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My invention relates to electro-therapeutical 
apparatus and more particularly to such a device 
for producing graduated involuntary muscular 
contractions in patients. 

5. The beneficial results of therapeutic treatment 
of this character has long been recognized by the 
medical profession. In the prior art, however, 
devices for producing such effects have not been 
very efficient nor accepted with much enthusiasm 

10 by physicians or patients, because the beneficial 
results have been more than offset by the discom 
fort to the patient during the actual administra 
tion of a treatment. Several predominating fac 
tors must not only be given consideration in the 

5 designing of apparatus for the giving of this type 
of treatment, but some compensation must be 
made to overcome the factors which contribute to 
the irritation experienced by a patient. It is es 
Sential, for example, that the current impulses be 

20 of such kind and duration that an involuntary 
contraction of the muscles be produced simulat 
ing the natural voluntary contraction without 
strain or undue shock which so readily produces 
fatigue. Moreover, the effect of the current ap 

25 plied must not be of the usual form which pro 
duces the well known electrical shock that is 
harmful to the nervous system. 

It is accordingly an object of my present inven 
tion to produce a therapeutical apparatus for pro 

30 ducing graduated involuntary muscular contrac 
tions which affects efficient therapeutical results 
and wherein a patient is not subjected to discom 
fort during the administration of treatment. 
Another object of my invention is the provision 

35 of an apparatus for producing graduated invol 
untary muscular contractions wherein the cur 
rent impulses to which a patient is subjected are 
of such kind and duration that involuntary mus 
cular contractions are induced without strain or 

40 shock to the patient. a 
A further object of my present invention is the 

provision of an electro-therapeutical apparatus 

contractions wherein the patient is subjected to 
electrical current inpuses of beneficial wave form 
with an absence of an electrical shock to the 
nervous system. 

Still further objects of my invention will be 
so come apparent to those skilled in the art to which 

it appertains by reference to the accompanying 
drawing wherein: 8 

Figure 1 is a diagrammatical illustration of the 
electrical circuit and connections constructed in 

55 accordance with my invention, and 

Fig. 2 is a graphic illustration of the wave forms 
of the electrical energy supplied by my system. . 

Referring now to the drawing in detail I have 
shown in Fig. a transformer 5 adapted to have 
its primary winding 6 connected to the usual al- 5 
ternating current source of domestic potential I, 
L2 by manipulation of a suitable switch . For 
the purpose of controlling the operation of a three 
electrode discharge device, such as a grid glow 
tube 8, as hereinafter more fully explained, the 10 
transformer 5 is provided with a secondary wind 
ing 9 of approximately two to one ratio having one 
of its ends connected to one plate of a condenser 
O. 
The remaining end of this secondary winding lis 

is connected through a variable resistance 2 to 
the other plate of the condenser 0, and a con 
ductor 3 extends from a point intermediate the 
condenser O and variable resistance 2 through 
a fixed resistance 4 to the grid or control elect. 20 
trode of the discharge device 8. 
Another secondary winding 5 is wound upo 

the core of the transformer 5 for controlling the 
operation of a second discharge device or grid 
glow tube 6, and has one of its ends connected 25 
to the plate of a condenser . The remaining 
end of this secondary winding f is likewise con 
nected through a variable resistance 18 to the 
other plate of the condenser and a conductor 
19 extends from a point intermediate the con- 30 
denser T and variable resistance 8, through a 
fixed resistance 20 to the grid or control electrode 
of the glow tube 6. 
A low voltage winding 22 upon the core of 

transformer 5 supplies heating current to the 35 
thermionic cathode of glow tube and similarly 
a further low voltage winding 2 supplies heating 
current to the thermionic cathode of glow tube 
6. A step-up transformer 24 is provided with a 

primary winding 25 and one end of this latter 40 
winding is connected by a conductor 26 to One 
side of the source of commercial supply L2 and 

