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[57]} ABSTRACT

An electrotherapeutic apparatus for producing a beat
or interference frequency at a selected body location
comprises two pairs of electrodes connected to the
body. Alternating current is supplied to each pair of
electrodes from the two outputs of an oscillator, with
the current paths between the electrodes of each pair
crossing each other at the selected body location. A
phase shifter thythmically changes the phase of the
current in one of the current paths.
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APPARATUS FOR PRODUCING AN
INTERFERENCE SIGNAL AT A SELECTED
LOCATION

This is a continuation-in-part application of my co-
pending application Ser. No. 178,159, filed Sept. 7,
1971, now abandoned.

The present invention relates to improvements in ap-
paratus for producing a beat or heterodyne frequency
at a selected location of a body, and is particularly use-
ful in electrotherapy for the human body.

In known apparatus of this type, two pairs of elec-
trodes are connected or applied to the body. Indepen-
dent oscillating means supplies each pair of electrodes
with alternating current, and the current paths between
the electrodes of each pair cross each other at the se-
lected body location.

This type of electrotherapy has the particular advan-
tage that a weak current of relatively high frequency is
transmitted between the skin and the applied elec-
trodes, which does not irritate the skin, while a rela-
tively strong interference current of low frequency is
produced at the intersection of the two current paths,
due to the superposition of one current on the other
and the corresponding frequency difference between
the two currents. Furthermore, the selected location
may be accurately determined by a suitable arrange-
ment of the electrodes, and this location may be in re-
gions deep in the body and remote from the skin. Ac-
cordingly, this type of electrotherapy has been success-
fully used to relieve pain, to exercise muscles, to treat
joint diseases or neuralgia, to induce sleep, to improve
blood circulation, and to alleviate inflammations.

In known apparatus of this general type, two separate

and independent oscillators have been used to supply :

the oscillations to the electrodes, the difference be-
tween the frequencies of the two oscillators being very
small, i.e. within the range of about 0.5 to 20 cycles per
second (cps). In the usual oscillator frequency of 5000
cps, one cycle per second corresponds to a tolerance of
0.02 percent, which is an almost unattainable accuracy
since the two oscillators influence each other and their
frequencies tend to become equal when the difference
becomes too small. Since the frequency of at least one
of the oscillators must be controllable, it is impossible
to attain such accuracy even with the use of quartz os-
cillators. Furthermore, these conventional electrother-
apeutic machines produce only interference currents of
sine waves.

It is the primary object of this invention to avoid the
indicated disadvantages of such apparatus and to pro-
vide a beat or interference frequency generator of sim-
ple construction and capable of producing interference
currents of any desired wave shape and frequency.

The above and other objects are accomplished in ac-
cordance with the invention by providing a single oscil-
lator having two outputs respectively connected to a
respective one of the pairs of electrodes, and a phase
shifter for rhythmically changing the phase of the cur-
rent in one of the current paths. The oscillator outputs
supply an alternating current to each pair of electrodes,
and the electrodes are arranged about a selected loca-
tion so that the current paths of the pairs of electrodes
intersect at this location. The phase shifter is arranged
between one of the oscillator outputs and the pair of
electrodes connected thereto for rhythmically chang-
ing the phase of the current in one current path.
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In one embodiment, the oscillator is a rectangular
wave oscillator. One of the oscillator outputs is con-
nected to a first pair of the electrodes, and an output
amplifier and if desired a wave converter are arranged
between the one output and the first pair of electrodes.
A monostable multivibrator, whose pulse width is con-
trolled by a low-frequency oscillator, is connected to
the other output, a first differentiating circuit being ar-
ranged between the other output and the multivibrator.
A further differentiating circuit is connected to the
multivibrator, and the other pair of electrodes is con-
nected to another oscillator controlled by the differen-
tiated edge of the oscillations produced by the multivi-
brator. An output amplifier and if desired a wave con-
verter are arranged between the other oscillator and
the other pair of electrodes.

