmitting stations prefer 
ably are divided into two groups having equal 
numbers of stations in each, for example, a ?rst 
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ond channel T2. 
The assignment of the stations to the trans 

mission channels in this manner is e?ected by 
word-actuated relay devices and is so rapid that 
a word of the station S0, for example, may very 
well have one or two of its syllables transmitted 
over the channel T2 and its remaining syllables 
transmitted over the channel T3. As previously 
mentioned, provision is made for the receiving 
stations R1 to R10, inclusive, automatically to fol-‘ 
low the assignment of their corresponding trans 
mitting stations so that one of the receiving sta-é 
tions will always receive a complete word orig~ 
inating at a corresponding transmitting station 
even though the changing assignments of the 
transmitting stations occur with such rapidity 
that portions of a word are transmitted over 
several transmission channels. 
The second group of stations S6 to S10, inclu 

sive, likewise are assignable in order to available 
transmission channels, but in this case all of the 
stations when inactive are assigned to the end 
transmission channel To. In this case also, the 
order of the stations, or order of priority of as 
signment, is considered with relation to station 
S10 so that the station Se is the highest-order sta~ 
tion of the group. Thus, as illustrated in Fig. 1 
by way of example, assume that the stations 
S10, S11, and S7 are active at a given moment. BY 
priority, theSe active stations are assigned to the 
respective transmission channels, T5, T5, and T4 
as indicated by the solid-line arrows. If now 
the station S0 becomes active, it is of higher 
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order than the station S10 but of lower order than 
the stations Se and S1 so that it takes priority 
on the channel T5 and shafts the stations Se and 
S7 to the respective channel T4 and T3, as indi 
cated by the broken-line arrows. 
The two groups of stations S1 to S5, inclusive, 

and‘ So to S10, inclusive, are not restricted to a 
predetermined number of the channels T1 to To, 
inclusive, but may use as many of the channels 
as are needed. Thus, it may happen that during 
one moment of time the ?rst group of stations 
may use all of the channels T1 to T5, inclusive, 
while a moment later the second group of sta 
tions may all become active and be assigned to 
all of the channels T2 to To, inclusive. If a sum 
cient number of channels are provided for a given 
number of stations, for example a ratio of chan 
nels to stations of the order of 1/2 to 1/3, the prob 
ability of one channel being thus momentarily 
assigned to two stations is in practice rather re 
mote since so much of the time required for one 
person to carry on a two-way conversation is 
"idle time." However, should it happen that 
two stations are momentarily assigned to a com 
mon transmission channel, the assignment can 
only occur for words simultaneously spoken by 
both stations so that neither of the two receiv 
ing stations concerned is able to receive an intel 
ligible unauthorized word and the net effect will 
be the same as though a momentary burst of 
noise disturbance had appeared on that channel 
of the transmission system. On the other hand, 
it will be apparent from the foregoing brief de 
scription of the system that the end transmission 
channels T1, T2, T5 and To have extremely high 
e?iciency since they are used almost continuously 
and the center channels T3 and T4 are operated 
with very good efficiency since they may be used 
by the transmitting stations of either group and 
thus will be in use a great majority of the time. 
An additional important feature of the trans 

mission system of the present invention, pres 
ently to be described in greater detail, concerns 
the assignment of any active station to only a 
sumcient portion of an available transmission 
channel adequately to transmit the signal of the 
station. This permits the momentary assignment 
of two or more stations, without interference one 
with the other, to a single transmission channel, 
whereby the number of available transmission 
channels may be eifectively increased in substan 
tial degree. Thus, assuming that a transmission 
channel has a band width of 3,000 cycles, a lower 
order station which requires only a band width 
of 1,500 cycles for the transmission of its signal 
will be'assigned 1/2 of a transmission channel to 
leave the other half of the channel available for 
use by a second station of higher order. It may 
therefore happen that the signal of a given 
transmitting station is, at a given moment, trans-“ 
mitted over portions of two adjacent channels to 
its corresponding receiving station, the lower fre 
quencies of the signal being transmitted over‘ 
one channel and the higher frequencies over 
another. This, however, will not impair the 
?delity of the transmitted signal since ‘the corre 
sponding receiving station similarly is assigned 
to corresponding portions of the two adjacent 
channels and thus receives both the lower and 
higher frequencies of the transmitted signal. 

It will be understood, of course, that the use 
of ten stations and six transmission channels 
in Fig. 1 is only for purposes of illustration and 
that, in practice, a system embodying ‘the present 
invention may have as many such stations as 
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can conveniently be utilized with a given large 
number of transmission channels. . 
In the following detailed description of a sys 

