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1. 
This invention relates to apparatus for provid 

ing electrical impulses for nerve and muscle 
stimulation. . . . . . 

An object of the invention is to provide an ap 
paratus for supplying muscle stimulating im 
pulses which are substantially faradic and which 
have extremely brief, high amplitude peaks of one 
polarity. 
A further object of the invention is to provide 

an apparatus for supplying repetitive muscle 
stimulating pulses of controllable amplitude. 
A further object is to provide an apparatus 

Supplying repetitive muscle stimulating pulses 
having a cyclically rising and falling amplitude 
envelope. 
A further object is to provide such an ap 

paratus in Which the amplitude envelope is gen 
erally saw-toothed. 
A further object is to provide an apparatus 

for Supplying muscle stimulating pulses having 
cyclically varying amplitude, the apparatus in 
cluding means accurately and dependably to 
limit the maximum amplitude of the pulses. 
A still further object is to provide an apparatus 

selectively operable to supply relatively high 
frequency pulses of controllable amplitude, rela 
tively high frequency pulses of cyclically varying 
amplitude, or relatively low frequency, constant 
amplitude pulses. 
A still further object is to provide muscle 

stimulating apparatus selectively capable of Sup 
plying muscle stimulating impulses for either 
therapeutic or diagnostic purposes. 

Further objects, advantages and principles of 
the invention will appear from the following de 
scription of an illustrative embodiment taken to 
gether with the drawing, which is a schematic 
wiring diagram of the embodiment. 
The illustrated embodiment of the muscle stim 

ulator most conveniently receives its operating 
power from a 117 volt alternating current electric 
power line. In some cases the muscle stimulating 
pulses produced by the apparatus have the same 
periodicity as the alternating current voltage 
from the powerline. 

For this reason the muscle stimulator in 
cludes a peaking transformer having its 
primary winding 2 connected with the 117 volt 
alternating current supply as indicated in the 
drawing. . . . 
The transformer 8 is constructed in a known 

manner to distort the essentially sinusoidal input 
wave form and produce a sharply peaked alter 
nating current output wave form across the sec 
ondary winding 4 of the transformer. This dis 
tortion is usually accomplished by designing, the 
transformer so that partial saturation of the 
magnetic core takes place on the peaks of the in 
put voltage. . . . . . . . . . . . . . . . . . . 
: One output conductor of the transformer sec 
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Ondary 4 is grounded and the other is connected 
With two contacts 6d and 6b of a single pole 
three-position switch 6. The Switch 6 has an 
arm 8 which is movable to make contact with 
either of the contact points 6a or 6b or With 

The movable arm 8 of the Switch f 6 is con 
nected with the grids of two arc discharge tubes 
or thyratrons 2 and 22 which are connected for 
parallel operation. The shield grids of the thy 
ratrons 2 and 22 are connected to the cathodes, 
and the cathodes are connected in parallel. A 
resistor 24 connecting the cathodes to ground 
provides cathode biasing voltage, and a second 
resistor 26 connecting the grids of the thyratrons 
to ground provides a grid return path. 
A resistor 28 connecting the cathodes with a 

suitable positive anode supply voltage terminal 
B- provides a minimum cathode bias voltage 
sufficient to prevent initiation of arc discharges 
in the thyratrons 29 and 22 in the absence of 
grid-cathode signals. A current flows from B 
to ground through the resistors 28 and 24 and 
produces a cathode biasing voltage drop across 
the resistor 24. 
The anodes of the thyratrons 20 and 22 are 

connected by low value current equalizing re 
sistors 3G and 32 to one side of a primary wind 
ing 34 of a step-up pulse output transformer 36. 
The other side of the primary 34 is connected 
with the cathodes of the thyratrons by a pulse 
forming capacitor 38. The same side of the 
primary is also connected with a positively 
charged conductor 40 by means of a charging re 
sistor 42. The positive voltage appearing upon 
the conductor 40 may vary, as will presently be 
explained. r . . 
A high voltage secondary winding 44 of the 

transformer 36 is shunted by a potentiometer 46. 
One side of the secondary 44 is grounded and is 
thereby connected with a grounded output ter 
minal. 48. A second output terminal 50 is con 
nected by a current measuring meter 52 with the 
movable arm 54 of the potentiometer. The po 
tentiometer provides means to adjust the magni 
tude of the muscle stimulating impulses supplied 
to the output terminals 48 and 50 by the ap 
paratus. . . . . . 

