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The present invention relates to signalling
systems and particularly to signalling sys-
tems wherein a plurality of signals are to
be transmitted, and to a method and means

for multiplexing the various signals for-

transmission. . o
A principal object of my invention is to

provide a tube commutator system whereby .

it is possible to utilize only vacuum tubes for
commutation in a system for either picture
of facsimile transmission, multiplexing or
for television on a multiple wave communi-
cation system. , ‘

A further object of my invention is to
produce a commutator system wherein it is

possible to transmit pictures or facsimile or

to utilize the system for television or a plu-
rality of speech communications on a plu-
rality of separate electro-magnetic waves, in
which the commutation, or switching from
one signal channel to another, is accom-
plished by means of delayed action vacuum

tubes without the use or aid of any mechani-

cal or moving parts. o ,
A still further object of my invention is to
provide a system for multiple channeling of
communications in which it is possible to
work with speeds of communication hereto-
fore impossible with any arrangements de-
pending for their operation upon mechani-
cal commutation. - S
A still further object of my invention is
to provide a system in which the messages
or facsimile are transmitted in a far-less in-

terrupted manner than is possible with me--

chanical commutation, since with the-latter
it has always been necessary to -stop the
transmitting arrangement at frequent inter-

vals for the purpose of changing the brushes

on mechanical commutators.

A still further object of my invention. is
to provide a tube commutating system for
utilizing a plurality of bands of different
frequencies for wire or radio communica-

tion, in which the tube commutating system

is absolutely and totally independent of the
use of any relays for accomplishing the chan-
neling or switching from one frequency to
another. S

A still further. object of my invention is

1928. Serial No. 269,099.

to. control -the time elements in the several:

channels of communication which may be
preferably accomplished by the use of con-
densers charging through vacuum tubes and
preferably having their discharge rate ac-

centuated or retarded by reason of the char-:

acter of the signal pulse or by a neon lamp,
or any other type of glow discharge lamp
which is found suitable, for aiding or re-
tarding the rapid discharge of the condens-

er and speeding or slowing the time of

passage of electrical impulses through-each
separate  channel. SR

- A still further object of my invention is to
provide a tube commutator, or rotary oscil-
Iator, in which the time period of signalling
through each channel is regulated, so that

if only one channel has a signal at the par--
‘ticular instant it may utilize practically the

entire time available for all channels irre-
spective of the other channels in the COMmIM -
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tating system, in contrast to schemes hereto- -

fore known, where the time was divided

equally between all of a series of separate

communication channels. v

Still a further object of the invention is
to provide an arrangement whereby it is
possible to utilize a plurality of frequencies
in the transmission of pictures, facsimiles,
speech or code, or a television system and to

- provide at the same time a system which
‘readily adapts itself to the combining of the
separate messages into a joint or. finished

message at a receiving point.
Still a further object of my invention is to

tion wherein it is extremely easy at any time
to increase the number of communication
channels without the necessity of changing

~or -altering the arrangement as initially set
the -

up, but by merely making additions to
original set-up. :

A still further object of my invention is
to provide an arrangement wherein great
ease of maintenance is experienced. :

Other objects of my invention will ap-
pear after a consideration of the following
description taken in connection with the ac-
companying drawings, and when the ac-
companying drawings are read in connec-
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tion with the appended claims. However,
the invention also has for its objects those
of providing a tube commutating device
which is simple in its construction and ar-
rangeiment of parts, & system which 1s dur-
aple, compact, very eflicient in the use of the
time for signaling available, a system which
is conveniently operated, readily set up, and
a system which may be installed at a mini-
mum of expense, as well as a system which
is highly capable of meeting the conditions

of the future by its feature of readily adapt-

Ing itself to the enlargement of the number
of signaling channels used. ‘

The novel features which I believe to be
characteristic of my invention are set forth
in. the appended claims. The invention it-
self,. however, both as to its organization
and method of opsration together with fur-
ther objects and advantages thereof will
best be understood by reference to the fol-
lowing description read in connection with
the accompanying drawings wherein:

Fig. 1 represents one adaptation of my
tube commutating system to & system using
four. separate channels of communication
and in which the signals of the separate
channels are introduced in the system
through multiple grid connecting or modu
lating tubes. Although, as shown, the system
is applied to four signal channels, it will be
readily seen how the number could be in-
creased to any number desired; and,

Fig. 2 is a modification of Fig. 1, in which
only the usual three electrode tubes are
used. -

To consider the arrangement shown by
Tig. 1 of the drawings, it is believed best to
consider first the several chanmnels for in-
troducing the separate signals into the com-
mutator which indicated broadly as
“A” which is composed of the tubes 1, 2, 3
and 4; “B” which is composed of the tubes
6,7,8and 9; “C”, which is composed of tubes
11, 12, 13 and 14; and lastly, as shown by
the drawing, “D”, which includes the tubes
16, 17, 18 and 19. Each of the separate
channels A. B, C and D feed their outputs
into separate amplifiers 5, 10, 15 and 20 re-
spectively. :

Now making specific reference to channel
“A”, let it be first considered that the grid
members 57, 58, 59 and 60 of the tubes 1, 2,
3 and 4 are all positive as well as the grid
61 of the tube 5, although the functioning of
the tube 5 will bear no relationship at pres-
ent, so far as the description of the various
signal channels is concerned, to the operation
of my commutator arrangement for multiple
channeling. At time periods when each of
the grids above named are positive each of
the separate tubes in channel A tends-to pass
plate current. The plate 77 of tube 1 is sup-
plied with plate voltage from a source of
high potential 33, the plate 78 of tube 2 is

are
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energized from a source 36a, the plate 79 of
tube 3 is energized from a source 36, and,
lastly, the plate 80 of tube 4 is energized
from a source of high potential 84. Under
conditions when each of the separate tubes
are passing plate current, and for the time
being it will be unnecessary to consider the
action of the grid 58 upon the tube 1 of chan-
nel A, the tube 1 tends to pass current and
the condenser 21 which is connected across
the filament and plate lead to this tube has
stored up energy so that at the time the tube
tends to pass plate current the condenser 21
will tend to discharge due to the sudden rush
of current through the tube 1. At this time
the point cf connection of the resistance 28,
which is a very high resistance and is con-
nected in the leads from. the plate source 33
supplying the plate 77 of tube 1 with a cer-
tain definite plate potential, will tend to be-
come negative with respect to its previous
value due to the voltage .drop occurring
through the resistance and the fact that the
condenser 21 is being discharged. ,