tem embodying the present invention, the trans 
mission channels are described as having a band -~ 
width of 3 kilocycies and as being contiguous 
over a predetermined range of the frequency 
spectrum, two active stations being assigned to 
equal portions of the same channel where a 
lower-order active source requires at a given 
moment only V2 of the channel band width. It is 
to be understood that this view of the channel 
arrangement is one selected simply for purposes 
of convenience in describing the invention and 
its operation and that an alternative view of the 
channel arrangement is one in which each chan 
nel of a contiguous arrangement of channels 
has a 1.5 kilocycle bandwidth with an active sta-‘ 
tion assigned to two adjacent channels where the 
momentary frequency components of the speech 
signal of such active station require a 3-kilocycle 
Qband width for transmission thereof. Yet an 
other manner of considering the channel ar 
rangement is one in which each channel occupies’ 
a frequency region the width of which is deter 
mined by the momentary demand of the signal 
of an active source coupled to the channel and 
the position of which in the frequency spectrum 
is determined by the number of active lower 
crder sources at a particular moment. Conse-_ 
quently, it is intended that the terminology of the 
appended claims relating to the transmission 
channels, their arrangement, and the order in 
which active sources are coupled thereto is in 
tended to cover arrangements of any of the types 
Just described. 
Fig. 2 is a circuit diagram, partly schematic, 

representing several complete transmitting sta— 
tions S1 to S3, inclusive, arranged in a signal 

40 transmission system embodying the present in~ 
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vention. The three stations shown include in 
large part similar circuit elements in a similar 
circuit arrangement. Hence, to simplify the de» 
scription of the invention, elements of stations 
32 and S3 which correspond to similar elements 
of station S1 are designated by similar reference 
numerals primed for station S2 and double primed 
for station S3. Station S1 includes a speech 
signal source it. Since the stations S1 to S3, 
inclusive, may be considered as arranged in con 
secutive order as previously mentioned, the signal 
sources l0, l0’ and it" thereof may also be con 
sidered as arranged in consecutive order in simi 
lar manner. The signal-transmission system of 
the present invention also includes, as earlier 
mentioned, a plurality of transmission channels. 
In particular, the system includes transmission 
means, comprising for example a coaxial trans 
mission line H, having a frequency spectrum pro-r 
viding such channels in consecutive order. 
The system also includes means coupling the 

sources l0, l0’ and E0" to the channels it for 
temporarily assigning all of the sources when in 
active to one of the channels, preferably an end 
channel as previously described. In particular, 
this means comprises heterodyne means for het 
erodyning the signal appearing in any single ac 
tive one of the sources l0, l0’ and 00" to one 
channel provided by the frequency spectrum of 
the transmission line H. In greater particularity, 
this means for station S1 comprises a pair of 
band-pass selectors it, it having input circuits 
coupled to the output circuit of the signal source 

- l0 and having output circuits coupled to a com 
75 mon input circuit of a modulator is. For speech 
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transmission in a commercial telephone system, 
the selector 8% may translate by way of euample a 
band of frequencies from 0 to 1.5 kilocycles while 
the selector it may translate a band of fre 
quencies from 1.5 to 3.0 kilocycles, the purpose of 
these selectors being explained in greater detail 
hereinafter. There is also coupled to an input 
circuit of the modulator l5, and as indicated by 
the legend "W" also in common to the input cir 
cuits of the modulators l5’ and 85" of the other 
stations, an oscillator 26 which may have a fre 
quency, for example, of 92 kilocycles. The fre 
quency values and translation band widths as 
signed to the oscillator l6 and to other subsequent 

' elements of this and others of the stations are 
indicated on the drawings. These frequency values 
are illustrative values suitable for three stations 
of a total of twenty or so such stations. There 
is coupled between the output circuit of the modu» 
lator i5 and transmission channel ii, in the or 
der named, a‘ band-pass selector H which trans~ 
lates a frequency band from 92 to 95 kilocycles, 
a modulator it, and a band-pass selector idwhich 
translates a frequency band from 10 to 46 kilo 
cycles. An oscillator 2@, having a frequency of 
82 kilocycles, is coupled to an input circuit of the 
modulator it. In similar fashion, the second sta 
tion S2 has an oscillator 29' coupled to an input 
circuit of the modulator i8’, but in this case the 
oscillator is of the controllable frequency type and 
may have any of several selected frequencies be 
tween ’79 and 82 kilocycles as will presently be ex 
plained in greater detail. In station 83, there is 
coupled to an input circuit of the modulator is" 
an oscillator 2t”, also of the controllable fre 
quency type, which may have any of several se 
lected frequencies within the range from 76 to 82 
kilocycles. 
The signal-translating system also includes 

means responsive to a predetermined operating 
characteristic of active ones of the sources to, ill’ 
and ill" during Word intervals thereof for con 
trolling the coupling means last described to main 
tain, from moment to moment, the lowest-order 
active source assigned to one channel and higher 
order active sources assigned in order individ 
ually to consecutive channels proximate to the 
one channel. This means essentially comprising a 
control system for the heterodyne means de 
scribed. This control system heterodynes the sig 
nal of the lowest-order active source l0, ID’ or In" 
to the aforementioned one channel and hetero 
dynes the signals of higher-order active sources 
individually to consecutive channels approxi 
mate the one channel. This means in the system 
disclosed is intimately associated with means for 
conditioning the system to assign a plurality of 
the active sources to each of the transmission 
channels including means responsive to the mo 
mentary band width of the signal of each active 
source, for example during word intervals there 
of, for controlling in accordance therewith dur 
ing such each active-signalinterval the width of 
the transmission-frequency spectrum assigned to 
each such active source. This band-width con 
trol means essentially assigns to each of at least 
predetermined ones of the active sources in ac 
cordance with the signal band width thereof a 
width of transmission-frequency spectrum varying 
with the band width. The last-mentioned means 
comprises a speech-operated relay 23' included 
in the second or higher-order station S2 and en 
ergized in conventional manner by the speech 
signal translated by the band-pass selector iii of 
the ?rst or lower-order station S1 and a speech 

20! 

