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This invention relates to electrical inverter cir 
cuits and has particular relation to inverter circuits em 
ploying semi-conductor devices which are responsive to 
unidirectional quantities for producing alternating out 
put quantities. 

In accordance with the invention, an electrical in 
verter circuit is provided which includes a pair of three 
electrode semi-conductor devices commonly termed 
"transistors." The transistors are associated with a suit 
able source of unidirectional voltage which is to be in 
verted to provide an alternating quantity. Means are 
provided for rendering the transistors alternately con 
ductive and non-conductive for controlling the appli 
cation of the unidirectional quantity to a suitable load 
device. 

In accordance with a specific embodiment of the in 
vention, the load device comprises electromagnetic 
means including output winding means inductively re 
lated to a pair of input winding means. Each of the 
input winding means is connected for energization from 
the source of unidirectional voltage through a separate 
one of the transistors. The transistors are effectively 
employed as switching devices which are alternately in 
an open and closed condition for connecting the input 
winding means in alternation to the source of unidirec 
tional voltage for producing an alternating output quan 
tity in the second winding means. 
Such switching action is effectively controlled by the 

application of reversible polarity biasing potentials be 
tween the emitter and base electrodes of each transistor. 
In one embodiment of the invention, the biasing potentials 
are derived from a pair of additional winding means 
which are inductively associated with the input winding 
means. According to a further embodiment of the in 
vention, the biasing potentials are supplied by means of 
an independent source of alternating voltage. 

It is, therefore, an object of the invention to provide 
an improved electrical inverter circuit for deriving an 
alternating output quantity from a unidirectional input 
quantity. 

It is another object of the invention to provide an elec 
trical inverter circuit responsive to a unidirectional quan 
tity for producing an alternating output quantity having 
a frequency which is a function of the magnitude of the 
unidirectional quantity. 

It is a further object of the invention to provide an 
electrical inverter circuit including a pair of semi-con 
ductor devices associated with a source of unidirectional 
voltage with means for rendering the devices alternately 
conducting and non-conducting to control the applica 
tion of the voltage source to a suitable load device. 

It is still another object of the invention to provide an 
electrical inverter circuit including a pair of semi-con 
ductor devices connected to control the application of a 
unidirectional voltage source to saturable magnetic core 
means effective to produce an alternating output quan 
tity having a frequency which is a function of the magni 
tude of the unidirectional voltage. 
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It is still another object of the invention to provide 

an electrical inverter circuit as defined in the preceding 
paragraph including means for applying reversible polarity 
biasing potentials between the base electrode and a single 
other electrode of each of the semi-conductor devices 
for rendering such devices alternately conducting and 
non-conducting. 

It is still another object of the invention to provide 
an electrical inverter circuit as defined in the preceding 
paragraph wherein the polarities of the biasing potentials 
are reversible in response to magnetic saturation of the 
magnetic core. 

Other objects of the invention will be apparent from 
the following description taken in conjunction with the 
accompanying drawings, in which: 

Fig. 1 is a schematic representation of an electrical 
circuit embodying the invention; 

Fig. 2 is a graphical representation illustrating a suit 
able magnetic induction curve for a magnetic part of 
the circuit of Fig. 1; 

Fig. 3 is a graphical representation illustrating the re 
lationship between certain quantities of the circuit of 
Fig. 1; 

Figs. 4 and 5 are schematic representations of elec 
trical circuits illustrating different embodiments of the 
invention of Fig. 1; and 

Figs. 6, 7 and 8 are schematic representations of elec 
trical circuits illustrating further different embodiments 
of the invention of Fig. 1. 

Referring to the drawings, there is illustrated in Fig. 
1 a schematic representation of an electrical inverter 
circuit embodying the teachings of the invention. As 
shown in Fig. 1, there is provided a suitable source 1 of 
unidirectional voltage for producing a unidirectional out 
put quantity which is to be inverted to provide an alter 
nating output quantity. 
As illustrated in Fig. 1, the inverter circuit includes a 

pair of switching devices represented generally by the 
numerals 3 and 5 which are associated with the source 
1. In accordance with the invention, each of the de 
vices 3 and 5 is in the form of a three electrode, semi 
conductor device commonly referred to as a “transistor." 
Preferably, the transistors employed are of the junction 
type although point-contact transistors may also be em 
ployed. The junction transistors utilized may be of any 
Suitable construction such as the grown junction type, 
diffused junction type, or the barrier layer type. 
As is understood in the art, a junction type transistor 

includes a body of semi-conducting material, such as sili 
con or germanium having prescribed impurities to pro 
vide three distinct regions with rectifying junctions be 
tween regions of opposite conductivity types. For pur 
poses of the invention, it will be assumed in the following 
discussion that the transistors employed are of the p-n-p 
although n-p-n transistors may be utilized equally as well. 
Suitable contacts are made at the terminal p regions to 
provide what are known as emitter and collector elec 
trodes. A large area, low resistance contact is made to 
the Semi-conducting body to provide the base electrode. 
The applying suitable electrical potentials between the 
various electrodes, current conduction between the emit 
ter and the collector electrodes may be effectively con 
trolled. 

In application Serial No. 420,904, filed April 5, 1954, 
by R. L. Bright and G. H. Royer, there is disclosed a 
method of biasing a junction type transistor wherein a 
biasing potential is applied between the base electrode 
and a single one of the emitter and collector electrodes. 
For example, in the case of a p-n-p transistor a bias poten 
tial is applied only between the base and the emitter elec 
trodes of the transistor with the base electrode being 
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driven sufficiently negative relative to the emitter electrode 
to provide a saturated condition of the transistor. As 
herein employed, the term "saturation" means that a 
further increase in the magnitude of the forward current 
between the base and emitter electrodes has a negligible 
effect upon the magnitude of current flowing between 
the emitter and collector electrodes. For this condition 
the resistance between the emitter and collector electrodes 
is of a relatively small value. 
As a further example, a p-n-p transistor may be oper 

ated in a cut-off condition by applying a biasing potential 
between the base electrode and the emitter electrode such 
that the base electrode is driven positive relative to the 
emitter and collector electrodes. As utilized herein the 
term "cut-off” means that a further increase in the mag 
nitude of the reverse voltage between the base and the 
emitter electrodes is ineffective to further decrease cur 
rent conduction between the emitter and collector elec 
trodes. For this condition the resistance between the 
emitter and collector electrodes is of a relatively large 
value. 

In the present invention, the above described method 
of biasing a junction type transistor is utilized although 
other suitable biasing methods may be employed equally 
as well. The invention further contemplates the provi 
sion of means for applying a reversible poiarity biasing 
potential to the transistor which is effective to cause 
the transistor to be alternately saturated or cut-off depend 
ing upon the polarity of the biasing potential. 
As illustrated in Fig. 1, the unidirectional voltage source 

1 is represented by a conventional battery having positive 
and negative terminals as indicated by the plus and minus 
signs associated with the battery. The transistors 3 and 5 
are preferably of the p-n-p junction type with the tran 
sistor 3 having a base electrode 7, an emitter electrode 9 
and a collector electrode 11. The transistor 5 includes 
a base electrode 13, an emitter electrode i5 and a col 
lector electrode 17. 

