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The present invention relates to the generation 
Of alternating current waves and particularly to 
the conversion of alternating current waves of 
One frequency into one or more alternating cur 
rent Waves of other frequencies. 

Heretofore, it has been found desirable in 
transmission systems in which a large number of 
alternating current Waves of different frequencies 
are required, for example, as the carrier waves 
for the different channels of a multiplex carrier 
telephone system, to obtain these Waves simul 
taneously by distorting an alternating current 
wave of a base frequency by a single wave dis 
torting device. Some Systems of the prior art 
have made use of gas-filled electron discharge 
devices for this purpose because of the increased 
power output Which can be obtained thereby at 

However, gas-filled 
tubes When used as harmonic or Sub-harmonic 
producers have not proved entirely satisfactory 
because of large variations in output amplitude 
and phase, especially at the higher frequencies, 
due to the arc failing to Strike at the same part 
of each cycle of input. 

It is an object of the present invention to pro 
duce simultaneously from a single base frequency 
Wave, a large number of Waves of harmonically 
related frequencies which are of Substantially 
equal amplitudes and high power levels, and of 
constant phase relation over a wide range of fre 
quencies. 
In accordance With the invention, this object 

is obtained in a circuit employing a gas-filled tube 
as the harmonic producer by So designing the 
circuit that the output Wave is Substantially tri 
angular and narrow compared to the Whole cycle. 
In One embodiment the circuit comprises a gas 
filled tube With a condenser and resistance in 
series in its output circuit, the condenser being 
charged from a source of direct current over a 
greater part of the cycle and being allowed to 
discharge through the resistance and the gas 
filled tube under control of impulses of the base 
frequency impressed on the grid of the gas-filled 
tube. By making the time constant of the re 
sistance and condenser in the output circuit short 
compared with the time of a cycle of the Con 
trolling Wave, a relatively Sharp impulse Wave is 
obtained in the output circuit. 
The various objects and features of the inven 

tion will be understood from the following de 
tailed description thereof. When read in connec 
tion with the accompanying drawing in which: 

Fig. 1 shows schematically a frequency con 
version circuit embodying the invention; 

(C. 250-36) 
Figs, 1A and 1B show Schmatically circuits 

which may be substituted for portions of the cir 
cuit of Fig. 1 to produce modified forms of the 
invention; and 

Figs. 2 and 3 show curves illustrating the oper 
ation of the circuits of the invention. 

Fig. 1 shows a frequency converter circuit em 
bodying the invention which was devised to pro 
duce Simultaneously a group of frequencies rang 
ing from 2,000 to 50,000 cycles per second which 
are harmonics of 2,000 cycles, to be used as the 
Carrier Waves for the different channels of a 
multiplex carrier telephone System. 

Referring to Fig. 1, the circuit comprises a 
multivibrator unit MW of the well-known Abra 
ham-Bloch type, an intermediate vacuum tube 
driver stage ID, and a harmonic producer cir 
cuit EP. 
As indicated, the multivibrator MV which is 

used to reduce the 4,000-cycle control frequency 
to 2,000 cycles and to provide an autput wave 
whose shape is desirable to use with the driver 
stage, comprises two 3-electrode amplifying vac 
uum tubes and 2. Heating current of suitable 
value is Supplied in parallel to the cathodes of 
the two tubes , 2, from the filament battery 3 
through the rheostat 4. Space current is Sup 
plied by the common plate battery 5 to the plates 
of the multivibrators and 2, respectively, 
through the equal high resistances 6 and 7, which 
resistances are connected in series between the 
plates of the two tubes. The control grid 
cathode circuits of the two tubes f and 2 are con 
nected in push-pull relationship, and the equal 
resistances 8 and 9 are respectively connected in 
series in the individual portions of the control 
grid-cathode circuits of the tubes and 2. A 
sinusoidal wave of the control frequency 4,000 
cycles is impressed on the common portion of the 
control grid-cathode circuits of the tubes, and 
2 through the input transformer 0, as indicated. 
The plate of tube is connected directly to the 
control grid of tube 2 by the variable condenser 

, and the plate of tube 2 is connected directly 
to the control grid of tube by the variable con 
denser f2. 

