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2,916,687 
ELECTRONIC THREE-PHASE WAVE GENERATOR 
Donald L. Cronin, Anaheim, Calif., assignor to Siegler 

Corporation, Anaheim, Calif., a corporation of Dela 
Ware 

Application March 28, 1958, Serial No. 724,692 
14 Claims. (C. 321-5) 

The present invention relates to electric signal gen 
erators, and more particularly to an electronic three-phase 
Wave generator. 

Such wave generators find wide application in electronic 
inverters for converting a direct current energizing po 
tential to a three-phase supply voltage for operating the 
electrical equipment incorporated in missiles and the like. 
Various types of three-phase wave generators have hereto 
fore been proposed for obtaining the three-phase alternat 
ing current voltage that may be used as a source of power 
or used to drive suitable amplifiers, which in turn supply 
the necessary three-phase power to a load. These prior 
art three-phase wave generators are expensive, inefficient, 
and employ complex circuitry. Furthermore, many of the 
prior art generators are difficult to control so that the 
phase relationship of the three-phase output signal is al 
ways balanced. One type of prior art wave generator 
that has been used in the past is similar to a memory 
storage type ring oscillator in that a plurality of signal 
amplifying devices are connected in a ring configuration 
so that each device controls the operation of the succeed 
ing device. The output signal from such a generator is 
usually in the form of three square wave signals shifted 
in phase 120° from each other. While these ring oscil 
lator type wave generators are fairly small and efficient, 
it is difficult to adjust the frequency of the generators due 
to the fact that an adjustment of the circuitry of one 
phase is reflected into the circuits of the other two phases, 
It is also difficult to obtain the proper phase balancing 
between the three-phase output signal of such generators. 
Furthermore, the time durations of the positive and nega 
tive portions of the output signal developed in any one 
of the three phases are difficult to balance in the memory 
storage ring type generators. 
The present invention provides a three-phase wave gen 

erator that is relatively simple, inexpensive to manufacture, 
efficient, easy to adjust for different operating frequencies 
and inherently phase-balanced. The wave generator of 
the present invention includes a source of periodically 
varying control signals and first, second and third multi 
stable devices functioning as wave generating elements 
switchable between two conductive conditions. Each of 
the multistable devices is arranged to have two discrete 
states of operation and is adapted to change its state of 
operation in response to the application of predetermined 
gating signals thereto. The multistable devices are con 
nected in a closed or ring circuit configuration. The Wave 
generator further includes circuit means responsive to the 
control signal and to the state of each of the multistable 
devices for applying the predetermined gating signals to 
each of the devices in a preselected sequence to establish 
a three-phase output signal from the three multistable 
devices. Means are coupled to each of the devices for 
deriving the respective phases of the three-phase output 
signal. 
The invention is more fully described with reference to 

the accompanying drawings, in which: 
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2 
Fig. 1 is a block diagram of a three-phase wave gen 

erator employing the principles of the present invention; 
Fig. 2 is a graph illustrating wave forms taken at various 

points in the circuit of Fig. 1; and 
Fig. 3 is a schematic circuit diagram showing the de 

tails of one way to carry out the invention shown in 
Fig. 1. 

Referring now to the drawings, and more particularly 
to Fig. 1 thereof, the wave generator embodying the 
principles of the present invention includes a source of 
control signals such as a square wave generator 10 having 
a pair of output terminals 11 across which a substantially 
square wave of a predetermined frequency is established. 
Three multistable devices such as multivibrators 12, 13 
and 14 are sequentially controlled by the square wave 
generator 10, as will be more fully described hereinafter. 
The multivibrator 12 includes an input circuit 15 and a 
pair of output terminals 16; the multivibrator 13 includes 
an input circuit 17 and a pair of output terminals 18, 
and the multivibrator 14 includes an input circuit 20 
and a pair of output terminals 21. One terminal of the 
output terminals of the square wave generator 10 and the 
multivibrators 12, 13 and 14 is connected to ground, as 
is shown. The multivibrators may be bistable, monostable 
or astable. It is only necessary that each of the multi 
vibrators has a first and second state of operation of at 
least temporary stability for the time interval of one 
and one-half cycles of the square wave produced by the 
generator 10. Each of the multivibrators may be ar 
ranged to produce substantially rectangular positive and 
negative signals in the output circuit thereof with respect 
to a preselected reference level, which may, for example, 
be ground, when in the first and second states of operation, 
respectively. Each of the multivibrators may be further 
arranged to change from the first to the second state of 
operation in response to the application to the input cir 
cuit thereof of a positive signal with respect to ground, 
and to change to the first state of operation in response 
to the application to the input circuit thereof of a nega 
tive signal. 