25 

30 

35 

40 

45 

50 

55 

60 

65 

aaesnoi 
operated relay 24’ also in the station S: and en 
ergized in conventional manner by the signal 
translated by the band-pass selector M of the 
station S1. Since the station S1 is considered 
the lowest-order station of the system, no cor— 
responding relays are included in this station. 
The relays 23' and 24' of station S2 are compo 
nents of a frequency control system in this station 
which includes a modulator 25' having an input 
circuit coupled to an output circuit of the oscil 
lator 20' and also having an input circuit coupled 
to an output circuit of an oscillator 26' having a 
frequency of 30 kilocycles. The output circuit of 
the modulator 25' is coupled through a band-pass 
selector 21' to an input circuit of a modulator 28', 
to another input circuit of which is also coupled 
an output circuit of the oscillator as. The se 
lector 2'5’ translates a band of frequencies equal 
to the sum of any frequency which the oscillator 
2@’ may have plus 30 kilocycles which is the fre 
quency of the oscillator it’. The output circuit 
of the modulator 28' is coupled to the input cir 
cuit of each of three frequency discriminators 29', 
so’ and 3!’. These discriminators may, for ex 
ample, be of the type shown in Fig. 52 and de 
scribed on pages 585-6 of “Radio Engineers’ Hand 
boo " by Terman, published by McGraw-Hill Book . 
Company, Inc., of New York, New York (?rst edi 
tion, 1943). The discriminator 29' which is cen 
tered on or resonant at a frequency of 30 kilo 
cycles, has an output circuit coupled to a nor 
mally closed contact 32' of the relay 23'. The 
discriminator 30', which is centered on or reso 
nant at a frequency of 28.5 kilocycles, has an out 
put circuit coupled to a normally closed contact 
33' of the relay 24’. The discriminator 3|’, which 
is centered on or resonant at a frequency of 27 
kilocycles, is coupled to a normally open contact 
34' of the relay 24'. The movable contact 35’ of 
the relay 24' is coupled to a normally open con 
tact 36' of the relay 23’ while the movable con 
tact 3'!’ of the latter relay is coupled to the input 
circuit of a frequency-control unit 38’. The out— 
put circuit of the latter unit is coupled to a fre 
quency control circuit of the oscillator 20" to con 
trol the frequency of the latter. 
Each of the transmitting stations includes 

means for transmitting either-one or two control 
tones, depending upon the band width of its signal, 
when the station becomes active, these control 
tones being utilized to effect the assignment of a 
corresponding receiving station to the same trans 
mission channel to which the transmitting sta 
tion is assigned. This means in station S1 com 
prises a speech-operated relay 39 which is ener 
gized by the band-pass selector l3 and which is 
effective to couple a control-signal generator 40 
to a control channel of the transmission line H. 
The last-mentioned means also includes a speech 
operated relay 4! which is energized by the band 
pass selector l4 and which is effective to couple a 
control-signal generator E2 to the control chan 
nel of the transmission line ll. Each of the 
control-signal generators has an individual fre 
quency different than that of any other. For ex 

> ample, the generator 40 has a frequency of 9.9 
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kilocycles and the generator 42 a frequency of 9.8 
kilocycles. In the transmitting station S2, the 
control signal generator 40’ has a frequency of 
9.7 kilocycles and generator 42’ a frequency of 
9.6 kilocycles. Similarly, in the transmitting sta 
tion $3, the control signal generator 40" has a 
frequency 9.5 kilocycles and the generator 42" a 
frequency of 9.4 kilocycles. 
Considering now the operation of the trans 
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mitter system just described, assume at the outset 
that a signal having a frequency band width of 0 
to 1.5 kilocycles is developed at a given moment 
only by the source iii of the transmitting station 
31. This signal has no frequency components lying 
within the pass band of the selector It so that all 
of the signal will be translated by the selector 
IE to the modulator IS. The signal here modu 
lates the oscillations applied to the modulator l5 
from the Oscillator i6 and the upper-sideband 
modulation components, extending from 92 to 
93.5 kilocycles, is selected by the selector l7 and 
applied to the modulator H8. The signal thus 
e?ectively heterodyned to a higher frequency by 
the operation of the units I 5, l6 and I7 modu 
lates in modulator It? the oscillations supplied 
thereto from the oscillator 20. The lower-side 
band modulation components, extending from 10 
to 11.5 kilocycles, are selected by the selector l9 
andapplied to the ?rst transmission channel of 
the transmission line II, it being assumed that 
each transmission channel of the latter has a fre 
quency band width of 3 kilocycles and that the‘ 
channels are considered in order from the lowest 
frequency channel to the highest-frequency 
channel. The speech signal of the source i 0 upon 
being translated through the selector I8 ener 
gizes the relay 39, thus to apply a 9.9 kilocycle 
control signal to the control-signal channel of 
the transmission line H, and likewise energizes 
the relay 23’ which operates to disconnect the dis 
criminator 29' and connect the discriminator 30’ 
to the frequency-control unit 38’. The frequency 
control unit 38' thereupon effects a decrease of 
the frequency of the oscillator 20' from 82 kilo 
cycles to 80.5 kilocycles. This frequency-control 
action will now be considered in greater detail 
with reference to the transmitting station S2, but 
it will be understood that the manner of frequency 
control in this station is representative of that in 
other stations having such frequency control. 
In the transmitting station S2, the outputs oi’ 