Since a low-frequency oscillator controls the pulse
width of the multivibrator, the generated pulse be-
comes narrower and wider in correspondence to the
rhythm of this oscillator. Therefore, the trailing edge of
the oscillations produced with the multivibrator
changes its phase position in respect to the basic oscil-
lation rhythmically in the frequency of the controlling
low-frequency oscillator. By differentiating the trailing
edge and controlling a further oscillator, which may
also be a monostable multivibrator but may be a sine
wave oscillator, too, the further oscillator may be made
to generate oscillations rhythmically phaseshifted in re-
spect to the first oscillations generated in the rectangu-
lar wave oscillator. The phase shift may be changed be-
tween 5° and 355°. The frequencies of the two output
currents are the same, the phase of the second output
current being variable in respect of the phase of the
first output current. When the two frequencies ure
brought into interference at the point of intersection of
the two current paths, an interference oscillation is pro-
duced. With an alternating current source, the envelop-
ing curve of the interference oscillation may take any
shape or form, the wave shape being controlled by the
low-frequency oscillator. If this oscillator changes the
pulse width of the first monostable multivibrator rect-
angularly, a rectangular wave interference oscillation is
generated. If the low-frequency oscillator generates a
sine wave oscillation, the interference oscillations is
sineshaped, too.

According to one preferred feature of the present in-
vention, the output amplifiers have an output for alter-
nating current and an output for direct current. Also,
the transformers may preferably be switched out of the
operating circuit of the apparatus. This has the advan-
tage that a rectangular direct current pulse is received
from the D.C. output. When brought into interference,
this makes two variations possible, i.e. the D.C. pulses
may be brought into interference in opposite polarity,
in which case the pulses cancel each other at the same
phase and produce alternating current at the opposite
phase, or they may be brought into interference at the
same polarity, in which case a D.C. pulse of the same
frequency as the basic frequency is produced at the
same phase and a D.C. pulse is produced at opposite
phase as long as the phase shift is 180°. Thus, it is possi-
ble to produce a direct current deep in the tissues of the
body although pulses of relatively high frequency are
generated.

In another embodiment of the invention, two or more
monostable multivibrators are connected to the rectan-
gular wave oscillator via a differentiating circuit, the
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pulse width of the first monostable multivibrators being
controlled by a low-frequency oscillator and cach
monostable multivibrator having an end stage with a
patient output, an output amplifier with a patient out-
put being additionully directly controlled by the rectan-
gular oscillator.

This has the advantage that three or more output am-
plifiers and thus three or more current streams for pa-
tients may be operated simultaneously. The first circuit
receives directly the basic frequency. the second circuit
receives the frequency from one monostable multivi-
brator, and the third one receives it from the other
monostable multivibrator in the indicated operating
circuit. By suitably adjusting the basic pulse width and
thus the phase position of the first monostable multivi-
brator, current amplitication may be attained at the in-
terference point, i.e. the interference point may be lo-
cated more accurately. The considerable advantage of
such an arrangement resides in the fact that the operat-
ing circuit comprises only one frequency-determining
oscillator, the frequency constant of this oscillator not
being critical. Therefore, the interference frequency
may be made as small as desired. Furthermore, by using
D.C. pulses of the same amplitude and equidistantly
paced. D.C. voltage may be produced at the interfer-
ence point. A multiphased arrangement makes it possi-
ble to project the interference point more accurately
and to increase the encrgy at the interference point in
respect of the electrodes.

The above und other objects, advantages and fea-
tures of this invention will be better understood by ref-
erence to the following detailed description of one pre-
ferred embodiment, taken in conjunction with the ac-
companying drawing wherein

FIG. 1 is a schematic view of a portion of a human -

body to which two pairs of electrodes of an apparatus
accurding to the invention are applied;

FI1G. 2 is a circuit diugram illustrating a very simple
circuit for operating the apparatus;

FI1G. 3 is a circuit diagram illustrating another operat-
ing circuit;

FIG. 4 is a detailed diagram of the operating circuit
of FIG. 3;

FIG. § diagrammatically illustrates a detail of the cir-
cuit of FIG. 2;

FIG. 6 shows yet another operating circuit;

FIGS. 7 and 9 diagrammatically illustrate a detail of
the circuit of FIG. 6;

FIG. 8 shows still another operating circuit;

FIG. 10 is a circuit diagram of a further embodiment
of the operating circuit;

FIG. 11 shows a control circuit for the phase shifting
means of FIG. 10;

FIG. 12 shows the arrangement of the electrode pairs
in the operating circuit of FIG. 10; and

FIGS. 13 and 15 uare circuit diagrams of three addi-
tional operating circuit embodiments.

