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This invention relates to apparatus for provid-
ing electrical impulses - for nerve and muscle
stimulation.

An object of the 1nvent10n is to prowde 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 prov1de
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 volf alternating current electric
power line. - In some cases the muscle stimulating
pulses produced by the apparatus have the same
periodicity . as the alternating current voltave
from the power line.

For this reason the muscle stimulator in-
cludes a peaking iransformer ‘18 having its
primary winding 2 connected with the 117 volt
alternating current supply as 1nd1cated in the
dra,wmg

The transformer 19 is constructed in g known
manner to distort the essentially sinusoidal input
wave form and produce. a sharply peaked alter-
natmg current cutput: wave form aeress 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 m-
put voltage.

One output conductor of the transformer sec-
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ondary 14 is grounded and the other is connected
with two contacts 16a and 16b of a single pole
three-position switch 16. The switch 16 has an
arm {8 which is movable to make contact with
either of the contact points i6a or { 6b or With

_a third contact point 16c.

The movable arm {8 of the switch Is is con-

rected with the grids of two are discharge tubes
or thyratrons 23 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 28 and 22 in the absence of
grid-cathode signals. A current flows from: B4
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 30 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 thyrairons by a pulse
forming capacitor 38. 'The same side of the
primary is also connected with -a positively
charged conductor 48 by means of a- charging re-

istor 42. The positive voltage appearing upon
the conductor 48 may vary, as will presently be
explained.

A high voltage secondary winding 44 of the
transformer 38 is shunted by a potentiometer- 46_
One side of the secondary 44 is grounded and i§
thereby connected with a grounded output ter-
minal 48, A second output terminal 58 is con-
nected by a current measuring meter 52 with the
raovable arm 54 of the potentmmeter "The po-
tentiometer provides means to adjust the magni=~
tude-of the muscle stimulating impulses supplied
to the outpub termmals 48 and 5&3 by the ap-
paratus.

- When the movable arm 18 of the switch 6 is
brought. into contact with either of the contact
points 18a or 16b, 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.

5 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 substant1a11y to

the positive Voltage appearing. upcn the cond ,'
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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 382. 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 dlternating current
signal from the transformer secondary i4 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 eircuit includ-
-ing:tkethyratrons, the:equalizing resistors 30:and
32, and theitransformer 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 20 and 22 -are ex-
tinguished :because the anode-cathede thyratron
voltage:drops t0: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.

-TPhe:values of the.input voliage from.the frans-
former :secandary i4, the cathode biasing volt-
-age.and the capacitance of the capacitor 38 are
selected -so that the.grid-cathode voltage .of the
thyratrons-has dropped-sufficiently to cut.off 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.i4. The cur-

yent Jmpulses in the :primary .34 .produee 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.
JAfter.the.thyratrons.20 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 as0.5 microfarad

.and-4,000:ohms, respectively, so that.the charging |
time.constant .of the capacitor and the resistor

is.small with.-respect to the half period of the
input.:voltage .from the transformer 18, 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 fune-
tion.of the voltage appearing.upon the-conductor
#0. The voltage on the conductor 4¢-is controlled
hy.means of a pair of vacuum discharge-coupling
tnhes 60 and 62 having their cathodes connected
‘to the conductor 40. The tubes 60 -and 62 pref-
erably are pentodes of the type commonly used
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in the jpower -output stages of radio receivers. '

‘However, the tubes are operated as triodes by
connecting their screen -grids to their anodes.
TThe anodes are -connected directly to-a suitable
-anode voltage supply termindl B4

75

4
The grids of the tubes 60 and 62 are connected
with a movable arm 68 of a three-position switch
86 ‘having three contact points 66, 660 :and 66c.
‘As-indicated on-‘the drawing, the switch 66 may
be ganged with the switch 186.
"The first contact point 86¢ is connected with a

.potentiometer 10 through a current limiting re-

sistor 72. The potentiometer T0 comprises a plu-

-rality -of .resistance elements T4, illusfrated as
eight in -number, -connected in series between a

suitable -positive -anode voltage supply terminal

B-+ and-a conductor 76. The potentiometer 10

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 16 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 .anade woltage supply (not shown) is
grounded.

The first contact point 86c . of the switch 66
is connected through the resistor 72 with the
switch arm .18 .of the .potentiometer 70 and is
hypassed . to fhe conductor 18 by a . filter capaci-
tor 90.