the oscillators 2i!’ and 28' are applied to the mod 
ulator 25’. Of the modulation components de 
veloped by the latter, those in the frequency 
range from 109 to 112 kilocycles are translated by 
the selector 2?’ to the modulator 28'. There is 
also applied to the latter modulator from the 
oscillator 29 of station S1 oscillations having a 
frequency of 82 kilocycles. The modulation com 
ponents developed in the output circuit of the 
modulator 23' are applied to each of the discrim 
inators 2s’, 3d’, and 8!’. Any one of these dis 
criminators may be coupled to the input circuit 
of the frequency-control unit 38' depending upon 
the state of energization of the relays 23’ and 241’. 
When the discriminator 29' is coupled to the unit 
38', the modulation components translated by the 
discriminator so control the operation of the fre 
quency-control unit 38’, in a manner well under 
stood in the art, that the latter unit maintains 
the frequency of the oscillator 20' at 82 kilocycles 
which is the same frequency as that of the oscil 
later 26 in the transmitting station S1. When 
the discriminator 38' is coupled to the frequency 
control unit 38', the frequency of the oscillator as’ 
is maintained 1.5 kilocycles below that of the os 
cillator 20. In like manner, the discriminator 3 I’ 
serves to maintain the frequency of the oscillator 
2b’ 3 kilocycles below that of the oscillator 26. It 
may be noted at this point that in the transmit 
ting station Sa, its modulator 28" is supplied with 
oscillations from the oscillator 20' of the trans 
mitting station S2. Thus, the discriminators 29", 
36" and’tll" of station S: serve to maintain its 
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oscillator 2" either at the same frequency as the‘ 
oscillator 2', 1.5 kilocycles below the frequency of 
the latter, or 3 kilocycles below the frequency of 
oscillator 20’ depending upon which of the dis 
criminators 29", 30" or 3 l " is coupled by selective 
operation of the relays 23" and 2t" to the fre 
quency-control unit 38". - 

Under the conditions hereinbefore assumed, the 
effect of the speech signal translated only through 
the selector l3 of station ‘S1 is to cause the oscil 
lator 20’ of station S2 and the oscillator 20" of 
station S3 each to have a frequency of 80.5 kilo 
cycles. Hence, if a speech signal having a fre 
quency band width 1.5 kilocycles wide is devel 
oped in either (but not simultaneously in both) 
the transmitting stations S2 or S3, it is translated 
to the transmission line H in the manner of the 
speech signal of station S1 previously described 
and it will be readily apparent that the signal of 
station S2 or S: occupies the upper half 11.5 
to 13 kilocycles of the first transmission channel 
of line II. If the band width of the speech sig 
nal originating in station S2 or S3 is 3 kilocycl'es 
wide, it will now be readily apparent that the 
portion 1.5 to 3.0 kilocycles of the signal is trans 
lated by the lower half 13 to 14.5 kilocycles of the 
second transmission channel of the transmission 
line H. , 

Assume not;r that the band width of the speech 
signal of the source It of station S1, increases to 3 
kilocycles. The portion of this signal from 1.5 to 
3 kilocycles is now translated by the selector 14 so 
that the signal when translated to the transmis 
sion line i l occupies the entire ?rst transmission 
channel from 10 to 13 kilocycles. The transla 
tion of the signal frequency components by the 
selector ill e?ects, the energization of the relay 
M, which applies a control signal of 9.8 kilocycles 
to the control-signal channel of the transmission 
line i i, and also effects the energization of the 
relay 243' of station S2 thus to disconnect the dis 
criminator 3d’ and connect the discriminator 3i’ 
of the latter station to its frequency-control unit 
38'. This has the e?ect of decreasing the fre~ 
quency of the oscillator 2b’ in station S2 and oi 
oscillator 28" in station S3 to '79 kilocycles so that 
the speech signal of either of these stations oc 
cupies the lower half or all of the second trans 
mission channel of the transmission line it. It 
will be apparent that as soon as the band width 
of the speech signal of source it decreases below 
1.5 kilocycles, the relays All of station S1 and 2d’ 
of station S2 become deenergized, thus removing 
the 9.8 kilocycles control signal from the control 
signal channel of transmission line H and in 
creasing the frequency of the oscillator 2d’ of sta 
tion S2 and the oscillator 20" of station S3 to 80.5 
kilocycles. Further, as soon as the signal of sta 
tion S1 disappears entirely, the relays it and 23’ 
become deenergized, thus to remove the 9.9 kilo 
cycle control signal from the control-signal chan 
nel and to increase the frequency of the oscillator 
to’ of station S2 and the oscillator 20" of station 
S3 to 82 kilocycles with the result that a signal 
appearing in either of the latter stations is trans 
mitted over the ?rst transmission channel of the 
transmission line i i. 
This interrelated operation of the transmitting 