Referring now to the drawing and first to FIG. 1,
there is shown the oscillator 1 having two outputs con-
stituted by pairs of terminals 2, 3 and 4, 5. The termi-
nals 2, 3 of one output are connected to electrodes 6,
7 of a first pair of electrodes, and terminals 4, § are
connected to electrodes 8, 9 of a second pair of elec-
trodes. The two pairs of electrodes are connected or
applied to a portion of the human body 10 to be sub-
jected to clectrotherapy. When alternating currents
whose phases are shifted in respect of each other are
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supplied to the respective pairs of electrodes from the
output terminals, an interference current is produced
at the location of intersection of the current paths 11
and 12 between the electrodes of the respective pairs.
The desired location 13 and depth of the location of in-
tersection of the current paths is determined by the po-
sitions of the electrodes on the body, the electrodes
being quadrangularly arranged, as is well understood
by those skilled in this art.

In the very simple operating circuit shown in FIG. 2,
terminals 2, 3 of one of the outputs of oscillator 1a is
connected to the pair of electrodes 6, 7, see FIG. 1, by
means of secondary winding 34 of transformer 31 re-
ceiving the sine wave output of the oscillator, the signal
being amplified by amplifier 35 connected between the
transformer winding and electrodes 6, 7. The oscillator
produces a sine wave of about § KHz (thousand cycles
per second).

Phase shift circuit 32, part of phase shift means 32,
33, is connected between the other oscillator output
terminals 4, § and electrodes 8, 9 of the other pair in
accordance with the present invention. Phase shift cir-
cuit 32, part of phase shift means 32, 33, comprises sec-
ondary winding 39 of transformer 31 from whose cen-
ter tapping point a phase-shifted signal is transmitted to
amplifier 35’ connected between the tapping point and
electrodes 8, 9 so that this pair of electrodes receives
an amplified phase-shifted signal. It further comprises
function generator 33 connected to one end of winding
39 and controlling motor 42 driving the adjustable ele-
ment of potentiometer 38 for adjustment of the same,
and condenser 40 connected to the other end of wind-
ing 39. In this manner, the generator 33 electrome-
chanically controls potentiometer 38 and thus the cur-
rent phase supplied to electrodes 8, @ rhythmically.

The diagram of FIG. § shows the two parts of the
voltage of transformer winding 39 as vectors 36, 36, the
part voltage of potentiometer 38 as vector 37 and the
part voltage of condenser 40 as vector 43. The two vec-
tors 36, 36 form the base of a right triangle whose two
sides are constituted by vectors 37 and 43. The output
voltage vector is tapped from the center of the base and
the point of intersection between vectors 37 and 43,
which point lies in a circle about the center point of the
base. As vector 37 decreases, the output voltage be-
comes closer and closer to the voltage of vector 36. If
the resistance of potentiometer 38 increases to de-
crease vector 43 and proportionally increase vector 37,
the phase of the current is shifted in the opposite direc-
tion.

If desired, the potentiometer and the condenser
could be adjusted together, thus increasing the region
of the phuase variation.

The circuit diagram of FIG. 3 shows rectangular
wave oscillator 14 having a differentiating circuit 1§
connected to one pair of its output terminals, which
generates an impulse from the leading edge of the rect-
angular pulse of the oscillator. This pulse controls a
monostable multivibrator 16 whose pulse width is con-
trolled by low-frequency oscillator 17, The differenti-
ating circuit 18 connected to the multivibrator gener-
ates a new pulse from the trailing edge of the oscilla-
tions generated in the multivibrator, and this new pulse
controls a second monostable multivibrator 19. The
pulse width of the multivibrator 19 is so adjusted that
the pulse durations and interruptions are of equal dura-
tion. The output amplifier and wave converter 21 deliv-
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ers the current from multivibrator 19 to electrodes 9,
8 which are applied to the patient. Another output am-
plifier and converter 20 is connected to the other pair
of output terminals of oscillator 14 to deliver current
to electrodes 6, 7 applied to the patient. The two cur-
rents are phase-shifted in relation to each other by the
amount of the pulse width of the multivibrator 16.

FIG. 4 is a circuit diagram showing the operating cir-
cuit of the circuit components of FIG. 3 in more detail.
The circuit elements are well known and, as readily
available articles of commerce, require no further de-
scription.

The rectangular wave generator 1b is an astable mul-
tivibrator which is connected to the differentiating cir-
cuit 15 by means of coupling transformer 33. The dif-
ferentiating circuit 15 is connected to monostable mul-
tivibrator 16 by means of a coupling diode 22 to sup-
press the pulses of the second portion of the pulses de-
livered by differentiating circuit 15.

