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The inventlon relates to an apparatus for
treatment of nerves and mucles by means of
electric impulses, especially for artificial innerva-
tion of muscles, for Instance for therapeutic pur-
poses. The apparatus according to the invention
is especlally adapted for use in the training of
muscles.

For the above mentioned purpose, electric im-
pulses are used the voltage curve of which may
be monopolar, 1. e, the voltage curve for each
individual Impulse is elther entirely above or en-
tirely below a voltage of repose which generally
will be zero. Usually, however, the voltage curve
will be dipolar, 1. e. the voltage curve has one
portion situated on one slde of the voltage of
repose, and an adjoining portion situated on the
opposite side thereof. In therapeutics, such im-
pulses are frequently called monophase snd di-
phase or else galvanic and faradic impulses, re-
spectively. The duration of each impulse will
generally be constant and is referred to, in the
following, as the impulse duration. The Individ-
ual impulses are emifted in succession, in such
a manner that the time interval between two
successive mmpulses Is always larger than the
duration of each individual impulse.

Further, the time interval between the impulses
as well as thelr amplitude should be able to be
varied continuously and automatically, Appara-
tuses by which such electric impulses may be pro-
duced are known, but the possibilitles of varla-
tlon offered by these apparatuses are very lim-
ited, and the variations are effected by deficlent
mechanical means,

The present Invention has for its object to
provide an apparatus by which it is feaslble to
perform at any tlme the desired variations in
the ranges of variatlon for the amplitude and
time interval of the impulses, and In the manner
in which the amplitude and time Interval of the
impulses are varylng.

According (o the invention, this resull 1s at-
talned in that the apparatus is fitted with means
for producing a rhythmically pulsating current
which is utilized for controlling the fime interval
between the Individual impulses and similarly
the amplitude of the same, in guch a manner that
the ranges of varlation for the time interval
and the amplitude of the impulses may be varled
independently of each other. The Iower Ilimit
of the sald varlatlon ranges may preferably be
zero.

The rhythmically pulsating current is prefer-
ably -forméd. by charging and -discharging cur-
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1enfs for a condenser or, maybe, by an amplifi-
cation of such currents,

The apparatus may have two potentiometers
through which the rhythmically pulsating cur-
rent 1s passing, and from which the controlling
voltages are taken that serve to control the time
interval and the amplitude of the impulses.

The sald rhythmically pulsating currents may
be produced in the anode circult of a discharg-
ing valve, by means of a relay the coll of which
13 Inserted in the anode circuit of the valve,
and which alternately charges and discharges
& condenser inserted in the inlet circuit of the
valve,

The ahode circuit of the valve may contain
potentiometers from which the voltages for con-
trolllng the tlme interval and the amplitude of
the impulses are taken. In order to be able to
1educe arbitrarily to zero the minimum value of
the current through the potentiometers, without
the relay being prevented from operating, a por-
tlon of-the circuit containing the relay coil, the
valve and the potentiometers may be ghunted
with a variable resistance,

In order to change the shape of the pulsating
current, means may be found for altering the
charging current and the discharging current
of the condenser independently of each other.

The Impuises may he produced by meang of
& condenser, by charging or discharging the same
by way of a discharging bulb of the kind having
an igniting voltage that is higher than the ex-
tinguishing voltage, and by charging or discharg-
ing the condenser by way of a discharging valve
the grid voltage of which is controlled by the
rhythmically pulsating current, the time interval
between the impulses being thus altered in ac-
cordance with the said current. The minimum
time interval between the impulses may be modi-
fled by altering a grid bias imposed on the valve.
The discharging bulb may preferably be a glim
lamp,

The adjustment of the amplitude of the Im-
pulses may be effected by an amplifier valve In
which the impulses are amplified, and on the
grid voltage of which the rhythmically puisating
current is superimposed, in such a manner that
the impulse amplitude varies In accordance with
the latter. The minimum smplitude of the im-
pulses may be varled by varying a grid bias im-
posed on the said valve,

The invention 1s further explained in the fol-
lowing, refzrence being made to the drawing In
which:

Fig. 1 shows a wiring dlagram for one con-
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struction of an apparatus according to the In-
vention,

Fig. 2 the voltage curves for a series of Impulses
produced by means of the apparatus shown in
Fig. 1, and

Fig. 3 the voltage curves for two indlvidual
impulses,

The apparatus shown in Fig. 1 consists of three
parts, viz. one part for producing the rhythmically
pulsating current, ong nert for producing the im-
pulses and for conirelling the musual timne inter-
val between the latter, and one portion for con-
trolling the amplitude of the impulses.