In such a multivibrator circuit, the time con 
stants of the circuit elements are selected so that 
the multivibrator OScillates at a fundamental fre 
quency. Which is approximately that of the fre- . 
'quency desired. Where the multivibrator is used 
as a step-down frequency converter, the fre 
quency of the injected control oscillations coin 
cides with a harmonic of the multivibrator, or 
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2 
the multivibrator is a sub-harmonic of the fre 
quency of the injected oscillations. In the pres 
ent case where a Wave of 2,000 cycles is desired, 
the control Wave oscillations applied to the input 
of the nuitivibrator MV have a frequency of 
4,000 cycles, and the value of the condensers and 
resistances of the multivibrator are selected to 
make its fundamental frequency of oscillation, 
2,000 cycles. 
The intermediate driver stage ID comprises a 

single 3-electrode vacuum tube 3. The cathode 
Or filament of tube 3 is Supplied with suitable 
heating current from the filament battery 4 
through the rheostat 5, and space current is 
Supplied to the plate of tube 3 from the plate 
battery 5 through the primary Winding of the 
output transformer 6. A resistance it is con 
nected between the cathode and control grid of 
tube 3 and the input of that tube is coupled to 
the output of the multivibrator MW by a re 
sistance-condenser coupling C comprising the 
shunt resistances 6 and and the Series variable 
condenSer 3. 
The harmonic producer HP comprises the 3 

electrode gas-filled discharge tube 9; the load 
resistance 20, charging resistance 2 and the 
plate battery 22 connected in series in the plate 
cathode circuit of tube 9; and the condenser 23 
shunting the plate battery 22 and the charging 
resistance 2 in series. The control grid of the 
tube 9 is negatively biased by the grid battery 
28 through the series resistance 25, and the cath 
Ode or filament of tube 9 is supplied with heating 
current from the filament battery 26 through the 
rheostat, 2.. The resistance 25 is connected 
across the terminals of the secondary Winding of 
the output transformer 6 for the intermediate 
driver tube 3. A Small inductance 28 is also 
preferably inserted in the plate-cathode circuit 
of tube 9 in series with the load resistance 20 to 
improve the operation of the harmonic producer 
circuit, but is not an essential element thereof. 
The harmonic frequencies produced by this cir 
cuit are taken off across the terminals of the 
load resistance 29, and are separated by suitable 
selecting circuits or filters connected to that re 
sistance as indicated. 
Other characteristics of the circuit of the in 

vention as shown in Fig. 1 in producing a large 
number of harmonics having equal amplitudes 
and high power level Will be brought out in the 
following complete description of operation. 
In the multivibrator MW as described, the plate 

circuit of the tube is resistance-capacity coupled 
to the grid circuit of tube 2 through resistances 
6 and 9 and variable condenser , and the plate 
circuit of tube 2 is, in turn, resistance-capacity 
coupled to the grid circuit of tube through re 
Sistances and 8 and variable condenser 2. 
A sinusoidal wave of the control frequency, 

4,000 cycles per Second, is applied to the common 
portion of the control grid-cathode circuits of the 
tubes and 2 of the multivibrator through the 
input transformer it so as to apply a Series of 
control inpulses of that frequency alternately on 
the two control grids of the multivibrator tubes 
and 2. During the greater part of each of half 

of the multivibrator cycle these impulses have 
little effect, but near the end of the half-cycle, 
as the multivibrator approaches the “transient' 
condition, the margin of stability of the circuit 
diminishes until finally one of the controlling im 
pulses is sufficient to “trip off' the transient and 
start a new half-cycle. This action being re 
peated regularly, the multivibrator is held in 