When the switch arm.68 is brought into con-
tacting engagement with the _first contact point
§6c, the grids of the coupling tuhes 60 .and 62
are econnected with the potentiometer 10, .and
the voltage. of the grids can he varied between.the
voltage.of the.anode supply terminal B+ -and the
voltage appearing -upon the conductor 16, which
is determined. by the adiustment of the slider 80
on.the voltage. divider 82.

The voltage.appearing upon the conductor 40
connected with the cathodes of the coupling.tubes
80 .and 52 tends to be approximately equal to
the voltage impressed upon fthe grids of the
coupling tubes. .Any rise.in the cathode voltage
above the grid wvoltage 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 fhe
coupling tubes: 60 and 62.

On the other hand, if .the cathode voltage of
the. coupling tubes 60 and 62 drops, the cathode-
grid voltage also drops and fends to increase
conduction.in the coupling tubes.

.Qf -course the capacitor 38 is charged from the
B+ .terminal through the parallel coupling fubes
§0 and 62 and the resistor 42. The exfent to
which the capacitor is charged.depends upon the
voltage applied to the grids of the coupling tubes.

:Consequently, when the switch arms 18 and
88 :are set-in their first positions contacting the
switch points .16a¢ and 65a, 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 60 and 62 by the po-
tentiometer . -Conseguently, the amplitude
may be varied :manually over a. relatively wide
range. )

‘When the switch arms [8 and 68 -are brought
into contacting ensagement with the contact
points; k6b:and:66b,respectively, a third-thyratron
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82 is connected into the circuit. The thyratron 92
prov1des eyclical signals of generally saw-toothed

wave form for varying the amplitude envelope of: .

the sharp impulses produced by the c1rcu1t com-
brising the thyratrons 28 and 22.

The ‘second  contact point 66b of the sw1tch'

65" 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 84, a’

conductor 98, and a relanvely 1arge value resis-
tor-88. -

"~ The cathode of the thyratron 92 is connected

to ground by a resistor 100 and to an anode supply

terminal B+ by a resistor 102. A current from

the B4 terminal through the resistors 109 and"’
102 produces a voltage drop across the resistor

108 which biases the eathode of the thyratvon 92
with respect to the grid.
The cathode of the thyratron 92 is also con-

nected with & movable arm 108 of o switch 165 -

havmg three contact points {96a, 106b and 106c.
As indicated, the switch {06 may be ganged with
the other‘two switches 16 and 66. The contact
point 106a is left unconnected ang the contact
points 198b and 106c ‘are connected with the
conductor 9§ by capa<:1tors {16 and 112, respec-
t1vely

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 128 and the grid is connected
to ground by a grid return resistor 122 shunted
by a filtering capacitor 124.

‘The thyratron 852 produces the saw-toothed 3

voltages by the alternate charging and discharg-
ing of the capacitor {10, when the switch arm

10

6:

Junction with rectlﬁer and - filter components to,
provide the B voltage : -

The circuit including the pentode 130 acts-to’
limit the maximum amphtude of the saw-toothed
signal produced by the'thyratron 92 to the ap--
proximate value of the voliage appearing at the’
slider’. {36 . conriected  with  the cathode of the:
pentode i38. Immediately. after a -discharge of
the capacitor {18, the grid of the péntode 130 is
approximately at ground potential because the
grid is-eonnected by the resistor (40 with the:
conductor 88. Consequently, the potential of the
grid is approximately equal to the voltage across’
the capacitor 110. At this time the voltage at
the cathode of the pentode. (30 is cons1derably
greater than the voltage at the grid, and the

. pentode 130 is thereby rendered non-conductive.’

20

25

108. is moved into contacting engagement with

the contact point {06b. The capacitor 110 is
charged through the resistor 98 and is discharged
through the resistor 84 and the thyratron 92.
The resistance of the resistor 84 is much smsller
than that of the resistor 98 so that the discharge
of ‘thé capacitor is effected in a brief interval,

compared with the time requlred for chargmgr p

the capacitor.

The maximum amphtude of the saw-toothed

voltage which appears at the anode of the thyra-
tron §2, is closely regulated by a circuit including
a pentode {38 of a type commonly employed for
voltage amplification in radio receivers. The

cathode cf the pentode 139 is connected ‘with

the suppressor grid 'and is coupled with the con-
trol’ grid of the thyratron 92 by a current limit-
ing capacitor 132. The cathode of the pentode
30 is connected by.s relatively high value e~
sistor 134 with a second slider ISB contactmg
the voltage dividing resistor 82.