The pulse width of the monostable multivibrator 16
is controlled by the low-frequency oscillator 17 which
is connected to multivibrator 16 via amplifier 23, the
oscillator 17 being a2 Wien bridge generator. Potenti-
ometers 31 control the frequency of the Wien bridge
gencrator 17. If desired, the wave shape of the oscilla-
tions generated by the Wien bridge may be adjusted in
a known manner by potentiometers (not shown).

The rectangular pulses generated by multivibrator 16
are differentiated in differentiating circuit 18 and arc
delivered to the monostable multivibrator 19 via diode
coupling 24 which suppresses the ascending pulse por-
tion. The latter multivibrator is so adjusted that the
lengths of the pulses and interruptions are equal.
Therefore, the phase position of the rectangular pulses
varies rhythmically in respect of the rectangular pulses
generated directly by the astable multivibrator. Since
the monostable multivibrator 19 is ulways controlled by
the astable multivibrator. proper operation is assured
even at stationary phase shifting.

The rectangular oscillation is supplied from the mul-
tivibrator 19 to a driving stage 25 and amplified at out-
put amplifier 21. By suitably dimensioning the switch-
ing elements of driving stage 25 and amplifier 21 the
rectangular pulses may be converted into sine wave
pulses. The output amplifier 21 is connected by means
of a transformer coupling to the first pair of terminals
4, 5.

The rectangular pulses of astable multivibrator 16
are delivered via condenser 26 and a driving stage 27
to output amplifier 20. By suitable dimensioning the
switching elements of the driving stage and the ampli-
fier the rectangular pulses may be converted into sine
wave pulses. The output amplifier 20 is connected by
means of a transformer to the second pair of terminals
6,7.

The two phase-shifted rectangular pulses are super-
imposed in a transformer coil 29, the generated inter-
ference current is amplified and supplied to an indica-
tor lamp 30 which shows the interference voltage.

The circuit is supplied by a current source 23 which
includes a Wheatstone bridge, condensers and a Zener
diode 24 1o maintain the voltage constant.

The operating circuit of FIG. 6 is a modified version
of that of FIG. 2, differing therefrom in that phase shift-
ing circuits 32', 32" are connected between each out-
put of sine wave oscillator 1a and each electrode pair,
the phase shifted signals being amplified by amplifiers
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35, 35'. Function generator 33’ controls the phase
shifting potentiometers in the phase shifting circuits in
the same manner as described in connection with FIG.
2. In this circuit arrangement, each phuse shifter needs
to effectuate only a 90° shift since this will encompass
a phase shift region between 0° and 180° for the two
phase shifters.

FIGS. 7 and 9 show the phases of a respective one of
the phase shifters 32', 32’ in the same manner as de-
scribed in connection with FIG. 5.

FIG. 8 illustrates an operating circuit with electronic
circuit elements. Since wave generator Ic is constituted
by transistor 49, resonance circuit 44 and feed-back
winding 45. Phase shifting means 32«¢, 32u are con-
nected to the secondary 39'. 39’ of transformer 31’
which is connected to one output of the sine wave gen-
erator (compare FIG. 2). Each phase shifting circuit
324 again comprises a condenser 40’ and an adjustable
resistance constituted by field effect transistor 46.
Function generator 33« rhythmically controls the tran-
sistors 46, 46 to change the resistance thereof rhythmi.
cally. Resistances 47, 47 transmit the biasing potential
from terminal 18 to the transistors.

FIGS. 10 and 11 show an embodiment of the appara-
tus wherein four pairs of electrodes are arranged for
application to a patient so as to provide a multi-phase
treatment for the patient’s body. As shown, sine waves
from oscillator 1d are transmitted to two pairs of elec-
trodes 6, 7 and 8, 9 as well as two additional pairs of
electrodes 50, 50 and 51, 51, the output signals from
the oscillator being phase shifted by respective phasc
shifting circuits 325 connected between the oscillator
and each of the four pairs of electrodes. Function gen-
erator 33b controls the phase shifting circuits so that
each circuit produces a different phase shift, us in the
embodiments of FIGS. 6 and 8, the phase shifted sig-
nals again being amplified by amplifiers 38, 35’ cach
of the four amplifier feeding an amplificd phase-shifted
vignal to a respective one of the four pairs of elec-
trodes. The phase shifting circuits may be those illus-
trated in FIG. 8, for example.