At the same time that tube 1 has its grid
57 positive the grids 58, 59 and 60 of tubes
2, 3 and 4 which are connected to grid mem-
ber 57 will also be positive, and each of the
tubes 2, 3 and 4 will likewise tend to pass
plate current. As the tube 4 commences to
pass plate current a negative potential is ap-
plied to the grid 62 of the tube 6 in channel
“B” by reason of the voltage drop in the

grid resistor 80 of the tube 6 of channel “B”

becanse tube 4 is drawing current from the
plate source 84 which has its return connec-
tion through the filament of tube 6, and simi-
larly the tube 8 drawing current from source
36 tends to cause the grid 67 of tube 11 of
channel “C” to became negative by virtue of
the resistance drop in the grid resistor 81 of

tube 11, and the tube 2 drawing current from

source 38a catises the grid 72 of tube 16 of
channel D to become negative by virtue of the
resistance drop across the grid resistor 32
of tube 16. This negative potential applied
to the grids 62, 67 and 72 of the first tubes
6, 11 and 16 of channels B, C and D, respec-
tively, causes a similar negative potential to
be applied to the grids of all the tubes in
these respective channels because the grids
of the various tubes in each channel are con-
nected. This negative potential cuts off the
flow of plate current in all the tubes so that
the cutput of each separate channel except-
ing A is cut off.

As has been above stated, as soon as the
tube 1 commences to pass plate current the
condenser 21 is discharged due to the tend-
ency for a heavy rush of current to pass
through tube 1 and a voltage drop occurs
across the heavy resistance 25 connected in
series with the plate source 33 which carries
the point 93 to a negative value with respect
to the potential which it had an instant be-
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fore. At this time the small “C¥ battery 39
acting through. the resistance 38 is strong

~ enough to control the voltage on the grid 60
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of the tube 4 so that the grid 60 is carried
to a relatively negative potential with respect
to its previous potential. Under this con-
dition the current flow through the tube 4 is
decreased. o _ '

The tube 4 receives its plate current
through a source of potential 34 which also
connects to the grid resistor 30 of the tube 6

and, as the filaments of all tubes are in par-

allel, is effectively connected with the fila-
ment of tube 4. Upon a decrease in the flow
of plate current through tube 4, the grid 62

of the tube 6 is swung positive Wwith respect:

to the previous potential because of the de-
crease In the plate current flow from plate
80, source 84, resistor 30 and the filament of
tube 6, resulting in a decrease in voltage drop

_through resistor 80. Consequently, the grid

63 of the tube 7 which is directly associated
with grid member 62 will also become posi-
tive with respect to the previous potential
and the tube 7 will tend to pass plate current
through the plate member 82, the source of
plate potential 85, grid resistor 29 of tube 1
and the filament of tube 1. Upon such a con-
dition, the grid 57 of the tube 1 will tend to
become negative by virtue of the fact that the
end of the grid resistor 29 of the tube 1 has
changed from a positive to a negative value
due fo the fact that plate current is being
drawn through the tube 7 from the battery
85. This will tend to make the grids 57, 58,
59 and 60 of tubes 1,2, 3 and 4 respectively all

more strongly negative and will, therefore, -

tend to cut down the plate current drawn

‘hy the tube 4 even more strongly than under

the condition when the condenser 21 was dis-
charged and the point 93 had assumed a nega-
tive value. : This action of channel B draw-
ing plate current will, therefore, function as

a locking feature for stopping the action of

channel “A” and, as can be seen, the time of
action is governed in accordance with the
rate of discharge of condenser 21.

As the tube 6 tends to draw plate current

from source 33 due to the fact that the grid
number 62 has become positive by reason of

the decrease in the flow of the plate current
through the tube 4 and the locking action of
tube 7 on channel “A”, and since the grids 63,
64 and 65 of tubes 7, 8 and 9, have likewise
become positive through connection to grid
69 of tube 6, each of the tubes in channel
“BY ill commence to pass plate current. In
channel “B” the tube 7 draws its plate cur-
rent from source 35, the tube 8 draws its plate
current from the source 36¢ and the tube 9
draws its plate current from the source 36
and, as before stated, the tube 6 draws its
plate current from the source of “B” or plate
potential 33.
«B” of discharging of condenser 22 which

Due to ‘an action in c¢hannel

is similar to the dischargirig of condenser 21-
in channel “A” and the voltage drop in the’
resistance 26, connected in series with the
plate 81 of the tube 6 and the B source 33, the

point 94 becomes negative with respect to its
previous potential and by a similar action to
that above described in connection with chan-
nel “A”, the “C” battery 42 acting through

‘the resistance 41 is now in control of the po-
tential on the grid 65 of the tube 9 and carries

3
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the same hegative, so that the flow of plate

current through the plate 84 of tube 9, plate

source 36, grid resistor 31, the filament of
tube 11 and thus the filament of tube 9 is
decreased, under which condition the grid 67
of the tube 11 in channel “C” commences to
swing toward a strong positive value, due to
the fact that the grid resistor 31 at the point

of connection to the grid 67 of the tube 11 is

no longer negative since no voltage drop is
occurring therethrough. This, therefore, will
likewise effect the ‘grid members 68, 69 and

80

70 of the tubes 12, 13 and 14 respectively, and,

as can be readily seen after considering the
above description as regards the operation of
channels “A” and “B”, at the time when the
tube 12 of channel “C” tends to pass plate

current by virtue of the fact that the grid
member 68 has become positive through its’

connection to grid 67, the grid 62 of tube 6

of channel “B” has become negative due to.

the fact that the tube 12 is drawing plate
current from the source 34.  The current
flow through tube 6 will decrease and, by vir-
tue of the fact that the grids 63,64, and 65 of
tubes 7, 8 and 9 of channel “B” immediately
swing negative at the time when the tube 12
is'drawing plate current from source 34, the
flow of plate current through tube-9 is fur-
ther decreased so as to carry the grid 67 of
tube 11 -of channel “C” even more positive

than at first. In a similar manner it is easily -

seen. that the grid 57 of tube 1 of channel
“A” ig likewise strongly negative since the
tube 18 is drawing plate current from the
source 85 connected between the grid resistor
929 of tube 1 and the plate member 87. .