In accordance with the invention, the inverter circuit 
includes saturable magnetic core means represented by 
the numeral 19. The core means 19 includes a magnetic 
core 21 which is constructed of material designed for 
magnetic Saturation within the range of energization of 
the core means 19. Preferably, the material utilized in 
the core 21 is of a commonly available type having a rectangular hysteresis loop. 
The core means 19 includes a plurality of windings 25, 

27, 29 and 31 which link the core 21 to be in inductive 
relation with respect to one another. As illustrated, the 
winding 25 is provided with a pair of terminals 33 and 35. 
The windings 27 and 29 are provided respectively with 
terminals 37 and 39 and constitute together a single wind 
ing having a center tap connection 41. The winding 31 
is provided with a pair of terminals 43 and 45. An addi 
tional winding 47 is also provided which links the mag 
netic core 21 and which has a pair of output terminals 49 and 51. 
As illustrated, in Fig. 1, the terminals 37 and 39 of 

the windings 27 and 29 are connected respectively to the 
collector electrodes 11 and 17 of the transistors 3 and 5. 
The terminals 33 and 35 of the winding 25 are connected 
respectively to the emitter electrode 9 and the base elec 
trode 7 of the transistor 3. In a similar manner the ter 
minals 43 and 45 of the windings 31 are connected respec 
tively to the base electrode 13 and the emitter electrode 
15 of the transistor 5. The emitter electrodes 9 and 15 
of the transistors 3 and 5 are each connected to the posi 
tive terminal of the source 1 and the center tap connec 
tion 41 is connected to the negative terminal of the source 
1. With such connections it is observed that the winding 
27 is connected for energization from the source 1 through 
the transistor 3 whereas the winding 29 is connected for 
energization from the source 1 through the transistor 5. 
The operation of the inverter circuit will now be de 

Scribed according to the present understanding of the 
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4. 
invention. Let it be assumed initially that for some rea 
son current begins to flow through the emitter 9 to the 
collector 1 of the transistor 3 from the source 1 and that 
substantially zero current flows from the source 1 through 
the emitter 15 to the collector 17 of the transistor 5. 
Under such conditions the resistance of the transistor 3 
is relatively small as compared to the resistance of the 
transistor 5 with the result that substantially the entire 
voltage of the source 1 is applied across the winding 27 
of the core means 19 to cause current flow from the 
337 ree i th "gh the terminal 37 of the winding 27. As 
will presently appear, current flowing from the source 1 
through winding 27 is effective to induce voltages in 
windings 25 and 31 of such polarity and magnitude as 
to maintain conduction of transistor 3 in a saturated con 
citizil, and to maintain a cut-off condition of transistor 5. 

Referring now to Fig. 2 there is illustrated a suitable 
magnetic induction curve 53 for the core 21 which, as 
stated hereinbefore, is proportioned to have rectangular 
hysteresis loop characteristics. When the source 1 is ap 
plied across the winding 27 as previously described, a 
magnetomotive force is established for directing magnetic 
flux through the core 21 which increases substantially 
linearly with respect to time by reason of the constant 
value of voltage of the source 1. Such increasing magnetic 
flux is effective to induce voltages in the associated wind 
ings 25, 29. 3 and 47 cf substantially constant magni 
tude. The connections of the windings 25 and 31 are 
selected to cause the polarities of the voltages induced 
therein to be as illustrated in Fig. 1 with the terminal 33 
of the winding 25 becoming positive relative to the termi 
nal 35 and with the terminal 43 of the winding 31 be 
coming positive relative to the terminal 45. The wind 
ings 25 and 3i are proportioned so that the voltages in 
duced therein as described drive the emitter 9 of the 
transistor 3 sufficiently positive with respect to the base 
7 thereof, and drive the base 3 of the transistor 5 
sufficiently positive with respect to the emitter 15 thereof 
so that the transistors 3 and 5 are maintained respectively 
in saturated and cut-off conditions. 
As the magnetic flux in the core 2 increases by reason 

of continued current flow from the source 1 through the 
winding 27, the core 2 approaches a saturated condition 
with the result that there is substantially no further in 
crease in the magnetic flux in the core 21 and substan 
tially zero voltages are induced in the windings 25, 27, 
29 and 31 to thereby render both of the transistors 3 
and 5 substantially non-conducting. Consequently, the 
source is effectively disconnected from the winding 27 
and substantially Zero current flows from the source 1 
through the winding 27 with the result that substantially 
zero magnetomotive force is applied to the core 21. 

It is observed with reference to the curve 53 of Fig. 
2 that as the magnetomotive force falls from a value 
sufficient to effect saturation of the core 21 to a zero value 
the magnetic flux present in the core 21 is reduced by an 
amount indicated by the numeral 55 of Fig. 2. This re 
duction in magnetic flux is effective to induce voltages in 
the windings 25 and 31 having polarities which are op 
posite to the polarities shown in Fig. 1 so that the trans 
istor 3 is maintained in a cut-off condition and the 
transistor 5 is caused to conduct. When the transistor 
5 starts to conduct the previously described operation is 
reversed so that current from the source 1 now flows 
through the transistor 5 and into the terminal 39 through 
the winding 29. Current flowing through the winding 29 
as described establishes a magnetomotive force which is 
effective to direct magnetic flux through the core 2 in 
the direction opposite from the direction of magnetic flux 
produced by energization of the winding 27 as previously 
described. 
As current continues to flow from the source 1 through 

the winding 29 the magnetic flux in the core 21 increases 
linearly with respect to time to thereby induce voltages 
of constant magnitude in the windings 25, 27, 31 and 47 
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having polarities opposite to the polarities of the voltages 
induced in Such windings when the winding 27 is energized 
from the source 1. Voltages induced in the windings 
25 and 31 by energization of the winding 29 are effective 
to maintain the conducting condition of transistor 5 and 
the cut-off condition of transistor 3. When the core 21 
becomes Saturated, Zero voltages are induced in the wind 
ings 25, 27, 31 and 47 and both of the transistors 3 and 
5 are in a cut-off condition to thereby effect disconnection 
of the source 1 from the winding 29. The magnetic flux 
in the core 21 is then reduced by an arcuit indicated 
by the numeral 57 of Fig. 2 to induce voltages in the wind 
ings 25 and 31 of such polarity and magnitude as to effect 
Saturation of transistor 3 and cut-off of transistor 5 to 
thereby initiate another cycle of operation of the inverter 
circuit. 

