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This invention relates generally to a keying 
System, and more particularly to a signal gen 
erator for producing an audio frequency wave 
which is interrupted or chopped up into char 
acters. The signal generator with which this 
invention is particularly concerned will herein 
after be referred to as a tone signal generator. 

Heretofore, in checking or testing the per 
formance of a locally situated transmission sys 
tem it has been customary to transmit from a 
remote central office over a land line energy in 
the form of a tone or alternating current corre 
Sponding to certain signal characters. Such a 
System requires the use of terminal apparatus 
at the remote central office as well as a control 
channel extending from the central office to the 
local radio transmitting system. The terminal 
apparatus at the remote central office may con 
sist of a facsimile machine or a high speed auto 
matic transmitter, or other suitable apparatus. 
The procedure which has been followed in such 
known systems has required that information be 
relayed from the attendant or operator at the 
local transmitting system to the remotely situ 
ated central office to the effect that checking or 
testing of the transmitting system is necessary. 
Upon receipt of this information at the remotely 
located central office, the checking or testing 
equipment at this central office would be placed into operation. 
The present invention eliminates the need for 

remotely situated character transmitting or 
checking apparatus for testing purposes and also 
eliminates the need for a control channel, by 
providing Suitable means which can be used at 
the local transmission system for generating the desired signal characters. 
One of the objects of the present invention is 

to provide a tone signal generator for producing 
an audio frequency wave interrupted or chopped 
up into characters, wherein the characters may 
have any desired weight and may employ any 
desired wave frequency within a wide range. 
Another object of the present invention is to 

provide a Source of continuously repeated signal 
characters consisting of marking characters and 
Spacing characters, the marking characters be 
ing composed of any one of a group of selectable audio frequency waves. 
A further object of the present invention is to 

provide a Source of continuously repeated signal 
characters consisting of marking characters and 
Spacing characters, the marking characters be 
ing adjustable in length or weight with respect 
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to a complete cycle of operation composed of both 
a marking and a spacing character. 
Other objects and their advantages will appear 

from a reading of the following description which 
is accompanied by drawings, wherein: 

Fig. 1 illustrates a complete tone signal gen 
erator in accordance with one embodiment of the present invention; 

Fig. 2 is a graphical representation given to aid 
in understanding the operation of the System of 
Fig. 1; - 

Fig. 3 shows a dial employed in connection with 
th? relaxation oscillator of the tone signal gen 
erator of the invention; and 

Fig. 4 is a preferred form of tone signal gen 
erator embodying the principles of the invention. 
- The tone signal generator of the invention 
shown in Fig. 1 includes a relaxation oscillator, 
a character chopper 2, an audio frequency oscil 
lator 3, and a keyed amplifier 4, all coupled to 
gether in a manner more fully described here- . 
inafter. ? , 

A Suitable power unit 5 Comprising a pair of 
transformers T? amd. T2 whose primary windings 
are coupled to a source of 110 volt-60 cycle sup 
ply, a full-wave rectifier R, and a low pass filter 
F for smoothing out the ripples from the recti 
fier, serves to supply suitable polarizing potentials 
and heating currents for the electrodes of the 
vacuum tube elements of the tone signal gen 
erator. . . . , . . - 

The relaxation. Oscillator f comprises a grid 
controlled glow discharge tube 2, Sometimes 
known as a “thyratron,” having an indirectly 
heated cathode K, a grid G and an anode A. 
The grid, anode and cathode electrodes of the 
glow tube 2 are connected to suitable points on 
a voltage divider comprising resistors 8, 9 and 
0 connected across the positive and negative 

