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1 
The present invention relates in general to var 

iable speed apparatus and has ‘more particular 
reference to the generation of electrical energy, 
under variable speed conditions, the present in 
vention being particularly well adapted for the 
production of pulsating electrical energy ?uctu 
ating at controlled variable frequencies for medi 
cal purposes. 
In applying ?uctuating electrical energy to 

patients for medical purposes it is desirable to be 
able to vary the frequency pulsations of the ap 
plied energy in a uniform glissando or gliding 
fashion, as distinguished from intermittent or 
stepped frequency changes. vFrequency variation 
in smooth progressive fashion not only minimizes 
sensory stimulation of the patient and resultant 
patient discomfort, but also allows for the" rapid 
determination of an optimum frequency adjust 
ment for the treatment of the patient, it being 
understood that each patient responds best to 
frequencies within a definite range, which may 
be different for different patients, different for 
the same patient at different times, or for differ 
ent body parts under treatment, or for different 
intensities of energy applied to the patient. ' 

Accordingly, an important object of the inven 
tion is to provide variable speed apparatus readily 
adjustable or controllable in smooth, progressive‘ 
fashion for operation at any desired speed within 

5 

10 

15 

20 

a wide range; a further object being to apply 30 
such smoothly adjustable, variable speed appar 
atus for the generation of alternating or ?uctu 
ating electrical energy at any desired and adjust 
ably selected ,frequency within the frequency 
range of the generator. , 
* Another important object of the invention is 
to provide means for generating alternating cur 
rent, preferably of sinusoidal wave form, at any 
desired frequency within a wide frequency range, 
including means for changing the frequency in 
progressive gliding fashion, throughout the fre 
quency range of the generator. 
Another important object is to provide means 

for producing electrical energy as'a fundamental 
or carrier wave of alternating character and of 
preferably sinusoidal wave form at any desired 
or selected frequency, including means for con 
tinuously modulating such frequency wave at 
any selected modulating frequency within the 
range of the device; a still further object being 
to provide for the variation of frequency of the 
fundamental or carrier frequency wave as well as 
the frequency of modulation of such wave in 
smooth, progressive fashion. 
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Another important object is to utilize an eddy 
current motor mechanism actuated by potential 
and current coils, in magnetic association with an 
eddy current disc, as a variable speed motor means 
for generating an electrical energy impulse wave 
at any desired frequency within the range of the 
apparatus, whereby the frequency of the gen 
erated wave may be altered in smooth, gliding‘ 
fashion by controlling the energy applied to one - 
or other. of the operating coils and preferably the 
current coil of the variable speed motor. 
Another important object is to use an eddy cur 

rent type motor, including a current and potential 
coil in association with an eddy current disc, for 
driving the modulating means; a further object 
being to provide the disc with an opening in posi 
tion to stop the motor in a predetermined posi 
tion with such~ opening in registration with the 
actuating coil magnets. 
Another important object is to provide drag 

magnet means in magnetic association with the 
eddy currentvdisc of the motor in order to pro 
vide for ultra slow speed motor operation. 
Another important object is to provide for gen 

erating a ?uctuating energy wave by interrupting 
a beam of light from a suitable source, at selected 
frequency, by "means of a slotted interrupting 
plate ‘or disc turned in the path of the light beam 
by variable speed motor means of the character 
mentionedrphoto-electric elements in association 
with a suitable translation system being utilized 
to produce the fluctuating energy wave in re 
sponse to the interruption of the light beam; a 
further object being to utilize a pair of photo 
sensitive devices in combination with the light 
source and theslotted disc for producing alter 
natehalf-cycles of an energy wave of ‘preferably 
sinusoidal form, the translation system being 
adapted to combine such alternate half-cycles 
of the wave to‘ produce the complete energy 
wave. ' _ - 

Another important object is to provide an ec 
centric modulating dlsc‘having' edge portions in 

5 position to move in the path of the light beam, 
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whereby to modulate the same, at a frequency 
determined by the rate of turning movement of 
said eccentric disc, and thus correspondingly 
modulate the energy wave produced as a result 
of the interruption of the light ‘beam by 'the 
turning movement of a slotted wave generating 
disc, the slotted and eccentric discs being sep 
arately driven each by a connected variable speed 
motor, whereby the frequency of the fundamental 
or carrier energy wave, as well as the‘ frequency 
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at which the same is modulated by the eccentric 
disc, may be altered in smooth, progressive fash 
ion throughout the frequency ranges of the ap 
paratus. ‘ 

Another important object is to provide an im 
pulse wave generator of the character mentioned, 
including amplifying and translation equipment 
for producing a preferably sinusoidal carrier cur 
rent wave at any desired frequency and modulat 

' ed at any desired modulating frequency to provide, 
an energy wave well suited for medical purposes 
in that it may be quickly and efficiently regulated 
for‘ application with minimum discomfort to the 
patient. 
Another important object is to provide an elec 

tro-medical apparatus having improved means 
for applying A. C. and D. C. energy selectively in 
an energy delivery circuit, including protective 
means preventing initial delivery of energy at 
high intensity in said circuit and means for the 
selective switching of indicating meters in con 
junction with the application of energy in said 
circuit. , 

The foregoing and numerous other important 
objects, advantages, and inherent functions of 
the invention will become-apparent as the same 
is more fully understood from the following de 
scription, which, taken in connection with the ac 
companying drawings, discloses a preferred em 
bodiment of the invention. 

_ Referring to the drawings: 
Fig. 1 is a perspective view of 

bodying the present invention; 
Fig. 2 is'a sectional view taken substantially 

along the line 2-2 in Fig. 1; 
Fig. 3 is .a front elevational view of the ap 

paratus; _ 

Fig. 4 is face view of'a control panel for the 
apparatus; and - 

Fig. 5 is a diagram of electrical connections. 
To illustrate the invention the drawings show 

a main frame or chassis II providing mount 
ings I2 and I2’ for a pair of photo-electric ele 
ments I3 and I3’ which are preferably mounted 
in side by side spaced apart relationship. The 
photo-sensitive elements I3 and I3’ are prefer 
ably of identical construction, and may comprise 
photo-electric tubes or other photo-sensitive de 
vices having electrical characteristics adapted to 
change in response to the application of light 
thereto and in proportion to the intensity of light 
impringing thereon. Photo-sensitive elements of 
the character contemplated are adapted for in— 
terconnection in suitable electrical translation 
systems inv which electrical energy waves may be 
developed, ampli?ed and made available for use 
in accordance with the intensity of impinging 
light on the photo-sensitive devices. . 
The frame II also provides a mounting I 4 for 

a suitable lamp IScOmprising a light source in 
position to direct a beam of light I5’ for the equal 
illumination of the photo-cells I3 and I3’, the 
light source being spaced equally from both of 
the elements I3 and I 3'. 
Asshown, the photo-cells and the lamp are 

mounted horizontally, with the lamp I 5 disposed 
above the medial portions of the sensitive ele 
ments of the photo-cells. While the horizontal 
arrangement of the lamp and photo-cells is not an 
essential feature of the invention, it is, neverthe 
less, a preferred arrangement for convenience of 
assembly and arrangement of the various co 

apparatus em 

bperating elements of the apparatus. 
If desired, the lamp I5 may be enclosed in an 

opaque housing having a lateral window facing 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