. When the movable arm 8 of the switch 6 is 
brought into contact with either of the contact 
points Sa or 6b, the apparatus produces muscle 
stimulating pulses at the frequency of the 117 
volt alternating current power-line. Of course 
this frequency is usually 60 cycles per second. 
During the negative half cycle of the sharply 
peaked alternating current voltage produced by 
the transformer secondary 4, the thyratrons. 20 
and 22 are nonconducting. The capacitor 38 is 
charged through the resistor 42 substantially to 
the positive voltage appearing upon the conductor 
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40, and the voltage appearing across the capaci 
tor 38 is applied to the anodes of the thyratrons 
by the transformer primary 34 and the current 
equalizing resistors 30 and 32. The voltage drop 
acroSS the cathode resistor 24 caused by the cur 
rent flowing from the B-- terminal through the 
resistor 28 is sufficient to prevent the voltage ap 
pearing at the anodes of the thyratrons from 
initiating arc discharges in the tubes. 
The positive peaks of the alternating current 

signal from the transformer secondary 4 raise 
the voltage between the grids; and the cathodes 
Of the thyratrons to Such an extent that arc dis 
charges are initiated in the tubes. When the 
discharges are started, the capacitor 38 dis 
charges very rapidly through the circuit includ 
ing:the thyratrons, the equalizing resistors 30; and 
32, and the transformer primary 34. The trans 
former primary 34 and the resistors 30 and 32 
have such low impedances that the discharge of 
the condenser is not Substantially impeded or 
retarded. 
After the discharge of the capacitor 38 the arc 

discharges in the thyratrons 2 and 22 are ex 
tinguished; because the anode-cathode thyratron 
voltage; drops to a value insufficient to maintain 
the discharges in the tubes. This occurs: at least 
partly because the inductive transformer primary 
34, in conjunction with the: eapacitor 38, tends to 
produce an oscillatory discharge current, and 
consequently tends to swing the anode voltage 
of the thyratrons to a negative value momen 
tarily, 
3Fhe values of the input voltage from the trans 

former Secondary 4, the cathode biasing volt 
tage and the capacitance of the capacitor 38 are 
selected SO that the grid-cathode Voltage of the 
thyratrons has dropped sufficiently to cut of the 
thyratrons by the time the condenser 38 has dis 
charged through the thyratrons. Consequently, 
a single: brief current impulse is produced through 
the primary. 34 of the output transformer in Syn 
chronism with each-of-the-positive peaks of the 
input voltage from the transformer; 4. The cur 
rent impulses in the primary 34 produce brief 
high voltage impulses across the secondary 44 
of the output transformer 36, and the voltage 
pulses are transmitted to the output terminals 
by the potentiometer 46, and the meter 52. 

After-the-thyratrons, 29 and 22...are-extinguished, 
the capacitor 38 is charged rapidly through the 
resistor 42 to the positive voltage appearing on 
the conductor-40. The capacitor 38 and the re 
sistor. 42.have small values, such as 0.5 microfarad 
and 4,000; ohms, respectively, So that the charging 
times constant of the capacitor and the resistor 
is small with respect to the half period of the 
input voltage from the transformer 4. In the 
above: example the time constant of the capacitor 
and the resistor is 2.0 milliseconds as compared 
with approximately 8 milliseconds for the half 
period of the usual 60 cycle power line voltage. 
The amplitude of the output voltage impulses 

is a function of the quantity of electrical charge 
stored in the capacitor 38, which in turn is a func 
tion of the voltage appearing upon the conductor 
40. The voltage on the conductor 40 is controlled 
by means of a pair of vacuum discharge coupling 
tubes 60 and 62 having their cathodes connected 
to the conductor 40. The tubes 6th and 62 pref 
erably are pentodes of the type commonly used 
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in the power output stages of radio receivers. 
However, the tubes are operated as triodes by 
connecting their screen grids to their anodes. 
The anodes are connected directly to a suitable 
anode voltage supply terminal B-. 75 

4. 
The grids of the tubes 60 and 62 are connected 

with a movable arm 68 of a three-position switch. 
66 having three contact points 66a, 66b and 66c. 
AS indicated on the drawing, the switch 66 may 
be ganged with the switch 6. 
The first contact point 66a is connected with a 

potentiometer 70 through a current limiting re 
sistor 72. The potentiometer 70 comprises a plu 
rality of resistance elements 74, illustrated as 
eight in number, connected in series between a 
Suitable positive anode voltage supply terminal 
B--and-a, Conductor T6. The potentiometer 70 
is adjustable by means of a multi-position switch 
having an arm 18 movable into contacting en 
gagement with any one of a plurality of contact 
points 80 respectively connected with the end 
pointS. of the resistors 74. 
The conductor 76 is connected to a slider 80 