It is noticed that two voltage pulses of opposite polarity 
are induced in the winding 47 for each complete cycle of 
operation of the inverter circuit to thereby provide an 
alternating voltage output. It has been observed that 
Such alternating voltage output has a substantially rec 
tangular wave pattern and that the period of each half 
cycle of this alternating voltage is proportional to the 
time required for the core 21 to become magnetically 
Saturated after each reversal of the conducting conditions 
of the transistors 3 and 5. It is further observed that 
the time required for such saturation is inversely propor 
tional to the magnitude of the voltage of the source 1. 
Consequently, the frequency of the alternating voltage 
output is directly proportional to the magnitude of the 
voltage of the source 1. This characteristic of the out 
put quantity of the inverter circuit renders the circuit 
highly desirable for use in telemetering applications where 
it is desired to transmit to remote locations intelligence 
in the form of an alternating voltage having a frequency 
which is proportional to the magnitude of a measured 
direct quantity. 

In order to assure that one of the transistors 3 and 
5 begins to conduct to a greater extent than the other 
of the transistors for initiating operation of the circuit, 
a suitable resistance 58 is connected between the base 
electrode of one of the transistors and the negative termi 
nal of the source 1. As shown in Fig. 1, the resistance 58 
is connected between the base 7 of the transistor 3 and 
the legative terminai of the source 1. With such ar 
rangement the transistor 3 will begin to conduct and the 
transistor 5 will be cut-off. 

Referring to Fig. 3, there is illustrated a graphical 
representation showing the relationship between the mag 
nitude of the voltage of the source 1 and the frequency 
of the alternating output voltage appearing across the 
output terminals 49 and 51 of the winding 47. With ref 
erence to Fig. 3, it is observed that the curve 59 is linear 
over a substantial range of voltage magnitudes except 
for a small portion 61 corresponding to relatively large 
magnitudes of voltage of the source 1. According to 
the present understanding of the invention, such devia 
tion from the desired linearity for relatively large values 
of voltage of the source 1 is believed to be caused to a 
large extent by Excessive leading of the transistors 3 and 
5 effected by the induction of relatively large voltages in 
the windings 25 and 31 by current flowing from the source 
through the windings 27 and 29. 
In accordance with the invention, means are provided 

for permitting a substantial reduction in the magnitudes 
of the base-emitter current of the transistors 3 and 5 for 
relatively large values of voltage of the source 1. Such 
means are also effective to cause conduction of one or the 
other of the transistors 3 and 5 to initiate operation of the 
inverter circuit. Referring now to Fig. 4, there is illus 
trated an inverter circuit which includes a number of 
components which are similar in construction and arrange 
ment to certain components of Fig. 1. For this reason, 
similar components of Figs. 1 and 4 are represented by 
the same reference nunerals. 
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As illustrated in Fig. 4, a source of biasing potential 

is provided which is represented by a conventional bat 
tery 63 having positive and negative terminals as indicated 
by the plus and minus signs associated with the battery. 
The positive terminal of the source 63 is connected to 
each of the emitters 9 and 15 of the transistors 3 and 5 
whereas the negative terminal of the source 63 is con 
nected through a series-resistor 65 and through each of 
the windings 25 and 31 to the base electrodes 7 and 13 
of the transistors 3 and 5. 

According to the present understanding of the inven 
tion, the source 63 constitutes a bias potential which is 
employed to supplement the biasing potentials supplied 
by the windings 25 and 31. For example, let it be as 
sumed for purposes of illustration that the magnetic core 
21 becomes saturated to thereby effect a reduction in the 
magnetic flux in the core 21, such as is indicated by the 
numeral 55 of Fig. 2, which causes a voltage to be in 
duced in winding 31 for initiating conduction of transistor 
5 as previously described. As transistor 5 starts to con 
duct, current from the source 63 will flow through the 
emitter, 15 and the base 13 thereof to substantially in 
crease conduction of transistor 5 to initiate the sequence 
of operations hereinbefore described. 

in effect, the voltage induced in the winding 31 upon 
saturation of the core 21 operates merely to apply the 
source 63 to the transistor 5 which effects a major por 
tion of the biasing function. The source 63 may be con 
sidered as constituting a constant current source which 
is applied between the base 13 and the emitter 15 of the 
transistor 5 to thereby prevent the flow of excessive cur 
rent between the emitter 15 and the base 13 caused by 
relatively large voltages induced in the winding 31 by the 
source 1. Consequently, the number of turns of the 
winding 31 may be increased from the number required if 
the source 63 were omitted to thereby permit the use of 
lower values of voltage of the source 1 to initiate conduc 
tion of transistor 5 for applying the constant current 
source 63 to the transistor 5. It has been observed that 
with the arrangement just described the frequency of the 
alternating voltage appearing across the terminals 49 and 
51 is substantially proportional to the magnitude of the 
voltage of the source 1 over a substantial range of voltages. 
The linearity of the curve 59 may be further improved 

by means of the arrangement shown in Fig. 5. Accord 
ing to the embodiment of Fig. 5, a portion of the voltage 
source is employed in conjunction with the source 63 
as a biasing potential between the base and emitter elec 
trodes of the transistors 3 and 5. To this end the posi 
tive terminal of the bias battery 63 is connected to a 
center tap connection 67 of the source 1 so that a por 
tion of the source 1 is applied between the base and 
emitter electrodes of the transistors 3 and 5 cumulatively 
relative to the bias battery 63. With such an arrange 
ment, it has been observed that the desired linear rela 
tionship between the frequency of the alternating output 
voltage and the magnitude of the voltage of the source 1 
is substantially realized even for relatively large values 
of voltage of the source 1. 

It is to be understood that the unidirectional voltage 
input to the inverter circuits as shown in Figs. 1, 4 and 5 
may be replaced by the combination (not shown) of an 
alternating voltage input and a series or bridge connected 
rectifier element. With such an arrangement the con 
ducting conditions of the transistors 3 and 5 will be 
reversed each time the time integral of the input voltage 
is sufficient to cause saturation of the core. 

Referring now to Fig. 6, there is illustrated a further 
embodiment of the invention employing a different ar 
rangement from the arrangements shown in Figs. 1, 4 and 
5. As illustrated in Fig. 6, there is provided a source 69 
of unidirectional voltage which is to be inverted to pro 
vide an alternating voltage having a frequency which is 
a function of the frequency of an alternating biasing volt 
age source which will be described hereinafter. A pair 
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of switching transistors 71 and 73 of the P-N-P junc 
tion type are provided with the transistor 71 having a base 
electrode 75, an emitter electrode 77 and a collector elec 
trode 79. In a similar manner the transistor 73 includes 
a base electrode 81, an emitter electrode 83 and a collec 
tor electrode 85. The transistors 71 and 73 are as 
sociated with suitable electromagnetic means 87 which 
includes a magnetic core 89 and a pair of windings 91. 
and 93 linking the magnetic core 89. If desired, the core 
89 may be of the type having rectangular hysteresis loop 
characteristics. Preferably, however, the core 89 is of 
conventional construction exhibiting conventional hyster 
esis loop characteristics. The winding 91 is provided 
with terminals 95 and 97, whereas the winding 93 is pro 
vided with terminals 99 and 01. An additional winding 
103 links the magnetic core 89 in inductive relation will 
the windings 91 and 93 and is provided with output ter 
minals 105 and 107. As shown in Fig. 6, the terminals 
95 and 101 of the windings 91 and 93 respectively are 
connected to the negative terminal of the source 69. The 
positive terminal of the source 69 is connected to the 
emitters 77 and 83 of the transistors 71 and 73. The col 
lector clectrodes 79 and 75 of the transistors 71 and 73 
are connected respectively to the terminals 97 and 99 of 
the windings 91 and 93. 