70 

75 

toward the photo-cells and through which the 
beam of light may pass from the source equally 
to each of the photo-sensitive elements I3 and 
I3’. 
The frame It also provides a mounting for a 

beam modulating disc I6 drivingly connected with 
a variable speed motor H. The disc is carried on’ 
a preferably vertical axle pin I8 journaled in suit 
able bearings I9 and IS’ on the frame II, the disc 
I6 preferably extending in a plane at right an 
gles with respect to the axis of the pin' I 8, and 
having an edge portion extending in‘ position 
between the light source I5 andthe photo-sensi 
tive elements I3 and I3’. The disc I6 comprises 
opaque material and is provided with a plurality 
of radially arranged windows, which may con 
veniently comprise slots or openings 20 in the 
disc I6. These windows are preferably of wedge~ 
like con?guration, and are equally spaced apart 
in the disc I6. The windows are located in the 
disc portions which extend in the path of the 
beam I 5' so that, as the disc is rotated in the 
beam I5’, the "slots 20 constitute light transmit 
ting windows whereby the light beam is subdi 
vided into light pulses for impingement on the 
elements I3 and I3’. 
As the disc I6 is turned in the light beam, each 

window, as it passes the light source, will allow 
a ray or beam of light to travel successively across 
and impinge upon the elements I3 and I3’. As_ 
suming clockwise rotation of the disc I6, viewed in 
a downward direction, it will be seen that each 
window will thus ?rst illuminate the element I3’ 
and then illuminate the element I3; and the win 
dows 20 are so spaced in the disc that each suc 
cessive window will commence illumination of the 
element I3’ as the preceding window, as a’result 
of its movement, discontinues illumination of the 
element l3. The windows 20 also are arranged to 
control the intensity of illumination of the ele 
ments so that each is illuminated in accordance 
with a sine wave, or other desired wave form. 
Accordingly, the elements I3 and I3’ will be light 
‘actuated alternately to produce the alternate half 
cycles of an alternating wave, having a desired 
wave form, and at an alternating frequency cor 
’responding with the speed of rotation of the disc 

The speed of rotation of the disc I6 may be 
controlled by varying the power supplied to the 
motor I‘! which comprises an eddy current disc 
2| on the stem I8 and driving magnets 22' and 
23’ disposed on opposite sides of the disc 2| and 
preferably comprising a magnet energized by a 
potential coil 22 and a cooperating magnet ener 
gized by a current coil 23. said magnets and 
actuating coils being suitably mounted on the 
main frame II.- By varying the energy applied 
to either of the coils>22 and 23, the rate of turn 
ing movement of the disc I6 may be correspond 
ingly altered. Since it is easier to vary the cur 
rent supply than to vary the voltage, it is prefer 
able that speed control of the motor be obtained 
by varying the energizing current supplied to the 
coil 23, energy being supplied to the coil 22 at a 
constant voltage level. _ , I 

The speed of the disc I6, accordingly, may be 
varied uniformly within a normal speed range by 
controlling the current supplied to the coil 23, in 
smooth, progressive fashion whereby the fre 
quency of light impingement on the elements 
I3 and I3’ may likewise be altered in smoothly 
progressive fashion. Apparatus embodying the 
presentinvention may thus be controlled within 
a frequency range from two to one hundred cy 



5 
cles per second Means is also provided for-oper 
ation of the driving motor II at relatively slow 
speedtoproducelightimpingementontheele 
ments it and it’ at frequencies inthe slow speed 

‘ range between two cycles per minute and one hun-_ 
dred twenty cycles permlnute, that is to say, 
two cycles persecond, speed variation in the slow 
speed range being accomplished by control of 
energizing current to the coil‘ it exactly as dur 
ing high speed operation. 
To accomplish slow speed operation, a drag 

magnet 24 may be provided. said. magnet com 
prising a core having pole pieces H and It’ suit 
ably supported on the main frame ii in posi 
tion, in facing registration on opposite sides of 
the eddy current disc II, and preferably located 
diametrically opposite the poles of the driving 
magnet, said drag magnet including an energis 
ins collie inductively associated with said core to 
apply a magnetic drag on the disc II when said 
coil 26 is energized as by means of unidirec 
tional current therethrough. Thus, by energinng 
the coils 2a, the motor l‘l may be caused to oper 
ate in its slow speed range at a rate of speed 
determined by the current supplied to the actuat~ 
ing coil 23; the motor operating in its high speed 
range as and when the coil 18 is unenergiaed. 
The amount of light transmitted from the 

source I! through the windows 20 to the sensitive 
elements I: and it’ may also be modulated by a 
shutter 21 preferably comprising a circular disc 
eccentrically mounted on an axle pin II. The 
pin 28 may be Journaled in suitable bearings II 
and 29' on the frame II. The disc 21 preferably 
extends in a plane at right angles with respect 
to the axis of the pin 28, and has edge portions 
in position to extend between the light source II 
and the photo-sensitive elements it and II’. The 
eccentricity of the disc 21 on the pin It is prefer 
ably such that the edge of the disc 21 on one 
side may entirely block light from the source II 
from passing through the windows 2., while the 
other side of the disc, when extending toward the 
light source/will allow light to pass from the 
source through the windows It freely and without 
any blocking whatsoever. Accordingly, as the 
disc 21 is turned, it may modulate the intensity of 
light beams l5’ passing through the windows I. 
to the elements it and It’, in accordance with a 
modulating wave form determined by the periph 
eral shape of the disc TI, said modulating wave 
form being preferably sinusoidal and its frequency 
being a function of the speed of rotation of the 
modulating disc 21. I 
The modulating disc 21 may be driven by a 

motor 30 similar to the motor l1 and comprising 
an eddy current disc 8| on the stem 28, and driv 
ing magnets 32' and 33' disposed on opposite 
sides of the disc 3| and preferably comprising a 
magnet energized by a potential coil 31 and a co 
operating magnet energized by a current coil I3, 
said magnets and actuating coils being preferably 
mounted on the main frame H. By varying the 
energy applied to either of the coils I! and 33, 
the rate of turning movement of the disc 21 may 
be correspondingly altered. Since it is easier to 
vary the current supply than to vary the voltage. 
it is preferable that speed control of the motor be 
altered by varying the energizing current supplied 
to the coil 33, energy being supplied to the coil 32 
at a constant voltage level. The speed of the disc 
21, accordingly, may be varied uniformly by con 
trolling the current supplied to the coil I! in 
smooth, progressive fashion whereby the fre 
quency of modulation of the light beams I!’ may 

10 

15 

20 

30 

35 

40 

50 

55 

85 

70 

75 

8 
likewissbealteredinsmoothlyprogressivefasb' 
ion. 