of a voltage dividing resistor. 82 to impress an 
adjustable relatively low positive voltage upon 
the conductor. The voltage dividing resistor 82 
is grounded at one end and is connected with 
an anode voltage terminal B-- at the other end 
by means of a filtering resistor 84. The voltage 
dividing resistor 82 is bypassed by a filter capaci 
tor 86. As indicated, the negative terminal B 
of the anode Voltage Supply (not shown) is 
grounded. 
The first contact point 66a of the switch 66 

is connected through the resistor 72 with the 
SWitch arm 78 of the potentiometer 70 and is 
bypassed to the conductor 76 by a filter capaci 
tOr 90. 
When the switch arm, 68 is brought into con 

tacting engagement With the first contact point 
6a, the grids of the coupling tubes 60 and 62 

are connected with the potentiometer 10, and 
the voltage of the grids can be variedbetween the 
voltage of the...anode-supply terminal B---and the 
voltage appearing-upon the conductor 16, which 
is determined by the adjustment of the slider 80 
On the Woltage, divider, 82. 
The voltage, appearing upon the conductor 40 

Connected with the cathodes of the coupling. tubes 
60 and 62 tends to be approximately equal to 
the Voltage impreSSed upon the grids of the 
coupling tubes. Any rise in the cathode voltage 
above the grid voltage is inhibited by the con 
Sequent rise in the Cathode-grid bias toward the 
Cut-Off Value. Such a rise in the cathode-grid 
Voltage is effective to limit conduction by the 
coupling tubes. 60 and 62. 
On the other hand, if the cathode voltage of 

the coupling tubes 69 and 62 drops, the cathode 
grid voltage also drops, and tends to increase 
conduction in the coupling tubes. 
Of course the capacitor 38 is charged from the 

B+ terminal through the parallel coupling tubes 
60 and 62 and the resistor 42. The extent to 
Which the capacitor is charged depends upon the 
Voltage applied to the grids of the coupling tubes. 

Consequently, when the switch arms 8 and 
68 are set in their first positions contacting the 
Switch points. E 6d. and 66d, respectively, the 
muscle stimulator produces extremely brief.mus 
cle. Stimulating pulses at the frequency of the 
117 volt A.C. power line. The-amplitude of the 
pulses depends upon the voltage applied to the 
grids of the coupling tubes 6G and 62 by the po 
tentiometer H. Consequently, the amplitude 
may be varied; manually over a relatively wide 
range. 
When the switch arms 8 and 68 are brought 

into contacting engagement with the contact 
pointS 6band 66b,respectively, a third thyratron 
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92 is connected into the circuit. The thyratron 92 
provides cyclical signals of generally saw-toothed 
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Wave form for varying the amplitude envelope of . 
the sharp impulses produced by the circuit com 
prising the thyratrons 20 and 22. 
The second contact point 66b of the switch 

68 is connected with the anode of the thyratron 
92. The anode of the thyratron 92 is connected 
with a suitable positive anode supply terminal 
B-- by a relatively small value resistor 94, a 
conductor 96, and a relatively large value resis 
tor'98. . . . . 

The cathode of the thyratron 92 is connected 
to ground by a resistor 00 and to an anode supply 
terminal B-- by a resistor i02. A current from 
the B+ terminal through the resistors 09 and 
102 produces a voltage drop across the resistor 
f00 which biases the cathode of the thyratron 92 
with respect to the grid. - 
The cathode of the thyratron 92 is also con 

nected with a movable arm t O8 of a switch G6 
having three contact points fo6a, 0.6b and 06c. 
As indicated, the switch 06 may be ganged with 
the other two switches 6 and 66. The contact 
point to 6a is left unconnected and the contact 
points 8b and 6c are connected with the 
conductor 96 by capacitors G and 2, respec 
tively. . . . . 
The shield grid of the thyratron 92 is con 

nected with the cathode. The control grid of 
the thyratron is bypassed to the cathode by a 
filtering capacitor 2 and the grid is connected 
to ground by a grid return resistor 22 shunted 
by a filtering capacitor f 24. 
The thyratron 92 produces the saw-toothed - 

voltages by the alternate charging and discharg 
ing of the capacitor f0, when the switch arm 

10 

junction with rectifier and filter components to 
provide the B+ voltage. . . . 
The circuit including the pentode 30 acts to 

limit the maximum amplitude of the saw-toothed 
signal produced by the thyratron 92 to the ap 
proximate value of the voltage appearing at the 
slider 36 connected with the cathode of the 
pentode 30. Immediately after a discharge of 
the capacitor 3, the grid of the pentode 30 is 
approximately at ground potential because the 
grid is connected by the resistor f40 with the 
conductor 96. Consequently, the potential of the 
grid is approximately equal to the voltage across 
the capacitor i0. At this time the voltage at 
the cathode of the pentode 30 is considerably 
greater than the voltage at the grid, and the 
pentode 30 is thereby rendered non-conductive. 

