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1. 
This application concerns improved voltage 

generators of the multivibrator type and novel 
application of the same to use in the radio and 
associated arts. 
The general objects of my invention are im 

proved multivibrators and improved wave genera 
tion, and improved use of the same in the signal 
ling art. 

In known multivibrators the cross-coupled 
capacities charge through the tube grid to cath 
Ode impedances, and since these impedances are 
low during the charging time the grids are at 
or above ground potential and draw grid cur 
rent, and the tubes of the multivibrator cannot 
operate as amplifiers. 
There is considerable need of multivibrators 

which can be used as amplifiers in the radio art, 
as will appear hereinafter, and an object of my 
invention is to improve multivibrators in this 
respect. 
An additional object of my invention is to 

provide a multivibrator which operates efficiently 
and is capable of wider use in the radio and allied 
arts than multivibrators known heretofore. 

In multivibrator circuits known heretofore the 
grid is Zero or positive when current flows 
through the tube. They are not to be used as 
amplifiers. In my improved multivibrator the 
grids of the tubes operate at negative potentials 
with respect to the cathodes, and the multivi 
brator may be put to a greater number of uses 
in the radio and allied arts. For example, either 
one or both sections of the multivibrator may 
be used as amplifiers alternately effective to 
amplify voltage applied to one or both of the 
tubes. 
An object of my invention then is an improved 

multivibrator circuit wherein the tubes amplify 
Voltages applied thereto to provide an output 
comprising oscillations of say different fre 
quencies alternately keyed at the fixed rate of 
vibration. Such a device is of considerable use 
as test equipment. 
Another object of my invention is an improved 

electronic signal combining circuit making use 
of my improved multivibrator system. In this 
embodiment signals from different channels are 
impressed on the multivibrators and the same 
are controlled by Synchronizing pulses to supply 
a combined output wherein the signals are com 
bined as desired. 
In a further embodiment two systems as de 

Scribed in the preceding paragraph feed their 
outputs to the two sections of a further multi 
vibrator, thus providing an electronic means for 
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combining two channels or four channels as de 
sired. Such means are entirely new in the multi 
plex and diplex art where heretofore mechanical 
arrangements have been used. 
The above objects and others are attained by 

providing a charging path for each of the cross 
coupled condensers other than the grid to cath 
ode impedance of a tube. Means is then pro 
vided to block the charging paths through the 
grid to cathode impedances. This provides a 
multivibrator each section of which may oper 
ate as a class A amplifier because the control 
grids may now operate at a negative potential: 
In practice the charging paths may include 
diodes properly poled, and the blocking means 
may also include diodes properly poled. The 
cathode return circuits may now include resist 
ance, raising the cathodes positive with respect 
to ground and the grids, and current or potential 
may be applied to the cathodes for alternate 
amplification at the multivibrator rate of opera 
tion. The currents or potentials may be re 
placed by telegraphy signals on different chan 
nels and synchronizing impulses may be im 
pressed on the grids of the multivibrators and 
properly related as to time with respect to the 
signals to produce a combined output as desired. 

In the detailed description of my system which 
follows, reference will be made to the attached 
drawings wherein 

Fig. 1 illustrates a multivibrator known in the 
art. This figure is used to make clear the art. 
in which my invention resides and the manner 
in which the improvement is obtained. 

Fig. 2 illustrates an improved multivibrator, 
containing additional charge paths arranged in 
accordance with my invention to let the grids 
operate at negative potentials. 

Fig. 3 is a modification of the arrangement 
of Fig. 2, and includes impedances in the cath 
Ode return circuits for increasing the relatively 
negative potential on the tube grids So that the 
same may be used as amplifiers. 

Fig. 4 illustrates an improved circuit arrange 
ment wherein oscillations of different frequencies. 
are amplified and supplied alternatively as out 
put from the multivibrator. . 

Fig. 5 illustrates a circuit arrangement wherein 
the multivibrator is used in a novel manner for 
electronically combining signals from several 
channels. 
The curves of Fig. 5a are used to illustrate 

the manner in which the telegraphy signals on 
the two channels are combined in the arrange 
ment of Fig. 5. 
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In Fig. 5b, to simplify the showing, the Signals 
on the two channeis are assumed to be made up 
of alternate marks and spaces at elemental baud 
rate. 