in order to control the operating conditions of the 
switching transistors 7 i and 73, there is provided a source 
of alternating voltage which is represented by a trans 
former 109 including a primary winding 111 having in 
put terminals 113 and 115 and a secondary winding 117 
having output terminals 119 and 121. The windings 111 
and 117 link a magnetic core 125. In order to provide a 
reversible polarity biasing potential for the transistors 71 
and 73, the output terminals 119 and 121 of the winding 
117 are connected respectively to the base electrodes 75 
and 81 of the transistors 71 and 73, The winding 117 
is provided with a center tap connection 123 which is 
connected to the enmitter electrodes 77 and 83 of the tran 
sistors 71 and 73. The voltage supplied by the trans 
former 109 preferably follows a rectangular wave pattern 
and is of sufficient magnitude to alternately drive the 
transistors 3 and 5 to saturation and cut-off. 
The control vitage stylisti by the transformer 19 

may be derived from any suitable external source or it 
may be obtained by a pinlying a pertion of the alternating 
output quantity appearing 3 cross the Secondary winding 
103 to the input terminals i 3 and 15 of 1he trains 
former 109. By providing a control voltage effective to 
operate the transisters 7: and 7 in either a saturated or 
cut-off condition, the power-loss in the transistors will be 
relatively small, and therefore, the cfficiency of the in 
verted circuit of Fig. 6 can be cxpected to be quite good. 
The operation of the circuit of Fig. 6 may now be 

described. Let it be assurned ti at the alternating control 
voltage surplis y this transformer 109 drives the ter 
minal 19 of the inding i. 7 positive relative to the 
terminal 12 of the winding 7 as illustrated by the 
positive and negative signs associated with the winding 
117. With such conditions, the base 75 of the transister 
71 is at a positive potential relative to the emitter 77 of 
the transister 7 I with the result that the transistor 71 is 
substantially in a cut-off condition. However, the base 
81 of the transister 73 is simultaneously driven negative 
relative to the emitter 83 of the transistor 73 with the 
result that the is sistor 73 anproaches a satilrated condi 
tion. This causes the voltage source 69 to be applied 
across the tertainals 99 ind it of the winding 93 with 
the result that a current lows through the winding 93 
to produce a first voltage pulse across the output ter 
minals 95 and ii. 

For the succeeding h;f-cycle of control voltage, the 
polarities of the terminals 119 and 12 of the winding 117 
are reversed with the result that the transistor 7 ap 
proaches a saturated condition and the transistol 73 is 
cut-off. The voltage source 69 is now applied directly 
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8 
across the winding 91 to cause current flow through the 
winding 91 which is effective to produce a second voltage 
pulse across the output terminals 105 and 107. Polarities 
of the connections of the windings 91, 93, and 103 are 
such that the second voltage induced in the secondary 
winding 3 is of opposite polarity from the first voltage 
induced in the winding 103 by reason of current flowing 
through the winding 93 from the source 69. Conse 
quently, for each complete cycle of control voltage from 
the transformer 109 a complete cycle of voltage will 
appuccii ici's: the output terminals 105 and it? having 
substantially a rectangular wave pattern. Such a pattern 
is produced by reason of the rectangular wave pattern 
of the voltage of the source 109 which effects successive 
reversals of the conducting conditions of the transistors 
i : Lili F5. The frequency of the voltage appearing 
across the jutsut terminals 65 and 107 will be propor 
tional to the frequency of the voltage of the source 09 
since the frequency of the voltage of the source 109 de 
tgrahines the frequency of reversals of the conducting 
coinciitions of the transistors 7 and 73, which, in turn, 
determines the frequency of the output voltage. 

It will be observed that the transformer 87 includes a 
pair of prinnary windings 9 and 93 associated with the 
transistoi's 71 and 73, respcctively, to thereby provide a 
total of four input terminals. in practice, the utilization 
means may comprise any Suitable load devic, such as at 
device having only two input terminals. 

in the specific enbodiment of Fig. 7, there is provided 
an inversion circuit which includes a load device having 
but two input terminals. A suitable transformer is shown 
for purposes of illustration. Certain components of the 
circuit of Fig. 7 are similar to components of the device 
of Fig. 6. For this reason similar components of Figs, 
and 7 are represented by the same reference limerals. 
As illustrated in Fig. 7, there is provided a direct cur 

rent source 69 which is similar to the source 69 of Fig. 
6; however, the source 69 of Fig. 7 is represented by a 
pair of batteries 69A and 69B having polarities as indi 
cated by the plus and minus signs associated with the 
batteries 69A and 69B. ln accordance with the inven 
tion, an output transformer 127 is provided which in 
cludes a magnetic core 129 with primary and secondary 
windings 31 and 37 linking the magnetic core 129. The 
primary winding 31 includes terminals 133 and 135, 
and the secondary winding 137 is provided with terminals 
39 and 41. As illustrated in Fig. 7, the winting 3 

is connected for energization from the source 69 under 
control of the switching transistors 7 and 73 in such 
a manner that a tapped connection of the winding 31 
is not required. To this end, the terminal 33 of the 
winding is is coinccted to the source 69 So that one 
half of the source 69 is applied across the winting 3 
during each half cycle of the alternating control voltage. 
ihe terminal 135 of the winding 13 i is connected to the 
collector electrode 79 cf the transistor 7 and to the 
emitter electrode 83 of the transistor 3. The alter 
nating control voltage is applied to the input terminals 
113 and 15 of the primary winding of a transformer 
it}9 to induce voltages in a pair of secondary vindings 
143 and 45 having, respectively, terminals 47 and 149 
and terminals 51 and 153. As shown, he teaminals 
47 and 49 of the winding 143 are connected, respec 

tively, to the emitter 77 and the base 75 of the transistor 
71. The terminals 15 and 53 of the winding 45 are 
connected, respectively, to the emitter 83 and the base $1 
of the transistor 73. The polarities of the connections of 
the windings 43 and i45 are such that voltages inscett 
in the windings 143 and 145 are effective to reverse the 
conducting conditions of the transistors 7; and 73 in 
phase opposition relative to each other. 
The operation of the device of Fig. 7 is similar to that 