20 

25 

08 is moved into contacting engagement with 
the contact point (6b. The capacitor if 0 is 
charged through the resistor 98 and is discharged 
through the resistor 94 and the thyratron 92. 
The resistance of the resistor 94 is much smaller 
than that of the resistor 98 so that the discharge 
of the capacitor is effected in a brief interval, 
compared with the time required for charging . 
the capacitor. - - - - - - - 

The maximum amplitude of the saw-toothed 
voltage which appears at the anode of the thyra 
tron 92, is closely regulated by a circuit including 
a pentode 38 of a type commonly employed for 
voltage amplification in radio receivers. The 
cathode of the pentode 30 is connected with 
the suppressor grid and is coupled with the con 
trol grid of the thyratron 92 by a current limit 
ing capacitor 32. The cathode of the pentode 
30 is connected by a relatively high value re 

sistor f33 with a second slider f36 contacting 
the voltage dividing resistor 82. 
The screen grid of the pentode 30 is connected 

to an anode supply terminal B-- by a resistor 
(38. The control grid of the pentode is con 
nected through a current limiting resistor 40 
with the conductor 96 in the anode circuit of the thyratron 92. 
The anode of the pentode 30 is connected to 

a terminal 42 of an alternating current voltage 
supply at approximately 300 volts. The other 
terminal 44 of the alternating current Supply 
is grounded. The alternating current supply 
may provide a voltage at the frequency of the 
electric power line, and the 300 volt potential 
may easily be obtained from a high voltage sec 
ondary winding of a transformer (not shown) 
connected with the ordinary 117 volt power line. 
The transformer may also be employed in con 
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saw-toothed wave form produced by the th 
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As the capacitor charges through the resis-- 
tor 98 the potential of the grid of the pentode 
rises, and when the difference in potential be 
tween the grid and the cathode of the pentode 
f3 becomes less than the cut-off bias value, the 
pentode begins to conduct on the peaks of the 
positive half cycles of the alternating current 
voltage applied to the anode of the pentode. The 
momentary conduction in the pentode on the 
positive peaks of the alternating current anode 
voltage provides positive voltage impulses at the 
cathode of the pentode because of voltage drop 
across the load resistor 34. The positive im 
pulses are coupled to the grid of the thyratron 
92 by the capacitor (32. The capacitor 32 in 
cooperation with the grid return resistor 22 
produces a pulse sharpening effect. . . . . . . 
One of the first few pulses impressed upon the 

control grid of the thyratron 92 causes initiation 
of an are discharge in the thyratron. The ca 
pacitor i e discharges rapidly and the potential 
of the grid of the pentode drops so that the 
pentode is again rendered nonconductive. The 
thyratron is extinguished when the capacitor to 
discharges to such an extent that the voltage. 
across the capacitor is insufficient to maintain 
conduction in the thyratron. 
Thus, when the switch arms 8, 68 and 108 

make contact with the second contact points 6b, 
66b and 66b, respectively, the apparatus pro 
duces a series of sharp high voltage impulses 
at the frequency of the volt supply, and the 
amplitude of the successive pulses cyclically in-, 
creases and decreases in accordance with the 

ratron 92. The saw-toothed voltage from the 
thyratron is impressed upon the grids of the 
coupling tubes 60 and 62 through the second 
switch contact 66b. As previously explained, the 
voltage on the conductor AO which connects the 
coupling tubes with the thyratrons. 20 and 22. 
varies in accordance with the voltage impressed 
on the grids of the tubes. 
The capacitor 3 and the resistor 98 have 

relatively high values such as 3 microfarads and 1 
megohm, respectively, so that the thyratron.92 
produces a saw-toothed signal having a relative 
ly long period, of a few seconds, for example. , 
When the switch arms 8, 68 and 108 are brought into contacting engagement with the 

third contact points 6c, 66c and C6c, respec 
tively, the capacitor 2 is connected in the anode 
circuit of the thyratron 92. The capacitance of 
the capacitor 2 may be somewhat smaller than 
the capacitance of the capacitor O so that the 
thyratron 82 produces a higher frequency saw 
toothed signal when the capacitor it 2 is in the 
circuit. For example, the capacitance of the 

  



7. 
capacitor. 2 may be approximately...5 micro 
farad to provide a saw-toothed signal having. a. 
frequency of a few cycles...per. Second. . . 