Fig. 6 is a modification of the arrangement 
in Fig. 5. In Fig. 6 two systems, as illustrated in 
Fig. 5, are used to combine signals from two 
channels and the output from the multivibrators 
are then supplied as input to an additional elec 
tronic multivibrator So that we have as a final 
output signals combined from four channels. 
In the usual form of multivibrator shown in 

Fig. 1, the coupling capacitors' Ch. between the 
anode 3 and grid 7, and condenser. Ch2 between 
anode 6 and grid 4 of the tubes 5 and 2, charge 
to the potential, --Ebb, through the grid to cath 
ode resistances of tubes 5 and 2 respectively. 
Thus the grids 7 and 4 are essentially at cathode 
potential, since the grid to cathode resistance 
RGK of each tube is extremely low, and the tubes 
5 and 2 cannot be operated as class A amplifierS. 
In addition, the points A and B tend to be posi 
tive with respect to ground and if...a few volts 
of negative bias were applied to the grids they 
would remain at zero bias. Thus if a small signal 
were applied between the grids and cathodes, say 
between the cathode of tube 5 and ground 
through a resistor, no trace of the signal Would 
be found in the voltage across RL in the anode 
circuit because the grid would remain at or above 
zero bias throughout the signal variation. 
... Thus the use of multivibrators as known here 
tofore in the prior art is limited to the produc 
tion of oscillations of the rate of vibration. 

In accordance with one feature of my inven 
tion, as illustrated in Fig. 2, condenser charging 
paths other than the paths between the grids and 
cathodes of the tubes are provided, i. e., the grid 
to cathode impedances RGKt and RGK2 of the 
tubes 5 and 2 are not used in my multivibrator. 
Unilateral devices D2 and D4 are added as charg 
ing paths and these unilateral devices which may 
be in the form of diodes provide low charging 
resistors for condensers Ch. and Ch2 respectively. 
In order to prevent charging of the condensers 
through the grid to cathode impedances RGK 
and RGK2, unilateral devices D and D3 are pro 
vided in the cross-couplings between the anodes 
and grids of the tubes. These unilateral devices 
may also be diodes and are so represented. Thus, 
considering one section of the multivibrator, Ch? 
charges through the resistance of D4 and RL.f 
in series, and discharges through R92 and the 
resistance of diode. D3 in Series. With the parallel 
combination of RL and the resistance Rb1, the 
D. C. plate resistance of tube 5. The other Sec 
tion of the multivibrator including condensei' Ch. 
charges through D2 in series with RL2 and dis 
charges through Rg and D. in series with the 
parallel combination of RL2 and Rb2, the D. C. 
plate resistance of tube 2. The grid voltage of 
tube 2 is now independent of the charging of Ch? 
to the potential Ebb since D3 provides an open cir 
cuit in One direction. The grid to Cathode Voltage 
of tubes 5 and 2 will now depend upon a source of 
bias. This bias may be supplied in various man 
ners. For example, the bias may be supplied by 
the cathode return resistors RKi and RK2 in the 
cathode circuits of the tubes 5 and f2, as shown 
in Fig. 3. The bias on the grid T is now equal 
Substantially to the potential drop across RK 
and this bias may be varied by varying the bias 
across RKi. The bias on the grid f4 is now sub 
stantially equal to the voltage drop across RK2 
and this bias may be varied by varying RK2. 
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is the natural period of the multivibrator. 

A. 
Thus tubes 5 and 2 may be operated, for exam 
ple, as class A annplifiers. 
The operation of the arrangements of FigS. 2 

and 3 are substantially the same, and the follow 
ing description applies to both thereof. Resistors 
RK and RK2 serve, as stated above, to raise the 
cathodes above ground potential. These resistors 
are not present in the arrangement of Fig. 2. 
Resistors RL i, RL2, Rb (, Rb2, in conjunction 
with resistors Rg1 and Rg2 and capacitors Ch2 
and Chi provide the usual time constant circuit 
when the capacitors are discharging. Diodes D2 
and D4 are provided, as stated above, to allow 
capacitors Chi and Ch? to charge to the potential 
Ebb very, rapidly, when the tubes 5 and 2 respec 
tively cease...to conduct. Diodes D and D3 pre 
vent the charge currents from flowing through 
resistors Rg and Rig2 respectively but allow the 
entire discharge currents to flow through then, 
thus driving grids T and 4 below cutoff on alter 
nate portions of the cycle. The multivibrator 
thus, operates to generate oscillations the fre 
quency of which depends upon the size of capaci 
tors Chi and Ch. 2 and the value of resistors Rg, 
Rg2, etc., and the Voltage Ebb. . . . . . 
As stated above, the multivibrator of the pres 