2,181,280 
control at the submultiple frequency 2,000 cycles, 
and a Square-topped Wave of Constant frequency, 
2,000 cycles per second, is produced in the output 
of the multiVibrator MIV. 
This square-topped wave could be directly ap 

plied to break down the gas-filled tube 9 of the 
harmonic producer circuit HP but it would hold 
the control grid of that tube above the critical 
Voltage for the remainder of a half-cycle so that 
as the plate Voltage builds up the tube would 
break down again in the same cycle. By using 
an intermediate driver tube 3 coupled to the out 
put of the multivibrator MW through a condenser 
resistance combination C (resistances 6 and 7 
and condenser 8) of very short time constant by 
proper Selection of the values of the individual 
elements in the coupling circuit, triangular 
shaped control pulses may be applied to the grid 
of the gas-filled tube 9. The wave form of the 
Wave Which Will be obtained in the output, circuit 
of the tube 9 in the manner which Will be de 
Scribed below, does not depend to any extent on 
the applied control wave since the latter deter 
mines only the time at which the discharge of 
tube 9 is started. Each triangular pulse thus im 
preSSed by the output transformer 6 of the inter 
mediate driver tube 3 on the control grid 
cathode circuit of the gas-filled tube f9 across the 
resistance 25 will cause the tube to break down so 
that plate current will flow in the plate-cathode 
circuit. 
In the harmonic producer stage HP, the con 

denser 23 is normally charged up to the potential 
of the plate battery 22 through the charging re 
Sistance 2, and will discharge through the load 
resistance 20 and the discharge path of the tube 
(9 when that tube is rendered operative. As 
Stated above, the starting of the discharge 
through the tube 9 is controlled by the impulses 
impressed on the grid-cathode circuit of tube 9 
from the output of the intermediate driver stage 
ID. The control grid-cathode circuit of tube 9 
loses control of the plate discharge immediately 
the tube is ionized and cannot regain control 
until the voltage between the cathode and plate 
thereof falls below the ionizing potential of the 
gas in the tube. The potential will fall below 
this value because of the oscillatory nature of the 
discharge circuit consisting of the condenser 23, 
the load resistance 2 and the inductance in 
Series thereWith Cornprising the effective induct 
ance of the gas-filled tube, which is probably due 
to the inertia of the ions in the tube, and the small 
Series inductance 28. 
By Suitable Selection of the values of the load 

resistance 28 and the condenser 23, the time con 
Stant of the discharge circuit of tube A9 is made 
short compared with the time of a cycle of the 
controlling Wave So that the condenser 23 is 
charged up to the positive potential of the plate 
battery 22 through the resistance 2A over a great 
er part of each cycle, and during the remainder 
of the cycle discharges through the load resist 
ance 20 and the discharge path of the gas-filled 
tube 9. By this action, a relatively sharp in 
pulse Wave is obtained in the load resistance 20. 
This Wave approaches very closely a triangular 
pulse and contains a large number of harmonics 
of the frequency 2,000 cycles, which have high 
power level and Substantially equal amplitudes. 
A modified method of attaining the sharp pulse 

necessary to control the gas-filled tube 9 is to 
use a transformer 29 of the impulse coil (saturable 
core) type as shown in Fig. 1A of the dra Wing, as 
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2,181,280 
an input transformer for the harmonic producing 
circuit HP, the primary, winding . Of the coil 29 
being supplied from a suitable source 30 with a 
sinusoidal wave of 2,000 cycles which is of suf 
ficient amplitude to cause saturation of the core. 
The source 30 and impulse coil 29 would be sub 
stituted for the intermediate driver tube 3 and 
the multivibrator MW to the left of the line A-A. 
Since the core of the transformer 29 is Saturated 
over the greater part of a cycle there is no change 
of flux except as the wave goes through zero, at 
which point a very short pulse is obtained in the 
secondary winding of the transformer. This im 
pulse always occurs at the same part of the cycle 
regardless of the magnitude of input, which is an 
essential feature. 
A transformer 3? having its secondary winding 

shunted by a resistance. 32 may be substituted 
for the load resistance 20 and outgoing circuit to 
the right of the dot-dash line B-B' in the sys 
tem of Fig. i. This transformer arrangement 
Would be designed to present the same effective 
resistance as the resistance 20 in the system of 
Fig. 1. 
In order to study the operation of the circuit 