inds from a junction of the for producing graduated involuntary muscular a conductor 2 extends i conductor 26 to the midpoints of both secondary 
windings 9 and 23, respectively. The remaining 45 
end of the primary winding 2 is connected by 
means of a conductor 28 and a fixed resistance 29 
to the anode of plate of glow discharge tube 8, 
while the cathode of this tube is connected by 
means of a conductor 3 extending from the 50 
midpoint of the heating winding 22 to a switch 
32, which upon closure thereof connects the 
cathode to a juncture of a conductor 33, extend 
ing from the supply conductor Ll to the midpoint 
of secondary winding . 55 
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2 
A second primary winding 34 is also wound 

upon the core of the transformer 24 and has 
One of its ends connected to a junction of the 
Conductor 30 and thus is connected to the Sup 
ply conductor L. upon closure of the Switch 2. 
The remaining end of this primary 34 is con 
nected by means of a conductor 35 and fixed re 
sistance 36 to the anode or plate of glow dis 
charge tube 6, while its cathode is connected to 
the remaining supply conductor L2 through the 
conductor 2 which.extends from the midpoint 
of the heating winding 23 and secondary winding 
5 to the conductor 26. A double pole switch 37 

is provided which upon operation is arranged to 
simultaneously shunt out a portion of the respec 
tive resistances 29 and 36 as hereinafter more 
fully explained. 
The step-up transformer 24 is provided with 

a secondary winding 38 which comprises an out 
put or patient circuit and is provided with a 
series of taps to enable the Selection of a varying 
predetermined voltage in the patient circuit. An 
adjustable arm 39 is connected by means of a 
conductor 40 to one of the patient electrodes 42 
and a rectifying device 43, such as a copper oxide 
rectifier commercially known as a "Rectox', is 
interposed in the conductor 40 to allow current of 
one sign only to flow therethrough. The remain 
ing end of the secondary winding 38 is con 
nected by a conductor 44 through a potention 
eter 45, which is also connected to conductor 40, 
and a milliampere meter 46 to the other patient 
electrode . 
In the operation of my system at a given in 

stant the supply conductor L will be impressed 
with a positive potential while at the same in 
stant the conductor L2 will be negative. Upon 
closure of the switch T current will be induced in 
the secondary windings 9, 22, 5 and 23 which 
will supply heating current to the cathodes of 
the respective glow discharge tubes 8 and 6 
and energize the circuits associated with the Sec 
ondary windings 9 and 5. 
The switch 32 being at this time in its normal 

or open position will prohibit current flow in 
the cathode-plate circuit of both glow discharge 
tubes 8 and 6. However, the windings 9 and 5 
are at the instant of closure of switch induced 
with a current and also impressed with a poten 
tial at their midpoints through the respective 
conductors 26, 27 and 33 with the polarity of this 
potential being the same instantaneous polarity 
of the respective supply conductors. These 
windings 9 and 5 accordingly will charge 
the respective condensers O and 7 as well as 
impress either a negative or positive potential 
upon the grids of the tubes 8 and 6, through 
conductor f3 and resistance 4, and conductor 
9 and resistance 20, respectively. 
The switch 32 is then closed after the cathodes 

of the tubes 8 and 6 have become heated and, 
still assuming that the conductors L and L2 are 
positive and negative, respectively, a positive 
potential will be impressed upon the plate of dis 
charge device 6 in the following manner: from 
conductor Lif, through conductor 33, Switch 32, 
conductor 30, to the primary winding 34 of 
transformer 24, and thence through conductor 
35 and resistance 36 to the plate of tube 6. At 
the same instant the cathode 6 is impressed with 
a negative potential from the Supply conductor 
L2 through conductors 26 and 27. However, no 

5 
current will flow through the Cathode-plate cir 
cuit just traced at this assumed instant due to 

the negative supply conductor L2. 
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the blocking action of the grid which is now im 
pressed with a negative potential. 
The action of the winding 5 together with its 

associated circuit for impressing a negative 
potential upon the grid of the tube 6 is naturally 
a cyclic one as well as the polarity of the poten 
tial impressed upon the cathode and plate there 