Under similar operating conditions to
those of signal channels “A” and “B”, at the
time when tube 11 of channel “C” tends to
pass plate current by reason of the fact that
the grid 67 has become positive due to a de-
crease in voltage drop in grid resistor 31, the
condenser 23 is discharged and, for similar
reasons to those previously stated as regards
channels “A” and “B”, the point 95 becomes
strongly negative with respect to its previous
potential. ;
ing through the “C” battery 45 and resistance
44 tends to swing the grid 70 of the tube 14
negative with respect to the potential pre-
viously acting thereon. Therefore, the tube
14 immediately has its plate current flow cut
down and, for similar reasons to those above
stated, the grid 72 of tube 16 of channel *D”
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is carried toward a positive value, since the
point of connection of the grid 72 to the grid
resistor 32 has turned a positive value upon
the tube 14 ceasing to draw plate current from
source 36ag. Similarly, therefore, the grids
73, T4 and 75 of the tubes 17, 18 and 19 of
channel “D” have likewise all swung positive,
and under this condition the tube 17 1s dravw-
ing plate current from the source 36 and the
grid 67 of tube 11 in channel “C” ig, therefore,
placed at_a negative value because the peint
of connection of the grid resistor 31 to the
grid 67 of tube 11 has become negative. Sim-
ilarly, tube 18 at once commences to draw
plate current from the source 84 and holds the
grid 62 of tube 6 at a negative value for the
same reason and tube 19 drawing plate cur-

rent still holds the grid 57 of the tube 1 at a

negative value by reason of the fact that plate
current is being drawn from the source 35.
For similar reasons to those above stated, as
soon as the tube 16 tends to draw plate cur-
rent the condenser 24 is discharged and the
point 96 which is connected with the “B”
source 33 throtigh the resistance 28 assumes a
negative value which places the grid 75 in
control of the “C” battery 48 acting through
the resistance 47, and the grid 75 is swung to
a negative value. As the grid 75 swings to a
negative value the tube 19 has its plate cur-
rent flow substantially decreased and, therve-
fore, the point of connection of the grid 57
of tube 1 to the grid resistor 29 is swung to a
relatively positive valie because none of tubes
7, 13 or 19 are drawing plate.current from
source 35. Therefore, the grids 58,59 and 60
of tubes 2, 3 and 4 ave again positive and
channel “A” will once more start to function.
However, as soon as channel “A” starts to

-function, the tubes 2, 3 and 4 pass plate cur-

rent and it may, therefore, be similarly shown
by reference to the description above that the
tube 2 will control the grid 72 of tube 16 to
maintain it at a negative value, because tubes
2, 8 and 14 each draw plate current from
source 36a connected to the grid resistor 82
of tube 16. Similarly the tube 8 will con-
trol the grid 67 of tube 11 to maintain it at a
negative value since tubes 3,9 and 17 all draw
plate current from source 86 connected with
the grid resistor 31 of tube 11 and the tube 4,
which together with tubes 18 and 12 draws
plate current from the source 84 connected to
the orid resistor 80 of tube 6, will control the
grid 62 of tube 6 to maintain it at a negative
value until such conditions cccur that $he con-
denser 21 is discharged in the manner first de-
seribed and the grid 62 is carried to a positive
value. :

It is, therefore, seen that this system fune-
tions alternately and successively to switch
from one channel to another and that the rate
of switching will be totally dependent upon
the rate of discharge of the respective con-
densers 21, 22, 28 and 24 associated with the

1,873,785 -

tubes 1, 6, 11 and 16 of channels “A”, “BY,
“C”, and “D” respectively.

Now that I have described in considerable
detail how it is possible to switch from one
channel to another at any predetermined rate
of speed solely governed by the discharging
of various condensers of which the capacity
is appropriately chosen, I will endeavor to
describe how it is possible to distribute the
time of operation of each channel, so as to
set forth clearly the fact that each channel
need not, of necessity, work an exact propor-
tion of the total time available, but may
have its time of operation varied in accord-
ance with whether signals are on a partic-
ular channel or not.

It is desirable now to consider the action
of the secondary grid members 53, 54, 55
and 56 and the tubes 1, 6, 11 and 16, respec-
tively. Kach of these secondary grids are
connected to a signaling circuit, of any de-
sired or appropriate type, through transfor-
mers 98, 99, 100 and 101, or, if desired,
through any other suitable coupling such as
resistance, impedance, capacity coupling and
the like. If it is assumed that the arrange-
ment is being used for facsimile reproduc-
tion, it is a well known fact that the greater
part of any facsimile-is composed of what
is known as the “white” portion in contrast
to the “black” portion, as in the case of a
positive print. Therefore, during periods
when the white portion of a facsimile is be-
ing transmitted it is desirable to maintain
the fastest action through each separate
channel over which the white impulsess are
passed and, therefore, lose less time and make
other channels available for a relatively
longer period of time for the marking of the
black picture impulses. In accordance with
the arrangement disclosed, for a white por-
tion of a facsimile the grid members 53, 54,
55 and 56 are swung quite strongly positive,
relatively speaking, to the previous potential,
and this condition substantially aids the tubes
1, 6, 11 and 16, respectively, to pass a heavy
plate current. Consequently the condensers
21, 92, 23 and 24 associated with channels
A, B, Cand D and connected with tubes 1,
6,11 and 16, respectively, are discharged sub-
stantially immediately upon the secondary
grid members becoming positive, whereas for
the black portion of the picture the time ac-
tion should be slightly slower. Therefore,
any black impulses in the system, which are
produced by black marks on the facsimile,
tend to swing the grids of the various tubes,
heretofore described, less positive (which is
practically equivalent to a negative value).
Therefore, there is a far less influence to a
sudden heavy rush of plate current through
the first tube of each channel, and the chan-
nel consequently functions in a slower or de-
layed manner because the condensers are not
obliged to give up their charge so rapidly.
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Tt may thus be seen, if it is assumed for thie
moment that channel “A” is the only onethat
has a signal, or in other words the only chan-
nel over which a black portion of the fac-
simile is being transmitted, that the grid
53 of tube 1 in channel “A” is less positive
and nearer & zero potential than the grids
54, 55 and 56 of tubes 6, 11 and 16 of chan-
nels “B”, “C” and “D” respectively. There-
fore, the action of the signal passing through
channel “A” is somewhat retarded or de-
layed, but the action through channels B,
C’and D is considerably speeded up, due to
the fact that the condensers associated with
each of these latter channels are discharged
almost instantaneously and the tubes of the
other channels controlled by the various tubes
of each of the channels are, in effect, blocked
so that the minimum of time is lost, but in
channel “A” the time, of course, is somewhat
lengthened, due to the fact that the grid 53
of tube 1is far less positive and the discharge
of condenser 21 less rapid. :

" Therefore, according to my scheme it is
possible to arrange this system, so that if
channel “A”, or any other separate channel,
is the only one that has a signal upon it, that
it may utilize approximately 97% o1 the
time available, and the remaining 8% of the
time is equally shared between the remaining

three channels, as channels “B”, “C” and.