terminals of the power unit 5, as shown. An ad 
justable condenser f4 composed of a plurality of 
selectable - condenser. units is connected across 
the cathode K and anode A of the glow tube for 
establishing the frequency of oscillation of the 
relaxation oscillator. Other elements for the 
establishment of the frequency of this relaxation 
oscillator are the serially connected resistors 5 
and 6 which are connected between the cathode 
K and the grounded or negative side of the power 
unit. It will be appreciated that the relaxation 
Oscillator operates at audio frequencies, and more 
Specifically at character frequencies, i. e., keying 
frequencies, and produces saw-tooth waves. The 
adjustable Condenser unit 4 is driven by a shaft. 
to which is connected a dial 6 for indicating. 
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which one of the Several c?????citors of the Con 
denser A is connected in the circuit, thus indi 
cating the range of audio frequencies within 
which the Oscillator is operating. The resistor 
ls is adjustable and is provided with a dial , 
shown in more detail in Fig. 3, for indicating the 
exact frequency of oscillation in the range Se 
lected by dial 6: An inductive reactor 3 is pro 
vided in series with the anode lead for limiting 
the instantaneous current through the tube 2 to 
a suitable value. Similarly, the resistor is 
provided in the grid circuit to limit the grid cur 
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rent of the tube to a value which is not excessive. 
In parallel relation to resistors 6 and 3 there 
are provided a pair of serially connected resistol's 
45 and 46 for compensating for variations in the 
frequency of the relaxation frequency oscillator 
due to effects in the output of the chopper in the 
manner to be described later. The output of the 
relaxation oscillator , which in effect is the volt 
age across condenser 4, is impressed upon chair 
acter chopper unit 2 of the tone signal generator. 
The character chopper unit 2 includes a grid 

controlled glow discharge device. T having an 
indirectly heated cathode K", a grid G' and an 
anode A’. The cathode K' of this tube is di 
rectly connected to the cathode Kof the relaxa 
tion oscillator, both cathodes being connected in 
parallel to the same point on resistor 5. The 
grid G' of character chopper if T is connected 
through a resistor 22 to a slider on a potentiom 
eter 9. Potentiometer 9 together with serially 
connected resistors 20 and 2 form a voltage di 
vided which is connected across two sides of 
the power unit in a manner similar to voltage 
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heated cathode vacuum tube 23 having a tuned 
circuit comprising an adjustable condenser 28, 
adjustable by selecting any one of a plurality 
of individual condensers or groups of condensers 
in parallel relation to one winding of the audio 
frequency transformer 24. The other winding 
of transformer 24 is connected to the grid of the 
tube 23 through a grid leak condenser combina 
tion 25. Transformer 24 is preferably a specially 
designed transformer having large leakage re 
actance. The output of the audio oscillator 3 
passes through audio frequency transformer 29 
and through the normally made contacts of jack 
39 before being impressed upon audio transform 
er 32. It Will be evident that if desired a plug 

- having an auxiliary audio tone may be inserted 
into jack 30, thus breaking the connection from 
the audio oscillator 3 to the keyed amplifier 4 
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divider 8, 9 and O. Tube 7 is similar to tube 
2 and so arranged that the output of the relaxa 

tion oscillator is impressed during a portion of 
each cycle across resistor f8 in the anode circuit 
of the character chopper. The character chopper 
functions to key or control the keyed amplifier 
4, from the latter of which characters of square 
formation are obtained in the output. . . 
Keyed amplifier 4 is a push-pull amplifying 

System comprising a pair of indirectly-heated 
cathode vacuum tubes 33 and 34, whose cathodes 
are connected in parallel to a slider 50 on re 
sistor 20 in the voltage divider system: 19, 20 
and 2. The grids of the amuplifier tubes are 
connected together through resistors 35 and 36 
from Which a connection is made to the anode 
A' of the character chopper tube . These same 
grids of the amplifier are also connected to one 
winding of an audio transformer 32 to whose 
other winding is supplied an audio frequency 
wave from the audio oscillator 3. In the output 
of the keyed amplifier, there is provided a re 

40 

45 

50 

55 

sistor or potentiometer 37 to which is connected . 
a slider 43 which is adjustable over 37 to reduce 
to a minimum the transients in the Outputter 
minals due to the anode current of tubes 33 and 
34. An instrument 47 is Serially connected in 
the circuit from slider, 43 to the positive side 
of the power unit to indicate the percentage of 
marking time to the total time. The output from 
the keyed amplifier is passed through an audio 
frequency transformer 38 to suitable jacks 40 
and 4 from which connections extend through 
suitable apparatus to any desired type of utiliza 
tion circuit; for example, a tonesignal converter 
which, in turn, is used for keying a radio trans 
mitter. Potentiometer 39 is employed for con 
trolling the volume of the output of the keyed 
amplifier. ? -- 
Audio Oscillator:3 comprises an indirectly 
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and connecting the keyed amplifier 4 to the auxil 
iary tone input. 
The operation of the system will now be de 

