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[57] ABSTRACT 

A duplex electro-ultrasonic medical therapy apparatus 
comprising a pair of ultrasound generators connected 
to a common power source and keyed by a duplex 
keyer circuit, the output of which is connected to a 
transducer which converts the electrical oscillations 
into mechanical vibrations for application to the pa 
tient‘s body to administer the ultrasonic medical 
therapy treatment. The apparatus also comprises an 
integrated electrical pulse generator having outputs 
connected to a pair of conductive pads to supply elec 
trical muscle stimulation to the patient’s body simul 
taneously with the ultrasound treatment. The electri 
cal pulse generator further serves as a driving function 
for the ultrasound duplex keyer circuit. 

13 Claims, 9 Drawing Figures 
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DUPLEX ULTRASOUND GENERATOR AND 
COMBINED ELECTRICAL MUSCLE STIMULATOR 
This invention relates to improvements in electro 

therapy apparatus and more particularly, but not by 
7 way of limitation, to a combination dual low voltage 
electrical generator co-acting with dual ultrasonic gen 
erators to provide simultaneous synchronized dual 
electrical pulse stimulation and dual ultrasonic medical 
therapy treatment. 
The use of a combination of electrical muscle stimu 

lation and ultrasonic therapy is well known in medical 
science as disclosed in the Mark E. DeGroff U.S. Pat. 
No. 2,830,578, issued Apr. 15, 1958. However, hereto 
fore the apparatus used in this application has com 
prised a single ultrasound head thereby limiting the 
treatment to only one area of the patient’s body at a 
given time. Most muscles of the human body, to effect 
a given movement, have opposing muscles to effect an 
opposite movement. While the ?rst mentioned set of 
muscles ‘are being treated by a single ultrasound unit, 
the opposing muscles thereto are “antagonistic" to the 
muscle being treated, and hence the treatment loses ef 
fectiveness by the adverse reaction of the opposing 
.muscles to the ones being treated. The nerve control 
ling the painful area of the patient to be treated is often 
remotely located with respect to the actual pain and 
hence the simultaneous use of the conductive electrode 
pads of the electrical muscle stimulator should be ap 
plied at that remote location and can not be used effec 

' tively to provide relief to the opposing or “antagonis 
tic” muscles to those being treated directly by the ultra 
sound unit. 
The present invention contemplates a dual electro 

ultrasonic apparatus designed and constructed to over 
come the above disadvantages. The ultrasound portion 
of the present invention comprises two ultrasonic oscil 
lators, having built-in ampli?ers or keyed power oscil 
lators. The output of these ampli?ers or oscillators 
drive two ultrasonic transducers which are used to con 
vert the electrical oscillations into mechanical vibra 
tions to effect the ultrasound treatment. The two ultra 
sound oscillators are connected to a common power 

supply and to dual keyer circuits to provide inter 
dependent operation whereby the pulses emitted are 
alternately, produced by each respective oscillator and 
are spaced by equal rest periods between the pulses. 
The two units may thus be simultaneously utilized to 
effectively treat opposing muscles without interference 
between said units. The present invention also com 
bines the ‘ultrasound application with the low voltage 
electrical muscle stimulator to produce simultaneously, 
superimposed synergistic action of the ultrasound and 
electro-therapy combined. Further, when there is no 
‘problem ‘in the ultrasonic treatment of opposing “an 
tagonistic“ muscles, the two ultrasound units may be 
used simultaneously to cover a greater treatment area 
thereby greatly reducing treatment time. 

It is an important object of this invention to provide 
a novel duplex electro-ultrasound apparatus for pro 
ducing simultaneously, dual superimposed synergistic 
action of combined ultrasonic and electro-therapy. 

It is another object of this invention to transmit 
through each of two single ultrasound applicators both 
a low voltage current and an ultrasound radio fre 
quency for producing improved therapeutic action. 
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2 
It is still another object of this invention to provide 

a duplex electro~therapy and dual ultrasound medical 
therapy apparatus in one compact and portable unit. 
Another object of this invention is to provide a medi 

cal therapy unit wherein a plurality of electrode pad 
members and a pair of sound head applicators are elec 
trically grounded to a common ground for producing 
dual, co-acting electrical stimulation and mechanical 
vibrations for patient treatment. 
And a still further object of this invention is to pro 

vide a novel medical therapy apparatus wherein the 
dual, co-acting electrical and mechanical stimulations 
may be automatically timed and controlled to provide 
predetermined treatment dosage for patient treatment. 
Other and further objects and advantageous features 

of the present invention will hereinafter more fully ap 
pear in connection with a detailed description of the 
drawings in which: 
FIG. 1 is a schematic diagram of the elements em 

bodied in the invention depicting the functional rela 
tionship of said elements. 
FIG. 2 is a schematic diagram of the electrical pulse 