In the third position of the SWitches f6, 66. 
and 106, the grids of the pulse producing thy 
ratrons 20 and 22 are coupled to the cathode of 
the pentode. 30 through a current limiting ca 
pacitor. 50, connected between the cathode and 
the switch contact point, 6c. Consequently the 
thyratrons 20 and 22 produce a sharp output 
pulse each time a sufficiently large positive pulse 
appears, at the cathode of the pentode, 39. In 
the third position of the SWitches a fixed posi 
tive direct current potentialis applied to the grids 
of the coupling tubes. 60 and 62 by a conductor. 
52 connecting the third contact point. 66c. With 

a junction point 154 between a predetermined 
pair.gif the series connected resistors 14 compris 
ing the potentiometer 70. The junction point, 54. 
may be approximately midway between the end. 
terminals of the potentiometer 70 So that the 
voltage impressed on the grids of the coupling 
tube is intermediate the voltage of the B-termit 
nal and the voltage of the slider 80 on the Volt 
age-divider. Consequently, the output pulses pro 
duced by the apparatus have a relatively moder 
ate amplitude suitable for diagnostic applications 
of the musclestimulator. 

For the third setting of the selector Switches, 
the output, pulses, are timed by the operation of 
the thyratron.92. As previously explained in con 
nection with the second setting of the Selector 
switches, the capacitor 2 charges through the 
resistor 98 until the rise in the potential of the 
grid of the pentode 39 produces a positive pulse 
on the cathode of the pentode by virtue of cols 
duction on a positive peak of the alternating cur 
rent anode Voltage applied to the terminals i A2 
and 44. The positive pulse at the cathode of 
the-pentode 30 is transmitted to the control grid 
of the thyratron to initiate conduction therein 
and to cause the capacitor 2 to discharge 

positive pulse at the cathode of the pentode 30 
is transmitted through the capacitor 50, the 
switch point 6c, and the switch arm 8 to the 
grids of the pulse forming thyratrons 20 and 22. 
The thyratrons 20 and 22 thereupon produce a 
brief pulse in the manner previously described. 
When the ganged switch arms 8, 68 and 8 

are set in their first positions contacting Switch. 
points (6a, 66a and 06a, respectively, the ap 
paratus produces sharp Substantially faradic 
voltage impulses at the frequency of the 7 volt 
powerline. The amplitude of the pulses may be 
controlled by the operator of the muscle stimu 
lator by adjusting the potentiometer 70. The 
physician operating the apparatus may manipul 
late the potentiometer to vary themagnitude of the 
muscle stimulating pulses between desired limits 
according to any desired rhythmic pattern. Con 
sequently, the amount and character of the 
musclestimulation produced by the apparatus is 
under the complete control of the physician. 
When the switch arms 8, 68 and 08 are set at 

their second positions in contact with the Switch 
points. Gb, 66b and 166b, respectively, the ap 
paratus produces muscle stimulating pulses at 
the frequency of the 117 volt power line. The 
pulses vary cyclically in amplitude in accordance 
with the saw-toothed signal produced by the 
thyratron 92 as previously explained. The cyclic 
rise andfall of the muscle stimulating pulses pro 
ceed at a relatively slow rate to produce a 
rhythmic pattern of alternate muscle. Stimula 
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plitude. of the stimulating impulses be clos 

8 
tignand relaxation which is beneficial for ausgle. 
therapy. The saw-toothed. Wavefolgaof theast 
plitude, envelope, of the voltage impulses pro-. 
duces stimulation of the muscles followed by sud. 
den relaxation. The-maximum amplitude of the 
pulses is closely limited and regulated by the 
action of the pentode 30, which initiates con 
duction in the thyratron 92 at the amplitude ser, 
lected by adjusting the slider t36. The voltage. 
across the capacitor i0, closely approaches: the 
voltage impressed upon: the cathode of the pens. 
tode 30 by the slider 36 as previously explained. 