5 

of as just assumed. This grid circuit, however, . 
functions as a phase shifter with the degree of 
differentiation between it and the cathode-plate 
circuit being adjustable by the variable resistance 
8. Although the winding 5 is energized from 
the same source as the cathode-plate circuit the 
action of the variable resistance f8 in governing 
the rate of charging of condenser shifts the 
grid potential out of phase as just noted. 
In Fig. 2 wherein the abscissa represents time 

and the Ordinate voltage I have taken as Zero 

O 

time period the instant of closure of the switch 
32 and with the polarity of the supply conductors 
and that impressed upon the cathode and grid 
of tube 6 being as above assumed, the voltage 
wave form of the cathode-plate circuit will be as 
indicated by the dotted curve EP 6 which is ap 
proaching its peak. At the same instant the grid 
potential wave form WG6, which is out of phase 
with the cathode-plate voltage, has crossed its 
Zero point and after a brief interval of time be 
comes slightly higher negative. When this grid 
potential reaches its critical breakdown voltage, 
the resistance of glow discharge tube is broken 
down and it functions as a Switch thus closing 
and causing an abrupt impulse of current to flow 
through the primary winding 34 of transformer 
24, having a wave form as shown by the dotted 
curve If 6 in the lower portion of Fig. 2 wherein 
the ordinate represents current while the abscissa 
still indicates time, 
This in turn induces a current in the Secondary 

winding 38 having a wave form as shown at I38 
at each instant during which the current in the 
primary 34 is as indicated at I 6. This current 
accordingly is supplied to the patient electrodes 
42 and 47 with the magnitude of the voltage be 
ing regulated by the potentiometer 45 and as 
the current wave reverses due to the inherent ac 
tion of the alternating current cycle the remain 
ing or negative half wave is Suppressed by the 
rectifying action of the rectox 43. 

It must be appreciated that the action of the 
voltage and current as just described relative to 
the circuits associated with the glow discharge 
tube 6 and primary winding 34 is but a momen 
tary One which lasts only during One half wave of 
the alternating current cycle. Also during this 
same half cycle the potential impressed upon the 
grid of glow discharge tube-8 will not only be 
positive, as shown by the full line curve WG8 
in Fig. 2, but the cathode-plate voltage of the 
tube 8 will be in its negative half wave with the 
tube preventing passage of any current there 
through even in the absence of a grid. For ex 
ample, upon initial closure of the Switch 32 with 
Supply conductor IL being positive it follows that 
a positive potential is impressed upon the cath 
ode of tube 8 and a negative polarity upon the 
end of primary winding 25 which is connected to 

Accordingly 
no current would pass through tube 8 due to the 
well known valve action of thermionic valve tubes 
even if the grid was not provided. 
When, however, the alternating current cycle 

reverses, thus making the polarity of the supply 
conductor Ll negative and that of supply con 
ductor L2 positive, the tube it ceases to permit 
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current flow therethrough while a potential will 
be impressed upon the Cathode and plate of glow 
tube 8. Assuming the cycle to have reversed the 
cathode of tube 6 is impressed with a positive 
polarity through the conductors 26 and 27 which 
precludes the flow of current therethrough dur 
ing this half wave. On the other hand the cath 
Ode of tube 8 is impressed with a negative po 
larity through conductor 33, switch 32, and con 
ductor 30. At this same instant a positive po 
larity is impressed upon the plate of tube 8 
through conductor 26, primary winding 25, con 
ductor 28 and resistance 29 but although a poten 
tial is now impressed upon the cathode and plate 
of the tube 8, as shown by the full line curve EP8 
in Fig. 2, no current will as yet flow therethrough. 
This is because the potential impressed upon 

the grid of the tube 8 by the phase shifting cir 
cuit associated with the secondary winding 9, 
as shown by the full line curve VG8 in Fig. 2, is 
still positive. As the cathode-plate voltage ap 
proaches its maximum the grid potential recedes 
and when it becomes slightly negative, which is 
at the instant when the cathode-plate voltage 
is Substantially at the peak of its wave, the tube 
8 reaches its critical breakdown voltage and ab 
ruptly breaks down which causes an impulse of 
current to flow therethrough and through the 
primary winding 25 in the same manner as 
previously described relative to the tube 6. 
This current in the primary winding 25 is as 