ent invention may be put to wide use in the 
radio art. For example, oscillations to be ampli 
fied may be applied to one or both of the multi 
vibrator tubes. If oscillations of different fre 
quencies are applied as illustrated in Fig. 4, One 
to each multivibrator tube, a keyed output which 
shifts from one frequency to the other frequency 
and back is obtained. The rate of shift is at 

Such a 
device is of considerable use as test equipment, 
since it has an output which shifts at a fixed rate 
from one frequency to a Second frequency. 
In the embodiment of Fig. 4, an OScillator. 50 

of a first frequency f has its output coupled 
across cathode resistance RK, while an oscillator 
60 operating at a second frequency f2 has its out 
put coupled across cathode resistance RK2. LOW 
pass filters. 8 and 23 consisting of resistors 9 
and 22, and capacitors 20 and 22, and resistors 
24 and 25, and capacitors 26 and 27, respectively, 
prevent the application of the oscillations ann 
plified in the respective vibrator tubes 5 and 2 
to be applied to the grids of the other tubes. 2 
and 5, which would tend to synchronize the mull 
tivibrator. In other words, these filters included 
in the cross-couplings prevent the oscillations 
from source 60 amplified by the multivibrator 
tube 2 from being impressed upon the grid T of 
tube 5, and prevent the oscillations from source 
50 amplified in tube 5 from being impressed upon 
the grid 4 of tube 2. In this manner, Syn 
chronization of the multivibrators by oscillations 
from sources, 50 and/or. 60 is prevented. Re 
Sistors RL and RL2 are connected to the Source 
Ebb through the common output resistor (0. The 
output is taken from across the resistor 0, i.e., 
between the anode end of resistance ... O and 
ground. 
The oscillators 50 and 60 function continuous 

ly, and in an embodiment which operated suc 
cessfully developed oscillations of different tone 
frequencies across resistors RK and RK2. Since 
the resistors RK and RK2 are not in the oscil 
lator circuits, they do not affect the frequency. 
or amplitude of OScillation noticeably. Assum 
ing tube 5 has just started to conduct, capacitor 
Chi will start to charge to voltage Ebb and a posi 
tive pulse of voltage will appear across diode D2. 
Due to diode D, this pulse will not appear across 
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resistor Rg, and hence the grid of tube 5 will 
not be driven positive and will not limit but will 
assume some bias as determined by resistor RK 
in the cathode. Thus capacitor Chi charges to 
voltage Ebb without affecting the Operation of 
tube 5. The tone voltage applied to resistor RKi 
will be amplified and will appear across resistors 
RL and O. The portion developed acroSS re 
sistor O is useful output voltage. The D. C. volt 
age at point A will be less than voltage Ebb by 
the drop in resistor O due to the flow of plate 
current of tube 5. If the circuit components are 
so adjusted that the D. C. plate current of tube 
5 is equal to that of tube f2, the D. C. potential 
at point AI will not change during a complete 
multivibrator cycle, and hence the keying fre 
quency will not be coupled into the output at 70. 
While tube 5 is conducting, capacitor Ch? is 

discharging through filter 8, diode D3, resistor 
Rg2, in series with the combination of resistor 
RL i in parallel with the internal resistance of 
tube 5 and cathode resistor RK which are in 
series. At the instant at which 5 becomes Con 
ducting, the voltage from anode 6 to ground 
drops below voltage Ebb. This drop or negative 
step of voltage is coupled into resistor Rg2 and 
appears on grid 4, and is of such a magnitude as 
to stop the flow of plate current in tube 2. Ca 
pacitor Ch. will then charge through resistor 
RL2, filter 23 and diode D2 all in series. It does 
not charge through resistor Rg and hence does 
not affect the bias on grid 7 of tube 5, this bias 
being determined by the drop in resistor R.K. 
The A. C. voltage appearing across resistor RK 
due to oscillator 50 will be amplified by tube 5 and 
will appear across resistor O as output voltage. 
When the voltage across resistor Rg2 returns to 
the cutoff value for tube 2, this tube will begin 
to conduct and the preceding cycle of operations 
Will now hold for this Section of the multivibrator. 
The oscillators at 50 and 60 may be of any de 