generator device depicting the keying function of the 
dual ultrasonic unit and the generation of the electrical 
muscle stimulation pulses. 
FIG. 3 is a schematic diagram depicting the func 

tional relationship between the dual ultrasonic treat 
ment heads and the electrical muscle stimulator pads. 
FIG. 4 is an electrical circuit diagram of the electrical 

pulse generator circuitry. 
FIG. 5 is an electrical circuit diagram of the alternate 

pulse controller network and keyer circuits for the ul 
trasound units. 
FIG. 6 is an electrical circuit diagram of an ultra 

sound generator network. - 
FIG. 7 is an electrical circuit diagram of the common 

power control network for the ultrasound generator 
and the keyers. 
FIG. 8 is an electrical circuit diagram of the power 

supply and central control circuitry. 
FIG. 9 is a schematic diagram depicting the gating of 

the ultrasound generator output. 
Referring to the ?gures in detail, reference character 

10 generally indicates a duplex ultrasound generator 
and combined electrical muscle stimulator for adminis 
tering ultrasonic and electro-medical therapy treat 
ment. The medical therapy apparatus 10 speci?cally 
comprises a ?rst and second sound head applicator l2 
and 14, each of which are operably connected to a pair 
of radio frequency ultrasound generators 16 and 18, 
respectively, to provide sound waves for producing me 
chanical vibration in the sound head applicators 12 and 
14 in a manner as will be hereinafter set forth. The 
medical therapy apparatus 10 also comprises a ?rst and 
a second of electrode pad means 20 and 22 which are 
operably connected to a low voltage electrical muscle 
stimulator generator generally indicated by reference 
character 24 which produces interrupted modulated 
current in either a “pulse" mode of operation or a 
“surge" mode of operation, in a manner as will be here 
inafter set forth. 
Reference character 26 generally indicates a com 

mon power supply for the medical therapy apparatus 
10. The electrical input power for the apparatus 10 is 
supplied by connection of the power supply 26 to any 
suitable common alternating current line (not shown) 
with voltage preferably ranging from 100 to 125 volts 
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AC with frequency between 50 and 60 cycles. The 
power supply unit 26 may be connected with the line 
voltage by means of a suitable plug member 28 (FIG. 
8) and the input power is supplied to the power supply 
26 through a suitable line ?lter 30 to prevent any radio 
frequency interference back into the power line. 
The input power line is protected by suitable current 

limiting devices 31 and 33 connected in series with the 
input windings of the power transformers T4 and T5, 
respectively. A timer device 35 is also connected in se 
ries with the input power to provide for predetermined 
application dosages of the ultrasound and electro 
therapy treatment. ‘ 

Referring particularly to FIG. 4, which is an electrical 
circuit diagram of the electrical pulse generator 24, the 
transistor Q1 and its associated components represents 
a blocking oscillator 32 which generates electrical im 
pulses which are used to provide the electrical muscle 
stimulation voltages in a manner as will be hereinafter 
set forth. The frequency of these electrical impulses is 
controllable by the variable resistor R1 (FIGS. 2 and 8) 
for varying the RC time constant in the base of the tran~ 
sistor Q1. The output of this blocking oscillator 32 is 
connected to a blocking oscillator transformer T3 
(FIG. 8) which is used to couple the output voltages 
from the pulse generator 24 to a ?rst electrode pad jack 
2] and a second pad jack 23 for connecting the electri 
cal pads 20 and 22_ respectively thereto, and simulta 
neously to the alternate pulse control network, de 
picted in FIG. 5, through the secondary output wind 
.ings S1 and S2, respectively, of the transformer T3. The 
amplitude of the blocking oscillator impulses is control 
lable by a variable resistor R2 (FIG. 8) which is opera 
bly connected across the output winding S1 of the 
transformer T3. It is readily apparent that by means of 
the two output windings S1 and S2, electrical pulses 
identical in frequency to the stimulation voltages are 
supplied to the alternate pulse control network (FIG. 
5) through a coupling transformer T2. The blocking os 
cillator 32 also comprises a voltage supply circuit and 
two control transistors Q2 and Q3 and their associated 
components (FIG. 4). As hereinbefore set forth, the 
electrical pulse generator 24 may be operated in a 
pulse mode or in a surge mode. The mode selection is 
accomplished by a switching means SW1 (FIG. 8). The 
switch SW1 is a six-pole triple-throw switch which may 
be set in a ?rst position for a pulse mode of operation, 
hereinbefore set forth, or a second position for a surge 
mode of operation wherein a standard astable multivi 
brator 34 (FIG. 4) is coupled to the blocking oscillator 
power control transistors Q2 and Q3 which in turn sup 
ply voltage to the blocking oscillator transistor Q1. The 
blocking oscillator 32 thus produces a series of output 
surges each being followed by an equal rest period. The 
repetition rate of these output surges for this particular 
application is variable from approximately one second 
on and one second off to six seconds on and six seconds 
off, by means of a rheostat R3 (FIG. 8). The astable 
multivibrator 34 is comprised generally of transistors 
Q4, Q5, the unijunction transistor Q6 and their associ 
ated components (FIG. 4). The third position of the 
switch SW1 is for operation of the ultrasound generator 
in a continuous mode in a manner as will be hereinafter 
set forth. 
When the switch SW1 is positioned in with the pulse 