«D»,  If it is assumed that both channels

“A” and “C”, or any other two channels,

have signals, or in other words are both sub-
jected to black impulses on the facsimile, then
channels “A” and “C” would share 98% of
the time equally and. the remaining 2% of
the time would be equally shared between the

other two channels, as channels “B” and “D”..

If all four channels are being used, then each

channel would share 25% of the time. It

will be noted, therefore, from the above de-
scription that considerable time gain and
efficiency is accomplished by this type of

- rotary oscillator or commutator and that this

gain may be more easily visualized by noting
that the use of an ordinary commutator with
only one signal line being energized provides
for the use of only 25% of the available time
on that channel, In contract to the arrange-
ment which has herein been disclosed, where-
in as much as 97% of the total time available
may be used for any separate channel, de-

pending, of course, upon the definite values.

of the individual capacities and resistances
used. These values are determined from cal-

culations and experiments as will be obvious..

Each of the secondary grids 53, 54, 55 and
56 of the tubes 1, 6, 11 and 16 of channeis
wpA” “B?, “C7 and “D” may be associated
with some form of input arrangement or con-
nected to the output of a photo cell and asso-
ciated amplifier by means of any desired
form- of coupling or the well known resist-

“ance, impedance, or capacity couplings, and

5

the output of each of: these systems is,-there-
fore, directly impressed upon the secondary
grids above named. It is also possible to uti-
Lize this system for communication of four
(as shown) separate messages, so that if any
operator ceases to send messages over one
channel that this separate line will not be
idle for as great a time as otherwise. This
system also lends itself to the even distribu-
tion of socalled “peak” loads by dividing the
load equally or proportionately between each
of the separate channels. : '
Associated with each of the tube channels
wAP “BP“C? and “D” are the tubes 5, 10;
15 and 20, respectively, which have their grid
members 61, 66, 71 and 76, respectively, con-
nected to the. same input as the grids 60, 63,
70-and 75 of tubes 4, 9, 14 and 19 except that
the grid connection of the tubes 5, 10, 15 and
920 is made ahead of the resistance members
87, 40,43 and 46 so that the group. of the tubes
5, 10, 15 and 20 will not reach a negative
value until some time after the tubes 4, 9,
14, and 19 become negative by reason of
the fact that the resistances 37,40, 43 and 46

70
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90.

must be first overcome. When the grids of -

the tubes 5, 10, 15 and 20 are positive each.
of these tubes pass plate current and their
output energy. is fed into crystal ~oscilla-
tors or other oscillators of any desired char-
acteristic which-are conventionally illustrated

at 49, 50, 51 and 52 respectively. . The out-.

put energy of each oscillator is fed into an-
antenna 106 through.transformers or-other
forms of couplings generally designated as

102, 103, 104 and 105. The antenna 106

is grounded in any desired manner as-at 107.

Tt is thus seen that as each channel is func-
tioning one channel or the other is feeding
its output into the antenna member 106 and

it is further desirable and a purpose of the

invention to have each of the oscillators 49,
50, 51 and 52 feed different tones or fre-

quencies, as, for example, 1,000, 1,300,

1,500, and 1,900 respectively into the antenna
so that four separate channels each carry-
ing a different frequency are being trans-
mitted in effect (since the commutation is so
rapid)
disclosure as shown by Fig. 1, although it is to
be understood, as previously stated, that the

at all fimes in.accordance with the.

95.
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invention is capable of utilizing many more -

channels .than have been shown or is also

capable of using less channels than four.
The battery 97 is shown as a source of po-
tential for all the oscillators 49, 50, 51 and 52:
1f desired, neon lamps or other glow indica-
tors 108, 109, 110 and 111 may be associated.
with the output of amplifiers 5, 10, 15:and 20
and the oscillators 49, 50, 51 and 52 for the
purpose of indicating the time rate of change
of -the signal carried from ome channel to
another as well as to determine whether or
not the system is in operation.

Now to make reference to Fig. 2 of the
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drawings, a similar arrangement to that of
Fig. 1 1s shown, with the exception that in-
stead of using the double grid tubes, 1, 6, 11
and 16, these are replaced by the three elec-
trode tubes 1a, 15, 1¢ and 14, working in con-
junction with the three electrode tubes, 112,
113, 114, 115 each of which last named tubes
receive the signals from channels, “A”, “B”,
“C” and “D”, respectively. - The tubes 112,
113, 114, 115 have their plate electrodes con-
nected with the sources of potential 116, 117,
118 and 119, respectively, in the usual man-
ner. In the arrangement of Fig. 2 neon
lamps 120,121,122 and 123 are connected with
the output circuits of the tubes 1a, 156, 1¢ and
1d as well as tubes 112, 113, 114 and 115 for
a purpose to be hereinafter described.
Referring now to the arrangement shown
in Fig. 2, and starting the consideration with
the channel “A”, as 1n the previous descrip-
tion of Fig. 1, suppose that all the grids of the
tubes in channel “A” are positive under
which condition all the tubes of this channel
draw plate current, as seen from the accom-
panying diagram, it can be seen that a nega-
tive potential is applied to the grids of the
tubes in channels “B”, “C” and “D”, by rea-
son of the voltage drop in the grid resistors
of the first tubes in each respective channel
caused by tubes 4, 3 and 2 drawing plate cur-
rent from sources 34, 36, and 36a, respective-
ly, causes the grid potential in the grids of
tubes 15, 1c and 1d, respectively, to be con-

. trolled in the same manner as was explained
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above when making reference to Fig. 1.
This negative potential applied to the grid
of the first tube in each of channels “B”, “C”
and “D” cuts off the plate current in all the
tubes in the channels so the output of each
channel but that of channel “A” is cut off.
In channel “A” the positive grid (actually of
zero potential but relatively positive) of the
first tube le, permits the condenser 21 to
charge. The potential of the condenser acts
in conjunction with the “B” battery voltage
33a, which is below the extinction voltage of
the neon lamp 120.

‘When the condenser 21 is fully charged,
the additional voltage across the neon lamp
120 is of such a value as to flash the lamp.
The purpose of the neon lamp is to cause the
condenser potential to vary between two lim-
1ts and the time element depends upon how
long this differential potential builds up with
respect to time. Themechanism or construc-
tion of the neon lamp is such that a definite
voltage Visnecessaryto start the lamps flash-
ing. Once the lamp flashes, it will continue
to remain lit while the potential across it is
lowered until a critical voltage V, is reached,
under which condition the lamp goes out.
V. is called the starting voltage and V, the ex-
tinction voltage. To start the lamp flashing
again, the potential must be equal to V, and

‘the lamp will not go out until 'V, is reached.