The sereen grid of the pentode 130 i 1s 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 86 in the anode circuit of the
thyratron 92,

The anode of the pentode 139 is connected to.

a termmal I42 of an alternating current voltage
supply at approx1mately 300 volts. The other
terminal 48 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~

50

As the capacitor 119 ¢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
i30 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 i34.. The positive im-
pulses are coupled to the grid of the thyratron
92 by the capacitor 132.  The capacitor 132 in
cooperation . with . the grid return re51stor i 22
produces a pulse sharpening effect. ’

One of the first few pulses 1mpress°d upon the’
control grid of the thyratron 92 catses 1n1t1atxon_‘
of ‘an arc discharge in the thyratron. The ca="
pacitor 118 discharges rapldly and the potentlal"
of ‘the grid of . the pentode drops” so that the’
pentode is again rendered nonconductive. The
thyratron is extinguishéd when the capacitor 10
discharges to such an extent that the voltage
across the capacitor is insufficient to mamtam
conduction in the thyratron.

Thus, when the switch arms {8, 68 and IDB
make contact with the second contact poznts 6B,
660 ‘and 1665, respectively, the apparatus pro-
duces ‘a séries of sharp high voltage impulses
at the frequency of the 47 volt supply, and the
amplitude of the successive pulses cyclically in-
creases. and decreases in ‘accordance with the_

. saw-toothed wave form produced by the thy-:

60

75

ratron '92.7 The saw-toothed voltage from’ ‘the:
thyratron is 1mpressed upon the grids. of the,

> coupling tubes 60 and 627 through the second’

switeh’ contact §6b. * As previcusly exnlalned the
voltage on ‘the conductor 40 which connects the
coupling tubes with the thyratrons. 20 and- 22
varies in accordance with the voltage 1mplessed
on the grids of the tubes.

‘The capacitor 1{8 and the res1stor 98 have
relamvely high values such as 3 microfarads and 1
megohm, respectively, so that the thyratron: 92
produces a saw-toothed signal having a relative-
1y long period, of a few seconds, for example

When the switch arms {8, 68 and 198" a,re
brought into contacting _engagement with- the
third confact points I6c, 86c and | B6c; respec-
tively, the capacitor 112 is connected in the anode
circuit of the thyratron 92. The capacitance: of )
the capacitor {12 may be somewhat smaller: than
the capacitance of the capacitcr 110 50 that the
thyratron 92 produces s higher frequency saw=
toothed signal when the capacitor 112 is in the
circuit. For ‘example, the ‘capacitance of the
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capagltor. 112, may: be- approsimately .5 micro-.

farad to provide a saw-foofhed signal having a.
frequency. of a. few. cygles.per second.

‘In.the third. posiion of the switches. 16, 66.
‘and. 106, the: grids. of. the pulse. producing thy-
ratrons 20 -and 22 are coupled to the cathode of
the.pentode. 1307 through a current. limiting ca-

pacitor 150, connected between the cathode and

the switch. contact. point. 16c. Consequently the:
thyratrons 20 and 22 produce a sharp outpub

pulse each time a.sufficiently large positive pulse

appears. at the cathode. of the pentode 130, In

the. third. position. of the switches a fixed posi-
tive direet.current potential is applied to the grids
of the.coupling tubes 60 and 62 by a conductor
152 connecting the third. contact point 68c with
a_junction. point 154 hetween. a. predetermined
pair of the series connected. resistors 14 compris-
ing the potentiometer 10. The junction point {54,
may be approximately midway between the end
terminals of the. potentiometer 10 so that the
voltage. impressed on. the grids of the coupling
tube is intermediate the voltage of the B termi-
nal.and the voliage of the slider 86 on the volf-
age divider.. Consequently, the output pulses pro-
dueed by the apparatus have a, relatively moder-
ate smplitude suitable for diagnostic applications
of the muscle stimylator.