stations, described particularly with relation to 
stations S1 and S2, applies to all of the stations 
so that the effect of a speech signal appearing in 
a lower-order station or source is to shift the 
speech signals of higher-order stations or sources 
to higher-order transmission channels of the 
transmission line ‘I i. It should be remembered 
that this assignment and reassignment of the ac 
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tive signal sources to available'transmission chan 
nels occurs continually and preferably at word in 
tervals. The several speech-operated relays of 
the system preferably have sufficient hangover 
time that weak endings of word syllables are not 
lost by a premature opening of a relay. 
While Fig. 2 shows the circuit arrangement of 

only three of the transmitting stations S1, S2 and 
S3 of the Fig. 1 system, it will be understood that 
the remaining stations S4 and S5 of Fig. l have 
similar circuit arrangements and that the sta 
tionsSs to S10, inclusive, of the second group of 
transmitting stations also have a similar circuit 
arrangement and arrangement of elements with 
the exception that the frequency control of these 
latter stations is 50 arranged that all of these sta 
tions are temporarily assigned the highest-order 
transmission channel of the transmission line H 
and lower-order active sources e?’ect the reassign 
ment of higher-order sources in order to indi 
vidual lower-order transmission channels as pre 
viously described. 

Fig. 3 is a circuit diagram, partly schematic, of 
several receiving stations R1, R2 and R3 of a sig 
nal transmission system embodying the present 
invention and adapted for operation with the 
three transmitting stations of Fig. 2 hereinbefore 
described. These receiving stations include in 
large part essentially the same circuit elements 
so that elements of stations R2 and R3 which cor 
respond to the same elements of station R1 are 
designated by similar reference numerals primed 
and double primed, respectively. The oscillator 
frequencies and band-pass selector band widths 
of the several receiving stations are indicated in 
the drawings, the indicated values being those 
suitable for operation with the stations S1, S2 and 
S3 of Fig. 2. Station R1 includes a modulator 
58 having an input circuit coupled through nor 
mally open contacts 59 of a relay 52 to the trans 
mission line i l which includes the several trans 
mission channels. The output circuit of an oscil 
lator v53 is also coupled to an input circuit of the 
modulator 50 and the output circuit of the latter 
unit is coupled, in the order named, to an adjust 
able band-pass selector 5:3, a modulator 55, a 
band-pass selector 56, and a speech-output trans~ 
lating system 5?. The output circuit of an oscil 
lator 59 is coupled to an input circuit of the mod 
ulator 55. A control-signal selector 419 is also 
coupled to the transmission line i l and has a plu 
rality of output circuits each tuned to select an 
individual one of the control signals transmitted 
through the control channel of the transmission 
line i i from the transmitting stations. These 
output circuits are coupled to the relays 52, 52', 
52", and similar relays in the remaining receiv 
ing stations, not shown, and are also coupled to 
a relay 59 of station R1, a relay 59' of station R2, 
,and a relay 59” of station R3 and corresponding 
relays of the remaining receiving stations, not 
shown. 
The receiving stations R2 and R3 include auto 

matic frequency-control systems similar to those 
of corresponding transmitting stations. This fre 
quency-control system in station R2 comprises a 
modulator 69' having an input circuit coupled to 
the output circuit of the oscillator 53’ and the 
output circuit of an oscillator iii’. The output 
circuit of the modulator 69' is coupled through 
a band-pass selector 62' to an input circuit of a 
modulator 63'. The output circuit of the oscilla 
tor 53 of station R1 is also coupled to an input 
circuit of the modulator 63' of station R2 and the 
output circuit of the latter unit is coupled to 
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each of three discriminators 55’, 65', and 5G’. 
The output circuit of the discriminator 64’ is 
coupled to a frequency-control unit 61' through 
a normally closed contact 53 of the relay 52 of 
station R1. The discriminator 65’ is coupled to 
the unit 6'!’ through a normally closed contact 59 
of the relay 59 of station R1 and through a nor 
mally open contact 12 of relay 52 of the latter 
station. The discriminator 66’ is coupled to the 
frequency-control unit 61’ through a normally 
open contact 10 of the relay 59 and a normally 
open contact 12 of relay 52. A movable contact 
‘H, associated with contacts 69 and 10 of relay 
59 is coupled to a normally open contact 12 of 
relay 52 and the associated movable contact 13 
of this relay is connected to the input circuit of 
the frequency-control unit 61' of station R2. 
The relay 59, station R1, has a second pair of 