The rhythmically pulsating ourreat is produced
by means of a triode valve I the anode 2 of which
is connected, by way of a relay eoil 3 for a relay
4, to the positive terminal § of a gource of voltage.
The cathode 7 in the valve | is connected to the
negative terminal 6 of the source of voltage by
way of two parallel current paths, viz. partly by
way of g potentiometer 8 with a sliding contact 8,
and partly by way of a serles connection consist-
Ing of a resistance 10 and a potentlometer 11 with
a sliding eontact (2. The two eurrent paths may
be elike, and are merely shown different in order
to indicate that each current path may either con-
sist merely of a potentiometer or of 8 potentiome-
ter canpected In series with a fixed resistance.
The two potentipmeters may further be replaced
Ly one single potentiometer having two sliding
contaets adapted to be adjusied independently of
each other. Across a resistance (4 the armature
of jhe relay 4 is connected to the grid 13 of the
valve !, which grid is further connected to the
cathode 1 by way of a resistance {5 and a con-
denger 1§, A battery 1T, the positive and nega-
tive terminals of which are marked I8 and 9 re-
spectively, has two outlets 20 and 21, the voltage
being mpre posttive at the outlet 20 than at the
outlet 21. The outlet 20 Is connected to the cath-
ade 7. The positive terminal 18 of the battery is
connected, by way of a potentiometer 22 with a
sliding contact 23 and, by way of a resistance 24,
to the cutlet 21 which by way of & resistance 25
and a potentiometer 26 with s sliding eontact 27
is conmected to the negative terminal 19 of the
battery. 'The sliding contacts 23 and 27 are con-
nected, respectively, to a olrcuit-breaking contact
28 and a elrcult-closing contact 29 in the relay 4.

When the current in the relay coil 3 alternately
aSsumes yarious values, the apmature 13’ will al-
ternately close a contact with the contacts 28 and
29. At the moment when a contact is olosed for
instance between the armature 13’ and the con-
tact 28, the curzent in the relay eoll will be rela-
tively small. Across the petentiometer 22, the
sliding contaet 23, the eontact 28 and the reslst-
ance 14, the grid 13 will receive a voltage that is
higher than the voltage imparted subsequently
thereto by way of the potentiometer 26, the slid-
ing-contact 27 and the contact 28, when the arma-
ture 13’ is attracted. The grid {3, however, does
not at once receive the voltage possessed by the
sliding contact 23, as the condenser 16 must frst
he charged by way of the reslstances 14 and b
which limit, the current. Gradually, as the con-
denser is charged and, consequently, the voltage
of the grid 12 1s increased, the cusrent through the
relay coil 3 will be augmented until the sald coil
attracts the armature 13’ which subsequently
closes a contact with the contact 29. Thus a
negative voltage is Imparted to the condenser 6,

and the grid 13 becomes more negative, graduslly

as the condenser 0 is discharged, and becoqxes
charged with a negative voltage on the grid side,
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When the grid voltage and, consequently the cur-
rent through the relay coil 3 has dropped to a
certain value, the armature 13’ recedes, and
closes agaln a contact with the contact 28 caus-
ing the condenser 16 to bhe charged again with a
positive voltage on the grid side. By the chargings
and dischargings of the condenser 16 produced in
this manner, a rhythmically pulsating current is
produced in the anode cireuit of the valve 1, and
carresponding valtages will occur on the poten-
tiometers 8 and It. The form of these voltages
may be varied by varying the magnitude of one
or mare of the coupling elements in the circuits
having connection to the grid 13. When these
values have been fixed, the time required by the
voltage for rising and for dropping may be varied,
independently of each other, by means of the slid-
ing contacts 28 and 21. If for instance the sllding
contact 28 is gpproached to the positive end of
the potentiometer 22, the voltage difference be-
tween the cathods 7 and the sliding contact 23
will increase. The condenser 15 will consequently
ke charged more quickly, and the anode current
of the valve will inorease more quickly.