For the safety, comfort and well being of the 
patient, it is quite important that maximum a 

regulated. Consequently the close regulation 
provided by the circuit, including the pentode. 39. 
and the thyratron 92 is one of the important ad 
vantages of this invention. . . 
When the switch arms. 8, 68 and 08 are set 

in their third positions to contact the switch 
points f6c. 66c and 06c, respectively, the muscle. 
stimulating apparatus produces, a series of sharp 
voltage impulses of moderate, constant amplitude. 
at a frequency of a few cycles per second. These 
muscle stimulating pulses are particularly use 
ful for diagnostic purposes. The physician ops. 
erating the muscle stimulating apparatus, can. 
apply the impulses to various portions of the skin. 
by means of a probe-connected to the outputter 
minals. The twitching of the muscles produced 
by the pulses provides an indication of their cont. 
dition, 
The arrangement of the coupling tubes. 60 and 

62 is particularly advantageous since the tubes 
provide means for controlling the amplitude of 
the muscle stimulating impulses by a voltage. 
Source capable of developing only a small power. 
output. The amplitude of the muscle stimulating. 
impulses may be controlled accurately, and de 
pendably by adjusting the voltage applied to the 
grids of the coupling tubes. The grid voltage. 
may be manually varied by manipulation of the 
potentiometer 70 if the switch arm 68 contacts. 
the contact point 66a, or the grid voltage may be 
varied cyclically by means of the saw-toothed os 
cillation generator comprising the tubes 92 and 
f30, if the switch arm 68 contacts the second con 
tact point 66b. 
The arrangement of the switches is an im 

portant feature of the muscle stimulator. By 
manipulating the switches, the low frequency os 
cillation generator comprising the tubes. 92 and 
30 may be connected either to vary the ampli 

5 tude of the muscle stimulating impulses or to: 
time the impulses. When the switch arms 8 and 
68 are in their first positions contacting the 
Switch points f6a and 66a, the saw-toothed sig. 
nal appearing at the anode of the tube 92 is ap 
plied to the grid of the coupling tubes for vary 
ing the amplitude of the muscle stimulating im 
pulses cyclically. When the switch arms 18 and 
68 are in their third positions contacting the 
Switch points 6c and 66c, the low frequency im 
pulses appearing at the cathode of the tube 30 
are transmitted to the grids of the impulse pro 
ducing gaseous discharge tubes 20 and 22. The 
grids of the coupling tubes are connected with a 
Source of a constant potentialso that the ampli 
tude of the muscle stimulating impulses is con 
Stant. - . . . 

For the convenience of those skilled in the art, 
the values of some of the components of the 
musclestimulator are tabulated below. Of course 
most of the values are not critical and individual 

  



9 
values may be varied over wide limits, particular 
ly if compensating changes are made in other 
values. Resistance values are given in ohms and 
capacitance values in microfarads. 
Resistors: - - - - - - - - - 

24 ----------------------------- 2,200 
26. ----------------------------- 100,000 
28 ----------------------------- 270,000 
30 and 32----------------------- 5 
'? ----------------------------- 4,000 

... 6 ----------------------------- 10,000 
2 ----------------------------- 100,000 

----------------------------- 270,000 
8? ----------------------------- 25,000 

- 8 ----------------------------- 500 
9 ----------------------------- 1,500 
98 ----------------------------- 1,000,000 
00 ---------------------------- 2,700 
02. ---------------------------- 100,000 
22----------------------------- 500,000 
S. ---------------------------- 50,000 
88 ---------------------------- 500,000 
10 ---------------------------- 1,000,000 

Capacitors: 
38 ------------------------------- 0.5 
8. ------------------------------- 40. 
90 ------------------------------- 0. 
0 ------------------------------ 3. 
2.------------------------------ 0.5 
2 ------------------------------ 0.0003 
24 ------------------------------ 0.0001 
32 ------------------------------ 0.002 
50------------------------------ 0.00 

Tubes: . . . 
20 and 22 -------------------------- 2D21 
60 and 62 -------------------------- C5 
92---------------------------------- 2D21 
30 ------------------------------- 6AU6 

While I have shown and described a preferred 
embodiment of my invention, it will be apparent 
that numerous variations and modifications 
thereof may be made without departing from the 
underlying principles of the invention. I, there 
fore, desire, by the following claims, to include 
Within the scope of the invention all such varia 
tions and modifications by which substantially 
the results of my invention may be obtained 
through the use of substantially the same or 
equivalent means. 
What I claim is: 
1. A muscle stimulator, comprising an impulse 