of the invention, and to more clearly understand 
the phenomena, which take place, measurements 
of the Voltage and current conditions in an ex 
perimental circuit substantially as shown in Fig. 
l, Were taken. The curve in Fig. 2 of the drawing 
shows the current discharge occurring in the gas 
filled tube f9 and the load resistance 20, or the 
voltage ep on the plate of tube 9, plotted against 
time. In this case, the circuit constants of the 
circuit of Fig. 1 were selected so as to give nearly a 
flat harmonic distribution at the power required 
for the carrier System. With Which it was desired to 
use the circuit of Fig. 1 as the carrier supply. The 
load resistance 20 was 10 ohms and the value of 
the condenser 23 was 0.2 microfarad. Inspection 
of Fig. 2 will show that the peak current obtained 
under these conditions is about 15 amperes. The 
curve designated epo in Fig. 3 of the drawing rep 
resents the potential variation between the cath 
ode and the plate of the tube 9 in the circuit of 
Fig. 1 during the discharge, and the curve desig 
nated ec in Fig. 3 ShoWS the potential across the 
condenser 23. The difference between the curve 
epo and the curve ec represents the voltage varia 
tion across the load resistance 20. 
In order for the circuit of Fig. 1 to operate 

Satisfactorily, the tube f8 must ionize in an ex 
tremely short time. The curve epo of Fig. 3 
shows that the ionization time of the tube 9 is 
approximately 6 micro-Seconds. 
Although the deionization time of the tube. 9. 

does not enter to any extent in the sharpness of 
the pulse which Will be obtained in the output 
circuit thereof, it is important in extinguishing 
the arc. The deionization of the tube must take 
place between the time the potential across the 
Cathode to the plate drops below the ionization 
potential and the point where it charges up to the 
ionizing potential again through the charging 
resistance 2. If this interval is shorter than the 
deionization time, the tube 9 will continue to 
conduct current and will not follow the driving 
tube f3. The time of this interval depends upon 
the value of both resistanceS 20 and 2. The 
amount by which the voltage. On the condenser 
23 drops below zero on the transitory discharge 
of the condenser is dependent upon the value of 
the load resistance 20. The time which it takes 
to charge the condenser 23, up to the ionization. 

3 
ing resistance 2 is directly proportional to its 
value. By placing a Small inductance 28 in the dis 
charge circuit it was possible to enlarge the con 
trol range of the harmonic producer. The Small 
inductance reduces the peak current necessary to 
obtain the required high power level for the har 
monics. 
The total energy which may be stored in the 

condenser 23 in the circuit of Fig. 1 in one cycle 
is: W = 1/2 CV2 where C is the capacity of the 
condenser 23 and V is the voltage across it. 
The total energy which is stored in the con 

denser 23 per second, or power, is P-1/2 if CV2, 
where f is the frequency. Since the values of the , 
frequency if and the voltage W are fixed, then it is 
evident that the power obtainable is directly pro 
portional to the capacity of the condenser 23. 
In order to obtain even distribution of harmonics, 
the time constant of the load resistance 2 and 
the condenser 23 must be of fixed value, which 
definitely fixes the values of the condenser 23 
and the load resistance 20 for any given power. 
The experiments which have been made on the 

circuit of the invention as shown in Fig. 1 indi 
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cate that a large nutmber of harmonics of sub 
stantially equal amplitude, and having a large 
amount of output power may be readily obtained. 

Various modifications of the circuits of the in 

Within the Spirit and Scope of the invention will 
occur to persons skilled in the art. 
What is claimed is: 
1. A harmonic producer comprising a gas-filled 

device, an output circuit for said device including 
a resistive impedance and a capacitor in series, 
a source of direct current, a circuit for charging 
said capacitor from said source, means to apply 
an alternating current control wave of a given 
base frequency to said input circuit to periodi 
cally cause ionization in said device. So as to allow 
said capacitor to discharge through said device 
and said resistive impedance during a part of 
each cycle of the applied Wave, and means to 
select from Said output circuit a large number 
of waves of different frequencies harmonically 
related to said base frequency, the time constant 
Of said output circuit being related to the time 
of each cycle of Said control wave so as to pro 
duce an impulse Wave in said output circuit, 
which is relatively sharp and narrow compared 
to the whole cycle whereby the selected waves of 
harmonic frequencies obtained from Said output 
circuit are of high power levels and substantially 
equal amplitudes over a wide frequency range. 