It is desirable thus to control modulating fre 
qumcywithinaslowspeedrangebetweentwo 
cyclesandsixtycycluperminute. Thisslow 
speed operationmay beaccomplishedby-means 
of a drag magnet 84 suitably mounted on the 
frame ll inposition to face one side of the disc 
II in position diametrically opposite from the 
poles of the driving motor. This drag magnet 34 
ofcoursemaycompriseacoilenergizedata 
constantenergy level. although it is convenient 
to employ a permanent magnet, as shown, for the 
reason that the motor-l0 is not required to op 
erate at speeds other than in the slow speed range. 
As shown more particularly in Fig. 5 of the 

drawings, the photo-cells It and. It’ may be in 
terconnected in an electronic'translation system 
II which operates to produce alternating current 
of wave form and frequency corresponding with 
the variation in light intensity on the elements 
It and II’ accomplished by the light interrupting 
disc II and the modulating disc 21, said transla 
tion system II serving to make such alternat 
ing' current available for application to a patient 
at the patient terminals 40. 
To this end the system shown in Fig. 5 may be 

energized from .a suitable source of alternating 
current power 31, power being delivered from said 
source through control switches 34 between con 
duotor bussos 3! and 4|, a pilot lamp 4! being 
provided for indicating the active or inoperative 
condition of the equipment. 
The power supply lines 39 and 40 may be con 

nected to energize a D. C. power supply system 
42. While any suitable or preferred D. C. power 
supply system maybe utilized, the drawings show 
a system 42 embodying transformer means 43, 
and preferably thermionic recti?ers 44, 44' and 
4|, also resistance elements and condensers in 
terconnected together and with the recti?ers, in 
cluding adjustable resistors 46 and 41 to provide 
unidirectional power at desired potentials on 
supply conductors 48, 48, ill, BI and 52. In the 
illustrated system the conductors 48 and 4!, re 
spectively, carry 13+ and B— potential of ?xed 
value. The conductor ill, which is adjustably 
connected with the resistance potentiometer 41, 
carries adjustable bias control potential for the 
operation of the translation system 35 in a man 
ner hereinafter more fully described. The con 
ductors El and 52, the former of which is ad 
iustably connected with the resistance poten 
tiometer 40, carry unidirectional energy at ad 
iustabie potential for the operation of the drag 
magnet coil 26, which is interconnected between 
said conductors SI and 52 through a preferably 
manually operable on-and-of’f switch 53. 
The bus conductors l9 and 40 also supply A. C. 

energy for the operation of the motors l1 and 30 
through supply conductors 39' and 40', the con 
ductor being directly connected with the pow 
er bus 39 and the conductor 40’ being inter 
connected with the power bus 40 preferably 
through voltage regulator means 54 which serves 
to maintain at a constant level the A. C. voltage 
on the supply conductors 39' and 40'. The volt 
age regulator means 54 is preferably intercon 
nected with the power busses 39 and 40 and with 
the supply conductor 40' by means of a detach 
able plug-in connector, and the conductor 40' 
is preferably interconnected with the power bus 
40 by means of a circuit including a switch 55 
adapted to remain open so long as the voltage 
regulating means 54 is operatively connected, the 



, switch 33 closing 

. is associated with the 

Mean“ 
and remaining closed as and 

when the voltage regulating means is 
nected from the conductors 33 and 43 and 43'. 
Accordingly, the apparatus may be operated 
without voltage regulation accomplished by the 
regulator means I4 by disconnecting the same 
and closing the switch It. 
- Control means 53 for operating the motor means 
I‘! and 30 comprises electrical means powered 
from the conductors 33' and II’, said electrical 
means being interconnected between an extension 
of the conductor 39' and an auxiliary conductor 
40" adapted for connection with the conductor 
40’ as by means of a switch II. To this end 
the potential coils 22 and 32 of the motors II 
and 30 may be connected directly and perma 
nently between the conductors 3|’ and ll".~ The 
current coils 23 and 33 of the motors may be 
conducted each preferably with the secondary 
winding of a corresponding step-down trans 
former 23" and 33", the primary windings of 
said step-down transformers being connected on 
one side with the conductor 33' and on the other 
side through calibrating resistors it and 53' 
and manually adjustable speed varying re 
sistance potentiometers I3 and It’, said poten 
tiometers 59 and 39' being interconnected be 
tween the conductors 33' and 40". By adjust 
ing the calibrating resistors 58 and 53', the mo 
tors l7 and 30 may be calibrated for operation 
within a desired normal speed range under the 
control each of its associated potentiometers 
59 and 59'. Manual adjustment of the re 
sistors 59 and 59’ as against separate index scales 
will adjust the motors for operation each at a 
selected speed within the adjusted range. 

It will be apparent from the foregoing that 
energizing power will be supplied to the motors 
upon operation of the switch 51. to connect the 
conductor 40'' with the power supply conductor 
40’. While it is unnecessary to provide for the 
stoppage of the motor I‘! other than by means. 
of the switch 57, means is provided for stopping 
the modulating motor 30 while continuing the 
motor I‘! in operation. To this end the disc ii 
of the motor 30 is provided with an opening 68 
therein in position to pass between the facing 
poles 32' and 33' of the current and potential coils 
of the motor 30. This opening will not interfere 
with the operation of the motor unless the energy 
supply to one or the other of the operating coils 
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32 and 33 is substantially reduced. Accordingly, ' 
the motor will operate at uniform speed so long 
as both coils 32 and 33 are fully energized. By 
cutting down the energy supply to either coll 
the motor will continue to turn at ultra slow, 
speed and in creeping fashion until the opening 
60 comes into registration with the center of 
the facing magnet poles 32' and 33', when the 
motor will stop. The opening ‘I is preferably 
positioned in the disc 3i to register with the 
poles 32' and 33’ when the shutter disc 21 is in 
a position of minimum or no modulation of the 
light beams l5’. 