scribed. Considering the relaxation oscillator, 
the voltage across resistors 9 and f) is impressed 
across the circuit comprising condenser 4 and 
serially arranged resistors 5 and 6. Let us 
consider the start of the cycle to be the time 
when there is no charge on condenser 4. Charg 
ing current for condenser .4 will then flow 
through resistors 5 and 6 tending to charge 
the condenser 4 to the full voltage of the source. 
The gaseous grid-controlled glow tube or “thyra 
tron' 2 has its anode A and cathode K con 
nected across condenser 4 while its grid G is con 
nected through resistor if to the junction point 
67 between resistors 9 and 0. At the start of 
the cycle, the cathode K of tube 2 will be more 
positive than the grid G of this same tube. Con 
sequently no current will flow through the glow 
tube. As the condenser f4 charges up, however, 
the voltage on the cathode K. becomes more nega 
tive relative to the anode and the grid and even 
tually becomes negative with respect to the grid. 
G. When a particular voltage relation between 
the cathode K and the grid G of the glow tube 
?2 is reached, the glow in the tube will strike and 
the cathode-anode circuit of tube 2 becomes 
highly conductive. This condition of the glow 
tube permits the condenser 4 to discharge 
through the tube 2 very quickly, after which 
the cycle of operations described above will re 
peat itself. 
The frequency of Oscillation of the relaxation 

oscillator. may be increased by decreasing the 
capacity of condenser 4 or by decreasing the re 
sistance of resistor. 5, while the frequency of 
OScillation can be reduced by increasing the ca 
pacity of condenser 4 or by increasing the re 
sistance of resistor 6. The switch of condenser 
4 is connected to the dial 6 which, as mentioned 

before, has an indicator which indicates the range 
of frequencies in which the relaxation oscillator 
is to operate. Resistor 6, on the other hand, is 
linked to dial 7 which is provided with a plurality 
of Scales each scale indicating the exact fre 
quency within the selected range of dial 6. Both 
dials 6 and 7 must be read together to obtain a 
correct indication of the frequency of the oscil 
lator (note Fig. 3). 
At the beginning of the cycle assumed above, 

the Voltage relation between the cathode K' of 
the character chopper tube if T and the point 27 

... between potentiometers - 9 and 20 is such that 
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the glow tube T is non-conducting. In this con 
-dition the cathode K is positive with respect to 
the grid G'. As the voltage on the cathode K'be 
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comes more negative relative to the anode A' of 
tube 7, it will be obvious that in effect the volt 
age on the anode A' becomes more positive rela 
tive to the cathode K. Potentiometer 9, to 
which the grid G' of glow tube is connected, 
is so set by means of the slider that at the start 
of the cycle the grid G' is more negative than 
the cathode K. At some point in the cycle of 
Operation the cathode K' will attain a Voltage 
with respect to the grid G' such that the glow 
in the tube Will strike and the anode-Cathode 
circuit will become conductive. This point in the 
cycle is variable and is determined by the posi 
tion of the slider on the potentiometer 9. When 
the glow tube becomes conductive, the output 
voltage of the relaxation oscillator, which is 
across condenser f4, is impressed upon resistor 
8, except for the Constant Voltage drop of the 

glow tube f7 and except for the voltage difference 
across resistor 8 and resistors 20 and 2. This 
condition continues until condenser 4 discharges 
at the end of the cycle. 
At this time it should be noted that in these 

circuits the glow tubes 2 and 7 of Fig. 1 differ 
in Operation from grid-controlled glow discharge 
tubes in conventional circuits, in that in the pres 
ent invention the circuits cause both the bias 
grid-cathode Voltage and the anode-Cathode Wolt 
age to change, while in the conventional circuit 
only the anode-cathode Voltage changes while the 
bias grid-cathode Voltage is constant. 
The operation of the System, as so far de 