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-
neétion with. the second setting of the selector
switches,, the capacitor (12 charges through the
resistor 98 until the rise in the potential of the
grid of the pentode 130 produces a. positive pulse
on.the.cathode of the pentede by virtue of con-
duction.on a. positive peak of the alternating cur-
rent. anode volfage applied to the terminals 142
and 144.. The positive pulse at the cathode of
the pentode 130 is transmitted to the control grid
of the thyratron to initiate conduction therein
and to cause the capacitor 112 to discharge
through the thyratron. At fthe same {ime the
positive pulse at the cathode of the pentode (30
is transmitted through the capacitor 150, the
switeh point. 16c, and. the switch arm I8 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 18, 68 and 108 .

are seb in their first positions contacting switch,
points 16a, 66 and 106q, respectively, the ap-
paratus produces sharp substantially. faradic
voltage impulses at the frequency of the 117 volt
power line. The.amplitude of the pulses may be
controlled by the operator of the muscle stimu-
lator hy adjusting the potemtiometer 10. The
physician operating the apparatus may manipu-
late the potentiometerto vary themagnitude of the
muscle stimulating pulses between desired limits
agccording to any desired rhythmic pattern. Con-
sequently, the amount and character of the
muscle stimulation produced by the apparatus is
under the complete control of the physician,

When the switch arms i8, 68 and 108 are set. at ¢

their second positions in contact with the switch
points L6b, 66b and 186D, respectively, the ap-
paratus produees muscle stimulating pulses ab
the. freguency 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 and fall 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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tion.and relaxation which is beneficial for muscle-
: oWt a.w rm:of the ame=.

plitude, énvelope: 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 se-.
lected by. adjusting the slider 136. The voltage.

| across: the eapacitor |10, clossly approaches: the.

voltage impressed upon: the cathode of the .
tode 130 by the slider 136 as previously explained..

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

-plitude. of the stimulating impulses. be closely:
regulated.. Consequently the. close. regulation.

provided by the cireuit including the pentode. 130:
and the thyratron 82 is.one of the important.ad-
vantages of this invention. . . '

When the switch arms. {8, 88 and 108 are.set
in their third positions to- contact the switch
points E6c, 66¢.and 106¢, respectively, the muscle.
stimulating apparatus-produces. g, series. of sharp
voltage impulses of moderate, constant amplitude:
at a frequency of a few cycles per second. These.
musele stimulating pulses are particularly use-
ful for diagnostic purposes. The physician op-
erating the muscle stimulating apparatus. can.
apply the impulses to-various portions of the skin
by means.of a probe connected to the output ter-.
minals. The twitching of the muscles produced.
by the pulses. provides an indication of their con-~
dition. )

The arrangement of the coupling tubes 60 and:
82 is particularly advantageous since the tubes
provide means for confrolling the amplitude of
the muscle stimulating impylses by a.voltage.
source capable of developing only a small power:
output. The amplitude of the muscle stimulating.
impulses may be controlled accurately. and der
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 88e, or the grid voltage may be
varied cyclically by means of the saw-toothed os=.
cillation generator comprising the tubes 92 and
130, if the switch arm 68 contacts the second con-
tact point §6b. :

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
130 may bhe 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 coniacting the
switch points i8a and 66¢, the saw-togthed sig-.
nal appearing 2t 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-
bulses cyclically. When the switch arms 18 and
68 .are .in their third. positions contaciing the
switch points 16¢ and 66c, the low frequency im-
pulses appearing at the cathode of the tube 130
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 g constant patential so-that the ampli-
tude of the muscle stimulating impulses is con-
stant. S

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




valués may be varied over wide limits, particular~
ly if compensating changes are made in other

values.- Resistance values are given in ohms and
capamtance values in mlcrofarads
Resistors
28 il 2,200
26, ol 100,060
28 e 270,000
30 and 32 -_-_ —— - 5
e i e 4,000
46 _____________________________ 10,000
T e e e e 100,000
18 e 270,000
B i 25,000
- 84 __._ e e i 500
. 1 S SO 1,500
98 .2 1,000,000
80 2,700
102 100,000
122 500,000
38 el 50,000
88 500,000
T 1,000,000
Capamtors
88 e 0.5
86 40,
80 0.1
WO il 3.
O O P S SR 0.5
N 14 S A N 0.0003
Al . 0.0001
B K 7 SV L T 0.002
[ AU 0.001
Tubes:- . .
20 and 22 2D21
60and B2 .. ______ ... __ 7C5
92 2D21
80 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 -

equlvalent means.