FIG. 11 illustrates the phase shift controt for the four
circuits to obtain different phases in each circuit. The
two integrated analog amplifiers 52, 53 form a triungu-
lar function generator, different direct current voltages
being added to the control voltage of this generator at
connection 31 receiving these voltages from resistors
55, 56 and resistance controls 54. This produces triang-
ular voltages at control signal output points 57, 58, 59,
60 which have added thereto different direct current
voltages.

If desired, the phase shifting circuits may be differ-
ently dimensioned whereby the initial output signal
phases are different so that the function generator 33b
may be in parallel circuit with the phase shifting cir-
cuits 32b.

FIG. 12 shows the arrangement of the four pairs of
electrodes, the electrodes of each pair being substan-
tially diametrically opposite each other in respect of a
common point of intersection where the current den-
sity is multiplied so that an intensive electrical treat-
ment is obtained in depth at a desired point within a pa-
tient’s body, the amplitudes of the current at the re-
spective electrodes being uniform.

In the operating circuit of FIG. 13, the phase shifting
of the output signal from oscillator le to the pair of
electrodes 8, 9, via amplifier 35, comprises a conven-
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tional bucket brigade delay line device 63 and an im-
pulse generator whose frequency is controlled by func-
tion generator 33c. The impulse generator CONSISLy o8-
sentially of a multivibrator constituted by transistors 64
and 66, the frequency-controlling resistances being
formed by transistors 68 and 67 which. in turn, are con-
nected to generator 33a at 70, the generator control-
ling the resistances and thus rhythmically changing the
frequency of the impulse generator 64, 66. As 1$
known. bucket storage devices store analog signals, the
storage time depending on the frequency of the impulse
generator. In this manner. a phase change is produced
between the input signal at input 71 of the phase shift-
ing circuit and the output signai at output 62 thereof,
this change being linearly proportional to the fre-
quency of the impulse generator. Thus, a rhythmic
change in the frequency of the impulse generator pro-
duces a rhythmic phase change.

In the operating circuit of FIG. 14, the phase shifting
is effected by a transductor or magnetic amplifier ar-
rangement. Thus, the sine wave signal coming from os-
cillator 1f is transmitted to a bridge circuit consisting
of three resistors 78 and the transductor or magnetic
amplifier means 73, 74. A second winding 76, 76 con-
trolled by function generator 33d pre-magnetizes the
inductors 73 and 74 differently so that the inductunce
of the inductors is rhythmically changed by generator
33d. This produces a phase-shifted output signal which
is transmitted to amplifier 35" for electrodes 8, 9 while
the original signal is transmitted directly from oscillator
If to amplifier 35 for electrodes 6. 7. The vector dia-
gram of this circuit is similar to that of FIG. 5.

Finally, FIG. 15 shows a purely electromechanical
phase shifting means. In this embodiment, the phase of
the output signal from oscillator 1g to electrodes 8, 9
is shifted by an arrangement equivalent to a three-
phuse motor, the stator having threc windings 77, 78.
79 which receive the output signal from sine wave gen-
erator Ly, the third phase winding 78 receiving the sig-
nal from the generator via condenser 81. A fourth
winding 80 is rotatably mounted in the rotor space and
produces a phase-shifted output signal which is trans-
mitted to amplifier 35’ of electrodes 8, 9. The phase de-
pends on the angular position of coil 80 and this may
be rhythmically changed by motor 33¢ driving the coil.
Of course, the coil may also be rotated by an electronic
3-phase sine wave generator, the principle of operation
being the provision of a rotary coil within the field pro-
vided by surrounding threc surrounding coils. Thus, the
same voltage is induced in the fourth, rotary coil 80 in
each angular position thereof. Oniy the phase of the
voltage is changed in dependence on this angular posi-
tion.

It will thus be appreciated that a variety of phase
shifting means may be devised by those skilled in the
art and. depending thereon, the oscillator providing al-
ternating current to the pairs of electrodes may gener-
ate rectungular or sine waves. What is essential is that
the phase of the current recetving from the osillator by
one pair of electrodes is shifted in respect to that of the
other pair of electrodes.

While the invention is particularly useful in electro-
therapy, it may be applied whenever it is desired to pro-
duce a beat or heterodyne frequency. For instance, the
apparatus may be used to heat or melt metallic work
pieces at selected locations, particularly in their inte-
rior. It may also be useful in signal transmissions, in
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which case the stable and phase-modulited oscillations
may be transmitted over two independent transmission
paths und then brought into interference in the re-
ceiver. In this manner, the modulation value is avail-
able in the receiver as amplitudemodulated value so
that the modulation value may be reconstituted by sim-
ple demodulation and disturbances in the transmission
path may be eliminated at the receiver by limiting the
amplitude.