1,878,785

Hence, the time that any particular channel
is “on”, or in operation, may be determined
from the equation
— 0( Vl _ VZ);

)

3

where £ is the time, C is the capacity of the
condenser, V; is the starting valtage of the
neon lamp, V, is the extinction voltage and ¢
is the charging current. Consequently, from
a knowledge of the values of C, V, and V, the
time that any particular channel is “on” or
operating for both the “signal-on” and the
“signal-oft” conditions may be fixed a priori
by adjusting the charging currents. Inci-
dental to this function of the neon lamp- the
lamp may also indicate whether the system
is functioning if an observer watches whether
or not the flashing operation is occurring.
‘When the condenser is discharged a negative
potential is applied to the grid of the tube 4
of channel “A” by virtue of the voltage drop
in the resistor 25 connected to the B battery
for reasons similar to those previously stated.

This negative potential stops the plate cur-
rent from flowing through the grid resistor
of tube 16 of channel “B”, which cessation
of current flow removes the negative potential
applied to all the grids of channel “B” and
carries-them to a positive potential. In the
showing of Fig. 2 the grids of the tubes are
direct connected in a similar manner to that
illustrated by Fig. 1, but all grids connect
with the grid resistor of the first tube in the
channel and are, therefore, all carried prac-
tically instantaneously to the same potential.
When this happens, plate current flows and
current is cut off in channel “A” in a man-
ner similar to that previously described, and
continues to hold channels “B” and “D” in
the “off” position due to the plate current
flowing through the grid resistor of tubes 1a,
1c and 1d of channels “A” “C” and “D” re-
spectively by reason of the fact that tubes 7,
9 and 8 draw plate current from sources 35,
36 and 36 and complete the circuit through
the filaments of the last named tubes.

The condenser 22 in channel “B” now be-
gins to charge, and when it is charged suffi-
ciently to flash the neon lamp 121, channel “C”
is placed in an operative position which stops
the operation of channel “D” and Ilikewise
prevents the operation of channels “A” and
“B” in a manner which has been previously
disclosed. The action of the tube is then
passed on to channel “D”  and from “D” to
“A” and so forth, to complete the cycle of
operation over and over again.

This commutating action would be at a uni-
form rate and hence have no advantage over
the ordinary type of commutator if it were
not for the signal tubes 112, 118, 114 and 115
in parallel with the first tubes 1a. 18, 1¢ and
1d of each channel “A” “B” “C” and ‘D,
Due to the presence of the tubes 112, 113, 114
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and 115 the charging current of the condenser
can be varied, and since it is the charging time
of each condenser that controls the length of
time any separate channel is operating it is
evident that if no signal is on the grid of the
signal tube this grid is at zero potential, and
the charging current of the condenser is the
sum of the plate currents of the signal tube
119 and first tube 1a of the channel, if channel
«A» ig considered. The polarity of the in-
coming signal voltage applied to the grid of
the signal tube in each channel is such as to
make the grid go negative when the signal
comes on. If itis now assumed that a signal
has reached the tube 112, the grid of thissig-
nal tube is carried to a negative value so asto

cut down substantially and partially cut-off

the plate current of the signal tube 112, which
reduces the charging current in the condenser
and thus increases the time necessary to
charge the condenser. Asa result of this ac-
tion, when a signal is received on any particu-
lar channel the output of the channel is oper-
ative for a longer time than when there is no
signal,which is readilyseen in view of the fact
that the charging rate of the associated con-
denser is slower. By a suitable adjustment of
the circuit constants, the time of action, or in
other words the charging time of the various
condensers can be made exceedingly short for
the “no signal” condition, and relatively long
for the “signal” condition. In this manner
only channels having signals impressed on
them could actuate their outputs for any ap-
preciable length of time. Thus, a saving of
time is effected by substantially keeping only
the signal channels open, and the “po signal”
channels are used for such a small period of
time during the cyclic operation of the com-
mutator that their time of operation can be
considered as negligible. :

" The remaining connections as shown in
Fig. 2 are similar to those of Fig. 1, and the
operation functions in & similar manner. It
is believed that it will be clear exactly how
the system of Fig. 2 functions when the de-
scription which is more amplified with re-
spect to Fig. 1 is considered.

Therefore, it is believed that it will be clear-.

that by the arrangement herein shown and
described, I have provided a system for com-
mutation, wherein there are absolutely no
mechanical parts to get out of order, or to
prevent quick action, and that a very material
advantage is gained therefrom, and that a
system has been provided in which is prefer-
able to use a plurality of frequencies for
transmission of messages, facsimile or tele-
vision, but at the same time a system which

may easily be enlarged to accommodate an in-

definite number of signal'channels.

Turther, it is believed that while in places-

the specification has referred to picture trans-

mission and signals resulting therefrom, that

the arrangement will be considered as appli-

cable to-any form of multiplex work or even
repetition work and suitable for speech and
code transmission. This invention also par-
ticularly adapts itself to use In systems for

flashing electric signs where there are a plu- 4

rality of lights or sets of lights to be flashed
on and off at either regular or irregular inter-

vals. In the case of flashing signs on and off-

there would be no essential change over the

form- of invention shown except that, if de-

sired, each separate set of lights might be con-
trolled directly from the transformers 102,
108, 104, and 105 instead of arranging these
transformers to have their secondaries feed
into an antenna system.
for the invention are to be recognized and it
is to be understood that I claim broadly a
commutating system for any use possible,
and while the terms “picture” and “communi-
cation system” or their equivalents occur

throughout many claims T specifically intend -

these terms to be considered generic and illus-
trative of all applications rather than as lim-
iting terms and confined exclusively to pic-
ture and communication work. I, therefore,
desire to limit myself only insofar as the scope
of the claims necessitate, and believe my in-
vention to cover all modifications of the above
described invention such as fall fairly within
its spirit and scope as defined in the appended
claims. . o

Having now described my invention, I
claim:. -

1. The method of obtaining multiplex com-
munication with a plurality of signal chan-
nels which includes impressing signals upon
each of a plurality of signal channels, cyc-
lically varying the time of operation of
each of said channels in accordance with the
strength of said impressed signal impulses,
and transmitting energy from said plurality
of signal channels in accordance with said
varying time rate of operation.