or the surge mode the output impulses or surges from 
the blocking oscillator 32 are supplied to the altemat 
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4 
ing pulse control network depicted in FIG. 5 by way of 
the output winding S2 of the transformer T3, then 
through the coupling transformer T2. Power to operate 
the alternating pulse control network is provided from 
the output winding S4 of the power transformer T4 and 
is converted to direct current by the halfway recti?er 
circuit 36 (FIG. 5). Each pulse or surge from the block 
ing oscillator 32 is then provided from the transformer 
T2 as an input to a standard monostable multivibrator 
38. The one-shot monostable multivibrator 38 is com 
prised of two N-P-N transistors Q6 and Q7, a unijunc 
tion transistor Q8 and associated components. As de 
picted in FIG. 5, the transistor Q6 is “on” in the quies 
cent state. Therefore, a negative pulse at the base of Q6 
will trigger the one-shot. At the end of the timing inter 
val, the unijunction will be triggered and cause the cir 
cuit to revert to its quiescent state. The monostable 
multivibrator 38 has the advantage of a fast recovery 
time thereby permitting operation at a high duty ratio 
without any loss of accuracy. This multivibrator 38 
generates pulses of uniform width; one standard pulse 
is generated for each input pulse provided by the oscil 
lator 32. The width of the output pulse of the multivi 
brator 38 is approximately l6.6 milliseconds for this 
application, due to the time constant of the resistor R5 
and capacitor C1 and the action of the unijunction 
transistor Q8. These standard 16.6 millisecond pulses 
are then coupled to a standard bistable multivibrator 
40. Since the multivibrator 38 only puts out standard 
pulses of 16.6 milliseconds duration, the maximum 
number of pulses that can be produced will be 60 per 
second which will maintain a low duty cycle level in 
each ultrasound generator as will be hereinafter set 
forth. The bistable multivibrator 40 is comprised of a 
pair of N-P-N transistors Q9 and Q10, and their associ 
ated components. Each input pulse from the multivi 
brator 38 then operates to trigger the bistable multivi 
brator 40 (?ip-?op) which in turn automatically gener 
ates narrow pulses for each of its two outputs. The first 
output of this bistable multivibrator 40 is coupled to a 
monostable multivibrator 42 and the second output 
thereof is coupled to a second monostable multivibra 
tor 44. The monostable multivibrator 42 comprises a 
pair of N-P-N transistors Oil and Q12, a unijunction 
transistor Q13, and associated components. Referring 
to FIG. 5, Q11 is “on” in the quiescent state. There 
fore, a negative pulse at the base of Q11 will trigger the 
one-shot. At the end of the timing interval, the unijunc 
tion transistor Q13 will be triggered and cause the cir 
cuit to revert to the quiescent state. The timing interval 
for this application is approximately 6.6 milliseconds, 
due to the time constant of ‘the resistor R6 and the ca 
pacitor C and the action of the unijunction transistor 
013. The monostable multivibrator 42, like that of 38, 
has the advantage of a fast recovery time. The mono 
stable multivibrator 44, which is substantially identical 
to that of 42, is comprised of a pair of N-P-N transistors 
Q14 and Q15, a unijunction transistor Q16, and associ 
ated components. Referring to FIG. 5 again, the tran 
sistor Q14 is “on” in the quiescent state, therefore a 
negative pulse at the base of Q14 will trigger the one 
shot. At the end of the timing interval, which is set by 
the time constant of the resistor R7 and the capacitor 
C3, the unijunction transistor 016 will be triggered and 
cause the circuit to revert to its quiescent state. Each 
of the multivibrators 42 and 44 generate a standard 
width output pulse in response to each input pulse as 
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provided by the multivibrator 40. It is readily seen that 
these output pulses alternate in'response to each input 
pulse provided by the blocking oscillator circuit 32. 
.T he standard output pulse from the multivibrator 42 is 
provided as an input to a ?rst ultrasound keyer circuit 
46 which comprises two P-N-P transistors Q17 and 
Q18 and their associated components (FIG. 5). The 