In order to provide for thus controlling the 
motor 30, a manually operable preferably single 
pole, double-throw switch 6! may be provided 
in the energizing circuit of the motor coil 33. 
As shown, the pole of this switch ll may be 
connected with the calibrating resistor 58' which 

primary winding of the 
transformer 33". One of the contacts of the 
switch 5l_'may be connected with the potentiom 
eter 59', so that when the switch blade is engaged 
with said contact the motor may operate at nor 

60 

65 

70 

75 

mal speed underthe control of the adjustable 
potentiometer 58’. The other contact oi.’ the 
switch Ii may be connected with the potentiom 
eter 59', as at a ?xed tap thereon, through a 
fixed resistor 32 so that when the switch blade is 
moved into engagement with said other contact, 
the energy supplied to the current coil 33 will be 
reduced as a result of the connection of the re 
sister 62 in the energizing circuit. The motor 33 
will thereafter operate at ultra slow creeping 
speed until the opening 60 of the disc 3| registers 
with the pole pieces 32’ and 33’ and stops the 
motor. 
The exciter lamp or light source l5 may be 

energized by connection with the secondary wind 
ing of a step-down transformer 63, the primary 
winding of which is energized by connection be 
tween the conductors 39' and 40" in series with a 
preferably manually adjustable resistor 64. 
The translation apparatus 35 comprises the 

light cells 53 and I3’, impedance matching elec 
tron ?ow valves 65 and 65', and electron ?ow 
valves 66 and 66' forming the input of a bridge 
circuit 8?. This bridge circuit comprises a re 
sistance network and electron ?ow valves 68 and 
65’. The anodes or plates of the photo-electric 
devices it and i3’ and of the valves 65 and 65', 
66 and 86' are all interconnected with the con 
ductor d8 carrying B+ potential. The light cells 
l3 and it’ are interconnected in push-pull rela 
tionship, respectively controlling the grids of the 
impedance matching valves 85 and 65', the oath 
odes of the photo-cells being preferably resistance 
coupled as through manually adjustable resistors 
69 and 69’ with the conductor 49 carrying 3- po 
tential. By adjusting the resistors 69 and 69', the 
photo-tubes may be calibrated for matched or 
equalized operation to accommodate for any dis 
crepancy or manufacturing inequality of the op 
erating characteristics of the tubes. 
The impedance matching elements 65 and S5’ 

operate as cathode followers to match the im 
pedance of the photo-cells with that of the input 
valves of the bridge circuit 67, the cathodes of 
the valves 65 and 65’ being resistance coupled 
with the conductor lit, carrying B"- potential ; and 
said cathodes of the valves 65 and 55' being re 
spectively connected with the control grids of the 
bridge circuit input valves 66 and 66f. 
The bridge circuit 67? comprises the electron 

?ow valves 65, 6B’, 63 and 68', and interconnect 
ing matched resistance elements, in push-pull 
relationship, the cathodes of the valves 66 and 
685 being interconnected respectively with the 
anodes of the valves 68 and 68', and with output 
conductors ‘iii and ‘l8’.v The grids of the valves 
68 and 68' are interconnected through matched 
resistance elements with the 1 conductor at 
through which a variable grid bias may be ap 
plied to said grids from the adjustable potenti 
ometer 137. The grids of the tubes 68 and 68' are 
also interconnected respectively through matched 
resistors with the conductors l0’ and ‘it. 
As the current in the output tube 66 increases 

and decreases under the control of its grid, in 
turn actuated by the cathode follower tube 65 
under the in?uence of the photo-tube is during 
a half-cycle of light impingement thereon, the 
voltage applied to the grid of the tube 68 will 
correspondingly increase and decrease, thereby 
correspondingly varying the voltage between the 
lines ‘it and ‘Hi’, which, as hereinafter explained, 
may be connected with the patient through the 
outlet plug 36. During the alternatehalf-cycle 
of operation, voltage will be varied in the oppo 
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site direction as a result of the decrease and in 
crease in voltage across the _ tube 88', which, 
operating through the tube 88', will deliver a 
rising and falling potential between the con 
ductors 18 and 18'. During one half-cycle of 
operation the current will ?ow in one direction 
through the patient, and it flows in the other 
direction during the successive or alternate half 
cycle. 

Suitable center-tapped transformers 12, 18 and 
14 may be employed for energizing the fila 
ments of the electron now valves 88, 88', It. ll’, 
88 and 88’. The primary windings of the trans 
formers 12, 18 and 14 may be connected between 
extensions of the conductors 88' and 48'', where 
by said transformers may be energized under the 
control of the switch 51. The transformer 12 is 
preferably connected to energize the cathode 
?laments of the valves 8! and 88, the cathode 
element of the valve 88 being connected with the 
center tap of said transformer. The transformer 
18 is preferably connected to energize the cath 
ode ?laments of the valves 88' and 86', the cath 
ode element of the valve 88’ being connected with 
the center tap of said transformer. The trans 
former 14 is preferably connected to energize 
the cathode ?laments of the valves 88 and 88', the 
cathode elements of the valves 88 and 68' being 
connected with the center tap of said trans 
former and with the conductor is carrying ‘.8 
potential. 
The apparatus includes switching means, in 

cluding the switch 51, and a pair of switches 15 
and 18 for interconnecting the motor means i1 
and 30 and the power busses 88’ and ll’ for 
operation, and for connecting the conductors 
‘Hi and 10' with the patient plug 88, said switching 
means serving also to selectively apply ?uctuating 
energy from the translation system 85, and uni 
directional energy from the D. C. power supply 
system 42 to the patient plug 88; and the switch 
ing means also serves to interconnect indicating 
meters 11 and 11' in the system. 
To this end the switches 81, 15 and 18 prefer 

ably comprise single-pole, double-throw switches 
having each a normally open and a normally 
closed contact. The pole or blade of the switch 
51 is connected with the supply conductor 48', 
and its normally closed contact is connected with 
the conductor 89’ through the operating coil 18 
of a relay switch 18. The normally open contact 
of the switch 51 is' electrically connected with 
the motor energizing conductor 40'', and also 
with the conductor 89’ through a switch 18’ and 
an operating coil 18' of the switch 18. The 