shown by the full line curve I8, in Fig. 2. Again 
the current induced in the secondary winding 
38 will be as shown by the curve I38 during 
each instant when the current I8 is flowing in 
primary 25. This current is again supplied 
to the patient electrodes 42 and 47 with any in 
verse or negative current being again suppressed 
by the action of the rectifying device 43. When 
the alternating current cycle again reverses the 
tube 6 again functions while tube 8 becomes un 
effective to permit current flow. 
The potentiometer by regulating the voltage 

of the output or patient circuit accordingly func 
tions as a controller for regulating the muscular 
contractions of a patient. Moreover, the ad 
justable arm 39, which is operative to select vari 
ous points or taps of the secondary winding 
38, together with the switch 37 for shunting out 
of the cathode-plate circuits of glow discharge 
tubes 8 and 6 a portion of the resistances 29 
and 36, respectively, thus regulates the strength 
of the output current supplied to the patient 
circuit. It should likewise be further noted that 
the glow discharge tubes 8 and 6 differ from 
the usual three element vacuum tube in that 
although having the same electrodes, namely, an 
anode, thermionic cathode and grid, a mercury 
vapor at a substantial pressure is present in the 
tube. 
This type of tube permits the passage of large 

currents with very little potential drop across the 
tube and is very critical in its operation. A 
sufficient negative potential impressed upon the 
grid enables the starting potential of the cath 
ode-plate circuit to be relatively high and after 
the critical breakdown voltage of the grid is . 
reached attendant discharge between cathode 
and plate occurs and the grid is uneffective un 
til after interruption of the cathode plate cir 
cuit which occurs at each reversal of the alter 
nating current wave as hereinbefore noted. 
Accordingly the dotted lines CP6 and CP8 

immediately below the upper abscissa line which 
intersects the respective grid curves WG8 and 

3 
WG6 indicates the critical breakdown point of 
each tube. Due to the particular characteristics 
of this type of tube the critical breakdown point 
may be so varied that breakdown will occur when 
the grid is impressed with either a positive or 
negative potential. By varying the respective 
resistances 2 and 8 the phase of the respective 
grid potentials may be changed so that the 
breakdown point can be moved along the dotted 
lines CP 6 and CP8 and thus moved above the 
abscissa line to a positive or in an opposite di 
rection to a higher negative potential. 

It thus becomes obvious to those skilled in the 
art that I have provided an electro-therapeutical 
apparatus for producing involuntary muscular 
contractions wherein a current is supplied to a 
patient during each half wave of the alternating 
current cycle or every 

-- 
20th 

of a second. Moreover, the magnitude of the 
current and voltage is controllable to an excep 
tionally fine degree so that the current supplied 
to the patient produces no discomforting effects 
nor causes shocks to the nervous system. 
Although I have shown and described one spe 

cific embodiment of my invention I do not de 
sire to be limited thereto as other modifications 
of the same may be made without departing 
from the spirit and scope of the appended claims. 
What is claimed: 
1. In an electro-therapeutical apparatus for 

producing graduated involuntary muscular con 
tractions, the combination with an alternating 
Current Supply Source, of a plurality of circuits 
connected to said source each including a pri 
mary winding of a transformer and a discharge 
device, Said discharge device in each circuit in 
cluding an anode and a cathode connected to its 
respective circuit and a control grid, a source 
of potential for the grid of each of said discharge 
devices having the potential thereof out of phase 
with respect to the potential of the respective cir 
cuit in which said discharge device is included, 
and periodically operable at preselected intervals 
of each half wave of the alternating current cy 
cle to cause current flow alternately in each of 
said circuits, and an output circuit connected 
to the secondary winding of said transformer 
adapted to be connected to a patient and ener 
gizable upon the alternate flow of current in both 
of said circuits to produce graduated involuntary 
muscular contractions. 