_ multivibrator 44 likewise provides an automatic stan 

dard pulse output to a second ultrasonic keyer circuit 
48 which comprises two P-N-P transistors Q19 and 
Q20, and their associated components (FIG. 5). Each 
of the keyer circuits 46 and 48 provide positive voltage 
output pulses for each keying pulse from the monosta 
ble multivibrators 42 and 44, respectively. For this par 
ticular application, each keyer output pulse is approxi 
mately 6.6 milliseconds in duration and 32 volts in am 
plitude. 
The output pulses provided by the keyer circuit 46 is 

coupled to an oscillator and buffer circuit 51 of the ?rst 
‘ultrasonic generator 16 (FIG. 6). The oscillator and 
buffer circuit 51 comprises two N-P-N transistors Q21 
and Q22 and associated components. Likewise, the al 
ternate output pulse provided by the keyer circuit 48 
is coupled to a substantially identical oscillator and 
buffer, circuit (not shown) of the second ultrasound 
generator 18.'Each ultrasound generator 16 and' 18 
produces an output pulse equal in duration (6.6 milli 
seconds) to the input pulse from the keyer circuits 46 
and 48 and of a frequency of approximately 1 mega 
Hertz, for this application. As pointed out, these output 
pulses alternate between the ultrasound generators l6 
and 18 so that they vdo not produce outputs simulta 
neously. The amplitude of the ultrasound generator 
output pulses are simultaneously adjustable by means 
of a potentiometer R4 (FIG. 8) which adjusts the volt 
age'supplied by an output collector circuit 52 of the ul 
trasound generatorl6; and a second substantially iden 
tical output collector circuit (not shown) of the ultra 
sound generator 18. The output collector circuit 52 
comprises an N-P-N transistor Q23 and its associated 
components which provides the l megaI-Iertz output 
through the output coupling transformer T6. It is again 
noted that the ultrasound generator 16 circuitry de 

. picted in FIG. 6 is duplicated for the ultrasound genera 
tor 18. The output from the ultrasound generator 16 is 
provided to a first ultrasound applicator jack 54 (FIG. 
8) and the output from the ultrasound generator 18 is 

' provided to a second ultrasound applicator jack 56 
(FIG. 8) for use with the ultrasound applicators l2 and 
14, respectivelyQReferring to FIG. 1, each sound head 
applicator is provided with a crystal or ceramic type 
transducer 53 and 55, respectively, when provided with 
the ultrasound radio frequencies from the ultrasound 
generators l6 and 18, are resonated at their natural fre 
quencies. In this applications, the transducers 53 and 
55 are constructed to vibrate only at the frequency of 
approximately 1 megaI-Iertz. Although it is readily seen 
that the outputs of the ultrasound generators l6 and 18 
are equal since equal voltages are applied to each col 
lector circuit 52, two separate ultrasound intensity me 
ters 57 and 59 are provided so that the output of each 
ultrasound‘ generator may be monitered separately. 
When the ultrasound is operated at low duty cycle lev 
els, the ultrasound intensity meters 57 and 59 do not 
indicate the peak ultrasound power (the meter circuit 
being a . R.M.S. type measuring device). The dosage 
preset switch SW6 and a dummy load consisting of an 
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6 
adjustable resistor R6 and a capacitor C4 have‘ib'een 
provided to permit the therapist to set the treatment 
dosage to a desired level without the necessity ofa'rti?i 
cially loading the vibrating transducers 53 and'v55.HBy 
actuating the push button switch SW6, the dummy load 
resistor R6 (which has been previously calibrated) ‘is 
substituted for the transducer 55 and simultaneously 
switches the blocking oscillator to the rapid or “tetaniz 
ing” pulse mode of operation. Further, the blocking os-' 
cillator voltage is removed from the electrode pads to 
prevent any unpleasantness to the patient due to uneX-' 
pected changes in stimulation level. By this means, and 
by the use of the ultrasound intensity control R4, the 
treatment dosage may be set at any desired peak power 
level. This present peak power will then be produced 
in each ultrasound impulse even through the duty cycle; 
is quite low. 
A two-pole single-throw switch SW4 (FIG. 8) is pro 

vided whereby the first-mentioned ultrasound genera 
tor 16 may be switched off independently of the second 
ultrasound generator 18 by interrupting the keyer cir 
cuit 48 output to the oscillator buffer circuit 51 of the 
ultrasound generator 16. It should be noted that when 
the selector switch SW1 is in the “continuous” position 
(as shown) the ultrasound generator 16 is automati 
cally switched off and the ultrasound generator 18 is 
keyed to produce continuous ultrasonic energy of l 
megacycle frequency as distinguished from the pulse 
and surge modes of operation described above. 