Three summing circuits 23, 24 and 25 are provided for 
controlling the operation of the multivibrators 12, 13 and 
14, respectively. The summing circuit 23 includes a pair 
of input circuits 26 and 27 and an output circuit 28, which 
is connected to the input circuit of the multivibrator 12; 
the summing circuit 24 includes a pair of input circuits 
30 and 31 and an output circuit 32, which is connected 
to the input circuit of the multivibrator 13; and the 
summing circuit 25 includes a pair of input circuits 33 
and 34 and an output circuit 35, which is connected to the 
input circuit of the multivibrator 14. As is shown, one 
side of each of the pairs of input circuits of the Summing 
circuits 23, 24 and 25 is connected to ground. The 
input circuits 26 and 27 of the summing circuit 23 are 
connected respectively to the square wave generator and 
to the non-grounded terminal of the output terminals 20. 
The input circuits 30 and 31 of the summing circuit 24 
are connected respectively to the square wave generator 
10 and the non-grounded terminal of the output terminals 
16. The input circuits 33 and 34 of the summing circuit 
25 are connected respectively to the square wave gen 
erator 10 and to the non-grounded terminal of the output 
terminals 18. 

In describing the operation of the circuit of Fig. 1, ref 
erence will be made to Fig. 2, wherein the ordinate rep 
resents voltage and the abscissa represents time. The 
curve e represents the voltage across the output terminals 
11 of the generator 10; the curve A is taken by measuring 
the voltage across the output terminals 16 of the multi 
vibrator 12; the curve eb is taken by measuring the volt 
age across the input circuit 17 to the multivibrator 13; 
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the curve B is taken by measuring the voltage across the 
output terminal of the multivibrator 13; the curve e is 
taken by measuring the voltage across the input circuit to 
the multivibrator 14; the curve C is taken by measuring 
the voltage in the output circuit of the multivibrator 44; 
and the curve ea is taken by measuring the voltage across 
the input circuit to the multivibrator 12. 
To simplify the description of the operation of the 

circuit of Fig. 1, assume that the absolute magnitudes 
of the voltages produced by the generator 10 and the 
multivibrators are substantially equal and that just prior 
to the time to the voltage e is positive and the multivibra 
tors 12, 13 and 14 are in the first, first and second states 
of operation, respectively. At time to the voltage e 
changes from a positive to a negative value 39. 

During the time interval from to to t the input voltages 
to the summing circuit 23 are then both negative as a 
result of the output signal 39 from the square wave gen 
erator e being negative and the output signal 40 from the 
multivibrator 14 being negative. These two negative 
signals are added in the summing circuit 23 to produce a 
negative signal 4 across the input circuit 15 to the multi 
vibrator 12. Since the multivibrator 12 is arranged to 
assume its first state of operation in response to a nega 
tive signal, the multivibrator 12 remains in its first state 
during this time interval and produces a positive signal 
42 across the output terminals 16. 

During this same time interval the square wave genera 
tor applies the negative signal 39 to one input circuit of 
the summing circuit 24, and the multivibrator 12 being 
in its first state of operation applies a positive signal to 
the other input circuit of the summing circuit 24. These 
positive and negative signals are added in the summing 
circuit to produce a substantially zero voltage signal 43 
in the output circuit 32 of the summing circuit 24, or in 
the input circuit to the multivibrator 13. This zero volt 
age signal 43 has no effect on the multivibrator 13 and the 
multivibrator 13 remains in its first state and produces a 
positive signal 44 across the output terminals 18. 

During the time interval from to to t the summing cir 
cuit 25 receives a positive signal from the multivibrator 
13 on one of its input circuits and a negative signal from 
the square wave generator 10 on its other input circuit. 
Again, these two signals are added to produce a substan 
tially zero voltage signal 45 in the output circuit 35 or 
across the input circuit to the multivibrator 14. This zero 
voltage signal does not affect the state of the multivibrator 
14 which remains in its second state of operation and 
produces a negative signal 40 across the output termin 
als 20. 