scribed, will be more clearly understood by ref 
erence to Fig. 2 which graphically represents 
the wave form of the potential generated in the 
glow tubes 2 and 7. The ordinate represents 
the voltage E while the abscissa represents the 
time relation t. The start of the cycle when 
glow tube 2 is non-conducting is represented by 
point P at time t'. As the condenser f4 charges 
up, the cathode voltage becomes more negative 
relative to the anode and Will tend to follow the 
logarithmic curve X, partly shown by the dot 
and dash line, which slopes gradually down to 
meet the abscissa, axis it at some remote point. 
However, when the voltage on the cathode bears 
a predetermined relation with respect to the grid 
which will occur when the cathode is negative 
with respect to the grid or nearly zero with re 
Spect to the grid depending upon the characteris 
tics of the tube employed, the glow in the tube 
f2 will strike at a point represented by P' on 
the curve X at time interval it'. At this point the 
voltage E14 from point P' to point P along the 
vertical aXis represents the voltage on the con 
denser A while the voltage E15, 16 from point P' 
on the vertical axis to the abscissa, represents 
voltage across the resistors 5 and 6. In re 
ferring to this point P at this time it is assumed, 
of course, that point P now represents a hori 
zontal voltage line at the distance P above the 
time axis. The discharge of the condenser. 4 
through the glow tube which occurs at point P' 
will cause the Wave, form to rise up again to a 
point on the P line, and the same cycle of oper 
ation will repeat itself. Considering the oper 
ation of character chopper 2, when the Wave form 
of the glow tube 2 has reached point P, repre 
senting the start of the cycle, the voltage across 
the anode A and cathode K' of tube 7 will be 
substantially the same as the voltage across the 
anode A and cathode K of tube 2. This voltage 
on the anode and cathode of tube 1 is repre 
sented by the line E27, KY and is shown to be 
slightly higher than the voltage on the same elec 
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3. 
trodes of tube 2 because of certain constants 
chosen in one particular embodiment of the in 
vention, although it should be understood that 
the voltage on the anode-cathode electrodes of 
tube il may be the same or even less than the 
corresponding voltage on the glow tube f2. As 
the cathode Voltage of the tube 2 becomes more 
negative with respect to the anode, the tube fi 
will be non-conducting until time t' is reached, 
at which time the relative voltage between cath 
ode and grid of tube f7 is such that the glow 
in tube 7 strikes, after which the glow tube T 
Will be conductive until time t' is reached. It 
should be noted that during the interval between 
t' and t' the voltage across the anode and 
cathode of tube 7 is substantially constant and 
equal to the glow Sustaining voltage in this same 
tube. This voltage is represented by EAK. The 
voltage across resistor 8 resulting from the flow 
of Current through resistor 8 and the anode 
Cathode circuit A', K' of tube f at any time 
is indicated by the vertical line E18. The con 
ductivity of glow tube 7 will cease immediately 
upon the complete discharge of condenser 4 
through tube 2, a feature (which the cycle of 
Operations in both tubes 2 and 7 will repeat in 
the manner described above. 
Currents flowing through the anode-cathode 

circuit of tube Will tend to influence the fre 
quency of the relaxation oscillator. When these 
Currents are Waried With respect to their duration 
by varying the weight of the characters by means 
of potentiometer 9, this tends to change the 
frequency of the relaxation oscillator. To com 
pensate for this change, resistor 46 is caused 
to vary by the Same control means as that used 
to Set the slider on potentiometer i 9. This si 
multaneous variation is effected by unicontrol 
shaft 42, represented by dotted lines. Thus, 
When the frequency of the relaxation oscillator 

tends to increase due to this cause, resistor 
46 is increased and produces a counter tendency 
to decrease the frequency of the relaxation oscil lator. 
When the glow tube 7 is in a non-conducting 

condition during the time interval between t” 
and t' of Fig. 2, the bias on the grids of the 
keyed amplifier tubes 33 and 34 is determined 
by the position of the slider 50 on the poten 
tionetter 20, at which time tubes 33 and 34 are 
conducting and passing audio frequency tone out 
to a suitable utilization circuit. However, when 
glow tube 7 becomes conducting during the time 
interval between t’’’ and t’’’’, this bias on vac 
uum tubes 33, and 34 of the keyed amplifier 4 
is increased by the voltage which is impressed 
upon resistor 8 represented by E18 in Fig. 2. 
For all operating adjustments, this voltage im 
pressed upon resistor 8 is sufficient to block 
Vacuum tubes 33 and 34 as soon as tube 7 be 
comes conducting, thus preventing tone from 
going out over jacks 40 and 4. In this manner 
output current flows from the keyed amplifier 
4 or, putting it another way, a marking char 
acter is formed during the interval between time 
t' and it', while a spacing character is formed 
during the time interval between t and t'!'. 
These marking and spacing characters can be 
varied to take any desired percentage of time , 
interval between t’ and t’’’ by adjusting po 
tentiometer i 9. 
In the operation of the tone signal generator 