9. The method of varying the time opera-
tion of a plurality of signal channels in a
multiplex: communication system which in-
cludes impressing a plurality of signals upon
a series of signal channels, cyclically and
successively switching from one to another of
said signal channels, controlling the time op-
eration of each of said plurality of signal
channels in proportion to the intensity of the
said impressed signals, and controlling a sig-
nal transmitter for all of said signals in ac-
cordance with the time rate of operation of
each of said signal channels. S

3. The method of obtaining multiplex com-
munication with a plurality of signal chan-
nels which includes impressing signals upon
each of said plurality of signal channels,
transmitting the signal energy from each of
said channels, and controlling the time op-
eration of transmission for each of said chan-
nels in accordance with the signal intensity
impressed upon each of said channels.

Other similar uses °
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4. The method of obtaining multiplex com-
munication with a plurality of signal chan-
nels which inecludes impressing signals of
different frequencies upon each of a plurali-
ty of signal channels, controlling the time
operation of each of said signal channels in
accordance with the intensity of the im-
pressed signals, and successively and continu-
ously transmitting the said signals in ac-
cordance with the time operation of each of
said signal channels.

5. In a multiplex communication system,
a plurality of signal channels, vacuum tubes
assoclated with cach of said channels, and
closed circuits so connecting the vacuum
tubes in each of said channels as to cyclically
and periodically shift from one to another
of said signal channels for time periods vary-
ing in accordance with the presence and ab-
sence of signals impressed upon each signal
channel. :

6. A communication system comprising in
combination a plurality of signal channels, a
plurality of vacuwmn tubes associated with
each of said signal channels, one of said tubes
in each of said signal channels functioning as
a control tube for said channel, means pro-
vided by said control tube for delaying the
time of action of the particular signal chan-
nel during periods when signals are received
and accentuating the rate of operation of said
signal channels during non-signalling pe-
riods, and an antenna system associated with
all of said signal channels for transmitting
energy output from said signal channels in
accordance with the rate of operation of said
channels.

7. In a multiplex communication system,
a plurality of signal channels, means for ap-
plying signals to each of said channels, a
plurality of tubes in each of said channels,
said plurality of tubes including one control-
ling tube, means for cyclically changing the
grid potential on said controlling tube, and
means for altering the grid potential on the
other tubes of said channel, means for delay-
ing the time of passage of a signal through
each of said channels for one predetermined
condition of grid potential and accentuating
the time of travel of signal through said
channel for another predefermined condition
of grid potential, an antenna system, and
means for coupling each of said signal chan-
nels with said antenna system and succes-
sively and continnously transmitting the en-
ergy from said channels through said an-
tenna.

8. In a multiplex communication system,
a plurality of signal channels, means for ap-

- plying signals to each of said channels, a plu-

rality of tubes in each of said channels, said

plurality of tubes including one controlling

tube, means for cyclically changine the arid
b . o &

. potential on said controlling tube in accord-

ance with varying strength signals applied

1,873,785

thereto, and means for correspondingly alter-
ing the grid potential on the other tubes of
sald channel, means for delaying the time
of passage of a signal through each of said
channels for one predetermined condition of
grid potential and accentuating the time of
travel of signal through said channel for an-
other predetermined condition of grid poten-
tial, a modulator tube associated with each
of said signal channels, an antenna system,
and means for associating said modulator
with said antenna and influencing said anten-
na from each of said modulators in accord-
ance with the time of operation of each of
sald modulators as controlled by the time of
passage of signals through each of said sig-
nal channels.

9. In a multiple communication system,
2 plurality of signal channels, means for ap-
plying signals to each of said channels, a plu-
ality of tubes in each of said channels, said
plurality of tubes including one controlling
tube, means for cyclicaily changing the gric
potential on said controlling tube, and means
controlled by said controlling tube for alter-
Ing the grid potential on the other tubes of
said channel, means for delaying the time
of passage or a signal through each of said
channels for one predetermined condition
and accentuating the time of travel of sig-
nal through said channel for another prede-
termined condition, an osciliator asscciated
with each signal channel, means for modu-
lating the frequency generated by said oscil-
lator by said modulating system, an antenna
means for radiating the energy output of
each of said oscillators during successive pe-
riods of operation of each of said tube chan-
nels.

-10. In a multiplex communication system,
a plurality of signal channels, means for ap-
plying signals to each of said signal chan-
nels, a plurality of thermionic relays in each
of said signal channels, means for maintain-
ing the grid electrodes of all of said thermi-
onic relays in each channel at a uniform po-
tential, a circuit connecting successive tubes
of said plurality of signal channels, means
for switching from one to another of said
signal channels in accordance with the poten-
tial bias on the grids of the tubes in one of
said signal channels and an output circuit
for utilizing the energy transferred through
said signal channels during the said inter-
rupted periods.

11. A communication system including a
plurality of signal channels, means for ap-
plying signals to said signal channels, a plu-
rality of thermionic relays associated with
each of said signal channels, means for main-
taining the controlling electrode of cach of
the relays of each separate channel at substan-
tially uniform potential, one of said thermi-
onic relays in each channel functioning as
a controlling relay for the said channel,
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“means for connecting siiecessive tubes in suc-

cessive signal channels together for provid-
ing direct communication between successive

elements of successive signal channels, means -

for successively and continuously energizing
the varicus signal channels, and an antenna
system associated with all of said signal chan-
nels for successively and continuously trans-
mitting the energy from each of said signal
channels. : S N
12. In a communication system, & plural-
ity of signal channels, means for applying
signals to each of said signal channels, means
for delaying the time of passage of a signal
through any of said channels under one pre-
determined intensity of signal strength, and
means for accentuating the time of transfer
of a signal through said signal channels for
another predetermined intensity of signal

strength, and means for suceessively and con-

tinuously wutilizing the energy from said sig-
nal systems. -

18. A multiplex communication system in-
cluding a plurality of signal channels, means
for applying a plurality of signals to each of
said signal channels, a plurality of vacuum
tubes associated with each of said signal chan-
nels, one of said vacuum tubes in each of said
channels functioning as a controlling tube,
means for maintaining the grid members of

-all vacuum tubes in each channel at a uniform

potential, means for cyclically changing the
grid potential of the controlling tube in each
channel, means associated with said: control-
ling tube for altering the grid potential on
successive tubes in each of said signal chan-
nels upon a change in grid potential in said
controlling tube, an antenna system associated
with each of said signal channels, for succes-
sively and continuously transmitting cycli-
cally varied energy from each of said signal
channels. Lo

14. In a signal energy regulating system,
a plurality of signal channels, a plurality of
vacuum tubes in each of said signal channels,
means for applying signals to each of said
signal channels, circuits connecting each of
said signal channels for energizing one or
another of said channels at preckfeterminéd- in-
tensity and cyclically varied intervals, means
for ¢yclically and periodically changing from
one to another of said signal channels at-a
rate of speed proportionate to the signal
strength introduced on any channel, and an
output circuit for utilizing energy from said
signal channels transferred-thereto at cycli-
cally and periodically interrupted intervals
in accordance with the time of passage of a
signal through said signal channels.