During the time interval from t to t the square wave 
generator produces a positive signal 47. The output signal 
42 from the multivibrator 12 is also positive at this time, 
and these two signals are combined in the summing cir 
cuit 24 to produce a positive signal 48 across the input 
circuit to the multivibrator 13 (see curve e). This posi 
tive signal causes the multivibrator 13 to change from 
its first to its second state of operation and produce a 
negative signal 49 across the output terminals 18. During 
this same time interval the summing circuit 25 receives 
the negative output signal 49 from the multivibrator 13 
and the positive signal 47 from the generator 10 and 
produces a Zero voltage signal across the input circuit 
to the multivibrator 14 which does not affect the opera 
tion of the multivibrator 14. The summing circuit 23 
receives a negative signal from the multivibrator 14 and 
a positive signal from the generator 10 and also produces 
a Zero voltage signal in its output circuit which does not 
affect the operation of the multivibrator 12. Thus only 
the multivibrator 13 changes its state from time t to t3. 
From time i to t the square wave generator again 

produces a negative signal 50 which combines with the 
output signals from the multivibrators 12, 13 and 14 in 
the summing circuits 24, 25 and 23, respectively. Since 
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4 
only the output signal from the multivibrator 13 is nega 
tive during this time interval, only the Summing circuit 
25 produces an output signal 51 which is negative, and 
causes the multivibrator 14 to change its state and estab 
lish a positive signal 52 across the output terminals 20. 
From time t to t the output signal from the multi 

vibrator 14 is positive and the output signal from the gen 
erator 10 is positive. These signals are added in the sum 
ming circuit 23 to produce a positive signal 53 across the 
input circuit to the multivibrator 12 to cause it to change 
its state and establish a negative signal 54 across the 
output terminals 16. This operation continues with the 
multivibrators changing their states of operation in 
sequence to produce three rectangular waves A, B, and C 
in the output circuits of the multivibrators 12, 13 and 14, 
respectively. The output signals A, B, and C may be 
utilized to control suitable power amplifiers (not shown) 
which may supply three-phase power to a suitable load 
(not shown), or the output signals may be suitably filtered 
to provide sine wave voltages that are supplied directly 
to a three-phase load. 
The frequency of operation of each multivibrator is 

equal to one-third the frequency of the signal from the 
square wave generator. Where the circuit of Fig. 1 is 
to be used in an inverter in missiles or similar Systems 
which require 400-cycle three-phase power, the square 
wave generator should operate at 1200 cycles per second. 
Since all of the multivibrators are controlled by the gen 
erator 10 the output signals from the multivibrators are 
inherently phase-balanced. Also, the time intervals of the 
positive and negative portions of the output signals of all 
three phases may be accurately balanced by controlling 
the square wave generator 10 so that all half-cycles of 
the square wave signal have substantially equal time dura 
tions. 

In describing the operation of the circuit of Fig. 1, it 
was assumed for ease of explanation that the absolute 
magnitude of the voltages produced by the square wave 
generator 10 and the multivibrators were substantially 
equal. It is not necessary, of course, that the voltages 
produced by the generator 10 and the multivibrators have 
substantially equal magnitudes. Each of the summing 
circuits 23, 24 and 25 may be arranged to add input 
voltages of different absolute magnitudes to cause the 
multivibrator controlled by the summing circuit to change. 
from one state to another state of operation when both 
input voltages are at their high or positive level, to re 
main in the same state when both input voltages are at 
different levels, e.g., one being positive and one negative, 
and to change back to the one state of operation when 
both input signals are at the low or negative level. 