as a Whole, the adjustable condenser 28 of the 
audio Oscillator 3 is set for the desired audio free 
quency and dial 6 and dial 7 are set to give the 
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relaxation frequency or frequency of repetition 
of the marking and space, while potentiometer 
f 9 is set to give the desired Weight or mark. By 
means of this adjustment of potentiometer 9, 
effected by movement of the slider due to move 
ment of the unicontrol means 42, the weight 
(i. e., the length) of mark can be adjusted to 
be anywhere from say 5% to 95% of the char 
acter cycle, taking place during the time in 
terval between it' and t'. For the purpose of 
calibration of the percentage marking instru 
ment 47, the potentiometer 9 is first set at its 
lowest position so as to give an uninterrupted 
tone output from the signal generator, i.e., con 
tinuous mark. (This occurs when tube 7 will 
be continuously non-conducting.) Potentiome 
ter 20 will now be adjusted until instrument 47, 
which is in the anode supply lead to the keyed 
amplifier 4, has a deflection mark of 100%, after 
which the unicontrol means 62 will be adjusted 
to vary the potentiometer - i 9 : until the instru 
ment 47 indicates the percentage Which it is de 
sired the marking time should bear to the total 
time of the character. After all this has been 
done, potentiometer 39 is adjusted to the desired 
output level. 

Fig. 3 shows in detail one form of dial which 
may be used in the relaxation oscillator circuit 
for resistor 6. There may be one such dial, 
as shown in this figure, for each setting of dial 
6. This dial comprises a pointer 26 Secured to a 
knob 48 which is movable over several stationary 
scales. 49, 5 and 52, each of the latter having 
engraved thereon around the periphery different 
frequency markings. Where the switch on con 
denser 4 produces by movement thereof fre 
quencies which are dissimilarly related to each 
other, then a single dial 7 (such as shown in 
Fig. 3) may be used for two or more settings 
of the dial 6, in which case it Will only be 
necessary to multiply each of the markings on 
the stationary scale by ten or one hundred. 

Fig. 4 shows a preferred form of the invention 
which is almost identical with the system of Fig. 
1, except for a few minor changes which will ap 
pear hereinafter. The operation of this System 
of Fig. 4 is substantially the same as the Opera 
tion of the system of Fig. 1, and the same refer 
ence numerals (some with prime designations) 
are employed in both of these figures to indicate 
equivalent parts. The main differences between 
the system of Fig. 4 and the System of Fig. 1 lies 
in the use of a buffer vacuum tube amplifier stage 
53 placed between the output of the relaxation 
oscillator and the character chopper 2. This 
buffer amplifier has its anode connected on the 
one hand through a resistor 56 to a Voltage divider 
55 and the same anode is connected on the other 
hand through a connection 56 to the cathode of 
the glow tube 7 of the character chopper 2. The 
relaxation oscillator shown in Fig. 4 is of the con 
ventional type wherein the bias grid-cathode volt 
age is constant, the only voltage which changes 
being the anode-cathode voltage. A Voltage regul 
lator tube 57 ensures substantially constant Sup 
ply voltage to the relaxation oscillator. The 
keyed amplifier 4' is here shown as a single 
evacuated vessel containing therein a pair of 
push-pull operated electrode structures, the cath 
odes being connected to the voltage divider by 
means of slider 50. In this case, however, the 
final bias adjustment for the keyed amplifier is 
obtained by means of slider 58. There is Some 
further difference in the manner in which the 
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2,312,810 
to the keyed amplifier, butinas muchas this dif 
ference is somewhat conventional and apparent 
to anyone skilled in the art, it is not believed 
necessary to describe the same in any detail. 
The audio frequency oscillator 3' of Fig. 4 differs 
somewhat from the audio oscillator 3 of Fig. 1. 
In Fig. 4 this audio oscillator comprises a vacuum 
tube 23' having a pair of anodes, a pair of grids, 
and a pair of cathodes, and a tuned circuit con 
sisting of reactor 24' in parallel relation to any 
one of the group of Selectable condensers forming 
a condenser 28'. The tuned circuit 24, 28' is 
connected across both anodes of the Vacuum tube 
23. One grid of this tube is directly connected 
to ground while the other tube is connected to 
ground through a pair of resistors 59 and 60. 
Both cathodes are directly connected together 
and to ground through a resistor 6. The out 
put voltage from the audio frequency oscillator 
3' appears across resistor 60 and is taken off by 
means of connection 6 to be applied to one wind 
ing of transformer 32’. A condenser 62 connects 
the ungrounded grid to the anode directly asso 
ciated with the other grid. Condenser 63 is a 
by-pass condenser for audio frequency energy 
connecting one of the anodes as well as one side 
of the tuned circuit to ground. A positive polariz 
ing potential for the anodes is supplied by con 
nection 64 which extends from the oscillator 3' 
to the power unit. A plurality of resistors are 
shoWn individually associated With different con 
denser units of the condenser 28' and serve for 
the purpose of reducing the power output level at 
different frequencies to substantially the same 
value. A jack 65 is provided in the output of the 
keyed amplifier and has Short circuited con 
tacts in Series with the output of the keyed 
amplifier 4 for the purpose of enabling the at 
tendant to key the system by hand in the event 
it is desired to communicate over the controlled 
transmission System. With a remote receiving 
point. In such a case the tone signal generator 
Will be adjusted for 100% mark, that is a con 
tinuous transmission of tone signal characters 
without any interruption, and the attendant, by 
means of a plug to be inserted in jack 65, can key 
the outgoing circuit, thus using this tone signal 
generator merely as a source of carrier tone. 
What is claimed is: 
1. In combination, a relaxation oscillator, an 