By the arrangement described heretofore the
current through the potentiometers 8 and 11 does
not vary down to the minilmum limit zero. In
order to attaln this result, there is provided, be-
tween the anode 2 and the negative terminal § of
the source of voltage, a variable resistance 30
serving to shunt the series connection of the valve
L and the potentiometers 8 and 1 inserted in par-
allel. The resistance 30 is adjusted in such a
manner that the current through the valve | and
the pofentiometers 8 and |1 will approach zero
as closely as desired, when the current in the re-
lay coll 8 has dropped to its minimum value at
which the relay armature i3’ recedes. The vary-
ing current through the relay coil 3 will not be
altered in consequence hereof.,

Every poin{ of the potentiometer 22 has a volt-
age that is higher than the voltage required in
order that the current passing through the relay
coil 3 may be sufficiently intense to cause the coil
to atiraci the armature 13’, and every point of
the potentiometer 26 has a voltage that is lower
that the voltage requited ln order that the eur-
rent through the relay coil & may be so small that
the armature §3’ rocedes.

The portion of the apparatus in which the im-
pulses contrelled by the rhythmieally pulsating
current are produced, and in which the mutusl
time interval of the impulses is adjusted, eontalns
& pentode valve 31 the controlling grid 42 of
which is connected, by way of & fllter chain con-
sisting of two resistances 33 and 34 and a con-
denser 35, to the sliding contact 12 on the poten-
tiometer Ll. The valve 3l hag further an anode
36, an intercepting grid 31, a shielding grid 18
and a eathode 39. The Intereepting grid 37 is
connected to the eathode 38, The shielding grid
38 recelves g positive voltege by way of a sliding
contael 40 on & potentiometer 41 inserted between
the terminals 5 and 8 of the sgurce of voligge. A
condenser 42 is provided hetween thy shlekimg
grid 38 and the negetive texminal 6. By way of
a glym lamp 43, the anode 3 Is conneated to the
posittive terminal b and, by way of a eondenser
44, to the negative terminal §. The eathode 38
i3 connected to a sliding contaect 45 on a poten-
tiometer 48 which 1s inserted {1 a resistpnce chain
containing further the resistances 47 and 28, apd
being eopnected by way of the terminaly § and
6 of the source of veitage. The cathode 3% is
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coupled to the negative terminal 8 by means of
a condenser 49,

The valve 31 acts as a variable resistance dis-
posed as a shunt across the condenser 44. When
the condenser is charged by way of the glim lamp
43, the latter i1s extinguished, and the condenser
44 Is discharged by way of the valve 31, until
the voltage over the condenser has hecome so low
that the glim lamp 43 is ignited again, and
charges the condenser 44, etc. An impulse is pro-
duced at each charging and subsequent discharg-
ing of the condenser 44.

The voltage Impulses occurring by way of the
condenser 44 have a duration that 1s mainly equal
to the time Interval between the individual im-
pulses. The voltage rises quickly and in a ree-
tilinear manner to & certaln value, and drops then
relatively slowly to a certain lower value, after
which it rises quickly agaln, ete. The voliage
curve for the condenser 44 assumes consequently
a toothed appearance, each tooth corresponding
to one single impulse. The shape of the impulses,
however, is changed during their further passage
through the apparatus, as further described in
the following,

The time interval between the impulses may he
modified by altering the resistance in the valve 31.
This resistance Is depending on the voliage of
the grid 32 in comparison with the cathode 38.
If the grid voltage rises, the resistance in the
valve 31 is reduced and, consequently, the time
interval between the impulses becomes shorter.
The grid voltage and, consequently, the time in-
terval between the impulses are controlled by the
voltage of the sliding contaect 12 relatively to the
cathode 39, and this voltage is determined partly
by the rhythmically pulsating current passing
through the potentiometer Il and partly by the
dorp of voltage acrosg the resistance that is In-
gserted between the sliding contact 46 and the
negative terminal 6 of the source of voltage. This
drop of voltage may be regulated by means of
the sliding contact 46, the position of which de-
termines the maximum time Interval between the
impulses. By means of the sliding contact 12,
the range of varlations for the time interval is
adjusted. Gradually as the sliding contact (2 is
approached to the negative end of the potenti-
ometer 11, the range of variations for the fime
interval becomes smaller and smaller, and finally
a constant time interval between the impulses Is
reached which 15 determined by the position of
the sliding contact 46.