sired type, as long as they provide Oscillations 
of the desired frequency, of Substantially con 
stant frequency and of sufficient amplitude to 
excite the multivibrator tubes. 

In an embodiment which operated extremely 
well the oscillators were of the RC type, one op 
erating at a frequency of 1200 cps. and the other 
at a frequency of 1500 cps. The tubes 5 and 2 
were of 6SN7 type. The diodes were tubes of the 
type known as 6H6 wherein two diodes are in 
cluded in a single envelope. 

Resistors RL, RL2, 9, 2, 24 and 25 equal 
20,000 ohms. 

Resistor O equals 5000 ohms. 
Resistances RK and RK2 are 1000 ohms. 
The fixed portions of resistances Rgi and Rg2 

are equal to 1 megohm. 
The variable portions of resistances Rg f and 

Rg2 are variable and equal to 1 megohm. 
Condensers 20, 22, 26 and 27 equal .001 micro 

farad. 
Condensers Ch? and Ch. equal .01 microfarad. 
The multivibrator operated at about 25 cycles 

per second to provide pulses of oscillations of 1200 
cycles per second and 1500 cycles per second, re 
curring at a rate of 25 cycles per second. 

It will be understood that other tubes may be 
used and that the other appropriate circuit ele 
ment constants may be selected depending in 
part on the frequency of operation desired. 
The multivibrator of the present invention is 

particularly applicable to combining channels in 
a diplex or multiplex system. Such use is illus 
trated in Fig. 5 of the drawings. In Fig. 5 the 
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6 
output of one channel is impressed on the resist 
ance RK, while the output of the other chan 
nel is impressed on the resistance RK2. Syn 
chronizing pulses are applied to the grid T and 
in phase synchronizing pulses are applied to the 
grid 4 of tube 2. The multivibrator switches 
the output circuit from one input channel to the 
other. The combination or aggregate of the two 
channels appears at the output. 
Synchronous signals from printers, facsimile 

machines or other devices are applied to RKl 
and RK2 as shown. Now when tube 5, for ex 
ample, is conducting, the variations in voltage 
across resistance R.K. produced by the signal in 
channel it 1, will be amplified by tube 5, and will 
appear across resistance 0 as output voltage. 
At the same time, since tube 2 is in the non 
conducting state, the variations in Voltage across 
resistance RK2 will not appear in the output. 
When the multivibrator fips, the opposite set of 
conditions will hold true. For good operation 
and simplified setup procedure, the charge re 
sistances (D2 and D4) for the capacitors Ch. 
and Ch. 2 should be much smaller than the dis 
charge resistances D, D3, Rg, Rg2, etc. This 
is equivalent to Rg R2 and Rg2R, where R2 
is the resistance of diode D2 and R4 is the re 
sistance of diode D4. Since in a common set up 
Rg might be from 100K to 500K and R2 might 
be from 500 ohm to 1k this condition is cer 
tainly satisfied. The above values also hold, of 
course, for Rg2 and R4. When used in a diplex 
Systern the multivibrator will be symmetrical and 
if used with facsimile and Continental Morse 
channels, the multivibrator rate should be equal 
to the single channel baud rate. As used with 
facsimile machines the conditions in each chan 
nel and in the output are similar to those shown 
below. 
In the absence of synchronizing pulses on the 