of the device of Fig. 6. It will be assumed that for one 
half cycle of control voltage from the source 109, the 
polarities of the windings 143 and 145 are as shown in 
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Fig. 7, whereby the transistor 71 is rendered non-conduct 
ing and the transistor 73 is rendered conducting so that 
the portion of the input 69, represented by the battery 
69B, is applied across the primary winding 131 to pro 
duce a first voltage pulse which appears across the output 
terminals 139 and 141 of the winding 137. For the 
succeeding cycle of control voltage, the situation is re 
versed with the transistor 71 being in a conducting state 
and the transistor 73 being cut-off with the result that 
the portion of the input 69, represented by the battery 
69A, is applied across the winding 131 to produce : 
second voltage pulse which appears across the output 
terminals 139 and 141. Polarities of the connections of 
the terminals 133 and 135 relative to the parts 69a and 
69b are such that for each complete cycle of control 
voltage produced by the transformer 109 there is pro 
duced one complete cycle of output voltage by the output 
transformer 127. 
As stated previously, transistors may be employed which 

are either of the p-n-p type or n-p-n type. In the em 
bodiments of Figs. 1, 4, 5, 6, and 7, transistors of the 
p-n-p type are utilized. With reference to Fig. 8, there 
is illustrated an inverter circuit which is similar in con 
struction and operation to the circuit of Figs. 6 and 7 
with the exception that one of the switching transistors 
is of the p-n-p type and the other of the switching 
transistors of the n-p-n type. For example, there is pro 
vided a transistor 155 which is of the n-p-n type and 
which includes an emitter electrode 157, a collector elec 
trode 159, and a base electrode 161. An additional 
transistor 73 is provided which is similar to the transistor 
73 of Figs. 6 and 7. In order to effect periodic alterna 
tion of the conducting conditions of the transistors 73 
and 155 in phase opposition relative to each other, it is 
necessary that the alternating control voltage supplied by 
the transformer 109 is of such polarity that the base elec. 
trodes 161 and 81 of the transistors 155 and 73 are of 
the same polarity relative to each other when the asso 
ciated emitter electrodes are of the same polarity relative 
to each other. In order to provide such an arrangement, 
a secondary winding 163 is provided having a terminal 
165 which is connected to the base electrodes 161 and 81 
of the transistors 155 and 73, and having a terminal 167 
which is connected to the emitter electrodes 57 and 83 
of the transistors 155 and 73. The operation of the de 
vice of Fig. 8 is exactly the same as the devices of Figs. 
6 and 7 and need not be described. 

Since numerous changes may be made in the above 
described construction, and different embodiments of the 
invention may be made without departing from the spirit 
and scope thereof, it is intended that all matter contained 
in the foregoing description or shown in the accompany 
ing drawings shall be interpreted as illustrative and not 
in a limiting sense. 
We claim as our invention: 
1. In an electrical system, unidirectional voltage pro 

ducing means, a first semi-conductor device of the 
P-N-P type, a second semi-conductor device of the 
N-P-N type, each of said first and second devices in 
cluding a base electrode, an emitter electrode and a 
collector electrode, translating means including first and 
second input terminals, and control means for producing 
biasing potentials of periodically reversible polarity for 
biasing said first ankl second devices, said control means 
having first and second output terminals, being connected 
to one pair of corresponding electrodes of the emitter 
and collector electrodes of said first and second devices, 
said second output terminal being connected to the base 
electrode of each of said first and second devices, said 
first input terminal being connected to said one pair of 
corresponding electrodes of said first and second devices, 
a separate portion of the unidirectional voltage producing 
means being connected between said second input ter 
minal and each electrode of the remaining pair of cor 
responding electrodes of the emitter and collector elec 
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10 
trodes of said first and second devices, each of said de 
vices having a cutoff current conducting condition be 
tween the emitter and collect r electrodes for one polarity 
of biasing potential and a saturated current conducting 
condition between the emitter and collector electrodes for 
the opposite polarity of biasing potential. 

2. In an electrical System, a source of unidirectional 
voltage, a magnetic core, first, second and third winding 
means linking the core in inductive relation relative to 
one another, a pair of semi-conductor devices each in 
cliding a base electrode, an emitter electrode and a col 
lector electrode, said first winding means being connected 
for energization from said source through separate paths 
effecting opposing directions of magnetization of said 
core, and a pair of output terminals energizable from 
s:id Second winding means, each of said paths including 
the emittei' and collector electrodes of a separate one of 
said devices, said core being proportioned for saturation 
within the range of energization of said first winding 
means, said third winding means being connected to apply 
voltages induced therein between the base electrode and 
one of the emitter and collector electrodes of each of 
said devices, each of said devices having a cutoff current 
conducting condition between the emitter and collector 
electrodes for one polarity of said induced voltages, and 
a Saturated current conducting condition between the 
emitter and collector electrodes for the opposite polarity 
of said induced voltages, said third winding means being 
connected to apply said induced voltages with polarities 
effective to establish opposing current conducting condi 
tions of Said devices, cach of said devices being biased 
So as to transfer from one to the other of said current 
conducting conditions in response to voltages induced in 
said third winding means upon each occurrence of satura 
tion of said core, said second winding means delivering 
to said output terminals alternating voltage induced there 
in in respense to energization of said first winding means 
having a frequency dependent upon the frequency of 
saturation of said core. 

3. In an electrical system, a source of unidirectional 
voltage, a magnetic core, first and second winding means 
linking the core in inductive relation relative to each 
other, a pair of Switch means each having an effective 
open and closed operating condition, said first winding 
means being connected for energization from said source 
through separate paths effecting opposing directions of 
magnetization of said cere, a pair of output terminals 
energizable from said sacond winding means, each of said 
paths including a separate one of said switch means, said 
core being proportioned for saturation within the range 
of energization of said first winding means, and control 
means for controlling operation of said switch means to 
establish opposing operating conditions thereof, said con 
trol means being effective in response to saturation of 
said core to reverse the operating conditions of said 
Switch means, each of said switch means being arranged 
So as to transfer from one to the other of said operating 
conditions upon each occurrence of Saturation of said 
core, said second winding means delivering to said output 
terminals alternating voltage induced therein in response 
to energization of Said first winding means having a fre 
quency dependent upon the frcquency of saturation of 
said core. 