' switch 19' is interlocked with the switch 53 so 
that both switches open and close together. Ac 
cordingly, the switch 18’ will be closed to ener 
gize the coil 18' when the switch 58 is closed 
for the slow speed operation of the motor i1. 
When the switch 51 is in its normal position, 

the conductor 40" will be inactive together with 
the motor operating mechanism 56, as well as 
the cathode energizing transformers 12, 13 and 
14 of the translation system which. will likewise 
be inoperative. The operating coil 18 of the 
switch 19, however, will be energized when the 
switch 51 is in its normal position. 
The switch 19, like the switches 51, 15 and 18, 

is a single-pole, double-throw switch having a 
normally closed contact connected with one side 
A of the patient plug 88, said side of the patient 
plug being ‘also connected through a selector 
switch 80 to the meter 11. This meter preferably 
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10 
range operating coils connected with the switch 
II which normally closed on the high range coil, 
being alternately eonnectible at will with the low 
range coil. The other side of the meter 11 is 
electrically connected with the blade of the switch 
18 which is also connected through a single-pole, 
double-throw switch II with conductor means 
adapted for connection with the high, interme 
diate and low range coils of the meter 11’, said 
meter preferably comprising an A. C. meter. The 
switch II has a normally open contact con 
nected with'the low range coil of the meter 11', 
and a normally closed contact connected with 
the blade of a single-pole, double-throw selector 
switch 82 having a normally open contact con 
nected with the intermediate range coil of the 
meter 11' and a normallyclosed contact con 
nected with the high range coil of the A. C. meter. 
The common side of the A. C. meter is con 
nected with the normally open contact of the 
switch 18, said normally open contact of the 
switch 18 being electrically connectible as by 
means of a reversing switch 88 with one or other 
of a pair of conductors 84 and 85, said reversing 
switch serving to connect the conductors 84 and 
I‘, one with the normally open contact of the 
switch 18 and the other with the side B of the 
patient plug, and to reverse said connections. 
Accordingly, the switch 18 operates to connect 
either the D. C. meter 11 or the A. C. meter 11' 
in series circuit with the conductors 84 and II 
to the patient plug, whereby said meters may 
indicate the value of current delivered through 
the plug to the patient. When the switch 18 is 
in its normal position, it will short circuit the 
D. C. meter 11, thereby connecting the A. C. meter 
in circuit. When the blade of the switch 19 is 
shifted to engage the normally open contact, the 
A. C. meter 11' will be short circuited and the 
D. C. meter connected in circuit. The meter 
switches 8i and 82 normally connect the A. C. 
meter for high voltage operation, the switch 82, 
when moved from its normal position, will con 
nect the meter for operation in its intermediate 
voltage range, and the switch 8|, when shifted 
from its normal position, will connect the meter 
for operation in a low voltage range. 
The conductor 84 connects with the blade or 

pole of the switch 18. The conductor 85 is con 
nected with the pole or blade of the switch 15, 
through a control switch 88 and an adjustable 
potentiometer resistance 81, the opposite ends of 
which are respectively connected with the blades 
of the switches 15 and 16. Electrical energy 
applied between the blades of the switches 15 
and 10 may thus be delivered through the con 
ductors I! and 84, to the patient, by way of the 
plug 88, the reversing switch 83, and whichever 
meter is connected in circuit by operation of the 
switch 18, at a potential determined by the ad 

' justment of the potentiometer 81, provided that 
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the switch I! is closed. The switch 86 is nor 
mally open but may be closed by an operating 
solenoid 88' when energized. Said solenoid 88’ 
is preferably connected in series between the 
conductors l8" and 40’ through an actuating 
switch 88. The switch 88 preferably comprises 
a normally open micro-switch in position to be 
closed by the adjustable member of the poten 
tiometer 81 when it is at the end of the resistance 
element of the potentiometer which is connected 
with the blade of the switch 16, that is to say, 
when the voltage between the conductors 84 and 
ll is zero. The solenoid 86' accordingly may be 

comprises a D.. C. meter having high and low 76 energized to close the switch 86 only when the 
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conductors 88 and 88 are short circuited, thus 
obviating the possibility of initially applying en 
ergy at high intensity to the patient. After the 
switch 88 has been closed by operation of the 
potentiometer to zero voltage position, the switch 
86 will be closed by operation of the solenoid 86', 
whereupon circuit energy may be increased to 
any desired extent by operation of the poten 
tiometer 81, the amount of applied current being 
indicated by whichever of the meters'11 and 11' 
is connected in circuit. To hold the switch 86 
closed after operation of the potentiometer to 
increase the voltage on the patient leads 88 and 
85, a holding switch 89 may be provided to main-_ 
tain the energizing connection of the coil 81 with 
the conductor 39’ after the switch 88 shall have 
opened. The switches 88 and 88 are 
nected to close and open together, so that upon 
closure of the switch 88 the switch 88 will also 
close and thereafter remain closed until the ap 
paratus is disabled as by the opening of the 
master switches 38. When the switches 38 are 
opened, the solenoid 81 will become de-energized, 
the switches 86 and 89 will open, and may not 
thereafter be closed unless and until the poten 
itometer 81 is adjusted to zero voltage position 
following the closure of the master switches 88 
to recondition the equipment for operation. 

It will be seen that the switches 15 and 16 nor 
mally connect the patient leads with the output 
conductors 10' and 10 of the translation system 
35. Accordingly, the A. C. output of the trans 
lation system will normally be connected with 
the patient leads, and A. C. energy will be deliv 
ered upon closure of the switches 38 and the 
operation of the switch 51 to connect the con 
ductor 80’ with the conductor 80". Thereup‘on, 
the motors I 1 and 38 will be set in operation 
at'speeds determined by the potentiometers 58 
and 58’ and the drag magnet switch 53, the light 
source l5 will be energized, and the translation 
system 35 will be operated to deliver the A. C. out 
put of the translation system through the 
switches 15 and. 16 to the patient leads 84 and 
85, energy being applied to the patient only after 
closure of the switch 88 as the result of manipu 
lating the potentiometer 81 to its zero voltage po 
sition. At the same time, the switch 51 will ener 
gize the solenoid coil 18' in the event that the 
switch 19'_ is in the slow speed position, and the 
coil 18', when energized, will move the switch 
blade into engagement with the normally open 
switch contact to thereby interposev the D. C. 
meter 11 in the patient circuit. The D. C. meter 
is responsive to alternating currents at frequen 
cies within the range produced when the motor 
I1 is operating at slow speed, that is to Say. a 
frequency range from two cycles to one hundred 
twenty cycles per minute. When the switches 
53 and 19' are open, however, during normal 
speed operation of the motor H, the coil 18' will 
be de-energized so that the switch 19 will be in 
its normal position interconnecting the A. C. 
meter 11' in the patient circuit. 