control grids T and 4 the multivibrator oscillates 
at its free frequency and signals from channels 
it and #2 feed through tubes 5 and 2 alterna 
tively for like time periods to the output. With 
applied Synchronizing pulses the time of conduc 
tivity of the multivibrator sections is controlled 
and the time relation of the Synchronizing pulses 
on tubes 5 and 2 with respect to the signals is 
such that the middle half of signal elements of 
each channel is keyed through to provide an ag 
gregate output. The channels are successively 
assigned to the output by the multivibrator sec 
tions and in the output the two channels are 
given equal intervals of time, the intervals being 
equal to the duration of a signal element. The 
duration of a signal element is the shortest time 
interval required for a mark or space signal, and 
all longer mark or space elements are integral 
multiples of the signal element. 
The signals in each channel are so phased with 

respect to the synchronizing pulses that the mul 
tivibrator picks out the center of each signal ele 
ment in each channel. Synchronizing pulses of 
twice the keying rate as shown on the first line, 
Fig. 5d., are applied to the grids 7 and 4 to con 
trol as desired the starting and stopping of said 
tubes. The signal on say channel it.1 starts A 
of a signal element ahead of the signal on chan 
nel it2. The synchronizing pulses applied to the 
grid of tube 5 amplifying the output of chan 
nel iti are applied in such time relation with re 
Spect to the signal pulses on channel it 1 that the 
start of the conduction time of tube. 5 lags be-, 
hind the signal of channel #1 % of a signal ele 
ment. On application of the synchronizing 
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pulse tube 5 conducts and tube 2 is cut off. 
Tube 5 conducts for 4 of a signal element, rep 
resented at a in line of Fig. 5a. The Synchro 
nizing pulse on the grid 4 of tube 2 turns this 
tube on. The signal element on channel #2 ags 
the time at which tube 5 was turned on by 4 
of a signal element so that tube 2 begins to 
conduct A of a signal element after tube 5 
started to conduct. When tube i2 starts to con 
duct tube 5 is cut off. Tube 2 conducts for A2 of 
a signal element, represented at b in line. of 
Fig. 5d., and then a synchronizing pulse turns 
tube 5 on and due to the multivibrator action 
tube 2 is cut off. Tube 5 is conductive during 
A. of the signal element on channel it 1 while 
tube 2 is conductive during A of the signal ele 
ment, on channel #2. Then the output due to the 
signal in channels ill and #2 represents the cen 
ter portion of each signal element on channels 
#1 and #2. 
In Fig. 5a signal elements as they ray occur 

in practice are shown on channels #1 and #2. In 
order to simplify the showing the Signals On 
channels #1 and #2 are in Fig. 5b aSSUlmed to 
be made up of alternate marks and Spaces at 
elemental baud rate. To repeat the above state 
ment of operation, the signal in channel #1 is 
applied to grid 7 A of a signal element ahead of 
the synchronizing pulse (line 2). iube 3 is a S 
sumed to be cut off and tube 2 on. An applied 
synchronizing pulse on the grid turns tube 5 
on; current flows and turns tube 2 off. The 
bias on grid 2 is becoming less negative and the 
adjustment is such that the synchronizing pulse 
applied to grid 4 of tube 2 /2 of a signal ele 
ment later raises this grid of tube 2 above cut 
off and tube 2 is turned on, current starts to 
flow and tube 5 is turned off. The operation is 
then repeated. 
The manner in which the channels are COIn 

bined is essentially as disclosed by Callahan, 
Mathes and Kahn in an article. entitled 'Time 
division multiplex in radio telegraphic practice,' 
appearing in the IRE of January 1938. 

I have disclosed an improved and efficient 
means for combining two channels in a diplex or 
multiplex system in Fig. 5 of the drawings. 
Heretofore combining channels in multiplex or 
diplex systems has been carried out by mechani 
cal means instead of electronic means as in my 
improved system. . In certain systems known 
heretofore combining units have consisted of a 
commutator with a number of segments, at least 
one segment being allotted to each signal Chan 
nel, and with a brush arm which moves over the 
segments sequentially. This mechanical Coria 
bining means requires a motor or other driving 
means, a shaft and all of the equipment neces 
sary to the use of such means. In my System, 
as stated above, the combining is accomplished 
electronically by an improved multiVibator 
operated in an improved manner. 
The principle involved in my impl"oved elec 