2. The harmonic producer of claim 1, in which 
the time constant of Said output circuit is short 
compared with the time of a cycle of the con 
trol wave applied to said gas-filled device, 

3. The harmonic producer of claim 1, in which 
the desired relationship of the time constant of 
said output circuit and the time of each cycle of 
said control wave is obtained by making the con 
trol wave applied to said device comprise a series 
of recurring impulses which are Substantially tri 
angular and narrow compared to the whole cycle. 

4. A harmonic producer comprising a gas-filled 
electron discharge device having a control elec 
trode, an input circuit including said control 
electrode, an output circuit including a source 
of direct current, a resistance and the discharge 
path of said device in series, a capacitor con 
nected across said source in shunt with said resist 
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4. 
producing an alternating current wave of a de 
sired frequency comprising a series of recurring 
sharp impulses, means to apply said wave to Said 
input circuit to cause said device to be periodi 
cally ionized to discharge Said capacitor through 
said resistance and said discharge path of Said 
device, the time constant of Said resistance and 
said capacitor being short compared to a cycle 
of the wave applied to Said input circuit So that 
an impulse Wave which is Substantially triangular 
and narrow compared to a whole cycle and COin 
tains a large number of different harmonics of 
said desired frequency having a Substantial 
amount of power and of Substantially equal 
amplitudes over a wide frequency range is ob 
tained in said resistance, and in eans to Select the 
produced harmonics of said desired frequency 
from said resistance. 

5. The harmonic producer of claim 4 in which 
said means for producing the alternating current 
wave of said desired frequency comprising a series 
of recurring sharp impulses, comprises a multivi 
brator for producing a square-shaped Wave of 
said desired frequency, a second electron dis 
charge device having an output circuit coupled to 
the input circuit of said gas-filled device, and an 
input circuit, and a condenser-resistance circuit 
of very short time constant coupling the output 
of said multivibrator to the input circuit of Said 
second discharge device. 

6. The harmonic, producer of claim 4, in which 
said means for producing said wave applied to the 
input circuit of said gas-filled device comprises 
a saturable core transformer having a Secondary 
winding connected to the input circuit of Said 

2,181,280 
gas-filled device, and a primary winding and 
means to impress a Sinusoidal Wave of Said de 
sired frequency on said primary Winding of Sufi 
cient amplitude to cause periodical saturation of 
the core of said transformer. 

7. A circuit for producing a large number of 
waves of different frequencies harmonically re 
lated to a given base frequency and of high power 
level and of substantially equal amplitudes over 
a wide frequency range, comprising a gas-filled 
electron discharge device having an input cir 
cuit, and an output circuit including a resistance 
and a capacitor in Series, a Source of direct cur 
rent, said capacitor being connected acroSS said 
Source So as to be charged therefrom, means to, 
apply an alternating current control wave of 
said given frequency to said input circuit to 
periodically cause ionization in Said device so as 
to allow said capacitor to discharge through the 
discharge path of said device and Said resistance: 
during a part of each cycle of the applied Wave, 
the time constant of Said resistance and Said 
capacitor being short compared to a cycle of Said 
applied wave so that for each cycle of applied 
input an impulse is produced in said resistance 
which is relatively sharp and narrow compared 
to a whole cycle, means to select the desired 
waves of different frequencies harmonically re 
lated to said base frequency from said resistance, 
and sufficient inductance in the discharge cir 
cuit for said capacitor to reduce the peak current 
necessary to obtain the required high power level 
for the harmonics whereby the control range of 
the harmonic producer is enlarged. 

RALPH. L. M.T.L.E.R. 
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