What T claim is:

1, A muscle stimulator, compmsmg 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
maodulation generator coupled to the terminal
cyelically 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 eathode, a di-
rect current potential source, and a circuit in-
cluding "s charging impedance connecting the
source with the capacitor; a discharge tube hav-
ing an anode, cathode and control grid; a cir-
eilit connecting the latter anode with the latter
ecathode 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, S0 ‘that the. discharge
tube transmits an impulse from the supply:-of
cyclieally varying voltage to the grid of the
gaseous discharge device to trigger the -latter
when the anode voltage of the gaseous dev1ce
approaches the predetermined: value. :

2. A muscle stimulator, comptising an 1mpulse

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
eyclically 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, & direct
current potential source, and a circuit 1ncludmg
a charging impedance connecting - the source
with the capaeitor; a discharge tube having an
anode, cathode and control grid; a ecircuit 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 hias of a predetermined
value substantially greater than sufficient to cut
off the tube; a circuit connecting the grid -of the
tube with the ancde of the device to rénder the
tube conductive when -the device anode voltage
approaches the preaetermined value of the bias-
ing source; and a supply of cyclically varying
voltage coupled to the tube to produce an im-
pulse across tire load impedance: to render the
dischiarge device conductive when the tube be-
comes conductive, so that the maximum device
anode voltage is regulated approximately to cor-
respond with the predetermined wvalue of -the
biasing source voltage.
- 3. An apparatus to operate from an alternat-
ing - currént “power line for producing muscle
stimulating electrical impuises, comprising a
gaseous -discharge device having an anocde, -&
cathode and a-control grid; a step-up output
transtormer having a primary winding and hav- -
ing a secondary winding for supplying the muscle
stimulating impulses; a capacitor; a circuit cone
nected across the capacitor for charging the
capacitor to a variable extent for controlling
the magnitude of the muscle stimulating im-
pulses inciuding a -source of a variable positive
botential - connected in’ series with' a - charging
impedance; a discharging circuit 1nclucung the
primary of the output transtormer connecting
thée capacitor with tie anode and cathode of the
discharge device; and an input peaking trans-
formey cychcally to render the aischarge device
conductive for discharging the capacitor abrupt- ’
ly, the transformer inciuaing 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 t6 furnish peaked
alternat1ng current signals to the device, | .

4. An apparatus to operate from an alternat-

“Ing current . power line for producmg .muscle

stimulating electrical impulses, comprxsmg a gas-
eous discharge -device ‘having. an anode, .a cath-
ode, and a control grid; a step- -up output trans-
former having a primary Wlnulng and having a
secondary winding . for Supplying the- muscle
stimulating impulses; s capacitor; a -discharge
tube having an anode, a cathode and a control
grid; a direct current botential source; a circuit
connected across the capacitor for charging the
capacitor to a variable extent to control the
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magnitude:of the:musele: stimulating: impulses,
the:¢ircuit 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
erid 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 .£aseous

signals to the device.

_.5, An:apparatus to_operate from an al.temai:-
ing: current power line. for producing muscle
stimulating. electrical impulses, comprising a
gaseous discharge device haying 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
cgpacitor to a variable extent cyclically to vary
the: magnitude of the muscle stimulating im-
bulses, the circuit including a. source of @
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 ancde and cathode of the
discharge -device;and an input peaking trans-
former cyclically to render the discharge device
conductive for discharging the capacitor abrupt-
1y, the transformer inc¢luding 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 alternatmg current. signals to the de-
vice..

6.. In .an:impulse-producing apparatus, a sa.w-
tqethed_ wave generator including a- gaseous: dis=
charge, device having an anode, a cathode -and
control_grid;: a circuit including a. capacitor
connected between the anode and. the:cathode;
a, direct, current, potential source; & circuit in-
cluding- a: charging impedance connecting the
source. wﬂ:h the capacitor; a discharge tube hav-~
ing an anode,. a cathode and a control grid; a
circuit connectmg the tube anode with the tube
-cathode mcludmg a load impedance coupled
Wlth 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 predetérmined value substantially greater than ~

stifficient to cut off the tube; & circuit connectmg
the grid of the tube with the ahiode of the gaseous
device to render the tube conductive when the
device anode voltage approaches the predeter-
mined value of the biasing source; ahd 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 eyclical 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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? synchronism with the saw-toothed waves;

with, the predetermined value.. of.. the . biasing:
source voltage.

7. A muscle stimulator, compnsmg;a. gaseous .
discharge device having.an anode, a .cathode and
s control grid; a° step-up ocutput transformer
having a primary winding and having a second-
ary winding for supplying the muscle -stimulat-
ing impulses;-a- capacitor; -a- circuit- connected
across 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 1mpedance
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 lmpedance being
much greater than the time constant of the:first
capacitor and impedance; a dlschargmg circuit
connecting the second capacﬂ:or 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 volta_ge 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
eyclically 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; & 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 g 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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