Obviously, the switches 88, 8| and 82 should 
be adjusted so that the meters may be conditioned 
for operation in their high, intermediate or low 
ranges, depending upon the amount of current 
delivered in the patient circuit. 
The apparatus may also be controlled to deliver 

D. . energy in the patient circuit by moving the 
blades of the switches 15 and 18 into engage 
ment with the normally open contacts of said 
switches, said contacts respectively being con 

intercon- ' 

20 

25 

30 

35 

40 

45 

55 

70 

. be mounted on a panel 98 in 

_ tioned for D. C. operation in 

12 
nected with the conductors 88 and 89 carrying 
31‘ and B" potentials, the switch 81 occupying 
its normal position to interconnect the switch 
soleno’d 18 between the conductors 89' and 40' 
through the switch 81, to thereby actuate the 
switch 19 to interconect the D. C. meter 11 in 
the circuit, to indicate the value of current ?ow 
in the patient circuit. Operation oi’ the switch 
80 will determine the high or low range 01' oper 
ation of the meter 11, and the switch 83 will de 
termine the polarity of D. C. energy delivered to 
the patient through the plug 38. 
For convenience or operation and control, the 

several switches and adjustable devices required 
for the operation and control or the system may 

which a manually 
operable handle 9| is provided for ‘actuating the 
switches 88, 51, 15, 18, 88, 8| and 82. The con 
»trol knob 8i may occupy any one of several posi 
tions, including a central "o?" position in which 
all of the control switches 88, 51, 15, 18, 88, 8| 
and 82 occupy their normal positions, the ap 
paratus being inoperative since the switches 88 
are normally open. 
On one side of the "01?’ position, the control 

member 9i may be set for D. C. operation in 
either a high or low voltage range. When posié 

‘the high range, the 
switches 88, 15 and 16 only will be thrown from 
their normal position to thus close the normally 
open switches 38 and move‘ the switches 15 and 
18 to connect the patient circuit '84, 85 with the 
D. C. power conductors 48 and 49, thereby setting 
the apparatus for. delivery of D. C. energy to the 
patient through the plug 36. For D. C. operation 
in the low range, the switches 38, 15, 18 and also 
‘88 will be moved from normal position to thereby 
connect the D. C. meter 11 for operation in the 
low range. 

The control member ill may also be shifted 
from the neutral position to any one of three 
controlling positions for A. C. operation in low, 
intermediate and high ranges. When positioned 
for operation in the high range, the switches 38 
and 51 only‘ will be moved from their normal 
position whereby the meter 11' will be inter 
connected in the delivery circuit for operation in 
the high range. Theintermediate range setting 
Of the member ti will move the switches 38, 51 
and 82 from normal position to thereby connect 
the meter F1’ in circuit for operation in the inter 
mediate range; while the low range setting throws 
the switches 38, 51 and it i. 
A manually operable control knob 92 also is 

preferably provided on the panel for operating 
the intensity control potentiometer 81; and simi 
lar manually operable‘ control knobs 93 and 98 
may also be provided respectively for controlling 
the speed varying Potentiometers 58 and 58’ of 
the carrier current and modulating motors l1 
and 36. 
The panel as may also provide support for the 

patient plug 86 and a manually operable knob for 
controlling the reversing switch as; and manually 
operable members 85 and 86 may be :provided, 
respectively, for actuating the stop and go switch 
8! 0f the modulator motor and for actuating the 
high and low speed range switches 53 and 19'. 

lit will be seen from the foregoing that the 
present invention contemplates apparatus readily 
operable and easily controllable for the produc 
tion and application to patients of A. C. energy 
in the form of a wave at frequencies continuously 
variable in stepless fashion within an unusually 
wide frequency range, as, for example, from two 
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cycles per minute to six thousand cycles per 
minute, while delivering energy up to a maximum 
of the order of one hundred milliamperes. This 
output may be modulated at will at a modu‘ating 
frequency within a desired frequency range such 
as from two cycles per minute to sixty cycles per 
minute; and the apparatus is also capable of de 
livery of D. C. energy at any desired value within 
the range of the equipment, as up to one hundred 
milliamperes, the delivery of D. C. or A. C. energy 
being incidentally selectable at will. 
The apparatus includes the important safety 

feature that whenever the apparatus becomes in 
active, as at the conclusion of a treatment period, 
it cannot be re-activated except in condition to 
deliver zero energy to the patient, through the 
outlet plug 36, whereby in initially applying 
energy, the patient can never be subjected to an 
energy jolt or high intensity energy shock. 
Since the alternating energy output is gen- . 

erated by the interruption of a light beam by the 
slotted disc IS, in turn driven by a continuously 
variable speed motor, it may be altered in 
smooth, continuous, stepless fashion throughout 
the frequency range of the apparatus, and the 
modulating frequency likewise may be continu 
ously varied to the end that patient discomfort 
is reduced to a minimum, and the application 
of alternating energy to the patient at an opti 
mum frequency may be expeditiously accom 
plished. 

It is thought that the invention and its nu 
merous attendant advantages will be fully un 
derstood from the foregoing description, and it 
is obvious that numerous changes may be made 
in the form, construction and arrangement of 
the several parts without departing from the 
spirit or scope of the invention, or sacrificing any 
of its attendant advantages, the form herein 
disclosed being a preferred embodiment for the 
purpose of illustrating the invention. 
The invention is hereby claimed as follows: 
1. Apparatus for production of electrical en 

ergy comprising means operable to provide a 
D. C. power supply, generator means for produc 
ing A. C. energy. means forming an output circuit. 

' switch means selectively operable to connect said 
power supply and said generator means alter 
nately in said output circuit, A. C. and D. C. 
indicating meters, and switch means operable 
forv interconnecting said meters in said output 
circuit as said power supply and generator means 
are connected therewith. 

, 2. Apparatus for production of electrical en 
ergy comprising means operable to provide a 
D. C. power supply, generator means for produc 
ing A. C. energy, means forming an output circuit, 
switch means selectively operable to connect said 
power supply and said generator means alter 
nately in said output circuit, A. C. and D. C. 
indicating meters, switch means operable for 
interconnecting said meters in said output circuit 
as said power supply and generator means are 
connected therewith, and a polarity reversing 
switch in said output circuit. 