4. In an electrical System, a source of unidirectional 
voltage having a pair of first terminals, a magnetic core, 
first, second and third winding means linking the core in 
inductive relation relative to one another, a pair of semi 
conductor devices each having a base electrosie. an emitter 
electrode and a collector electrode, the emitter electrode 
of each of said devices being connected to one of saic 
first terminals, the collector electrode of each of said de 
vices being connected to the other of said first terminals 
through a separate portion of said first winding means, 
a Source of bias voltage common to each of said devices, 
impedance means connected in series with said source of 
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bias voltage, said source of bias voltage and said im 
pedance means being connected between the base elec 
trode and the emitter electrode of each of said devices, 
said core being proportioned for saturation within the 
range of energization of said first winding means, said 
second winding means being connected to apply voltages 
induced therein between the base electrode and the 
emitter electrode of each of said devices, each of Said 
devices having a cutoff current conducting condition be 
tween the emitter and collector electrodes for one polarity 
of said induced voltages, and a Saturatici current coil 
ducting condition between the emitter and collector elec 
trodes for the opposite polarity of said induced voltages, 
and a pair of output terminals energizable from said 
third winding means, said second winding means being 
connected to apply said induced voltages with polarities 
effective to establish opposing current conducting condi 
tions of said devices, said source of bias voltage being 
connected to permit the transfer of each of Said devices 
from one to the other of said current conducting condi 
tions in response to voltages induced in said second 
winding means upon each occurrence of Saturation of 
said core, said third winding means delivering to said 
output terminals alternating voltage induced therein in 
response to energization of said first winding means hav 
ing a frequency dependent upon the frequency of Satura 
tion of said core. 

5. In an electrical system, a source of unidirectional 
voltage, a magnetic core, first, second and third winding 
means linking the core in inductive relation relative to 
one another, a pair of electro-responsive devices each 
having at least three electrodes, said first winding means 
being connected for energization from Said source 
through separate paths effecting opposing directions of 
magnetization of said core, and a pair of output terminals 
energizable from said second winding means, each of 
said paths including a pair of electrodes of each of said 
levices, said core being proportioned for saturation 
within the range of energization of said first winding 
means, said third winding means being connected to 
apply voltages induced therein between one electrode of 
each pair of electrodes and a third electrode of each 
device, each of said devices having a substantially non 
conducting condition between said pair of electrodes for 
one polarity of said induced voltages, and a conducting 
condition between said pair of electrodes for the opposite 
polarity of said induced voltages, said third winding 
means being connected to apply said induced voltages 
with polarities effective to establish opposing conducting 
conditions of said devices, each of said devices being 
biased so as to transfer from one to the other of said 
conducting conditions in response to voltages induced in 
said third winding means upon each occurrence of satura 
tion of said core, said second winding means delivering 
to said output terminals, alternating voltage induced 
therein in response to energization of said first winding 
means having a frequency dependent upon the frequency 
of saturation of said core. 

6. In an electrical system, a source of unidirectional 
input voltage, translating means, a pair of output ter 
minals energiz-tbie from said translating means, a pair 
of electrical paths connecting the translating means for 
energization from said source to provide opposing direc 
tions of energization of said translating means, a pair of 
semi-conductor devices each including a base electrode, 
an emitter electrode and a collector electrode, the emitter 
and collector electrodes of each of said devices being 
included in a separate one of said paths, and control 
means for producing biasing potentials of reversing 
polarity for biasing said devices, said control means being 
connected to apply a separate biasing potential between 
the base electrode and one of the emitter and collector 
electrodes of each of said devices, each of said devices 
having a substantially non-conducting condition between 
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biasing potential, and a conducting condition between 
the emitter and collector electrodes for the opposite 
polarity of biasing potential, said control means being 
connected to apply the biasing potentials with polarities 
effective to establish opposing conducting conditions of 
Said devices, each of said devices being biased so as to 
transfer from one to the other of said conducting condi 
tions in response to each reversal of polarity of the 
applied biasing potential, said translating means deliver 
ing to said output terminal an alternating quantity having 
a frequency dependent upon the frequency of reversal 
of polarity of said biasing potentials. 

7. In an electrical system, a source of unidirectional 
input voltage, a pair of semiconductor devices each hay 
ing a base electrode, an emitter electrode and a collector 
Electrode, magnetic core means, first and second winding 
means linking the core means in inductive relation rela 
tive to each other, said first winding means being con 
nected for energization from said source through separate 
paths effecting opposing directions of magnetization of 
said core means, a pair of output terminals cnergizable 
from said second winding means, each of said paths in 
cluding the emitter and collector electrodes of a separate 
one of said devices, and control means for producing 
biasing potentials of reversing polarity for biasing said 
devices, said control means being connected to apply a 
separate biasing potential between the base electrote 
and one of the emitter and collector electrodes of each 
of said devices, each of said devices having a substantially 
non-conducting condition between the emitter and col 
lector electrodes for one polarity of biasing potential, and 
a conducting condition between the emitter and collector 
electrodes for the opposite polarity of biasing potential, 
said control means being connected to apply the biasing 
potentials with polarities effective to establish opposing 
conducting conditions of said devices, each of said de 
vices being biased so as to transfer from one to the other 
of said conducting conditions in response to each re 
versal of polarity of the applied biasing potential, said 
Second winding means delivering to said output terminals 
alternating voltage induced therein in response to ener 
gization of said first winding means having a frequency 
dependent upon the frequency of reversal of polarity of 
said biasing potentials. 

8. In an electrical system, a source of unidirectional 
Voltage, electromagnetic means including magnetic core 
means proportioned for saturation within the range of 
energization of said electromagnetic means, first winding 
means linking the core means, and second winding means 
linking the core means in inductive relation to said first 
winding means; first and second switch means each hav 
ing an opened and closed operating condition, said first 
winding means being connected for energization from said 
source through separate paths effecting opposing direc 
tions of magnetization of said core means, a pair of out 
put terminals energizable from said second winding 
neans, each of said paths including a separate one of said 
first and second switch means, and control means for 
controlling operation of said switch means, said control 
means comprising third winding means linking said core 
means in inductive relation to said first winding means, 
said third winding means being connected to apply volt 
ages induced therein to each of said Switch means with 
polarities effective to establish opposing operating con 
ditions of said switch means, each of said switch means 
being arranged so as to transfer from one to the cather 
of said operating conditions in response to voltages in 
duced in said third winding means upon each occurrence 
of saturation of said core means, said second winding 
means delivering to said output terminals alternating 
voltage induced therein in response to energization of 
said first winding means having a frequency dependent 
upon the frequency of saturation of said core means. 