tronic signal combiner may be extended as ill 
lustrated in Fig. 6 to a four-channel time division 
multiplex system. These multivibrators v. Wi 
and MV2 are each as illustrated in Fig. 5 and de 
scribed hereinbefore. Synchronizing pulses and 
signals from channels E1 and #2 are applied to 
MVi to provide at its output an aggregate signal 
as described above. Synchronizing pulses aid 
signals from channels ft3 and #4 are applied to 
MV2 in similar manner to provide at its output 
an aggregate signal. The operation of each mul 
tivibrator to select and supply as output the cen 
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8 
ter half of each signal element on each channel 
is as described above in connection with Fig. 5. 
The outputs of MVf and MV2 are then applied 
as channels #1' and #2' to the respective Sections 
of a third combiner multivibrator MW3 in which 
the grids are controlled by synchronizing pulses 
to supply at the output of MV3 the aggregate of 
channels #1, #2, #3 and #4. The multivibrator 
MV3 is operated to select the center halves of the 
signal elements on each channel just as described 
above in connection with Fig. 5. The signal on 
channel #1' represents the signal on channels 
ii.1 and #2, while the signal on channel #2' rep 
resents the signal on channels #3 and F4. At the 
output of MW3 the signals from channels F1' and 
i2' are combined. 
What is claimed is: 
1. In a wave generator of the multivibrator 

type including two electrode structures each in 
ciuding an anode, a cathode and a control elec 
trode, a source of potential coupled to the anode 
and to the cathode of each electrode structure, 
a resistor in each anode coupling, a condenser 
and a unilaterally-conductive device connected in 
series between the anode and cathode of each 
electrode structure, said devices each being poled 
to permit charging of its corresponding. Series 
connected condenser therethrough from Said 
source, means connecting each of Said condensers 
in series with a unilaterally-conductive device 
between the anode of one electrode structure and 
the control electrode of the other electrode struc 
ture and between the anode of the other elec 
trode. Structure and the control electrode of the 
one electrode structure, said last-named devices 
each being poled to permit discharge of its cor 
responding Series-connected condenser there 
through. 

2. In a multiplex signalling System, at least two 
incoming channels each having pulsating signal 
intelligence thereon, at least one outgoing Sig 
nalling channel, a multivibrator including two 
electrode structures each including an anode, a 
cathode and a control electrode, with the anodes 
maintained positive with respect to the cathodes 
and the anodes and control electrodes croSS 
coupled by capacitors, means for allowing the 
control electrodes to be biased negatively with 
respect to the corresponding cathodes so that 
the said electrode structures operate as ampli 
fiers, connections from one incoming channel to 
one electrode structure for impressing the pull 
sating signal intelligence thereof on such elec 
trode structure, connections from the other in 
coming channel to the other electrode structure 
for impressing the pulsating signal intelligence 
thereof on such electrode structure, connections 
for impressing Synchronizing impulses on each 
electrode structure, and means connecting both 
of Said electrode structures to said outgoing 
channel. 

65 

3. In a signalling System, at least four incom 
ing signal channels, at least one outgoing signal 
channel, three multivibrators each including two 
electrode structures, each structure having an 
anode, a cathode and a control grid, with the 

70. 

75 

anodes maintained positive with respect to the 
cathodes and capacitors cross-coupling the 
anodes, and cathodes of the structures of each 
imultivibrator, the arrangement being such that 
the structures are alternatively conductive, 
means for impressing signals from two channels 
on the electrode structures of one multivibrator, 
means for impressing signals from the other two. 
channels on the electrode structures of another 
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6f the militivibrators, means for supplying the 
outputs of said one and another multivibrator 
as signal channels to the respective electrode 
structures of said third multivibrator, the signal 
elements of the respective channels being rela 
tively time displaced a fraction of the time dura 
tion of a signal element, means for impressing 
synchronizing pulses on the electrode structures, 
and a coupling between the third multivibrator 
and said outgoing signal channel. 