amplifier, an audio frequency oscillator whose 
output is coupled to the input of said amplifier, 
an electric tube coupling said relaxation oscil 
lator and said amplifier and responsive to the 
operation of said relaxation oscillator for period 
ically interrupting the output from said amplifier, 
Whereby there are produced signal characters in 
accordance with said interruptions, and means 
for controlling the weight of said signal char 
acters. 

2. In combination, a relaxation oscillator, an 
amplifier, an audio frequency oscillator whose 
output is coupled to the input of said amplifier, 
an electric tube coupling said relaxation oscil 
lator and Said amplifier, and responsive to the 
Operation of said relaxation oscillator for period 
ically biasing said amplifier to cut-off, whereby 
there are produced tone signal characters in the 
output of Said amplifier, and means in circuit 
With Said electric tube for adjusting the weight of 
said tone signal characters. 

3. In combination, a gaseous discharge tube 
relaxation oscillator having means for controlling 
the frequency of the produced oscillations, an 

audio oscillator 3' supplies audio frequency waves 5 amplifier, an audio frequency oscillator having 
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means for varying the frequency thereof, a con 
nection from Said audio oscillator to the input of . 
Said amplifier, and a non-oscillatory gaseous dis 
charge tube circuit coupling said relaxation oscil 
lator and said amplifier for periodically inter 
rupting the conductivity of said amplifier during 
a predetermined portion of the cycle of operation 
of Said relaxation oscillator, 

4. In combination, a gaseous discharge tube 
relaxation oscillator having means for con 
trolling the frequency of the produced oscilla 
tions, an amplifier, an audio frequency oscillator 
having means for varying the frequency thereof, 
a connection from said audio oscillator to the 
input of Said amplifier, a non-oscillatory gaseous 
discharge tube circuit coupling said relaxation 
Oscillator and said amplifier for periodically in 
terrupting the conductivity of said amplifier dur 
ing a predetermined portion of the cycle of 
operation of Said relaxation oscillator, and a 
buffer amplifier between said relaxation oscilla 
tor and Said non-oscillatory gaseous discharge 
tube. 

5. In combination, a gaseous discharge tube 
relaxation oscillator having means for con 
trolling the frequency of the produced Oscilla 
tions, an amplifier, an audio frequency oscilla 
tor having means for varying the frequency 
thereof, a connection from said audio oscilla 
tor to the input of said amplifier, a non-oscilla 
tory gaseous discharge tube circuit coupling said 
relaxation oscillator and said amplifier for 
periodically interrupting the conductivity of said 
amplifier during a predetermined portion of the 
cycle of operation of said relaxation oscillator, 
and a resistor coupled to the electrodes of both 
Said gaseous discharge tubes for compensating 
for any tendency on the part of the relaxation 
OScillator to change its frequency due to reaction 
caused by Said non-oscillatory discharge tube. 