What is claimed is:

1. Apparatus for producing an interference signal at
a selected location comprising, in combination, oscilla-
tor means for furnishing an oscillator output signal hav-
ing a determined frequency and u reference phase;
phase shift means connected to said oscillator means
cyclically varying the phase of said oscillator output
signa!. thereby furnishing a phase-shifted oscillator out-
put signal; first electrode means connected to said os-
cillator means for creating a first current having said
determined frequency at said selected location in re-
sponse to said vscillator output signal; and second elec-
trode means connected to said phase shift means for
creating a second current having said determined fre-
quency and a phase varying cyclically with respect to
the phase of suid first current at said selected location
in response to said phase-shifted oscillator output sig-
nal, whereby interference between said first and second
currents creates said interference signal at said selected
location.

2. Apparatus as sct forth in claim 1, wherein said os-
cillator means comprise a sine wave oscillator having a
first and second output each for furnishing said oscilla-
tor output signal; and wherein said phase shift means
comprise a first phase shift circuit including a capucitor
and a variable resistor connected to said second output,
and means for cyclically varying the resistance of said
variable resistor.

3. Apparatus as set forth in claim 2, wherein said first
and second electrode means respectively comprise a
first and second amplifier each having an output, and
a first and second pair of electrodes respectively con-
nected to said output of said first and second amplificr.

4. Apparatus as set forth in claim 3, wherein said
phase shift means further comprise an additional phase
shift circuit having a capacitor and a variable resistor
interconnected between said oscillator output and said
first electrode means, and means for cyclically varying
the resistance of said variable resistor in said additional
phase shift circuit in the direction opposite to the varia-
tion of resistance of said variable resistor in said first
phase shift circuit.

5. Apparatus as set forth in claim 1, wherein said os-
cillator means comprise rectangular wave generator
means for furnishing a rectangular wave having leading
edges each indicative of the start of a cycle; and
wherein said phase-shift means comprise delay means
connected to said rectangular wave generator means
for furnishing a trigger signal after a variable time delay
following each of said leading edges, and second wave
generator means connected to said time delay means
for furnishing a cycle of a second wave in response to
each of said trigger signals, whereby said second wave
has the same frequency but a varying phase shift rela-
tive to said rectangular wave.

6. Apparatus as set forth in claim §, wherein said sec-
ond wave generator means comprise pulse furnishing
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means for furnishing a pulse in response to each of said
trigger signals.

7. Apparatus as set forth in claim 6, wherein said time
delay means comprise first differentiating circuit means
connected to said rectangular wave generator means
for differentiating said rectangular wave and furnishing
first trigger signals, each indicative of one of said lead-
ing edges; first monostable multivibrator means having
a trigger input connected to said first differentiating
circuit means and a control input, for furnishing a delay
pulse having a pulse width varying as a function of the
amplitude of a control signal applied at said control
input in response to each of said first trigger signals;
and low frequency oscillator means for furnishing a low
frequency control signal to said control input of said
first monostable multivibrator means, whereby each of
said delay pulses has a trailing edge occuring at a vary-
ing time delay with respect to said leading edges of said
first rectangular wave; second differentiating circuit
means connected to said first multivibrator means for
differentiating said delay pulses and furnishing second
trigger signals in response to said trailing edges of said
delay pulses; and wherein said pulse furnishing means
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comprise second monostable multivibrator means hav-
ing a trigger input connected to said second differenti-
ating circuit means, for furnishing a pulse having a de-
termined pulse width in response to each of said second
trigger signals.

8. Apparatus as set forth in claim 1, wherein said
phase shift means comprise bridge circuit means having
input terminals connected to said oscillator means and
output terminals connected to said second electrode
means, and magnetic amplifier means having output
windings connected in an arm of said bridge circuit and
having input windings, and means coupled to said input
winding for applying a cyclically varying current
thereto, thereby cyclically varying the inductance of
said output windings and the phase of the signal at said
output terminals of said bridge circuit.

9. Apparatus as set forth in claim 1, wherein said
phase shift means comprise a three phase stator con-
nected to said oscillator means, a rotor connected to
said second electrode means, and means for continu-

ously rotating said rotor relative to said stator.
* * * %* *