Referring to FIGS. 1 and 8, the circuitry is so ar 
ranged to provide stimulation voltage from the block 
ing oscillator circuit 32 directly to the two ultrasound 
applicators 12 and 14 through the connector jacks 54 
and 56, respectively. As stated above, the amplitude of 
the blocking oscillator voltage is adjustable by means 
of the potentiometer R2 and the frequency thereof is 
controllable by the potentiometer R1. 
Since pulsed ultrasound at a low duty cycle rate and 

high peak power may be applied to a patient with the 
ultrasound transducers strapped in place, without dan 
ger of tissue damage or periosteal pain, it may readily 
be seen that inadvertent switching to continuous, by 
means of SW1, or 100 percent duty cycle ultrasound 
would be very undesirable inasmuch as serious discom 
fort and even injury to the person under treatment 
could result. 
To prevent this type of accident, a safety circuit, as 

generally indicated by reference character 61, has been 
devised. This circuit 61 is comprised of a portion of six 
pole three position selector switch SW1, the relay RYl 
and the push button switch SW5. It may be seen that 
when the selector switch SW1 is rotated to the “contin 
uous" position that even though the ultrasound power 
switch SW3 is in the “on" position, no power will be 
supplied to the primary of the ultrasound power trans 
former T5, unless the push button switch SW5 is mo 
mentarily depressed to actuate the relay RYl. RYl will 
not remain closed unless the ultrasound power switch 
SW3 is in the “on“ position. Further, de-energizing the 
relay due to any cause necessitates resetting by means 
of SW5, thus obviating the possibility of inadvertently 
leaving the unit operating in the continuous mode. 
Further, in the continuous position the stimulator is 

simultaneously turned off by means of RY 1. This is to 
serve as an indicator to the therapist that no ultrasound 
is being produced (ultrasound being sensationaless at 
therapeutic dosage levels) because there will be no 
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electrical muscle stimulation either. The electrical 
muscle stimulation is felt quite plainly by the patient 
and may also be observed by the therapist. Therefore, 
inadvertent failure to energize the ultrasound would be 
apparent immediately to both the patient and the thera 
1st. 

p A single-pole single-throw switch SW2 (FIG. 8) is 
provided whereby the electrical power may be inter 
rupted between the power transformer T4 and the 
timer 35 thereby cutting off the power to the electrical 
muscle stimulation generator 24. A two-pole single 
throw switch SW3 is also provided whereby the electri 
cal power may be interrupted between the power trans 
former T5 and the line input power thereby cutting off 
power to the ultrasound generators 16 and 18. It is 
readily seen that the electrical muscle stimulation gen 
erator 24 may be operated independently of the ultra 
sound generators l6 and 18 by positioning the switch 
SW2 in the closed position and the switch SW3 in the 
open position. ' 

A single ultrasound generator power supply 50 is pro 
vided to supply electrical power for the ultrasound gen 
erators 16 and 18. The power supply 50 utilizes two sili 
cone controlled recti?ers (SCR), SCRl and SCR2, in 
a typical single phase center-tip phase-controlled recti 
fier. By varying the rheostat R4 the DC voltage across 
the load can be continuously adjusted from its maxi 
mum resistance value down to zero. As in the AC 
phase-controlled switch a single unijunction transistor 
Q24 is used to develop a gate signal to tire both SCR’s 
on alternate half-cycles.v Whichever of the two SCR’s 
has positive anode voltage at the time the gate pulse oc 
curs will ?re, thus applying voltage to the load for the 
remainder of the half-cycle. The ?ring angle can be ad 
justed by means of the rheostat R4. In this application, 
at 60 Hertz, the firing angle of this circuit can be varied 
from approximately 10° to 180° (fully off). 

It should be noted that the electrical circuitry de 
picted in FIGS. 4 through 8 may be constructed as one 
complete integrated circuit or as separate disconnect 
able modules as shown. As shown in the drawings, each 
of the circuit modules, FIGS. 4 through 7, are con 
nected to the power supply and control circuitry de 
picted in FIG. 8, in a manner as follows: 
The electrical pulse generator circuitry (FIG. 4) is 

connected to the circuitry of FIG. 8 by means ofa com 
mon connector J4 having pin connections 1 through 7. 
The circuitry of FIG. 5 is connected to the circuitry of 
FIG. 8 by means of a common connector J5 having pin 
connections 1 through 7. The circuitry of FIG. 6 is con 
nected to that of FIG. 8 by a common connector J6 
having pin connections 1 through 7. The second ultra 
sound generator 18 circuitry (not shown) which is sub 
stantially identical to that of FIG. 6 is connected to the 
circuitry of FIG. 8 by a common connector J6a having 
pin connections 1 through 7. The circuitry of FIG. 7 is 
also connected to the circuitry of FIG. 8 by means of 
a common connector J7 having pin connections ll 
through 11. 