3. Apparatus for production of electrical en 
ergy comprising means operable to provide a D. C. 
power supply, generator means for producing 
A. C. energy, means forming an output circuit. 
switch means selectively operable to connect said 
power supply and said generator means alter 
nately in said output circuit, intensity control 
means in said output circuit and switch means 
for holding the output circuit normally inactive, 
said switch means being operable by said inten 
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sity control means at a selected low intensity set 
ting thereof for activating said output circuit for 
transfer of energy therethrough.' 

4. Apparatus for production of electrical en 
ergy comprising means operable to provide a D. C. 
power supply, generator means for producing 
A. C. energy, means forming an output circuit, 
switch means selectively operable to connect said 
power supply and said generator means alter 
nately in said output circuit, intensity control 
means in said output circuit and a normally open . 
switch for holding the output circuit normally in 
active, closing means operable by said intensity 
control means to close said switch at a selected 
low intensity setting of said control means 
whereby to activate said output circuit for trans 
fer of energy therethrough, and holding means 
for maintaining said switch closed, after opera 
tion of said closing means for as long as energy 
is delivered in said output circuit. 

5. Apparatus for production of electrical en 
ergy comprising rectifier means operable from a 
source of A. C. energy to provide a D. C. power 
supply, generator means energized from said 
source for producing an A. C. energy wave of 
desired frequency, means forming an output cir 
cuit, master switch means operable to connect 
said rectifier means with said source, additional 
switching means selectively operable to connect 
said power supply and said generator means. al 
ternately in said output circuit and to connect 
said generator means with said source through 
‘said master switch means when said generator is 
connected with said output circuit, A. C. and D. C. 

_ indicating meters, and relay switch means opera 
ble for interconnecting said meters in said out 
put circuit as said power supply and generator 
means are connected therewith. 

6. Apparatus for production of electrical en 
ergy comprising rectifier means operable from a 
source of A. C. energy to provide a D. C. power 
supply, generator means energized from said 
source for producing an A. C. energy wave of 
desired frequency, means forming an output cir 

, cuit, master switch means operable to connect 
said recti?er means with said source, additional 
switching means selectively operable to connect 
said power supply and said generator means alter 
nately in said output circuit and to connect said 
generator means with said source through said 
master switch means when said generator is con 
nected with said output circuit, A. C. and D. C. 
indicating meters, and relay switch means oper 
able for interconnecting said meters in said out 
put circuit as said power supply and generator 
means are connected therewith, range selector 
switches for conditioning said meters for opera 
tion in desired operating ranges, and a manually 
operable control member for selectively operating 
the master switch means, said additional switch 
ing means and said range selecting switches. 

'7. Apparatus for production of electrical ener 
gy comprising a pulsating wave energy genera 
tor, a motor for driving said generator having 
an eddy current disc, driving magnets associated 
with said disc and having actuating coils, means 
to electrically energize one of said coils at a con 
stant energy level, means to electrically energize 
another of said coils at an energy level variable 
at will, in smooth, progressive fashion, whereby 
to control the speed of said motor and the output 
pulsating wave frequency of the connecting gen 
erator in like fashion within the frequency range 
of the apparatus. 

8. Apparatus for production of electrical energy 



'motor and of the modulating 
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comprising a pulsating wave energy generator, 
a motor for driving said generator having an eddy 
current disc, driving magnets associated with said 
disc and having actuating coils, means to elec 
trically energize one of said coils at a constant 
energy level, means to electricalLv energize an 
other of said coils at an energy level variable at 
will, in smooth, progressive fashion, whereby to 
control the speed of said motor'and the output 
pulsating wave frequency of the connected gen— 
erator in like fashion within the frequency range 
of the apparatus, drag magnet means operativelv 
associated with said disc and means operable at 
will to energize said magnet for operation of said 
motor in a slow speed range. ' 

9. Apparatus for production of electrical energy 
comprising a generator operable to produce a 
carrier wave of energy of desired frequency, in 
cluding modulating means operable to modulate 
the carrier wave, a motor for driving said modu~ 
lating means, said motor having an eddy current 
disc, driving magnets associated with said disc 
and having actuating coils, means to energize one 
of said coils at a constant energy level, means to 
electrically energize another of said coils at an 
energy level variable at will, in smooth, progres 
sive fashion, whereby to control the speed of said 

means in like fash 
ion within the frequency range of said modulating 
means. v 

10. Apparatus for production of electrical en 
ergy comprising a generator operable to produce 
a carrier wave of energy of desired frequency, 
including modulating means operable to modu 
late the carrier wave, a motor for driving said 
modulating means, said motor having an eddy 
current disc, driving magnets associated with said 
disc and having actuating coils, means to energize 
one of said coils at a constant energy level, 
means to electrically energize another of said 
coils at an energy level variable at will, in smooth, 
progressive fashion, whereby to control the speed 
of said motor and of the modulating means in 
like fashion within the frequency range of said 
modulating means, and a drag magnet means 
operatively associated 
ing a permanent magnet for causing the motor to 
operate at ultra slow speed. ‘ ' 

11. Apparatus for production of electrical en 
ergy comprising a generator operable to produce . 
a carrier wave of energy of desired frequency, 
including modulating means operable to modu 
late the carrier wave, a motor for driving said 
modulating means, said motor having an eddy 
current disc, driving magnets associated with said 
disc and having actuating coils, means to elec 
trically energize said coils, said disc being formed 
with a perforation therethrough, on one side 
thereof, in position to register with said driving 
magnets, and means operable at will to substan 
tially reduce the energy supplied to one of said 
coils whereby to stop said motor when said open 
ing comes in registration with said driving mag 
nets. _ 

production of electrical 
energy comprising recti?er means operable from 
a source of A. C. energy to provide a D. C. power 
supply, a generator operable to produce a pulsat 
ing energy wave having a frequency component, 

associated with said disc and having‘ actuating 
coils, means to electrically energize said coils 
variably, in smooth, progressive fashion, to con 
trol the speed of said motor and the correspond 

l0 

15 

30 

35 

40 

with said disc and compris- ' 

80 

16 
ing frequency of said component in like fashion, 
means forming an output circuit, switch means 
selectively operable to connect said power supply 
and said generator means alternately in said out~ 
put circuit and to connect said power supply with 
said A. C. energy source, and means to connect 
said generator means with said A. C. energy 
source when the generator means is connected 
with said output circuit. 

13. Apparatus as set forth in claim 12, includ 
ing A. C. and D. C. indicating meters, and switch 
means operable to interconnect said meters in 
said output circuit selectively as said power 
supply and generator 
with. 