9. In an electrical system, unidirectional voltage pro 
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(lucing means, first and second semiconductor devices 
cach inciuding a base electrode, an emitter electrode and 
a collector electrode, magneic core means, first winding 
!neans linking the core means connected for energization 
from said voltage producing means through separate 
paths effecting opposing directions of magnetization of 
said core means, said core means being proportioned for 
staturation within the range of energization of said first 
winding means, each of said paths including the emitter 

; : E collector electrodes of a separate one of said first and 
second semiconductor devices, second winding means 
Finking the core means in inductive relation with said 
first winding means, a common source of bias voltage 
connected between the base electrode and one of the 
emitter and collector electrodes of each of said devices, 
said second winding means being connected to apply 
voltages induced therein between the base electrode and 
one of the emitter and collector electrodes of each of 
said devices, output winding means linking said core 
neans in inductive relation with said first winding means, 
and a pair of output terminals energizable from said 
citput winding means, each of said devices having a Sub 
stantially non-conducting condition between the emitter 
and collector electrodes for one polarity of said induced 
yoltages, and a conducting condition between the emitter 
and collector electrodes for the opposite polarity of said 
induced voltages, said second winding means being con 
lected to apply said induced voltages with polarities 
affective to establish opposing conducting conditions of 
said devices, said source of bias voltage being connected 
t; permit the transfer of each of said devices from one 
to the other of said conducting conditions in response to 
vitages induced in said second winding means upon 
each occurrence of saturation of said core means, said 

iii put winding means delivering to said output terminals 
(liternating voltage induced therein having a frequency 
is endent upon the frequency of saturation of said core 
CaS. 
10. Ia an electrical system, unidirectional voltage pro 

ducing means, first and second semiconductor devices each 
including a base electrode, an emitter electrode and a col 
iector electrode, magnetic core means, first winding means 
1inking the core means connected for energization from 
said voltage producing means through separate paths ef 
fecting opposing directions of magnetization of said core 
Emeans, said core means being proportioned for Saturation 
within the range of energization of said first winding 
means, each of said paths including the emitter and collec 
tor electrodes of a separate one of said first and second 
semiconductor devices, second winding means linking the 
core means in inductive relation with said first winding 
means, a common source of bias voltage connected be 
tween the base electrode and one cf the emitter and collec 
tor clectrodes of each of said devices, said source of bias 
ycitage including 3 portion of Said unidirectional voltage 
producing means, said second winding means being con 
nected to apply voltages induced therein between the base 
electrode and cina cf the emitter and collector electrodes of 
each of said devices, output winding means linking said 
core means in inductive relation with said first winding 
means, and a pair of output terminals energizable from 
said output winding means, each of said devices having a 
substantially non-conducting condition between the emit 
ter and collector electrodes for one polarity of said in 
duced voltages, and a conducting condition between the 
emitter and collector electrodes for the opposite polarity 
of said induced voltages, said second winding means being 
connected to apply said induced voltages with polarities 
effective to establish opposing conducting conditions of 
said devices, said source of bias voltage being connected 
{o permit the transfer of each of said devices from one to 
the other of said conducting conditions in response to 
voltages induced in Said second winding ineans upon each 
(ccurrence of saturation of said core means, said output 
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14 
nating voltage induced therein having a frequency depend 
ent upon the frequency of saturation of said core means. 

11. In an electrical system, unidirectional voltage pro 
ducing means having a pair of spaced first terminals, trans 
lating means including two pairs of input terminals, first 
and second electroresponsive devices each including at 
least three electrodes, one electrode of a pair of electrodes 
of each of said electroresponsive devices being connected 
to one of said first terminals through a separate pair of 
said pairs of input terminals, the remaining electrode of 
said pair of electrodes of each of said electroresponsive 
devices being connected to the other of said first terminals, 
and an impedance element having a pair of spaced second 
terminals with a third terminal intermediate with second 
terminals, a separate one of said second terminals being 
connected to a third electrode of each of said electrore 
sponsive devices, said third terminal being connected to 
one electrode of said pair of electrodes of each of said 
electroresponsive devices, said impedance element being 
energizable to produce a separate potential of reversing 
polarity between said third terminal and each of said 
Second terminals, each of said electroresponsive devices 
having a substantially non-conducting condition between 
said pair of electrodes for one polarity of the associated 
potential, and a conducting condition between said pair 
of electrodes for the opposite polarity of the associated 
potential. 

12. In an electrical system, unidirectional voltage pro 
ducing means having a pair of spaced first terminals with 
a second terminal intermediate said second terminals, a 
translating device having a pair of input terminals, first and 
Second electroresponsive devices each having at least three 
electrodes, one electrode of a pair of electrodes of each 
of said electroresponsive devices being connected to a 
Separate one of said first terminals, the remaining electrode 
of said pair of electrodes of each of said electroresponsive 
devices being connected to one of said input terminals, 
the other of Said input terminals being connected to said 
Second terminal, and control means for producing biasing 
potentials of reversing polarity for biasing said electrore 
sponsive devices, said control means being connected to 
apply a separate biasing potential between a third elec 
trode and one electrode of said pair of electrodes of each 
of said electroresponsive devices, each of said electrore 
sponsive devices having a substantially non-conducting 
condition between said pair of electrodes for one polarity 
of biasing potential, and a conducting condition between 
Said pair of electrodes for the opposite polarity of biasing 
potential. 

13. In an electrical inverter system, a pair of output 
terminals, a source of unidirectional input voltage, and 
inverter means for delivering to the output terminals an 
alternating output voltage having a frequency dependent 
upon the magnitude of said source, said inverter means 
including saturable magnetic core means, a pair of elec 
trical paths connected for energization from said source 
for supplying to said core means magnetomotive forces 
acting in opposing directions, a separate electrical switch 
device included in each of said paths, each of said switch 
devices being operable to transfer the associated path be 
tween a conductive condition and a substantially non 
conductive condition, Switch operating means effective in 
response to Saturation of said core means produced by 
a conductive condition of one of said paths while the other 
of said paths is in a substantially non-conductive condi 
tion to operate Said switch devices for reversing the con 
ductive conditions of said paths, said switch operating 
means being additionally effective in response to satura 
tion of Said core means produced by a conductive condi 
tion of said other of said paths while said one of said 
paths is in a substantially non-conductive condition to 
operate said switch devices for reversing the conductive 
conditions of said paths, and output winding means linking 
said core means to deliver to said output terminals alter 

winding means delivering to said output terminals alter- 75 nating voltage induced therein having a frequency de 
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pendent upon the frequency of saturation of said core 
caS. 

14. In an electrical system, a source of unidirectional 
voltage, electromagnetic means including magnetic core 
means proportioned for saturation within the range of 
energization of Said electromagnetic means, said core 
means being constructed of material exhibiting substan. 
tially rectangular hysteresis loop characteristics, first 
winding means linking the core means, and second wind 
ing means linking the core means in inductive relation 
to said first winding means; first and second switch means 
each having an opened and closed operating condition, 
said first winding means being connected for energiza 
tion from said source through separate paths effecting 
opposing directions of magnetization of said core means, 
a pair of output terminals energizable from said second 
winding means, each of said paths including a separate 
one of said first and second switch means, and control 
means for controlling operation of said switch means, 
said control means comprising third winding means link 
ing said core means in inductive relation to said first 
winding means, said third winding means being con 
nected to apply voltages induced therein to each of said 
switch means with polarities effective to establish op 
posing operating conditions of said switch means, each 
of said switch means being arranged so as to transfer 
from one to the other of said operating conditions in 
response to voltages induced in said third winding means 
upon each occurrence of Saturation of said core means, 
said Second winding means delivering to said output 
terminals alternating voltage induced therein in response 
to energization of said first winding means having a 
frequency dependent upon the frequency of saturation 
of said core means, 