Referring now to Fig. 3, which shows the circuit 
details of one way to carry out the invention shown in 
block diagram in Fig. 1, the square wave generator 10 
includes a pair of transistors 60 and 61. The transistors 
50 and 61 may be junction transistors of the PNP variety. 
Each of the transistors includes a base electrode, an 
emitter electrode, and collector electrode designated by 
the subscripts b, e, and c, respectively. The collector 
electrodes 60 and 6 are connected across a primary 
winding 62 of a coupling transformer 63. The emitter 
electrodes of the transistors are connected directly to 
gether and a source of direct current energizing potential 
64 which may, for example, be a battery, is connected 
between a center tap connection 65 on the primary wind 
ing 62 and the emitter electrodes. As is shown, the posi 
tive terminal of the battery 64 is connected to the emitter 
electrodes and the negative terminal is connected to the 
center tap 65. The base electrodes of the transistors are 
connected together through a pair of base resistors 66 
and 67, a pair of feedback windings 68 and 69, and a 
balancing potentiometer 70 which includes a movable 
contact 72. As is shown, the resistors 66, the winding 
63, the potentiometer 70, the winding 69, and the resistors 
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67 are connected in series in that order befween the base 
electrodes 60 and 6. The movable contact 72 of the 
potentiometer 70 is connected to the emitter electrodes 
of transistors 60 and 61. This potentiometer permits the 
currents or voltages in the output circuits of the transis 
tors to be balanced. 
The windings 68 and 69 are coupled to a saturable 

core 71 which includes primary winding 73. The winding 
73 is coupled to the transformer 63 to provide regenera 
tive feedback in the generator 10. The winding 73 is 
connected across a secondary winding 74 of the trans 
former 63 by means of the series combination of a 
frequency-adjusting potentiometer 75 and a resistor 76. 
A pair of Zener diodes 77 is connected between the junc 
tion of the resistors 75 and 76 and one end of the winding 
73, as shown. These diodes are arranged to clamp the 
voltage that is induced across the winding 74 to a suitable 
value for controlling the frequency of the generator 10, 
as will be more fully described. 
The square wave generator 10 is a free-running multi 

vibrator with regenerative feedback coupled to the base 
electrodes of the transistors 60 and 61 by means of the 
saturable core 71. A starting bias resistor 80 is con 
nected between the negative terminal of the battery 64 
in the base electrode 60 to render the transistor 60 ini 
tially conducting when power is first supplied to the 
generator by means of the battery 64. Free-running 
multivibrators of this type are well known in the art. 
The frequency at which the free-running multivibrator 
or square wave generator 0 operates is dependent upon 
several factors which include, among other things, the 
voltage of the battery 64, the impedance of the resistors 
75 and 76 and the potential level at which the Zener 
diodes 77 break down. Thus the frequency of the gen 
erator 10 may be changed by varying any one of these 
parameters. It is not necessary, of course, to include the 
resistors 75 and 76 and the diode 77 in the feedback cir 
cuit since the frequency may be controlled by the battery 
64 alone. However, one or more of these elements may 
be desirable to permit the frequency of oscillation to be 
easily adjusted. 
The multivibrator 12 includes a pair of semiconductor 

devices 80 and 81 which may be junction transistors of 
the PNP variety. Each of the transistors includes a base, 
an emitter, and a collector electrode designated by the 
subscripts b, e, and c, respectively. This multivibrator 
is similar to the square wave generator 10, with the ex 
ception that a non-saturable transformer 86 is utilized in 
the regenerative feedback network thereof. The collec 
tor electrodes are connected across a primary winding 82 
of an output transformer 83. The emitter electrodes are 
connected together and a battery 84 is connected between 
the emitter electrodes and a center tap connection 85 on 
the winding 82. As is shown, the positive terminal of the 
battery 84 is connected to the emitter electrode. A base 
resistor 94, a secondary winding 87 of the feedback trans 
former 86, a resistor 89, another resistor 90, another 
secondary winding 91 of the feedback transformer 86, and 
a base resistor 92 are connected in series in that order 
between the base electrodes 36 and 31. The junction 
of the resistors 39 and 99 is connected to the efinitier 
electrodes 80 and 81. A regenerative feedback signal 
is coupled to the feedback transformer 86 by a primary 
winding 93 on the transformer 86. The winding 93 is 
connected at one end to the collector electrode 80 and 
at the other end through a feedback resistor 96 to the 
collector electrode 8. A starting resistor 99 is con 
nected between the positive terminal of the battery 84 
and the base electrode 80 to render the transistor S6 
initially conducting when power is initially supplied to 
the multivibrator. A secondary winding 98, including a 
center tap connection 100, is proivoded on the output trans 
former 83 for deriving an output signal from the multi 
vibrator 12. 
The multivibrators 13 and 14 are substantially identical 
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6 
to the multivibrator 12 and like components thereof are 
designated by prime and double-primed numerals, respec 
tively. The multivibrators 12 and 13 are identical and 
the multivibrators 2 and 14 differ only in the location 
of the starting resistors 99 and 99'. The resistor 99' 
is connected between the negative terminal of the battery 
84' and the base electrode 81'' instead of the base 
electrode 80'. 
While the batteries 64, 84, 84 and 84' have been 