14. Apparatus as set forth in claim 12, includ 
ing an intensity control potentiometer in said out 
put circuit and switch means for holding the out 
put circuit normally inactive, said switching 
means being Operable by said intensity control 
means at a predetermined low intensity setting 
thereof for activating said output circuit for 
transfer of energy therethrough. ' 

15. Apparatus for‘ production of ‘ electrical 
. energy comprising a pulsating energy wave gen 

erator embodying a light source, photo-electric 
elements, a light interrupting member movable 
between said light source and said photo-electric 
elements, an adjustable speed motor for driving 
said interrupting member at a selected rate with 
in a predetermined speed range, a translation 
system comprising a pair of impedance matching 
valves controllingly connected with said photo 
electric elements, a bridge network comprising 
input valves controllingly connected with said 
impedance matching valves, and output valves 
controllingly connected with the input valves, 
said photo-electric means, the impedance match 
ing valves and the input and output valves of said 
bridge circuit being interconnected in push-pull relationship. 

16. Apparatus as set forth in claim 15 wherein 
said motor comprises an eddy current disc, driv 
ing magnets associated with said discs and hav 
ing actuating coils, means to electrically energize 
said coils to drive said disc at desired speed, and 
drag magnet means for reducing the operating 
speed of said motor. 

17. Apparatus as set forth in claim 15, includ 
ing means forming a supply source of uni-direc 
tional power, means forming an output circuit, 
switch means selectively operable to connect said 
supply source and said output valves alternately 
with said output circuit, A. C. and D. C. indi 
cating meters, and switch means operable for 
interconnecting said meters in said output circuit 
as said supply source and output valves are inter 
connected therewith. 

18. Apparatus as set forth in claim 15, includ 
ing means forming a supply source of uni-direc 
tional power, means forming an output circuit, 
switch means selectively operable to connect said 

- supply source and said output valves alternately 
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with said output circuit, A. C. and D. C. indicating 
meters, switch means operable for interconnect 
ing said meters in said output circuit as said sup 
ply source and output valves are interconnected 
therewith, intensity control means in said output 
circuit, and switch means for holding the output 
circuit normally inactive, said switch means being 
operable by said intensity control means at a 
selected low intensity setting thereof for activat 
ing said output circuit for transfer of energy therethrough. 

19. Apparatus as set forth in claim 15, includ 

means are connected there- ' 
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ing means forming a supply source of uni-direc 
tional power, means forming on output circuit, 
switch means selectively operable to connect said 
supply source and said output valves alternately 
with said output circuit, A. C. and D. C. indi 
cating meters,-switch means operable for inter 
connecting said meters in said output circuit as 
said supply source and output valves are inter 
connected therewith, intensity control means in 
said output circuit, a normally open switch for 
holding the output circuit normally inactive, 
closing means operable by said intensity control 
means to close said switch at a selected low in 
tensity setting of said control means, and holding 
means for maintaining said switch closed, after 
operation of said closing means, for as long as 
energy is delivered in said output circuit. 

20. Apparatus as set forth in claim 15, wherein 
said adjustable speed motor comprises an eddy 
current disc, driving magnets associated with said 
disc, at least one of said magnets having an actu 
ating coil, and means to electrically energize said 
coil at an energy level variable at will to control 
the speed of said motor and the frequency of the 
pulsating wave delivered from said generator. 

21. Apparatus as set forth in claim 15, wherein 
said adjustable speed motor comprises an eddy 
current disc, driving magnets associated with said 
disc, at least one of said magnets having an actu 
ating coil, and means to electrically energize said 
coil selectively at high and at substantially lower 
energy levels for operation of said motor selec~ 
tively in high and low speed ranges. 

22. Apparatus for production of electrical 
energy comprising a pulsating energy wave gen 
erator embodying a light source, photo-electric 
means, means to develop an energy wave in re 
sponse to variations in light intensity on said 
photo-electric means, comprising a light inter 
rupting member turnable between said light 
source and said photo-electric means, a motor for 
driving said member having an eddy current disc, 
driving magnets associated with said disc and 
having actuating coils, means to energize one of 
said coils at a constant energy level, means to 
electrically energize another of said coils at an 
energy level variable at will, in smooth, progres 
sive fashion, whereby, in like fashion, to control 
the speed of said motor and the corresponding 
frequency of light interruption by said interrupt- ' 
ing member, and a drag magnet operatively asso 
ciated with said disc for causing slow speed opera 
tion of the motor. 

23. Apparatus as set forth in claim 22 wherein 
said photo-electric means comprises a pair of 
spaced photo-electric elements operatively con 
nected with a translation system for developing 
the pulsating energy wave in response to light 
beams of variable intensity applied alternately on 
said elements, said light interrupting member 
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comprising an opaque member formed with 
spaced radially extending windows through which 
light beams from the source may be applied al 
ternately on said elements as said disc is rotated 
by said motor. 

24.. A rotary motor comprising a rotatable eddy 
current disc, a driving magnet having a poten 
tial coil, a driving magnet having a current coil, 
means to energize said potential and current 
coils for motor operation by rotation of said disc, 
and a drag magnet operatively associated with 
said disc for retarding rotation of the disc, where 
by the 'motor may operate within a selected slow 
speed range. 

25. A rotary motor comprising a rotatable eddy 
current disc, a driving magnet having a potential 
coil, a driving magnet having a current coil, 
means to energize said current and potential coils 
for motor operation by rotation of said disc in a 
normal speed range, a drag magnet operatively 
associated with said disc and means operable at 
will to energize said drag magnet for slow speed 
operation of said motor. 

26. A rotary motor comprising a rotatable eddy 
current disc, a driving magnet having a potential 
coil, a driving magnet having a current coil, 
means to electrically energize said current and po 
tential coils for motor operation by rotation of said 
disc, and means operable at will selectively to sup 
ply energy to one of said coils either at a rela 
tively high or a relatively low intensity level, 
whereby to control the motor for operation in 
high and low speed ranges. 

27. A rotary motor comprising a rotatable eddy 
current disc, a driving magnet having a potential 
coil, a driving magnet having a current coil, 
means to electrically energize said current and 
potential coils for motor operation by rotation of 
said disc, said disc being formed with a perfora 
tion therethrough, on one side thereof, in position 
to register with said driving magnets, and means 
operable at will to reduce the energy supplied to 
one of said coils whereby to stop said motor when 
said opening comes in registration with the poles 
of said driving magnets. 

WILLIAM D. SHANNON. 
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