generator having output conductors for Supply 
ing muscle stimulating impulses and having a 
terminal, the potential of which determines the 
magnitude of the impulses; a saw-toothed wave 
nodulation generator coupled to the terminal 
cyclically to vary the magnitude of the impulses, 
the modulation generator including a gaseous 
discharge device having an anode, Cathode and 
control grid, a circuit including a capacitor con 
nected between the anode and the cathode, a di 
rect current potential source, and a circuit in 
cluding a charging impedance connecting the 
source with the capacitor; a discharge tube hav 
ing an anode, cathode and control grid; a cir 
cuit connecting the latter anode with the latter 
cathode including a supply of cyclically varying 
voltage and a load impedance coupled With the 
grid of the gaseous discharge device; a circuit 
connecting the grid of the tube with the anode 
of the gaseous discharge device; and a direct cur 
rent potential source biasing the cathode of the 
discharge tube to a predetermined positive volt 
age value with respect to the cathode of the 
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gaseous discharge device, so that the discharge 
tube transmits an impulse from the supply of 
cyclically varying voltage to the grid of the 
gaseous discharge device to trigger the latter 
when the anode voltage of the gaseous device 
approaches the predetermined value. . . . . . . 

2. A muscle stimulator, comprising an impulse 
generator having output conductors for Supply 
ing muscle stimulating impulses and having a 
terminal, the potential of which determines the 
magnitude of the impulses; a saw-toothed Wave 
modulating generator coupled to the terminal 
cyclically to vary the magnitude of the impulses, 
the modulating generator including a discharge 
device having an anode, cathode and - control 
grid, a circuit including a capacitor connected 
between the anode and the cathode, a direct 
current potential source, and a circuit including 
a charging impedance connecting the source 
with the capacitor; a discharge tube having an 
anode, cathode and control grid; a circuit con 
necting the tube anode With the tube cathode 
including a load impedance coupled with the grid 
of the discharge device; a direct current poten 
tial source connected With the discharge tube to 
provide a grid-cathode bias of a predetermined 
value substantially greater than Sufficient to cut 
off the tube; a circuit connecting the grid of the 
tube with the anode of the device to render the 
tube conductive when the device anode voltage 
approaches the predetermined value of the bias 
ing Source; and a Supply of cyclically varying 
voltage coupled to the tube to produce an im 
pulse acroSS the load impedance to render the 
discharge device Conductive When the tube be 
comes conductive, so that the maximum device 
anode Voltage is regulated approximately to cor 
respond With the predetermined value of the 
biasing Source Voltage. . . 

3. An apparatus to operate from an alternat 
ing current power line for producing muscle 
stimulating electrical impulses, comprising a 
gaseous discharge device having an anode, a 
cathode and a control grid; a step-up output 
transformer having a primary winding and hav 
ing a secondary Winding for Supplying the muscle 
stimulating impulses; a capacitor; a circuit con 
nected across the capacitor for charging the 
capacitor to a variable extent for controlling 
the magnitude of the muscle stimulating-im 
pulses including a Source of a variable positive 
potential connected in series with a charging 
impedance; a discharging circuit including the 
primary of the output transformer connecting 
the capacitor with the anode and cathode of the 
discharge device; and an input peaking trans 
former cyclically to render the aischarge device 
conductive for discharging the capacitor abrupt 
ly, the transformer including a primary for con 
nection with the alternating current power line 
and a secondary connected with the grid and the 
cathode of the discharge device to furnish peaked 
alternating current signals to the device. 

4. An apparatus to operate from an alternat 
ing current power line for producing. muscle 
stimulating electrical impulses, comprising a gas 
eous discharge device having an anode, a cath 
9de, and a control grid; a step-up output trans 
former having a primary winding and having a 
Secondary Winding for supplying the muscle 
stimulating impulses; a capacitor; a discharge 
tube having an anode, a cathode and a Control 
grid; a direct current potential source; a circuit 
connected across the capacitor for charging the 
capacitor to a variable extent to control the 
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magnitudes of the muscle stimulating impulses, 
the circuit...including a direct current potential 
Source: and the anode and the cathode of the 
tube: in series with a charging impedance; a 
Source of variable voltage connected with the 
grid of the discharge tube to control the charg 
ing of the capacitor through the tube and the 
charging impedance; a discharge circuit includ 
ing: the primary of the output transformer con 
necting...the capacitor with the anode and cath 
ode, of the gaseous discharge device; and an 
input peaking transformer cyclically to render 
the gaseous device conductive for discharging 
the: capacitor abruptly, the transformer includ 
ing: a primary for connection with the alternat 
ing. Current power line and a secondary con 
nected with the grid and cathode of the gaseous 
device to furnish peaked alternating current 
signals to the device, 