15. A communication system comprising in
combination a plurality of signal channels,
a plurality of vacuum tubes associated with
each of said signal channels, the number of
vacuum tubes In each signal channel being
equal to the number of signal channels, a con-

9

-trolling tube for each of said channels, means

for cyclically maintaining the grid members
of the tubes in each of said separate signal
channels at a uniform potential, means for

cyclically changing the grid potential on the

grid of said controlling tube of each signal

“channel and simultaneously altering the po-

tential on all the grids of the tubes in a suc-
ceeding signal channel, means responsive to

-signal impulses received on any of said sig-

nal chambers for delaying the time of chang-
ing the said grid potentials on the said con-
trolling tubes 1n each channel at periods when
signals are received and accentuating the rate

of change of potential during non-signalling’
periods of any of said channels, means by

which each tube of the tube channel passing
current will tend to block the remaining
channels of the system, a modulator tube con-
nected with each of said channels and ar-
ranged to pass current simultaneously to the
time when its associated signal channel is ac-
tuated, an oscillator connected with the out-
put circuit of each of said modulating tubes,

and an antenna system-associated with all of’

said oscillators and arranged. to transmit the

output energy therefrom: Do
16."In a communication system, a plurality

of signal channels, a plurality of thermionic

‘relays including a controlling relay associ-
& g Y ‘

ated with eéach of said signal channels, means

for applying signals of different frequency

to the thermionic relays of each of said sig-
nal channels, circuits connecting the various

relays in each of said signal channels, means’

for cyclically changing the grid potential on
the controlling relay in each of said channels,
and meais provided by said connecting cir-
cuits between the elements of said signal chan-

‘nels for switching from one to another of-

said channels at predetermined periods gov-

“erned by signal intensity reaching said chan-

nels, an oscillator associated with each of said
signal channels, and an output circuit for

utilizing the energy from said oscillator at

predetermined intervals of time governed by

-the time of passage of signals through said

signal channels. :
- 17. In s communication system, a plurality

of signal channels each including a plurality-

of vacuum tubes, means for introducing sig-
nals of different frequency upon each of said
signal channels, circuits connecting the vari-
ous elements of each of'said channels and pro-

viding a connection between the various ele-:

ments of each of said channels, means includ-

-ing a glow-discharge lamp for controlling

the time of operation of each of said chan-

“nels, and means for sticcessively and continu-

ously utilizing the energy from each of said

signal channels. s '
18.. In a multiplex communication system,

a plurality of signal channels each including

a plurality of vacunm tubes, circuits connect-.

ing each of said signal channels and associ-
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ating the controlling element of one yvacuum

tube of each signal channel with at least one

tube of each other channel, glow lamp means

for controlling the time of operation of each
8 of said signal channels in proportion to the
signal intensity reachingsaidsignalchannels,
and a load circuit for successively and con-
tinuously receiving energy from each of said
signal systems.

19. In a multiplex communication system, a
plurality of signal channels, a plurality of
vacuum tubes associated with ecach of said
signal channels, a controlling tube for each
of said signal channels, circuit connecting
each of said signal channels with each other
and associating the plate elements of the vari-
ous vacuum tubes of said channels and the
grid elements of the controlling tubes of each
of said signal channels, and glow.lamp means
for controlling the time of operation of each
of said signal channels in proportion to the
signal intensity reaching the control tube
of each of said channels, and means for sue-
cessively . and continuously transmitting
energy from said signal channels. -

20. In a multiplex communication system,
a plurality of signal channels, a plurality of
vacuum tubes associated with each of said
signal channels, a controlling tube in-each
of said signal channels, means for introdue-
ing signals of different frequencies upon
each of said signal channels, means for
cyclically and at interrupied intervals con-
trolling the grid potential.on the controlling
tube in accordance with the signal strength
applied, 2 modulator associated with each of
said signal channels, an oscillator of different
frequency associated with each of sald sig-
nal channels, a common load circuit for all
of said oscillators, means for associating each
of said oscillators with said common. load
_circuit, means provided by said modulator
for modulating energy generated by said
oscillator in accordance with the signals
transmitted through said signal channels and
means for cyclically, successively, and at
variable rates of speed governed in accord-
ance with the signal intensity applied to said
signal channels controlling the time of action
of said oscillators upon a said common load
circuit. o

21. In a multiplex communication system,
a plurality of signal channels, a plurality of
vacuum tubes included in each of said sig-
nal channels, a controlling tube for each of
said signal channels, a grid rvesistor asso-
ciated with each of said controlling tubes,
means for cyclically changing the grid poten-
tial upon each of said controlling tubes at
periods when signals reach the same where-
by for predetermined signal strength prede-
termined .grid potentials are established,
means provided by said controlling tube for
correspondingly changing the grid potential
85 on all the other tubes of each of said signal
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channels, means provided by variations in
signal strength reaching each of said con-
trolling tubes for proportionately delaying
and accentuating the time of signal travel
through each of said signal channels, an oscil-" 70
lator of different frequency asscciated with
each of said signal channels, a common load
circuit associated with all of said oscillators,

“and means provided by said time controlled

signal channels for controlling the time of775
operation of each of said oscillators upon
said load circuit. :

292. The system claimed in claim 21 com-
prising, in addition, means for cennecting
one tube of each signal channel with the grid=8oe
resistor of the controlling tube of each other
signal channel whereby the time of operation
of each of said signal channsls is controlled
in accordance with the potential drep occur-
ring through said grid resistor.

23. The system claimed in claim 21 com-
prising, in addition, means for associating
one tube in each signal channel with one tube
of each other channel! and regulating the
potential bias on the controlling tube of each 90
other signal channel in accordance with the
current strength in each of said tubes.

24. The method of cbtaining multiplex
communication with a plurality of signal
channels which compurises impressing signals-os
upon each of a plurality of signal channels,
directing the signals by commutating to each
of said channels for time periods varying in
accordance with the strength. of said im-
pressed signal impulses, and transmitting “100
energy from said plurality of signal chan-
nels in accordance with said varying time
rate of operation.