It‘ is readily apparent that the dual alternating ultra 
sound treatment could be effected by the utilization of 
only one ultrasound generator 16a by suitable gating in 
conjunction with the bistable multivibrator 40. This 
could be accomplished by the use of two high power 
capacity “and" gates 67 and 69 (FIG. 9). The output 
of the single ultrasound generator 160 would be present 
simultaneously as an input to each “and” gate. The 
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other input to the ?rst “and” gate 67 would be pro 
vided by the ?rst output from the bistable multivibrator 
40 such that the ultrasound signal would be allowed to 
pass through the ?rst “and” gate 67 only when the bis 
table multivibrator 40 is in its ?rst state. The second 
input to the second “and” gate 69 would be provided 
by the second output from the bistable multivibrator 40 
such that the ultrasound signal would be allowed to 
pass through said second “and” gate 69 only when the 
bistable multivibrator 40 is in its second state. Since the 
bistable multivibrator 40 (?ip-flop) can be only in one 
state at a single instant in time, the ultrasound signal 
would necessarily alternate between the output of the 
first “and” gate 67 and the second “and” gate 69. The 
problem with this arrangement at the present time is 
the inability to obtain commercially available reliable 
components for the “and” gates which have the power 
capacity required to handle the ultrasound generator 
output. ‘ 

OPERATION 

In using the duplex electro-ultrasonic medical ther~ 
apy apparatus 10 in the “pulse” mode of operation, to 
simultaneously produce a super-imposed synergistic 
action in patient treatment, the unit is activated by 
closing the switch SW2. The switch SW3 is then closed 
to provide electrical power to the ultrasound genera 
tors. The switch SW1 is then set in the “pulse” position 
and the switch SW4 is closed to provide impulses from 
the keyer circuit 48 of FIG. 5 to the ultrasound genera 
tor 16. Before application to the patient, and especially 
when intending to operate at a low duty cycle level, the 
switch SW6 should be closed in order to calibrate the 
ultrasound power level. This feature is provided since 
the dosage reading meters 57 and 59 (FIG. 8) are 
R.M.S. type measuring devices and as such do not indi 
cate the peak ultrasound power when operated at a low 
duty cycle. In closing the switch SW6, the dummy load 
resistor R6 (FIG. 8) is substituted for the transducer 55 
and the stimulator is automatically switched to the 
rapid pulse (or “tetanizing”) mode of operation. At 
this point, the desired ultrasound intensity level may be 
adjusted by the rheostat R4. After setting the ultra 
sound power level to the desired intensity, adjusting to 
the desired pulse rate by the rheostat R11 and the stimu— 
lation voltage level by means of the potentiometer R2, 
the switch SW6 is opened and the apparatus 10 is ready 
for patient treatment. 
As hereinbefore set forth, the ultrasonic pulses are 

being produced alternately by each ultrasound unit 16 
and 18 and converted to mechanical vibrations by the 
transducers 53 and 55, respectively. In addition to the 
ultrasonic vibrations, the circuit is so arranged to simul 
taneously supply electrical muscle stimulation to the 
treatment area either through the conductive electrode 
pads 2th and 22 or in combination with the transducers 
53 and 55. As previously mentioned, in addition to sup 
plying ultrasonic energy for treatment, the two ultra 
sound applicator heads 12 and 14 may be used to si 
multaneously apply electrical muscle stimulation which 
effects massage of the musculature for reducing pain, 
increasing circulation and other therapeutic actions. By 
using the dual ultrasound heads 12 and 14 simulta 
neously, one of the heads may be placed on the primary 
area of the patient to be treated while the other head 
is placed on the so-called “antagonistic” muscle as 
hereinbefore set forth. 
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The use of the duplex ultrasound circuitry to produce 
interdependent operation of the two ultrasound units 
allowing only one of the two units 16 and 18 to produce 
output at a given instant in time, permits effective treat 
.ment of twice the normal treatment area while substan 
tially reducing treatment time. Where the use of only 
one ultrasound head applicator is desired, the switch 
SW4 may be opened, thereby removing the keying im 
pulses and high voltage from the ultrasound generator 
16. 
When it is desired to utilize the unit 10 in a surge 

mode of operation, the selector switch SW1 is set in the 
“surge" position, and the switch SW6 is temporarily 
closed for purposes of calibration as set forth in the 
pulse mode of operation above. As hereinbefore set 
forth, the surge mode of operation is effected by the 
astable multivibrator 34 which is coupled to the power 
controlled transistor Q2 and Q3 which in turn supply 
voltage to the blocking oscillator 32. The blocking os 
cillator 32 thus produces output surges followed by 
equal rest periods. The rheostat R3 is then utilized to 
set the desired repetition rate of the surges. The use of 
the unit 10 in the surge mode of operation is similar to 
that of the pulse mode and it will be apparent that when 
it is desired to use only one of the ultrasound units in 
the surge mode, the ultrasound unit 16 may be turned 
off by using the switch SW4. 