?xed contacts 14, 15 and a movable contact 15 
which are coupled to a control circuit of the se 
lector 54 to control the pass band of the latter 
unit. - , 

The operation of the receiving system just de 
scribed is quite similar to that of the transmitting 
system previously described except that in the re 
ceiving system the control tones received by the 
selector 49 effect the assignment of the receiving 
stations to transmitting channels of the transmis 
sion line H in such manner that each receiving 
station is assigned at any given moment to the 
same channel as its corresponding transmitting 
station. When no control signals are received 
by the selector 49, all of the relays 52, 52', 52", 
59, etc., are deenergized so that all the receiving 

. stations are disconnected from the transmission 
line H. 
Assume that a control signal of 9.9 kilocycles is 

received by the selector 49 thus to indicate that 
the transmitting station S1, which corresponds 
to the receiving station R1, is transmitting a sig 
nal having a band width not exceeding 1.5 kilo 
cycles. This control signal is selected and applied 
to the relay 52 of station R1. The relay there 
from closes its contacts 5! and couples the input 
circuit of the modulator 50 to the transmission 
line I l. The signal received by the modulator 5il 
modulates the oscillations applied to the latter 
unit from the oscillator 53 and the upper-side 
band modulation components lying within the 
band of 92 to 95 kilocycles are selected by the 
selector 541 and applied to the modulator 55. 0s 
cillations from the oscillator 59 are also applied 
to the modulator 55 and the lower-sideband com 
ponents of the modulated wave signal developed 
in the output circuit of the modulator 55, these 
components comprising the original speech sig 
nal of the signal source ill at the transmitting 
station, are selected by the selector 55 and ap 
plied to the speech-output translating system 57 
for utilization. 
The energization of the relay 52 of station R1 

under the assumed conditions causes the input 
circuit of the frequency-control unit 61' of sta 
tion R2 to be transferred from the discriminator 
66’ to the discriminator 65’, thus to effect a 1.5 
kilocycle decrease of the frequency of the oscil 
lator 53' of station R2 and a similar decrease of 
the frequency of oscillator 53" of station Ra. 
Assume now that a 9.8 kilocycle control signal 

is simultaneously received by the selector 49, thus 
to indicate that the band width of the speech sig 
nal has increased beyond 1.5 kilocycles, The re 
lay 59 is now energized and the connection of the 
input circuit of the frequency-control unit 51' is 
transferred to the discriminator 66' to effect a 



assaooi 
further decrease of the frequency of the oscillator 
53' of station R2 and the oscillator 53" of station 
R; by an additional 1.5 kilocycles so that the fre 
quencies of these ‘oscillators are now 79 kilocy 
cles. This e?’ects an assignment of receiving sta 
tions R2 and R3 to the next higher-order trans 
mission channel of the transmission line H so 

‘ that these stations are now conditioned to receive 
a signal transmitted by their corresponding trans 
mitting station which, as previously described in 
connection with Fig. 2, are themselves assigned 
to the next higher-order transmission channel. 
Should a 9.7 kilocycle control signal be also re 

ceived by a selector t9, thus to indicate that the 
transmitting station S2 was transmitting a signal 
having a band width not exceeding 1.5 kilocycles, 
the relay 52' of receiving station R2 would be en 
ergized to couple the modulator 50' to the trans 
mission line I! thus to receive the transmitted 
signal of station S2. 
52' 
frequency-control unit 67" of station R3 to its 
discriminator 65" thus further to decrease by 1.5 
kilocycles the frequency of its oscillator 53". The 
control signals received by the selector Q9 conse 
quently are effective to assign to each of the re 
ceiving stations corresponding to an active one 
of the transmitting stations the channel and band 
width assigned to the corresponding transmitting 
station so that the selector Q9 and associated re 
lays comprise means for effecting this operation. 
The assignment and reassignment of the receiv 
ing stations to the several transmission channels 
occur continuously and at word intervals in co 
ordinated relation with the assignment and reas 
signment in similar manner of the transmitting 
stations. , 

While only three receiving stations R1, R2 and 
R3 are shown in Fig. 3, it will be understood that 
a signal transmission system embodying the in 
vention normally will include a larger number of 
stations, as indicated in Fig. l, and that the au 
tomatic frequency control of the receiving sta 
tions will be arranged to effect the assignment of 
additional stations to the available transmission 
channels in the manner previously described in 
relation to Fig. 1. 
While the'signal-translating system has been 

described as of the type which assigns at any 
given moment to an active station a transmission ‘ 
channel of band width only suf?ciently wide to 
accommodate the speech-frequency components 
of the speech signal thereof, it will be understood 
that this is by way of illustration only and that 
the system may be somewhat simpli?ed by omis 
sion therefrom of the band Width assignment fea 
ture. Where this is done, an active signal source 
is simply assigned to an entire transmission chan 
nel without regard to the frequency composition 
of the speech signal of such active source. 
While there has been described What is at pres 

ent considered to be the preferred embodiment 
of this invention, it will be obvious to those skilled 
in the art that various changes and modi?cations 
may be made therein without departing from the 
invention, and it is, therefore, aimed in the ap 
pended claims to cover all such changes and mod 
i?cations as fall within the true spirit and scope 
of the invention. 
What is claimed is: 
1. A signal-transmission system comprising, a 

plurality of signal sources which may be consid 
ered as arranged in consecutive order, a plurality 
of transmission channels, means coupling said 
sources to said channels 