illustrated as separate batteries, it should be understood 
that one battery or another source of direct current ener 
gizing potential may be utilized as the source of power 
for all of the transistors of the circuit of Fig. 3. 
The summing circuit 23 includes a secondary winding 
82 of the transformer 63 and a secondary winding 03 

of the transformer 83''. As is shown, the windings 162 
and 103 are connected in series relationship between the 
junction of the resistor 89 and the winding 87 and the 
junction of the resistors 90 and the winding 91 of the 
ruitivibrator 12. This summing circuit 23 adds the sig 
nals developed in the windings 102 and 103 and applies 
the sun signal to the base electrodes of the transistors 80 
and 8. The summing circuit 25 likewise includes a 
secondary winding 85 of the transformer 63 and a 
secondary winding 06 of the transformer 83, the wind 
ings being connected in series relationship between the 
resistors 89' and 98' of the multivibrator 14. The sum 
ming circuit 24 also includes a secondary winding 107 of 
the transformer 63 and a secondary winding 108 of the 
transformer 83, the windings being connected in series 
relationship to the resistors 89' and 90', as is shown. 
The operation of the circuit of Fig. 3 is similar to the 

operation of the circuit of Fig. 1 and reference will now 
be made to the curves illustrated in Fig. 2. Assume now 
that power is initially applied to the square wave genera 
tor 10 and to each of the multivibrators 12, 13 and 14 
simultaneously by the batteries 64, 84, 84 and 84', re 
spectively. The transistor 60 of the square wave genera 
tor 10 is rendered conducting due to the negative po 
tential applied to its base electrode with respect to its 
emitter electrode by the battery 64 through the resistor 
80. Current flows from the emitter electrode through 
the transistor 60, through a portion of the primary wind 
ing 62, through the center tap connection 65 and back 
to the negative terminal of the battery 64. This current 
flow induces a positive voltage such as the voltage 45 
in the curve et across each of the secondary windings 
74, 102, 105 and 107 of the transformer 63. The posi 
tive voltage induced across the winding 74 is clipped by 
the Zener diodes 77 and applied to the saturable core 71 
in an opposite phase relationship to render the base elec 
trode 60 even more negative than its emitter 60. This 
eedback action in the generator 10 is cumulative and 
results in saturating the transistor 60. 
At this same time the transistors 80, 80' and 81' are 

also rendered conducting due to the current flow through 
the starting resistors 99,99', '99', respectively. Regener 
tive feedback is also established in each of these multi 
vibrators by means of the transformer 86, 86' and 86' 
So that the transistors that were initially rendered con 
ducting are saturated in a very short time. The current 
flow through the transistor 80 induces a positive voltage 
Such as that indicated at 42 in the curve A across the 
secondary windings 98 and 108. The current flow through 
the transistor 80' likewise induces a positive voltage such 
as that indicated at 44 in the curve B across the secondary 
windings 98' and 106. The current flow through the 
transistor 8i' induces a negative voltage such as that 
indicated at 40 in the curve C across the secondary wind 
ings 98' and 103. 
As may be see in the Fig. 2, this condition occurs at 

time t1. During the time interval from t to t a positive 
voltage is induced across the secondary winding 102 
and a negative voltage is induced across the winding 103. 
Assuming that these two voltages have substantially equal 
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amplitudes, a zero voltage signal is induced across the 
bias resistors 89 and 90 by the summing circuit 23. Thus 
the multivibrator 12 does not change its state from t 
to ta and produces a positive signal 42 across the wind 
ings 98 and 108. 