It is well known that if large amounts of continuous 
ultrasonic energy is administered, the patient will suffer 
not only periosteal pain, but tissue damage as well. 
Hence, the use of pulsed ultrasound to reduce pain and 
the possibility of tissue damage is well known. When it 
is desired to utilize the apparatus 10 in an ultrasound 

‘ continuous mode of operation, the switch SW1 is set in 
the “continuous” position and the safety switch SW5 is 
closed momentarily to actuate the relay RYl. RYl will 
not ‘remain closed unless the ultrasound power switch 
SW3 is in the closed position. Further, de-energizing 
the relay RYl due to any cause necessitates resetting 
by means of the switch SW5, thus obviating the possi 
bility of inadvertently leaving the unit operating in the 
“continuous” mode. When the relay RYl is actuated, 
it is readily seen (FIG. 8) that the blocking oscillator 32 
is simultaneously turned off. 
From the foregoing it will be apparent that the pres 

ent inventionprovides a duplex electro-ultrasonic med 
ical apparatus particularly designed and constructed 
for producing simultaneously, dual superimposed syn 
ergistic action of'combined' ultrasonic and electrical 
muscle stimulation therapy by transmission through 
each of two ultrasound applicators both in low voltage 
current and ultrasonic mechanical vibrations. The 
novel duplex electro-ultrasonic medical therapy appa 
ratus is economical and durable in construction and 
simple and efficient in operation. 
Whereas thepresent invention has been described in 

particular relation to the drawings attached hereto, it 
should be understood that other and further modi?ca 
tions, apart from those shown or suggested herein, may 
be made within the spirit and scope of this invention. 
What is claimed is: 
l. A duplex electro-ultrasonic medical therapy appa 

ratus comprising in combination a power supply, a pair 
of ultrasound generators connected to the power sup 
ply for producing sound waves, keying means con 
nected to the ultrasound generators for activating said 
ultrasound generators, a separate sound head applica 
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tor for each ultrasound ~generator and operably con 
nected therewith for converting-the sound waves into 
mechanical vibrations; a low voltage electrical pulse 
generator connected to the power supply, pulse rate 
means connected- to the pulse generator for varying the 
frequency of the output pulses from the pulse genera 
tor, a pair of electrode pads operably connected to the 
pulse generator for producing electrical stimulation for 
electro-therapy, and means connecting said pulse gen 
erator and keying means for providing mechanical 
stimulation alternately in one sound head applicator 
and then the other sound head applicator simulta 
neously with the electrical stimulations in each elec 
trode pad. 

2. A duplex electro-ultrasonic medical therapy appa 
ratus as set forth in claim 1 wherein each sound head 
applicator comprises a ceramic transducer for convert 
ing the sound waves into the mechanical vibrations, 
and an electrode operably connected to the electrode 
pads whereby dual electrical and mechanical stimula 
tion will be produced through each sound head applica 
tor. 

3. A duplex electro-ultrasonic medical therapy appa 
ratus as set forth in claim 1 wherein each sound head 
applicator comprises a crystal transducer for convert 
ing the sound waves into the mechanical vibrations, 
and an electrode operably connected to the electrode 
pads whereby dual electrical ‘and mechanical-stimula 

tor. 

4. A duplex electro-ultrasonic medical therapy appa 
ratus as set forth in claim 3 wherein the means for con 
necting the pulse generator and keying means com 
prises a bistable multivibrator means whereby each 
output pulse from the bistable multivibrator means is 
used to drive the keying means thereby alternately key 
ing the ?rst ultrasound generator and then the second 
ultrasound generator. 

5. A duplex electro-ultrasonic medical therapy appa 
ratus for comprising in combination a power supply, a 
pair of ultrasound generators connected to the power 
supply for producing sound waves, keying means con 
nected to the ultrasound generators for activating said 
ultrasound generators, a pair of sound head applicators 
operably connected with the ultrasound generators, 
each of said sound head applicators having a crystal 
transducer for converting sound waves into mechanical 
vibrations, ‘a low voltage electrical surge generator con 
nected to the power supply, surge rate means con 
nected to the surge generator for varying the duration 
of the output surge, voltage control means connected 
to the surge generator for varying the intensity level of 
each surge output, a pair of electrode pads operably 
connected to the low voltage generator for electrically 
producing stimulation for electro-therapy, and means 
connecting the surge generator to the ultrasound key 
ing means for alternately keying the ?rst ultrasound 
generator and then the second ultrasound generator ‘ 
thereby producing alternating surge outputs from the 
ultrasound generators simultaneously with the electri 
cal stimulation surges in each electrode pad. 