6. In combination, a gaseous discharge tube 
relaxation oscillator having means for con 
trolling the frequency of the produced oscilla 
tions, a push-pull audio frequency amplifier, an 
audio frequency oscillator having means for 
Varying the frequency thereof, connections be 
tween said audio oscillator and the input of said 
push-pull amplifier, and a non-oscillatory 
gaseous discharge tube circuit coupling said re 
laxation oscillator and said amplifier for 
periodically biasing said amplifier to cut-off in 
dependence upon the cycle of operations of said 
relaxation oscillator, said amplifier being biased 
to cut-off during the time said non-oscillatory 
gaseous tube is conductive and vice versa. 

7. In combination, a gaseous discharge tube 
relaxation oscillator having means for con 
trolling the frequency of the produced oscilla 
tions, an amplifier, an audio frequency oscilla 
toi having means for varying the frequency 
thereof, a connection from said audio oscillator 
to the input of said amplifier, a non-oscillatory 
gaseous discharge tube circuit coupling said re 
laxation oscilaltor and said amplifier for 
periodically interrupting the conductivity of 
Said amplifier during a predetermined portion 
of the cycle of operation of Said relaxation 
oscillator, and a potentiometer in the output of 
said amplifier for controlling the volume of the 
energy in said output. 

8. In combination, a gaseous discharge tube 
relaxation Oscillator having means for con 
trolling the frequency of the produced oscilla 
tions, a push-pull audio frequency amplifier, an 
audio frequency oscillator having means for 
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5 
varying the frequency thereof, connections be 
tween said audio oscillator and the input of said push-pull amplifier, a non-oscillatory gaseous 
discharge tube circuit coupling said relaxation 
oscillator and said amplifier for periodically 
biasing said amplifier to cut-off independence 
upon the cycle of operations of said relaxation 
OScillator, Said amplifier being biased to cut-off 
during the time said non-oscillatory gaseous tube 
is conductive and vice versa, means in the out 
put of Said push-pull amplifier for reducing to 
a minimum the transients due to currents in 
Said amplifier, and means for controlling the 
volume of the output of said amplifier. 

9. In combination, a relaxation oscillator com 
prising a gaseous discharge tube, having across 
its anode and cathode an adjustable condenser 
composed of a plurality of Selectable condenser 
units, an amplifier, an audio frequency oscilla 
tor having a tuned circuit composed of an in 
ductive reactor and in shunt, thereto an adjust 
able condenser comprised of a plurality of 
Selectable condenser units, a connection from 
the output of said audio oscillator to the input 
of Said amplifier, an electric tube coupling said 
relaxation oscillator and said amplifier and re 
Sponsive to the operation of said relaxation 
oscillator for periodically interrupting the out 
put from said amplifier, whereby there are pro 
duced signal characters in accordance with said 
interruptions, and means for controlling the 
weight of said signal characters. . . . 

10. In combination, a relaxation oscillator comprising a gaseous discharge tube having 
acroSS its anode and cathode an adjustable con 
denser composed of a plurality of selectable con 
denser units, an amplifier, an audio frequency 
oscillator having a tuned circuit composed of an 
inductive reactor and in shunt thereto an ad 
justable condenser comprised of a plurality of 
selectable condenser units, a connection from the 
output of said audio oscillator to the input of 
said amplifier, a grid-controlled gaseous electric 
tube coupling said relaxation oscillator and said 
amplifier and responsive to the operation of said 
relaxation oscillator for periodically interrupting 
the output from said amplifier, whereby there 
are produced signal characters in accordance 
with said interruptions, and a potentiometer 
coupled to the grid electrode of said electric 
tube for controlling the time of striking of the 
glow therein with a consequent control of the 
weight of said signal characters. , . . . . . 

11. In combination, a relaxation oscillator 
comprising a gaseous discharge tube having 
across its anode and cathode an adjustable con 
denser composed of a plurality of selectable con 
denser units, a source of direct current voltage 
having one side connected to one terminal of 
said adjustable condenser and the other side 
connected through an adjustable resistor to the 
other terminal of said adjustable condenser, 
whereby both said adjustable resistor and said 
adjustable condenser establish the frequency of 
oscillation of said relaxation oscillator, a dial 
linked to said adjustable condenser for indicat 
ing the range of frequencies. Within which said 
relaxation oscillator is operating, and a dial 
linked to said adjustable resistor for indicating 
the exact frequency of Oscillation in the range . 
Selected by said first dial, an amplifier, an audio 
frequency oscillator whose output is coupled to 
the input of said amplifier, an electric tube coul 
pling said relaxation oscillator and said amplifier 
and responsive to the operation of said relaxation 
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oscillator for periodically interrupting the out 
put from said amplifier, whereby there are pro 
duced signal characters in accordance with said interruptions, and means for controlling the 
weight of said signal-characters. . . 