5. An apparatus to operate from an alternat 
ing: current power line for producing muscle 
stimulating electrical impulses, comprising a 
gaseous discharge device having an anode, a 
Cathode... and a control grid; a step-up output 
transformer having a primary winding and hav 
ing a secondary winding for supplying the muscle 
stimulating impulses; a capacitor; a circuit con 
nected across the capacitor for charging the 
Capacitor to a variable extent cyclically to vary 
the magnitude of the muscle stimulating im 
pulses, the circuit including a source of a 
cyclically varying positive signal connected in 
Series with a charging impedance, the frequen 
cy of the signal being much less than the impulse 
frequency, a discharging circuit including the 
primary of the output transformer connecting 
the capacitor with the anode and cathode of the 
discharge device; and an input peaking trans 
former cyclically to render the discharge device 
conductive...for discharging the capacitor abrupt 
ly, the transformer including a primary for con 
nection with the alternating current power line 
and a secondary connected with the grid and 
the cathode of the discharge device to furnish 
peaked... alternating current signals to the de 
vice. 

6. In an impulse producing apparatus, a saw 
toothed wave generator including a gaseous dis 
charge deyice having, an anode, a cathode and 
control...grid; a circuit including a capacitor 
CO ted between the anode and the cathode; 
a direct current potential source; a circuit in 
cluding a charging impedance connecting the 
source with the capacitor; a discharge tubehav 
ing an anode, a cathode and a control grid; a 
circuit connecting the tube anode with the tube 
cathode including a load impedance coupled 
with the grid of the gaseous device; a direct 
current potential source connected with the dis 
charge tube to provide a grid cathode bias of 
a predetermined value Substantially greater than 
sufficient to cut off the tube; a circuit connecting 
the grid of the tube with the anode of the gaseous 
device to render the tube conductive when the 
device anode voltage approaches the predeter 
mined value of the biasing source; and a supply 
of cyclically varying voltage coupled to the tube 
to produce an impulse across the load impedance 
to-trigger the gaseous device - when the tube be 
comes conductive, the cyclical period of the sup 
ply: voltage being much less than the charging 
time constant of the capacitor and the charging 
impedance, so that the maximum device anode 
voltage is regulated approximately to correspond 
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with the predetermined value of the biasing 
Source voltage. . 

7. A muscle stimulator, comprising a gaseous 
discharge device having an anode, a cathode and 
a control grid; a step-up output transformer 
having a primary winding and having a second 
ary Winding for Supplying the muscle-stimulat 
ing impulses; a capacitor; a circuit-connected 
a COSS the capacitor for charging the capacitor, 
including a direct current potential source in 
Series with a charging impedance; a discharg 
ing circuit including- the transformer primary 
Connecting the capacitor - With the anode and 
Cathode of the discharge device; a discharge 
tube having an anode, a cathode and-a control 
grid; a direct current potential source-connected 
with the tube to provide a grid-cathode bias of 
a predetermined value substantially-greater than 
sufficient to cut off the tube; a second gaseous 
discharge device having an anode, a cathode and 
a grid; a circuit connecting the tube anode with 
the tube cathode including a load impedance 
coupled to the grid of the first and second gaseous 
devices; a Second capacitor; a charging circuit 
connected across the second capacitor including. 
a direct current potential source and a second 
charging impedance in series, the time constant 
of the second capacitor and impedance being 
much greater than the time constant of the first 
capacitor and impedance; a discharging circuit 
connecting the second capacitor with the second 
device anode and cathode; a circuit connecting 
the tube grid with the second device anode to 
render the tube conductive when the second de 
vice anode voltage approaches the bias value; 
and a supply of cyclically varying voltage coupled 
to the tube to produce an impulse across the load 
impedance to render- the first and second de 
vices conductive momentarily when the tube be 
comes conductive, the cyclical supply voltage 
period being substantially less than the time con 
stant of the second capacitor and impedance. 

8. A muscle stimulator for producing. either 
high frequency, electrical impulses varying. 
cyclically in amplitude or low frequency impulses 
having constant-amplitude, comprising an im 
pulse generator for producing the muscle. 
stimulating impulses in response to input signals, 
the generator having an input terminal for re 
ceiving the input signals and a control terminal, 
the potential of which determines the amplitude 
of the impulses; a constant potential supply; an 
oscillator for producing relatively low frequency 
saw-toothed Waves; a Sharpening circuit coupled 
to the Oscillator for producing sharp impulses in 

a. 

source of relatively high frequency signals; and 
a two-pole switch having a first position for con 
necting the input terminal with the source and 
for connecting the control terminal With the OS 
cillator and having a second position for con 
necting the input terminal with the sharpening 
circuit and connecting the control terminal with 
the Supply. 
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