6. A duplex electro-ultrasonic medical therapy appa 
ratus as set forth in claim 5 wherein each sound head 
applicator also comprises an electrode operably con 
nected to the electrode pads whereby dual electrical 
and mechanical stimulation will be produced through 
each sound head applicator. 

tion will be produced through each sound head applica 
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7. A duplex electro-ultrasonic medical therapy appa 
ratus comprising in combination a power supply, a pair 
of ultrasound generators connected to the power sup 
ply for producing sound waves, a pair of sound head ap 
plicators operably connected with the ultrasound gen 
erators, each of said sound head applicators having a 
crystal transducer for converting sound waves into me 
chanical vibrations, separate keying means for each ul 
trasound generator and operably connected thereto, 
separate keyer monostable multivibrators operably 
connected to each keying means for operating each 
keying means, a bistable multivibrator operably con 
nected to both keyer monostable multivibrators for 
providing alternating inputs for each keyer monostable 
multivibrator, a triggering monostable multivibrator 
operably connected to the bistable multivibrator to 
provide triggering inputs to the bistable multivibrator; 
a low voltage electrical generator connected to the 
power supply having a pulse mode of operation and a 
surge mode of operation, mode selector switching 
means connected to the electrical generator for select 
ing either the pulse or surge mode of operation, pulse 
rate means connected to the electrical generator for 
varying the frequency of the output pulses, surge rate 
means connected to the electrical generator for varying 
the duration of the output pulses, voltage control 
means connected to the electrical generator for varying 
the intensity in either the pulse or surge mode of opera 
tion, a pair of electrode pads operably connected to the 
low voltage electrical generator for producing electri 
cal stimulation for electro-therapy and means for con 
necting the low voltage electrical generator to the trig 
gering monostable multivibrator whereby each pulse or 
surge from the electrical generator will operate the trig 
gering multivibrator which-in turn will trigger the bista 
ble multivibrator causing it to change states with each 
triggering input thereby alternately keying the ?rst ul 
trasound generator and then the second ultrasound 
generator simultaneously with the electrical stimula 
tions in each electrode pad. 

8. A duplex electro-ultrasonic medical therapy appa 
ratus as set forth in claim 7 wherein the electrical gen 
erator and mode selector switching means provide, in 
addition, a continuous mode whereby the electrical 
generator and the ?rst ultrasound generator are simul 
taneously turned off and the second ultrasound genera 
tor produces a continuous ultrasound output. 

9. A duplex electro-ultrasonic medical therapy appa 
ratus as set forth in claim 8 wherein a manually set 
timer is operably connected to the power supply such 
that the electrical and mechanical stimulations may be 
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automatically turned off after a predetermined treat 
ment dosage. 

10. A duplex electro-ultrasonic medical therapy ap 
paratus as set forth in claim 8 wherein a safety switch 
and positive latching relay means are provided to pre- _ 
clude accidental switching to the “continuous" mode 
of operation without manually closing the said safety 
switch. 

11. A duplex electro-ultrasonic medical therapy ap 
paratus as set forth in claim 10 wherein calibration 
switching means is provided whereby the ultrasound 
intensity level may be preset prior to application to the 
patient to be treated. 

12. A duplex electro-ultrasonic medical therapy ap 
paratus comprising in combination a power supply, an 
ultrasound generator connected to the power supply 
for producing sound waves, a pair of sound head appli 
cators operably connected to the ultrasound generator, 
each of said sound head applicators having a trans 
ducer for converting sound waves into mechanical vi 
brations; a low voltage electrical pulse generator con 
nected to the power supply, frequency adjustment 
means for varying the pulse rate, a pair of electrode 
pads operably connected to the low voltage generator 
for producing electrical stimulation for electrical ther 
apy and means connecting said low voltage generator 
and ultrasound generator whereby mechanical vibra 
tions will be provided alternately in one sound head ap 
plicator and then in the other simultaneously with the 
electrical stimulation in each electrode pad. 

13. A duplex electro-ultrasonic medical therapy ap 
paratus as set forth in claim 12 wherein the means con 
necting the low .voltage generator and the ultrasound 
generator comprises a monostable multivibrator for 
conditioning the output pulses from the low voltage 
generator, a bistable multivibrator connected to the 
output of said monostable multivibrator, two high 
power capacity “and" gates operably connected to the 
dual outputs of the bistable multivibrator and to the 
output of the ultrasound generator such that the ultra 
sound signal is allowed to pass through the ?rst “and” 
gate only when the bistable multivibrator is in a first 
state and said ultrasound signal is allowed to pass 
through the second “and” gate only when the bistable 
multivibrator is in its second state, the output of the 
?rst “and" gate being operably connected to one sound 
head applicator and the output of the second “and" 
gate being operably connected to the other sound head 
applicator. 
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