The operation of the relay ~ 
also would transfer the input circuit of the i 

for temporarily assign=~ - 

ing all of said sources when inactive to one of said 
_ channels, and means responsive to a predeter 
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mined operating characteristic of active ones of 
said sources for controlling said couplingmeans 
to maintain the lowest-order active source as 
signed to said one channel and higher-order ac 
tive sources assigned in order individually to con 
secutive channels proximate to said one channel. 

2. A signal-transmission system comprising, a 
plurality of speech-signal sources which may be 
considered as arranged in consecutive order, a 
plurality of transmission channels, means cou 
pling said sources to said channels for temporar 
ily assigning all of said sources when inactive 
to one of said channels, and means responsive to 
a predetermined operating characteristic of active 
ones of said sources during word intervals there 
of for controlling said coupling means to main 
tain the lowest-order active source assigned to 
said one channel and higher-order active sources 
assigned in order individually to consecutive 
channels proximate to said one channel. ‘ 

3. A signal-transmission system comprising, a 
plurality of signal sources which may be consid 
ered as arranged in consecutive order, a, plurality 
of transmission channels, means coupling said 
sources to said channels for temporarily assign 
ing all of said sources when inactive to one of 
said channels, and means responsive to the signal 
of active ones of said sources for controlling said 
coupling means to maintain the lowest-order 
active source assigned to said one channel and 
higher-order active sources assigned in order in 
dividually to consecutive channels proximate to 
said one channel. ~ 

4. A signal-transmission system comprising, a 
plurality of signal sources which may be consid 
ered as arranged in consecutive order, a plurality 
of transmission channels, means coupling said 
sources to said channels for temporarily assign 
ing all of said sources when inactive to one of 
said channels, and means responsive to a prede“ 
termined operating characteristic of active ones 
of said sources for controlling said coupling 
means to maintain from moment to moment the 
lowest-order active source assigned to said one 
channel and higher-order active sources assigned 
in order individually to consecutive channels 
proximate to said one channel. 

5. A signal-transmission system comprising, a 
plurality of signal sources which may be consid 
ered as arranged in consecutive order, a plurality 
of transmission channels which may be consid 
ered as arranged in consecutive order, means cou 
pling said sources to said channels fortempo» 
rarily assigning all of said sources when inactive 
to an end one of said channels, and means re 
sponsive to a predetermined'operating charac 
teristic of active ones of said sources for control 
ling said coupling means to maintain the lowest 
order active source assigned to said one chan 
nel and higher-order active sources assignedin 
order individually to consecutive channels proxi 
mate to said one channel. I 

6. A signal-transmission system comprising, 
a plurality of signal sources which may be con 
sidered as arranged in consecutive order, a plu 
rality of transmission channels, means so cou 
pling said sources to said channels that at least 
a predetermined number of lower-order sources 
are assignable to individual channels but each of 
said sources may temporarily be assigned when 
inactive to unused channels assignable to lower 
order sources, and means responsive to a prede 
termined operating characteristic of active ones 
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of said sources for controlling said coupling 
means to maintain the lowest-order active source ~ 
assigned to the one of said channels assignable 
to the lowest-order source and higher-order ac 
tive sources assigned in order individually to 
consecutive channels proximate to said one 
channel. 

7. A signal-transmission system comprising, a 
plurality of signal sources which may be consid 
ered as arranged in consecutive order, transmis 
sion means having a frequency spectrum provid 
ing a plurality of transmission channels, hetero 
dyne means coupling said sources to said trans 
mission means for heterodyning the signal ap 
pearing in any single active one of said sources 
to an end channel of said frequency spectrum, 
and means responsive to a predetermined operat 
ing characteristic of active ones of said sources 
for controlling said heterodyne means to hetero 
dyne the signal of the lowest-order active source 
to said end channel and to heterodyne the signals 
of higher-order active sources individually to, 
consecutive channels proximate to said end chan 
nel. ' 

8. A signal-transmission system comprising, a 
plurality of signal sources, a plurality of trans 
mission channels, means responsive to a prede 
termined operating characteristic of active ones 
of said sources for coupling said active sources 
during the active signal interval of each selec 
tively to said channels, and means for condi 
tioning said system to assign a plurality of said 
active sources to each said channel including 
means responsive to the momentary band width 
of the signal of each said active source for con 
trolling in accordance therewith during said each 
active signal interval the width of the transmis 
sion frequency spectrum assigned to each said 
active source. 

9. A signal-transmission system comprising, a 
plurality of signal sources, a plurality of trans 
mission channels, means responsive to a prede 
termined operating characteristic of active ones 
of said sources for coupling said active sources 
during the active signal interval of each selec 
titvely to said channels, and means for condi 
tioning said system to assign a plurality of said 
active sources to each said channel including 
means responsive to the momentary band width 
of the signal of each said active source for con 
trolling in accordance therewith during said each 
active signal interval the width of the transmis 
sion frequency spectrum assigned to each said 
active source. 