During the time interval from t to t a positive voltage 
is induced across the winding 105 and a positive voltage 
is induced across the winding 106 of the summing cir 
cuit 25. These two voltages are combined in the sum 
ming circuit 25 to establish a positive potential across 
the resistors 89' and 90'. The positive potential across 
the resistor 89' biases the base of the transistor 80' 
more positive than its emitter and thereby maintains the 
transistor 80' non-conducting. The negative potential 
applied at the junctions of the resistor 90' and the wind 
ing 91' by the summing circuit 25 biases the base of 
the transistor 81' more negative than its emitter and 
thereby increases the conduction of the transistor 81'. 
Thus the multivibrator 14 does not change its state of 
operation from time t1 to ta and produces a negative 
signal 40 across the windings 98' and 103. 
The Summing circuit 24 during the time interval from 

t1 to ta receives two positive voltages across its input 
circuits or across the windings 107 and 108. These two 
voltages are added to produce a positive potential on the 
base of the transistor 80' and a negative potential on 
the base of the transistor 81'. Thus at time t the tran 
sistor 81' is turned on by the summing circuit 24 and 
induces a regenerative feedback voltage in the windings 
93' and 87 which turns off the transistor 80'. The cur 
rent flow in the transistor 81 induces a negative voltage 
Such as that indicated at 49 in the curve B across the 
secondary winding 98' and 106. Thus, during the time 
interval from 11 to ta only the state of the multivibrator 
13 is changed. 
At time to the square wave generator 10 changes its 

state of operation as a result of the core 71 saturating. 
The transistor 60 begins turning off just before time t 
as a result of the voltage induced across the secondary 
winding 68 being insufficient to maintain the transistor 
60 in a saturated condition. This action is regenerative 
and in a very short time the transistor 60 is completely 
non-conducting and the transistor 61 is saturated. The 
current flow through the transistor 61 produces a nega 
tive signal across the secondary windings 102, 105 and 
i07 as is indicated by 48 in the curve eg. This signal 
combines with the negative voltage 49 induces across the 
Secondary winding 106 of the multivibrator 13 to apply 
a negative voltage such as that indicated by 50 in the 
curve e across the resistors 89' and 90' of the multi 
vibrator 14. This negative voltage causes the multivi 
brator 13 to change its state by turning the transistor 81''' 
off and the transistor 80' on. The current flow in the 
transistor 80' induces a positive signal in the secondary 
windings 98' and 103. 

From time t3 to 14 the multivibrator 12 changes its 
state of operation as a result of the summing circuit 23 
turning the transistor 80 off and the transistor 8 on. 
This operation continues as has been explained previously 
in connection with the circuit of Fig. 1. 
While it is understood that the circuit specifications 

of the three-phase wave generator of the present inven 
tion may vary according to the desired design for any 
particular application, the following circuit specifications 
for the circuit of Fig. 3 to provide an output frequency 
of 400 cycles per second are included by way of example 
only: 

Transistors 60, 61, 80,91, 80', 81, 80'-type H-6 manu 
factured by the Minneapolis Honeywell Company 

Batteries 64, 84, 84 and 84'-plus 28 volts 
Resistors 66 and 67-75 ohms 
Potentiometer 70-10 ohms 
Resistor 80-5000 ohms 
Resistors 75 and 76-200 ohms 
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8 
Resistors 86, 86", 86', 92, 92', 92'-20 ohms 
Resistors 89, 89', 89', 90, 90', 90'-one ohm 
Resistors 99,99' and 99'-5000 ohms 
There has thus been disclosed a three-phase wave gen 

erator that is relatively simple, inexpensive to manufac 
ture, efficient, easy to adjust for different operating fre 
quencies and inherently phase-balanced. 

I claim: . 
1. A three-phase wave generator comprising means for 

generating a control signal varying periodically between 
a first and a second level at a predetermined repetition 
rate, first, second and third multistable devices, each of 
the devices including an input and an output circuit and 
being adapted to assume first and second states of op 
eration in response to the application of signals to the 
input circuit thereof having first and second predeter 
mined levels respectively, means responsive to the con 
trol signal and to the state of the third multistable de 
vice for applying a signal of the first predetermined level 
to the input circuit first multistable device when the con 
trol signal is at its first level and the third device is in 
its second state and for applying a signal of the second 
predetermined level to the input circuit of the first de 
vice when the control signal is at its second level and 
the third device is in its first state, means responsive to the 
control signal and to the state of the first multistable de 
vice for applying a signal of the first predetermined level 
to the input circuit of the second multistable device when 
the control signal is at its first level and the first device 
is in its second state and for applying a signal of a second 
predetermined level to the input circuit of the second 
device when the control signal is at its second level and 
the third device is in its first state, means responsive to 
the control signal and to the state of the second multi 
stable device for applying a signal of the first predeter 
mined level to the input circuit of the third multistable 
device when the control signal is at its first level and the 
third device is in its second state, and for applying a sig 
nal of the second predetermined level to the input circuit 
of the first device when the control signal is at its second 
level and the second device is in its first state; and means 
coupled to the output circuits of each of the multistable 
devices for deriving a three-phase output signal from the 
devices. 