15. In an electrical inverter system, a pair of output 
terminals, a source of unidirectional voltage, and inverter 
means for delivering to the output terminals an al 
ternating output voltage having a frequency dependent 
upon the magnitude of said source, said inverter means 
including Saturable magnetic core means, a pair of elec 
trical paths connected for energization from said source 
for supplying to said core means magnetomotive forces 
acting in opposing directions, a pair of semi-conductor 
tdevices each having a base electrode, an emitter elec 
trode and a collector electrode, the emitter and collector 
electrodes of each of said devices being included in a 
Separate one of said paths, each of said devices being 
operable to transfer the associated path between a con 
ductive condition and a substantially non-conductive con. 
(lition, control means effective in response to saturation 
of Said core means produced by a conductive condition 
of one of said paths while the other of said paths is in 
il Substantially non-conductive condition to apply bias 
ing potentials between the base electrode and one of the 
cmitter and collector electrodes of each of said devices 
to operate said devices for reversing the conductive con 
ditions of Said paths, said control means being addi 
tionally effective in response to saturation of said core 
means produced by a conductive condition of said other 
of Said paths while said one of said paths is in a sub 
stantially non-conductive condition to apply biasing po 
tentials between the base electrode and one of the emit 
ter and collector electrodes of each of said devices to 
operate said devices for reversing the conductive con. 
ditions of Said paths, and output winding means linking 
Said core means tu deliver to said output terminals al. 
ternating voliage induced therein having a frequency de 
pendent upon the frequency of saturation of said core 

S. 

16. In an electrical system, a source of unidirectional 
input voltage, translating means, a pair of output ter 
minals energizable from said translating means, a pair 
of electrical paths connecting the translating means for 
energization from Said source to provide opposing di 
rections of energization of said translating means, a pair 
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of electroresponsive devices each having at least three 
electrodes, a pair of electrodes of each of said devices 
being included in a separate one of said paths, and con 
trol means for producing biasing potentials of reversing 
polarity having Substantially rectangular wave patterns 
for biasing said devices, said control means being con 
nected to apply a separate biasing potential between 
one electrode of each pair of electrodes and a third elec 
trode of each device, each of Said devices having a sub 
stantially non-conducting condition between said pair of 
electrocles for one polarity of biasing potential, and a 
conducting condition between said pair of electrodes for 
the opposite polarity of biasing potential, said control 
means being connected to apply said biasing potentials 
with polarities effective to establish opposing conducting 
conditions of said devices, each of said devices being 
biased so as to transfer from one to the other of said 
conducting conditions in response to each reversal of 
polarity of the applied biasing potential, said translating 
means delivering to said output terminals an alternating 
quantity having a frequency dependent upon the fre 
quency of reversal of polarity of said biasing potentials. 

17. In an electrical system, a source of unidirectional 
input voltage, a pair of Semiconductor devices each hav 
ing a base electrode, an emitter electrode, and a collector 
electrode, magnetic core means, first and second wind 
ing means linking the core means in inductive relation 
relative to each other, said first winding means being 
connected for energization from said source through sep 
arate paths effecting opposing directions of magnetization 
of Said core means, a pair of output terminals energiz 
able from Said second winding means, each of said paths 
including the emitter and collector electrodes of a sep 
arate one of said devices, and control means for pro 
ducing biasing potentials of reversing polarity having 
substantially rectangular wave patterns for biasing said 
devices, said control means being connected to apply a 
separate biasing potential between the base electrode 
and one of the emitter and collector electrodes of each 
of said devices, each of said devices having a substan 
tially non-conducting condition between the emitter and 
collector electrodes for one polarity of biasing potential, 
and a conducting condition between the emitter and col 
lector electrodes for the opposite polarity of biasing po 
tential, said control means being connected to apply the 
biasing potentials with polarities effective to establish 
opposing conducing conditions of said devices, each of 
said devices being biased so as to transfer from one to 
the other of said conducting conditions in response to 
each reversal of polarity of the applied biasing potential, 
said second winding means delivering to said output ter 
minals alternating voltage induced therein in response to 
energization of said first winding means having a fre 
quency dependent upon the frequency of reversal of 
polarity of said biasing potentials. 

t8. In an electrical system, a source of unidirectional 
voltage, magnetic core means, first, second and third 
winding means linking the core means in inductive rela 
tion relative to one another, a pair of semiconductor de 
vices each including a base electrode, an emitter electrode 
and a collector electrode, said first winding means being 
connected for energization from said source through sep 
arate paths effecting opposing directions of magnetiza 
tion of said core means, and a pair of output terminals 
cnergizable from said second winding means, each of 
said paths including the emitter and collector electrodes 
of a separate one of said devices, said core means being 
proportioned for saturation within the range of energiza 
lion of said first winding means, said core means being 
constructed of material exhibiting substantially rectangu 
lar hysteresis loop characteristics, said third winding 
1means being connected to apply voltages induced therein 
between the base electrode and one of the emitter and 
collector electrodes of each of said devices, each of said 
devices having a cutoff current conducting condition be 
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tween the emitter and collector electrodes for one polarity 
of said induced voltages, and a saturated current con 
ducting condition between the emitter and collector elec 
trodes for the opposite polarity of said induced voltages, 
said third winding means being connected to apply said 
induced voltages with polarities effective to establish 
opposing current conducting conditions of said devices, 
each of said devices being biased so as to transfer from 
one to the other of said current conducting conditions 
in response to voltages induced in said third winding 
means upon each occurrence of saturation of said core 
means, said second winding means delivering to said out 
put terminals alternating voltage induced therein in re 
sponse to energization of said first winding means having 
a frequency dependent upon the frequency of saturation 
of said core means. 19. In an electrical system, a source of unidirectional 
input voltage, translating means, a pair of output ter 
minals energizable from said translating means, a pair of 
electrical paths connecting the translating means for 
energization from said source to provide opposing direc 
tions of energization of said translating means, a pair of 
semiconductor devices each including a base electrode, an 
emitter electrode and a collector electrode, the emitter 
and collector electrodes of each of said devices being in 
cluded in a separate one of said paths, and control means 
for producing biasing potentials of reversing polarity 
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having substantially rectangular wave patterns for biasing 
said devices, said control means being connected to apply 
a separate biasing potential between the base electrode 
and one of the emitter and collector electrodes of each 
of said devices, each of said devices having a substan 
tially non-conducting condition between the emitter and 
collector electrode for one polarity of biasing potential, 
and a conducting condition between the emitter and col 
lector electrodes for the opposite polarity of biasing po 
tential, said control means being connected to apply the 
biasing potentials with polarities effective to establish op 
posing conducting conditions of said devices, each of said 
devices being biased so as to transfer from one to the 
other of said conducting conditions in response to each 
reversal of polarity of the applied biasing potential, said 
translating means delivering to said output terminals an 
alternating quantity having a frequency dependent upon 
the frequency of reversal of polarity of said biasing po 
tentials. 
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