‘When the maximum time interval for the im-
pulses is altered, the minimum time interval will
be altered at the same time, provided that the
range of variations remaing the same. In order
to be able to alter the maximum time Interval,
without altering the minimum time interval, the
range of variationg for the time Interval must
be altered correspondingly. This may be done
for instance by inserting, between the sliding con-
tact 12 and the negative terminal of the source
of voltage, a varlable resistance which is dimen-
sloned in such & manner, and the controlllng
shaft of which is coubled mechanically to the
controlling shaft of the potentiometer 46 In such
s manner that a change in the maximum time
interval will not influence the minimum time
interval, but will solely influence the range of
variatlons. BSuch a variable resistance is not
shown on the drawing.

The maximum time interval is further depend-
ent on the position of the sliding contact 48 on
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approaching this contact to the positive end of
the potentiometer the time Interval between the
impulses may be reduced, independently of the
grid bias for the valve 31.

The voltage variations produced on the con-
denser 44 are directed, by way of a coupling con-
denser 6@, to the last part of the apparatus In
which the amplitude of the impulses is controiled.
This part contalns an amplifier valve 51 in the
shape of a pentode with a eathode 62, a con-
trolling grid 63, a shielding grid 64, an inter-
cepting grid 66 and an anode 68. 'The Impulses
are directed from the coupling condenser 58 to
the controlling grid 63. The anode 68 receives
a positive voltage by way of a choking coll BT.
The intercepting grid 66 15 connected to the
cathode 52, The shielding grid 64 recelves posi-
tive voltage by way of a resistance 5§68, and is
coupled to the negative terminal 8 of the source
of voltage, by meang of a condenser 69. The
ecathode B2 1s connected to the negative terminal
6 by way of a variable resistance 60 which is
shunted with a condenser.

The voltage taken from the potentiometer 8
by means of the sliding contact 9 13 directed to
the grid 63 by way of a filter chaln consisting of
two resistances 62 and 63 and & condenser 64,
in such a manner that the constant grid bias de-
termined by the magnitude of the variable re-
sistance 68 is superimposed with the voltage de-
termined by the rhythmically pulsating current
passing through the potentiometer, by way of the
lower part of the potentiometer 8 determined by
the position of the sliding contact 8. The ampli-
fication produced In the valve Bi is varled In
time with the rhythmically pulsating ecurrent.
The amplified impulses are dellvered from a ter-
minal 66 which is connected to the anode 66 by
way of & condenger 66, and a terminal 61 which
is connected to the negative terminal 6 of the
source of voltage. The range of amplification
variations for the impulses may be adjusted by
means of the sliding contact 9 on the poten-
tiometer 8, and is varled [rom zero and upward,

5 while the minimum amplitude may be adjusted

by means of the varlable resistance 60.

The magnitude of the impulses directed on to
the grid 53 may be limited by means of a variable
resistance 68, one end of which is connected to
the grid 63, and the other end of which is con-
nected to the negative terminal 6, by way of a
condenser 89. When the resistance 88 is reduced,
the Impulses will be reduced.

As mentioned above, the shape of each In-
dividual Impulses is altered during the passage
through the apparatus. The curve of voltage
for the voltages occurring on the condenszer 44
has a toothed appearance, each tooth correspond-
ing to one single impulse, When the impulses
have passed the condenser b0, which for Instance
may be about 100 cm, thelr voltage curve has
about the shape of a triangle with a relatively
short base, and the duration of the tmpulses 1s
consequently smaller than the time interval be-
tween two successive impulses. In consequence
of the Impedances contained In the outlet circult
of the valve Bl, the iImpulses become dipolar, and
assume the shape shown in Fig. 3.