25. The method of operating a plurality

"853

of signal channels in a multiplex communi- 105

cation system which comprises impressing
signals upon each of the plurality of signal
channels; sequentially directing the signals

by. commutating between said plurality of
sighal channels, and varying the time period 110
of commutation for each of said plurality of
signal channels in proportion to the intensity

of the signal impressed thereon.

26. The method of obtaining multiplex
communication with a plurality of signal 115
channels which comprises impressing signals
upon each of a plurality of signal channels
and cyclically. varying the time of opera-
tion of each of said channels in accordance
with the strength of said impressed signal-120
impulses for transmitting energy from said
plurality of signal channels in accordance
with said varying-time rate of operation.

27. The method of operating a plurality
of signal channels in a multiplex communi- 125
cation system which comprises impressing
signals upon each of the plurality of signal
channels, sequentially switching from ome
to another of said signal channels; and vary-
ing the time operation of each of said piu- 20
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rality of signal channels in proportion to
the intensity of the signal impressed theréon.

28. The method of operating a series of
signal channels in a multiplex communica-
tion system which comprises impressing sig-
nals of different characteristics upon. each
of the series of signal channels, sequential-
ly switching from one to another of said
signal channels, and varying the time period
of passage of signals through each of the
signal channels in proportion to the intensity
of the signal impressed thereomn.

29. The method of obtaining multiplex
communication with a plurality of signal
channels which includes impressing signals
of different characteristics upon each of the
plurality of signal channels, transmitting the
energy passed through each of the signal
channels, and varying the time operation of
the transmission period for each of the said
signal channels in accordance with the sig-

nal intensity of each of the distinet signals

impressed on each of the signal channels.

30. The method of obtaining multiplex
communication with a plurality of tone sig-
nal channels all coordinated with a single
transmission system which includes impress-
ing signals of different tone frequencies upon
each of the plurality of signal channels, con-
trolling the time period of passage of sig-
nals through each of the signal channels in
accordance with the signal intensity of the
individually impressed tone frequencies, and
sequentially transmitting signals from each
of the channels for time periods varying in
accordance with the time operation of each
of the channels. :

81. A thermionic relay system for multi-
plex telegraphy comprising a vacuum tube
circuit for each signal channel and closed
circuits so connecting said vacuum tube cir-
cuits as to cyclically and periodically cause
said vacuum tubes to become operative. for
variable time periods.

89. A thermionic relay system for multi-
plex telegraphy comprising a vacuum tube
circuit for each signal channel and circuits
so connecting said vacuwm tube circuits as
to cyclically and periodically cause said vacu-
um tubes to become operative for time pe-
riods of durations proportional to the rela-
tive signal intensity on each-of the signal
channels.

83. A thermionic relay system for multi-
plex telegraphy comprising a vacuum tube
circuit for each of a plurality of signal chan-
nels and closed circuits so connecting ail of
said vacuum tube circuits as to cause each
of said vacuum tube circuits to become se-
quentially operative for predetermined va-
riable time periods.

84, A thermionic relay system for multi-
plex telegraphy comprising a vacuum tube
circuit for each of a plurality of signal chan-
nels and circuits so connecting each of said

11

vacuum tube circuits as to cause each of said
vacuum tube eircuits to become sequentially
operative for time periods varying in ac-
cordance with the

85. A thermionic relay system for multi-
plex telegraphy comprising a vacuum tube
circuit for each of a plurality of signal chan-
nels, circuits go connecting said vacuum tube

circuits .as to sequentially cause one of said

vacuum -tube circuits to become operative
and the remaining vacuum tube circuits in-

‘operative, and means for varying the time
period of operation of each of said vacuum
tube circuits in accordance with the signal

strength of the independent signals im-
pressed on each of the vacuum tube circuits.

36. A communication system .comprising
in cermbination a plarality. of signal chan-

nels each including a plurality of vacuum-

tubes, means for impressing distinet signals

upon each of the signal channels, circuits
‘connecting the vacuum tubes of each of said

circuits so as to. form an interconnected net
work, means for sequentially switching be-
tween said various signal channels so as to
cause one of said channels to become opera-
tive and the remaining channels inopera-
tive, and means for varying the time opera-
tion of each of said channels in accordance
with the strength of signal energy impressed
thereon.

37.. A thermicnic relay system for multi-

plex telegraphy comprising a vacuum tube.

circuit for each of a plurality of signal chan-
nels, circuits so connecting said vacuum tube
circuits as to sequentially cause one of said
vacuum tube circuits to become operative
and the remaining vacuum tube circuits in-
operative, and capacity means for varying
the time period of operation of each of said
vacunm tube circuits in accordance with the
signal strength of the independent signals

impressed on each of the vacuum tube cir-

cuits. »
- 88. A communication system comprising
in combination a plurality of signal chan-

-nels each including a plurality. of vacuum

tubes, means for impressing distinct signals
upon each of the signal channels, circuits con-
necting the vacuum tubes of each of said cir-
cuits so as to form an interconnected net
work, means for sequentially switching be-
tween said various signal channels so as to
cause one of said channels to become opera-

_tive and the remaining channels inoperative,

and a capacity element associated with each
of said vacuum tube circuits for varying the
time operation of each of said channels in
accordance with the rate of discharge thereof
as varied by strength of signal energy im-
pressed on the associated vacuum tube.

39. In a multiplex communication system,

a plurality of signal channels each including

a plurality of vacuum tubes, means for im-

signal strength impressed
thereon. - ' ) . '
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pressing independent signals upon each of
said channels, circuits connecting the vari-
ous tubes of all of said chanmnels so as to
form an interconnected net work, means for
transmitting the energy impressed on all of -
said signal channels, and means for varying
the rate of transmission of the said energy
in accordance with the intensity of the inde-
pendent signals impressed on said channels.

40. An electronic relay system comprising
in combination a plurality of signal chan-
nels, a plurality of vacuum tubes associated
with each of the signal channels, one of the
tubes in each of the channels functioning as
a control tube for the channel, means pro-
vided by the control tube for delaying the
time of action of the particular signal chan-

nel during time periods when signals are sup-

plied and accentuating the rate of operation
of the signal channel during non-signaling
periods, and a load circuit associated with all
of the signal channels for utilizing the com-
bined energy output from the signal channels
in accordance with the rate of operation of

the individual channels.

RICHARD HOWLAND RANGER.
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