2. In an electro-therapeutical apparatus for 
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55 producing graduated involutary muscular con 
tractions, the combination with an alternating 
current Supply source, of a circuit energizable 
by said source including the primary winding of 
a transformer and a discharge device having a 
critical breakdown characteristic, said device 
comprising an anode and a cathode connected 
to said circuit and a control grid, a source of 
potential connected to the control grid of said 
device having the potential thereof out of phase 
with respect to the potential of said circuit and 
periodically operable at preselected intervals dur 
ing one half wave of the alternating current 
cycle to cause breakdown of said discharge de 
vice and current flow in said circuit, a second 
circuit energizable by said alternating current 
source including a second primary winding of 
said transformer and a second discharge device 
having a critical breakdown characteristic, said 
device comprising an anode and a cathode con 
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4 
nected to Said last mentioned circuit and a con 
trol grid, a Source of potential connected to the 
control grid of Said last mentioned discharge 
device having the potential thereof out of phase 
With respect to the potential of said last men 
tioned circuit and periodically operable at pre 
Selected intervals during the remaining half wave 
of the alternating current cycle to cause break 
down of Said last mentioned discharge device 
With attendant flow of current in said last men 
tioned circuit, and an output circuit connected 
to the Secondary winding of said transformer 
adapted to be connected to a patient and alter 
nately energizable upon current flow in each 
of Said circuits to produce graduated involuntary 
muscular contractions. 

3. In an electro-therapeutical apparatus for 
producing graduated involuntary muscular con 
tractions, the combination with an alternating 
Current Supply source, of a circuit energizable 
by Said Source including the primary winding 
of a transformer and a discharge device having 
a critical breakdown characteristic, said device 
comprising an anode and a cathode connecter to 
Said circuit and a control grid, a source of elec 
trical potential connected to the control grid of 
Said device including means for varying the phase 
relation thereof with respect to the potential 
impressed upon said circuit to cause periodic 
breakdown of said discharge device at prese 
lected points in the potential wave of said cir 
cuit and an abrupt flow of current through said 
circuit, and an output circuit including the sec 
Ondary Winding of said transformer and patient 
electrodes, and energizable upon the abrupt flow 
of current in Said first mentioned circuit to cause 
graduated involuntary muscular contraction to 
a patient when connected to said electrodes. 

4. In an electro-therapeutical apparatus for 
producing graduated involuntary muscular con 
tractions, the combination with an alternating 
Current Supply Source, of a circuit energizable by 
Said Source including the primary winding of a 
transformer and a discharge device having a 
Critical breakdown characteristic, said device 
comprising an anode and a cathode connected to 
Said circuit and a control grid, a source of elec 
trical potential connected to the control grid 
of Said device including means for varying the 
pinase relation thereof with respect to the poten 
tial impressed upon said circuit to cause periodic 
breakdown of Said discharge device at preselected 
points in the potential wave of said circuit and 
an abrupt flow of current through said circuit, 
means included in said circuit for regulating the 
Current flowing through said circuit upon break 
down of Said discharge device, and an output cir 
cuit adapted to be connected to a patient for 
producing graduated involuntary muscular con 
tractions including the secondary winding of 
Said transformer and means for regulating the 
potential impressed upon a patient, and energiz 
able upon the abrupt flow of current in said first 
mentioned circuit. 

5. In an electro-therapeutical apparatus for 
producing graduated involuntary muscular con 
tractions, the combination with an alternating 
Current Supply Source, of a plurality of circuits 
energizable by Said source each including a pri 
mary winding of a transformer and a discharge 
device having a critical breakdown characteris 
tic, Said discharge device in each circuit com 
prising an anode and a cathode connected to its 
respective circuit and a control grid, a separate 
Source of potential connected to the control grid 

1999,729 
of each of Said discharge devices including means 
for varying the phase relation thereof with re 
Spect to the potential impressed upon the cir 
cuit in which said discharge device is included to 
CauSe periodic breakdown of each of said dis 
charge devices at preselected points in the po 
tential wave of each of said circuits and an 
abrupt alternate flow of current through each 
of Said circuits during the entire alternating cur 
rent cycle, means included in each of said cir cuits and simultaneously operable to regulate 
the current flowing through each respective cir 
cuit upon breakdown of each of said discharge 
devices, and an output circuit adapted to be 
connected to a patient for producing graduated 
involuntary muscular contractions including the 
Secondary Winding of Said transformer and means 
for regulating the potential impressed upon a 
patient and energizable upon the fidw of cur 
rent in each of said first mentioned circuits. 