12. In combination; a saw-tooth wave genera 
tor, an amplifier, means coupling said generator 
and the input of said amplifier for controlling 
the conductivity of said amplifier over. Substan 
tially any desired portion of each cycle of opera 
tion of said generator, said means comprising 
a gaseous discharge devices having an anode, a 
grid and a cathode, a source of unidirectional 
potential, a voltage divider connected across said 
source of unidirectional potential, connections 
fromisaid anode and grid to different points on 
said voltage divider, and a-connection from said 
cathode to said voltage divider. 

13. In combination, a saw-tooth wave genera 
tor, an amplifier, means coupling said, generator 
and the input of said amplifier for controlling 
the conductivity of said amplifier over substan 
tially any desired portion of each cycle of opera 
tion of said generator, said means comprising a 
gaseous: discharge device: having an anode, a 
grid and a -cathode, a source of unidirectional 
potential, a voltage divider connected across said 
source of unidirectional potential, connections 
from said anode-and grid to different points on 
said voltage divider, and a connection from said 
cathode to said voltage divider, the connection 
from said grid to said: voltage divider being ad 
justable over said voltage divider for determining 
the exact pointin said cycle of operation at which 
the glow in said gaseous discharge device will 
strike; 14. In combination, a wave form generator, an 
amplifier, a character chopper coupling said gen 
erator and said amplifier for controlling: the con 
ductivity of said amplifier. over substantially any 
desired portion of each cycle of operation of said 
generator, said chopper comprising a . gaseous 
discharge device' having an anode, a grid and a 
cathode, a source of unidirectional potential, a 
voltage divider connected across said source of 
unidirectional potential, connections from said 
anode and grid to different points on said voltage 
divider, and a connection from said cathode to 
said voltage divider, and an instrument in circuit 
with the output of said amplifier for indicating 
the percentage length or weight of the marking 
characters produced in the System, 

15. In combination, a relaxation oscillator, an 
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amplifier, an oscillator whose output is coupled 
to the input of said amplifier, an electric tube 
coupling Said relaxation oscillator and said am 
plifier, and responsive to the operation of said 
relaxation oscillator for periodically interrupting 
the output from said amplifier, whereby there 
are produced signal characters in accordance 
with said interruptions, and means for control 
ling the Weight of said signal characters. 

16. In combination, a waveform generator, an 
impedance, means including a glow discharge de 
Vice for impressing any desired, portion. Of the 
voltage wave of said generator upon said im 
pedance, an amplifier, an oscillator having its 
output coupled to... the input of said amplifier, 
and a connection from said amplifier to said 
impedance; whereby the conductivity of Saidam 
plifier is controlled by the voltage impressed on 
said impedance. . 

17. In combination, a pulse generator produc 
ing pulses of equal length, an impedance, means 
for impressing the voltage wave of said generator 
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upon said impedance, an amplifier, an audio 
frequency oscillator coupled through a circuit of 
low impedance to energy of the oscillator fre 
quency to the input circuit of said amplifier, and 
a connection from the input circuit of Said am 
plifier to said impedance, whereby the conduc 
tivity of said amplifier is controlled by, the volt 
age impressed on said impedance and there are 
produced signal characters in the output of said 
amplifier, and means for controlling the weight 
of the signal characters. 

18. In combination, a relaxation. Oscillator, an 
amplifier, and a glow discharge tube coupling 
said oscillator and said amplifier and responsive 
to the operation of said generator for periodical 
ly rendering said amplifier non-conductive, and 
a potentiometer in circuit. With said glow dis 
charge tube for determining the duration of the 
conductive periods of said amplifier. 

19. In combination, a pulse generator, an am 
plifier, an audio frequency oscillator whose out 
put is coupled to the input of said amplifier, an 
electric tube coupling said pulse generator and 
said amplifier and responsive to the operation 
of said pulse generator for periodically inter 
rupting the output from said amplifier, whereby 
there are produced signal characters in accord 
ance with said interruptions, and means for con 
trolling the Weight of said signal characters. 

JAMES L. FINCH. 