4. In a signalling system, in combination, a 
wave generator of the multivibrator type Con 
prising two electrode structures each having ari 
anode, a cathode and a control grid, with the 
control grids and anodes cross-coupled by con 
densers and the anodes maintained at positive 
potentials relative to the cathodes, and the Con 
trol grids maintained negative relative to the 
cathodes, thereby increasing the impedance be 
tween the control grids and cathodes, a charg 
ing path for each condenser including a diode. 
in a connection between the terminal of each 
condenser connected to the control grid of an 
electrode structure and the cathode of said elec 
trode structure, and means in the cross-coupling 
for preventing charging of the condenser through 
the grid to cathode impedances of electrode 
structures, a resistance coupling the cathode of 
each electrode structure to ground, two Sources 
of potentials to be amplified, means for impreSS 
ing potentials from one source on one resistance, 
means for impressing potentials from the other 
source on the other resistance, and an output 
circuit coupled to the anodes of the electrode 
structures. 

5. In a wave generator of the multivibrator 
type including two electrode structures each hav 
ing an anode, a cathode, and a control grid, a. 
source of potential coupled by a resistance to the 
anode of each electrode structure, a condenser 
and a diode in series coupled between the anode 
and cathode of each electrode structure, croSS 
couplings including the said condensei's in Series 
each with a diode between the anode of one elec 
trode structure and the grid of the other electrode 
structure and between the anode of the other 
electrode structure and the grid of the one elec 
trode structure, a resistance coupling the cathode 
of each electrode structure to ground, an output 
circuit coupled to the anodes of the electrode 
structures, and input circuits coupled to the last 
mentioned resistances. 

6. In a signalling system, in combination, a 
wave generator of the multivibrator type includ 
ing two electrode structures each having an 
anode, a cathode and a control grid with the 
anodes maintained at potentials positive With 
respect to the cathodes and the control grids 
and cathodes cross-coupled by condensers, means 
for maintaining the control grids negative with 
respect to the cathodes, thereby increasing the 
impedances between the control grids and 
cathodes, and reducing their effectiveness as 
charging paths for the condensers, a charging 
path for each of said condensers including a 
diode, and means in the croSS-coupling for pre 
venting charging of the condenser through the 
grid to cathode impedances of the electrode struc 
tures, a resistance coupling the cathode of each 
electrode structure to ground, two sources of sig 
nals formed by signal elements of like duration, 
the signal elements on the two channels being 
relatively displaced in time by a half of a signal 
element, means for impressing signals from one 
Source on one resistance, means for impressing 
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signals from the other source on the other re 
Sistance, and means for impressing Synchronized 
pulses on the grids of the electrode structures, 
the Synchronizing pulses recurring at a rate 
double the frequency of the Signal elementS and 
lagging the signal elements on each channel in 
time by one quarter of a signal element. 

7. In an oscillation generator of the multi 
vibrator type, two electron discharge Systems 
each having an electron source electrode, an 
electron flow control electrode, and an electron 
receiving electrode, means for applying direct 
potentials to the electron receiving electrodes 
which are electro-positive with respect to the 
direct potentials on the electron Source: elec 
trodes and capacitors cross-coupling the electron. 
flow control electrodes and electron receiving 
electrodes, Said capacitors each having One 
terminal coupled to the electron receiving elec-, 
trode of one system and another terminal cou 
pied to the electron foW control electrode Of the 
other System, a direct current charging path for 
each of said capacitors including a separate 
unilaterally conductive device, connecting that 
terminal of each capacitor coupled to the elec 
tron flow control electrode of the respective elec 
tron discharge System to a direct potential point 
which is electro-negative with respect to the di 
rect potential applied by Said first named means 
to the electron receiving electrode of the re 
spective system, said devices each being poled 
to pass current to the last-named point, and 
unilaterally conductive devices, one in each of 
the cross-couplings between the electron fioW 
control electrodes and the capacitors and poled 
oppositely with respect to the first-named devices, 
for preventing charging of Said capacitorS' 
through the impedances between the electron 
Source electrodes and electron flow control elec 
trodes of Said Systems. 

8. In an oscillation generator of the multi 
vibrator type, two electron discharge Systems 
each having a cathode, a control electrode, and 
an anode, a resistor for each system connected 
to the anode thereof for applying a direct po 
tential to the anode which is positive with re 
spect to the direct potential on the cathode 
thereof and capacitors cross-coupling the con 
trol electrodes and anodes, Said capacitors each, 
having one terminal coupled to the anode of 
one system and another terminal coupled to the 
control electrode of the other System, a biasing 
circuit connecting the control electrode of each 
system to its cathode for operating the control 
electrodes negative relative to the cathodes, each 
of said biasing circuits comprising a resistor 
connecting its tube's cathode to ground and a 
second resistor connecting its tube's grid to 
ground Said negative biases reducing the ef 
fectiveness of the grid to cathode inpedances of 
Said Systems as charging paths for said capaci 
tors, and a separate charging path for each of 
Said capacitors, each charging path including 
in Series a different one of said first-mentioned 
resistors and a unilaterally-conductive device 
coninected between ground and said other ter 
minal of each of Said capacitors and poled to pass 
current to ground. 