In the construction shown of the apparatus,
ithe time Interval and amplitude of the impulses
vary in such a manner that the maximum am-
plitude occurs simultaneously with the minimum
time Interval, and the minimum amplitude occurs
slmultaneously with the maximum {ime interval.
Fig. 2 shows such a serfes of impulses 10, the
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voltage on the outlet terminals of the apparatus
being plotted as a function of the time. The
finely drawn lines 11 and 12 through the voltage
maxima and minima, respectively, of the in-
dividual impulses do not indicate the voltages
oceurring at the outlet terminals of the appar-
atus, but are merely enveloping curves for the
series of impulses, and they illustrate the rhyth-
mically pulsating variation of the impulse ampli-
tude. The portion of the enveloping curves fer
which the impulse amplitude is increasing and de-
creasing are called, respectively, the wave rise
and the wave drop. By the selection of various
amplifier valves, and by a sultable selection of
the coupling elements contained in the inlet cir-
cudt of the valve I, and by the introduction of
capacities, resistances and self inductions i the
grid clrcuit for the valve §1, the shape of the
wave rise and the wave drop may be adjusted as

desired. Analogously, the modification of the .

time Interval hetween successive impulses at vari-
ous points of the enveloping curves may be ad-
justed as desired. The difference in height be-
tween the maxima and minima of the enveloping
curves indicates the range of amplitude varia-
tion, and the minima of the enveloping curves in-
dicate the minimum amplitude. The corre-
sponding time interval between the Impulses iz
the maximum time interval which may be ad-
Justed to any desired value by means of the slid-
ing contact 40, and may be altered inside of any
desired range by means of the slidlng contact 45.
The minimum time interval gccurs in the maxima,
of the enveloping curves, and the difference be-

tween the latter and the maximum time interval

is the variation range which may be modified by
the sliding contact 12, and has the lower limit
zero, independently of the maximum time inter-
val.

The time passing hetween two wave summils 4

of the enveloping curve may be varied by means
of the gliding contacts 23 and 21. A change in
this range of variations may be cffected by alter-
ing the maegnitudes of the coupling elements
entering in the grid circuit for the valve I, or by
the addition of further coupling elements. The
charging of the condenser 6 may also be effected
by means of one valve more instead of the bat-
tery shown, or by means of a mechanijcally driven
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sliding contact which alters the voltage of the
erid 13.

Instead of the triode valve I, there may he used
A valve with more grids, any one of which may
be used as a controlling grid. A combination erid
may also be used having guch a humber of elec-
trodes that both the production of the rhythmi-
cally pulsation current and the amplitude varla-
tion or the variation of the time interval between
the individual impulses may be effected in the
same valve.

The coupling between the valves 21 and 5t
may be altered in such a manner that the im-
pulses are directed from both sldes of the glim
lamp 43 to cathode 52 and the grid 53, respec-
tively, by means of suitable coupling elements.

‘The bulb 43 may be a gllm lamp or other known
discharging valve, the ignition voltage of which
is higher than the extinguishing voltage, for In-
stance a so-called gas triode. In order to gain
stability, the condenser 44 is coupled to the nega-
tive terminal 6§ of the source of voliage, but it
may also be disposed in parallel to the discharg-
ing bulb 43. When a glim lamp is used, the
individual Impulses occur with the shape shown
in Fig. 3, at the outlet terminals of the apparatus.
The Figure shows the voltage varlation for two
successive impulses 13 and T4, 'The oscillations
are dipolar, and the two halves of each impulse
variation may be rendered more or less sym-
metrical by the insertion of impedances in the
circuits in which the glim lamp is inserted. The
duration and the time interval of the tmpulges
are marked ¢ and T, respectively,

‘The amplifier valve bt and its coupling may be
varied, the impulses, however, being constantly
delivered to one of the grids of amplifler valve,
The ratios between the shown combinations of
fixed resistances and potentiameters should pref-
erably be selected in such a manner that the de-
sired varlation will be attalned by a full rotation
of the controlling shafts of the potentiometers.

The time interval T between the impulses varies
mainly between 10 seeonds and 3450 of a second.
TI;;:S amplitude varles hetween zero and ahout 20
volts.

PREBEN MORLAND.
JORGEN ADOLPH SMITH,