10. A signal-transmission system comprising, a 
plurality of speech-signal sources, a plurality of 
transmission channels, means responsive to a pre 
determined operating characteristic of active 
ones of said sources for coupling said active 
sources during the active signal interval of each 
selectively to said channels, and means for condi 
tioning said system to assign a plurality of said 
active sources to each said channel including 
means responsive to the band width of the signal 
of each said active source during Word intervals 
thereof for controlling in accordance therewith 
during said each active signal interval the width 
of the transmission frequency spectrum assigned 
to each said active source. 

11. A signal-transmission system comprising, a 
plurality of signal sources, a plurality of trans 
mission crannels, means responsive to a prede 
termined operating characteristic of active ones 
of said sources for coupling said active sources 
during the active signal interval of each selec 
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tively to said channels, and means for condition 
ing said system to assign a plurality of said active 
sources to each said channel including means for 
allotting to each of at least predetermined ones 
of said active sources in accordance with the sig 
nal band width thereof a width of transmission 
frequency spectrum varying with said band 
width. 5 

12. A signal-transmission system comprising, a 
plurality of signal sources which may be consid 
ered as arranged in consecutive order, a plurality 
of transmission channels, means for coupling ac 
tive ones of said sources selectively to said chan 
nels always with the lowest-order active source 
coupled to a predetermined channel and higher 
order active sources coupled in consecutive order 
to consecutive channelsproximate to said Prede 
termined channel, and means responsive to the 
band width of the signalof each said active source 
for controlling in accordance therewith the width 
of the transmission frequency spectrum assigned 
to said each active source. , 

13. A signal-transmission system comprising, a 
plurality of signal sources which may be consid 
ered as arranged in consecutive order, a plurality 
of transmission channels, means for coupling ac 
tive ones of said sources selectively to said chan 
nels always with the lowest-order active source 
coupled to a predetermined channel and higher 
order active sources coupled in consecutive order 
to consecutive channels proximate to said prede 
termined channel, and means responsive to the 
momentary band width of the signal of each said 
active source for controlling in accordance there 
with the width of the transmission frequency 
spectrum assigned to said each active source. 

14. A signal-transmission system comprising, a 
plurality of signal sources and corresponding sig 
nal-receiving stations which may be considered 
as arranged in consecutive order, a plurality of 
transmission channels, means responsive to a pre 
determined operating characteristic of active ones 
of said sources for assigning the lowest-order ac 
tive source to one of said channels and higher 
order active sources individually to consecutive 
channels proximate to said one channel, and 
means responsive to a control characteristic of 
active ones of said sources for assigning to each 
of said stations corresponding to an active one of 
said sources the channel assigned to its corre 
sponding active source. 

15. A signal-transmission system comprising, a 
plurality of speech-signal sources and corre 
sponding speech-signal receiving stations which 
may he considered as arranged in consecutive or 
der, a plurality of transmission channels, means 
responsive to a predetermined operating charac 
teristic of active ones of said sources for assign 
ing during word intervals thereof the lowest-or 
der active source to one of said channels and 
higher-order active sources individually to con 
secutive channels proximate to said one channel, 
and means responsive to a control characteristic 
of active ones of said sources for assigning to 
each of said stations corresponding to an active 
one or“ said sources the channel assigned to its 
corresponding active source. 

16. A signal-transmission system comprising, a 
plurality of signal sources and corresponding sig 
nal-receiving stations, a plurality of transmission 
channels, means responsive to a predetermined 
operating characteristic of active ones of said 
sources for. coupling said active sources during 
the active signal interval of each selectively to 
said channels, means for conditioning said sys 
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tem to assign a plurality of said active sources 

, to each said channel including means responsive 
to the bandwidth of the signal of each said ac 
tive source for controlling in accordance there 
with during said each active signal interval the 
width of the transmission frequency spectrum 
assigned to each said active source, and means 
responsive to a control characteristic of active 

‘ ‘ ones of said sources for assigning to each of said 
stations corresponding to an active one of said 

its corresponding active source. _ 
1'7. A signal-transmission system comprising, a 

plurality of signal sources and corresponding sig 
nal-receiving stations which may be considered 
as arranged in consecutive order, a plurality of 
transmission channels, means for coupling active 

‘10 
sources the channel and band width assigned to 
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ones of said sources selectively to said channels 
always with the lowest-order active source cou 
pled to a predetermined channel and higher-or 
der active sources coupled in consecutive order 
to consecutive channels’ proximate to said pre 
determined channel, means responsive to the 
band width'of the signal of each said active 
source for controlling in accordance therewith 
the width of the transmission frequency spectrum 
assigned to said each active source, and means 
responsive to a control characteristic of active 
ones of said sources for assigning to each of said 
stations corresponding to an active one of said 
sources the channel and band width assigned to 
its corresponding active source. . 
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