2. A three-phase wave generator comprising a source 
of substantially square wave signals, first, second and 
third multivibrators, each of the multivibrators including 
an input and an output circuit, first, second, and third 
Summing circuits, each of the summing circuits having a 
pair of input circuits and an output circuit, one input 
circuit of each of the summing circuits being connected 
to the source of square wave signals, the other input cir 
cuit of the first, second and third summing circuits being 
connected to the output circuits of the third, first and 
second multivibrators, respectively, the output circuits 
of the first, second and third summing circuits being con 
nected to the input circuit of the first, second and third 
multivibrators respectively, each of the summing circuits 
being adapted to establish a signal in the output circuit 
thereof that is proportional to the sum of the signals 
applied to the input circuits thereof. 

3. A three-phase wave generator as defined in claim 2 
wherein each of the multivibrators includes a pair of 
transistors, each of the transistors including base, emitter, 
and collector electrodes, the output circuit of each of the 
multivibrators being connected to the collector electrodes 
of the transistors of the multivibrator, the input circuits 
of each of the multivibrators being connected to the base 
electrodes of the transistors of the multivibrator, the 
emitter electrodes of the transistors of each multivibrator 
being connected together, whereby a signal developed 
across the input circuit to each multivibrator will be 
coupled in one phase relationship to the base and emitter 
electrodes of one of the transistors of the multivibrator 
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and in an opposite phase relationship to the base and 
emitter electrodes of the other transistor of the multi 
vibrator. 

4. A three-phase wave generator comprising a square 
wave generator for producing substantially square wave 
signals of a predetermined frequency and varying be 
tween positive and negative levels with respect to a pre 
selected reference level; first, second, and third multi 
vibrators, each of the multivibrators including an input 
and an output circuit and having first and second states 
of operation of at least temporary stability for the time 
interval of one and a half cycles of the square wave, 
each of the multivibrators being arranged to produce sub 
stantially rectangular positive and negative signals in the 
output circuit thereof with respect to the reference level 
when in the first and second states of operation, respec 
tively; each of the multivibrators being further arranged 
to change from the first to the second state of operation 
in response to the application to the input circuit thereof 
of a positive signal with respect to the reference level, 
and to change from the second to the first state of opera 
tion in response to the application to the input circuits 
thereof of a negative signal with respect to the reference 
level; first, second and third summing circuits, each of 
the summing circuits having a pair of input circuits and 
an output circuit and being adapted to produce a signal 
in the output circuit thereof that is proportional to the 
algebraic sum of the signals applied to the input circuits 
thereof, means connecting the square wave generator 
to one of the input circuits of each of the summing cir 
cuits, means connecting the other input circuit of the 
first, second and third summing circuits to the output 
circuits of the third, first and second multivibrators, re 
spectively, whereby the multivibrators are caused to 
change their states of operation in sequence to produce 
a three-phase signal, and means connected to each of 
the output circuits of the multivibrators for deriving the 
three-phase signal therefrom. 

5. A three-phase wave generator as defined in claim 4 
wherein each of the multivibrators includes a pair of 
semiconductor devices, and each of the summing circuits 
includes a pair of inductors connected in series relation 
ship. 

6. A three-phase wave generator comprising first, sec 
ond, and third multivibrators, each of the multivibrators 
including a pair of transistors and having first and second 
discrete states of operation, one of the transistors of each 
multivibrator being adapted to conduct during the first 
state of operation and the other transistor of each multi 
vibrator being adapted to conduct during the second 
state of operation, each of the multivibrators including 
an output circuit connected across the collector electrodes 
of the transistors thereof; means for causing one tran 
sistor of each multivibrator to conduct initially, first, sec 
ond and third summing networks, each of the summing 
networks having a pair of input circuits and an output 
circuit and adapted to establish a signal across the output 
circuit that is a measure of the algebraic sum of the sig 
nals applied across the input circuits, circuit means cou 
pling one of the input circuits of the first, second and 
third summing networks to the output circuit of the first, 
second and third multivibrators, respectively; circuit 
means coupling the output circuit of the first, second, and 
third summing networks across the base and emitter 
electrodes of each of the transistors of the second, third, 
and first multivibrators, respectively, and means for ap 
plying substantially square wave signals having a pre 
determined frequency to the other input circuit of each 
of the summing networks. 