6. In an electro-therapeutical apparatus for 
producing graduated muscular contractions, the 
combination with an alternating current supply 
Source, of a circuit energizable by said source 
including the primary winding of a transformer 
and a discharge device having a critical break 
down characteristic, said device comprising an 
anode and a cathode connected to said circuit 
and a control grid, means for impressing a poten 
tial upon the control grid of said device having 
the potential thereof out of phase with respect 
to the potential impressed upon said circuit to 
CauSe periodic breakdown of Said discharge de 
vice at preselected points in the potential wave 
of Said circuit and abrupt flow of current there 
through comprising a secondary winding ener 
gized by Said alternating current source, a con 
denser connected to Said secondary winding for 
accumulating an electrical charge, a variable 
resistance Connected in electrical series relation 
ship with said secondary winding and said con 
denser for varying the rate of accumulating of a 
charge in Said condenser and to predetermine the 
phase displacement of Said grid potential rela 
tive to the potential of said circuit, and connec 
tions from Said condenser to the control grid of 
said device; a resistance in said first mentioned 
circuit for limiting the Current flowing there 
through upon breakdown of Said discharge de 
vice, control means operable to exclude a portion 
Of Said resistance from Said first mentioned cir 
cuit to increase the current flowing through said 
circuit, and an output circuit inductively coupled 
With Said first mentioned circuit adapted to be 
connected to a patient for producing graduated 
involuntary muscular contractions including 
controlling means for regulating the potential 
Supplied to Said patient, and energizable upon 
the abrupt flow of current in said first mentioned 
circuit. 

7. In an electro-therapeutical apparatus for 
producing graduated involuntary muscular con 
tractions, the combination with an alternating 
current Supply Source, of a circuit energizable by 
Said Source including the primary winding of a 
transformer and a discharge device having a 
critical breakdown characteristic, said device 
comprising an anode and a cathode connected to 
said circuit and a control grid, a Source of elec 
trical potential connected to the control grid of 
said device including means for varying the phase 
relation thereof with respect to the potential in 
pressed upon said circuit to cause periodic break 
down of Said discharge device at preselected points 
in the potential wave of said circuit and an abrupt 
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flow of current through said circuit, an output 
circuit including the Secondary winding of said 
transformer and patient electrodes, and energiz 
able upon the abrupt flow of current in said first 
mentioned circuit to cause graduated involuntary 
muscular contraction to a patient when con 
nected to said electrodes, and means included in 
said output circuit to cause current of one sine 
Only to flow therethrough. 

8. In an electro-therapeutical apparatus for 
producing graduated involuntary muscular con 
tractions, the combination with an alternating 
current supply source, of a circuit energizable by 
said source including the primary winding of a 
transformer and a discharge device having a 
Critical breakdown characteristic, said device 
comprising an anode and a cathode connected 
to said circuit and a control grid, a source of 
electrical potential connected to the control grid 

of said device including means for varying the 
phase relation thereof with respect to the poten 
tial impressed upon said circuit to cause periodic 
breakdown of said discharge device at preselected 
points in the potential wave of said circuit and 
an abrupt flow of current through said circuit, 
means included in said circuit for regulating the 
current flowing through said circuit upon break 
down of said discharge device, an output circuit 
adapted to be connected to a patient for produc 
ing graduated involuntary muscular contrac 
tions including the secondary Winding of Said 
transformer, means for regulating the potential 
impressed upon a patient and energizable upon 
the abrupt flow of current in said first men 
tioned circuit, and means included in said output 
circuit to cause current of one sine only to flow 
therethrough. 

J. STANLEY KINNEY. 
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