9. In an OScillation generator of the multi 
vibrator type, two electron discharge systems 
each having a Cathode, a control electrode and 
an anode, a resistor for each system having one 
end thereof connected to the anode of its sys 
tem and its other end coupled to a source of 
direct potential which is positive with respect 
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to the potential on the cathode of its System, 
capacitors cross-coupling the anodes and con 
trol electrodes of said systems, a resistor connect 
ing the cathode of each System to ground to bias 
Such cathode, a direct current charging path for 
each of said capacitors including in series there 
with and with one of said first-mentioned re 
sistors a unilaterally-conductive device having 
one terminal thereof connected to ground and 
poled to pass current to ground, and unilaterally 
conductive devices, one in each of the cross 
couplings between the control electrodes and the 
capacitors and poled oppositely with respect to 
the first-named devices, for preventing charging 
of the capacitors through the impedances be 
tween the control electrodes and cathodes of said 
systems. 

10. In a signalling System, in combination, a 
wave generator of the multivibrator type includ 
ing two electron discharge systems each having 
a cathode, a control electrode, and an anode, 
means for applying to the anodes direct po 
tentials which are positive with respect to the 
potentials on the cathodes and a capacitor and 
diode in series cross-coupling the anode of each 
discharge system to the control electrode of the 
other system, said capacitors each having one 
terminal coupled to the anode of one system and 
another terminal coupled by a corresponding 
diode to the control electrode of the other System, 
said diodes each being poled to prevent current 
flow therethrough to the coupled control elec 
trode, a direct current charging path for each 
of said capacitors, including a sepalate uni 
laterally-conductive device connecting said other 
terminal of each capacitor to a point of negative 
potential, said devices being poled to pass cur 
rent to said point, and means for applying vary 
ing potentials to be amplified to each of said dis 
charge systems. 

11. In a signalling System, in combination, a 
wave generator of the multivibrator type includ 
ing two electron discharge Systems each having 
a cathode, a control electrode and an anode, 
means for applying to the anodes direct poten 
tials which are positive with respect to the po 
tentials on the cathodes, and capacitors cross 
coupling the anodes and control electrodes, said 
capacitors each having one terminal coupled to 
the anode of one system and another terminal 
coupled to the control electrode of the other 
system, a biasing circuit connecting the control 
electrode of each system to its cathode for op 
erating the control electrodes negatively relative 
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to the cathodes, the negative biases increasing 
the effectiveness of said systems as amplifiers by 
increasing the impedances between the control 
electrodes and cathodes, a direct current charg 
ing path for each of said capacitors, including 
a separate unilaterally-conductive device con 
necting said other terminal of each capacitor to 
a point of negative potential, Said devices being 
poled to pass current to said point, and separate 
Sources of Oscillations of different frequencies 
coupled one to the cathode of each discharge 
System. 

12. In a signalling generator, two sources of 
oscillations of different frequencies, a multi 
vibrator including two electron discharge Sys 
tens having their control electrodes and anodes 
cross-coupled and supplied by direct potentials 
such that Systems are alternatively operative 
as amplifiers, a capacitor and a diode in series 
in each of said cross-couplings, the diodes being 
poled to prevent current flow therethrough to the 
coupled control electrode, and a charging path 
for said capacitors including a diode connect 
ing the control electrode end of each capacitor 
to the cathodes of said systems, said last-named 
diodes being poled to allow current flow there 
through toward said cathodes, connections from 
one Source to one system for impressing oscilla 
tions from one source on one system for ampli 
fication, connections from the other source to the 
other system for impressing oscillations from the 
other source on the other system for amplifica 
tion, and an output circuit coupled to the two 
Systems. 
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