7. In an inverter for converting a direct current ener 
gizing potential to a three-phase voltage the combination 
comprising first, second, third and fourth transformers, 
each of the transformers including at least one primary 
winding, the first transformer including first, second and 
third secondary windings, the second, third, and fourth 
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transformers including fourth, fifth and sixth secondary 
windings, respectively; first, second and third multivibra 
tors, each of the multivibrators including an input circuit 
and an output circuit and being adapted to assume first 
and second states of operation, the output circuit of the 
first, Second and third multivibrators being coupled to 
the primary winding of the second, third and fourth 
transformers, respectively; a source of direct current en 
ergizing potential, means coupling the source to the out 
put circuits of each of the multivibrators, the first and 
fourth Secondary windings being connected in series rela 
tionship across the input circuit of the second multivibra 
tor, the second and fifth secondary windings being con 
nected in series relationship across the input circuit of 
the third multivibrator, the third and sixth secondary 
windings being connected in series relationship across the 
input circuit of the first multivibrator; means for apply 
ing substantially square wave signals to the primary wind 
ing of the first transformer and means coupled to the sec 
ond, third and fourth transformers for deriving output 
signals therefrom. 

8. The combination as defined in claim 7 wherein each 
of the multivibrators is adapted to assume the first and 
Second states of operation, respectively, in response to 
the application of positive and negative signals of a pre 
determined amplitude to the input circuit thereof and 
each of the multivibrators is arranged to establish posi 
tive and negative signals across the output circuit thereof 
when in the first and second states of operation respec 
tively, and wherein the square wave signals applied to the 
primary winding of the first transformer vary between 
positive and negative levels, the absolute amplitude of 
the positive and negative levels of the square wave signal 
being Substanitally equal to the absolute amplitude of the 
signals established in the secondary windings of the sec 
ond, third and fourth transformers. 

9. The combination as defined in claim 7 including 
mean for controlling the states of operation of each mul 
tivibrator when the direct current source is initially cou 
pled to the multivibrators. 

10. A wave generator for providing phase displaced 
waves including a preselected plurality of cascaded wave 
generating elements switchable between two conductive 
conditions and arranged in a closed circuit, a source of 
control pulses, and circuit means coupled to be respon 
sive to the control pulses and signals representative of 
the conductive condition of a preceding element whereby 
the combination of same are effective to control the con 
ductive condition of a succeeding element to thereby 
Switch said elements in a time sequence to provide out 
put waves having a phase relationship corresponding to 
the preselected number of plurality of said elements. 

11. A wave generator for providing phase displaced 
waves as defined in claim 10 wherein said source of 
control pulses is a wave generating element switchable 
at a preselected rate higher than the switching rate of 
said cascaded wave generating elements, said rate de 
termined by the number of phases for said output waves. 

12. A three phase wave generator including three wave 
generating elements switchable between two conductive 
conditions and arranged in a ring circuit, a source of 
control pulses, and circuit means coupled to be responsive 
to the control pulses and to the conductive condition of 
a preceding element whereby preselected combinations 
of same render the succeeding elements conductive and 
non-conductive to thereby control the switching rate of 
said three elements to provide output waves therefrom 
having a three phase relationship. 

13. A three phase wave generator including three wave 
generating elements switchable between two conductive 
conditions and arranged in a ring circuit, a source of 
control pulses, and summing circuit means coupled to be 
responsive to the control pulses and to the conductive 
condition of a preceding element whereby the sum of 
same control the switching rate of the succeeding ele 
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ment, said source of control pulses having a pulse repeti 
tion rate effective to switch said three elements at a sub 
multiple of the repetition rate of said control pulses to 
have a three phase relationship. 

14. A three phase wave generator as defined in claim 
13 wherein said summing circuit means connprises an in 
dividual summing circuit coupled intermediate said source 
of control pulses and a pair of successive wave generat 
ing elements. 
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