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This invention relates to therapy apparatus 
and pertains more particularly to an output cir 
cuit for a short wave therapy‘ apparatus.‘ This 
application is a continuation-in-part of our 00 
pending application, Serial No. 359,030, ?led Sep 
tember 30, 1940. ' 
Short wave therapy devices usually consist of 

a high frequency source, comprising a vacuum 
' tube oscillator, and an output circuit which is 
adapted to connect the source with the therapy 
load. The load is usually produced by treatment _, 
devices such as a pair of insulated electrodes of, 

. extended area which are applied to a patient'at 
spaced positions to subject a’ ~pc'irtion of the 
patient to a high frequency electrostatic ?eld, 
or it may comprise a cable which is wound about 
the patient to subject a portion of the patient to 

$1 

the combined action of the electromagnetic and , 
As another example, a sur 

circuit for the purpose of cutting or coagulating 
tissues. The impedance of the various loads will 
differ considerably and for that reason it is pref 
erable to employ a parallel tuned output circuit 
since such a circuit is capable of considerable 
impedance variation and it is possible to obtain 
the desired impedance match between the output 
circuit and the load. ' 

Parallel tuned circuits at resonance are pro-' 
ductive of extremely high voltages when un 
loaded and require elaborate} insulation. In fact, 
at extremely high frequencies the cost. of insula 
tion makes the use of such circuits commercially 
impractical unless elaborate precautions are 
taken to prevent their being tuned to resonance 
when unloaded. Furthermore, the power source 

, is usually set in operation before the load is con 
nected to’ the apparatus. 
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It is well known that the magnitude of these ' 
no-load voltages at resonance ‘can be decreased 
by increasing the ratio of the capacity to the in 
ductance in the parallel tuned coupling circuit. 
This has the‘ disadvantage that the e?lciency of 

for moderately low ratios the voltages developed 
at no load are too high for practical purposes. 
With our circuit it is possible to use a low ca 

pacity to inductance ratio or a so-called “low 
C” circuit without producing high‘voltages‘at no 

1 load. We are also'able to use-an inductance hav 
ing a ratio 01' reactance‘to resistance‘: which is 
‘very high, that'is, an inductance with 'a-h‘igh Q. 
These?'pre mniiritant; conditions‘ to‘ jrul?ll ‘since f 
they result in an’eillcien'toutmitcircuit.“ At the 
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' the coupling circuit is low. 5 For et?cient opera- 1“ 
.tion this ratio should be low. However,v even 
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same time an output circuit so constructed can 
be operated with a minimum reaction on the 
source, wherefore the source can be operated with 
a minimum deviation from a given frequency. ' 
Further, such an output circuit may be satisfac~ _ 
torily used with a very stable source, such as a 
crystal controlled oscillator. This is of consider~ 
able importance at the present time in view of 
a growing tendency toward Federal restriction 
of therapy devices to a narrow band of fre¢ 
quencies. ’ 

It is ‘a primary object of this-invention to pro 
duce an output circuit which has a low capacity 
to inductance ratio and which does not produce 
inordinately, high voltages when unloaded. 
Another object of the invention is to provide 

an output, circuit which is incapable of being 
tuned to resonance when unloaded and which 
may be tuned to resonance when loaded'for a 
wide ,variety of loadings. 
A further object oi the invention is to provide 

an output circuit which is incapable of being 
tuned to a frequency as high as the frequency 
‘or the source when unloaded, and which is tuna 
ble to the frequency of the source when loaded 
with a predominantly inductive load such as im 
posed by a normal short wave therapy load. 

A_ further object of theinvention is to provide 
an e?icient output circuit which has little reac 
tion on the ‘radio frequency source, wherefore 

- the source operates substantially at constant fre 
quency 
Our invention comprises a. parallel resonant 

output circuit suitably coupled to a. source of 
high radio frequency current for connecting the 
source to a therapy load such as condenser type 
electrodes, treatment cables or surgical'velec 
trodes. The parallel resonant output circuit 
comprises an inductance in parallel with a con 
denser. Either the condenser or inductance may 
be variable. ,The output circuitis further pro 
vided with‘outlput" terminals connected to the 
ends of the inductance and adapted for connec 
tion‘ to a treatment device, whereby the treat— 
ment_load_'along"with any other load produced 
thereby is connected ‘in parallel with ‘the in 
du‘cta'n‘ce.v The constants of the output circuit 
are’ ‘such that it'is impossible by varying the ca 
pacityofthe condenser or the value of’ the in 
ductance to tuner-the output circuit to the Ire 

, 'quency of the source when, no treatment load is 
connected ‘between the terminals.‘ "The con 
stantsjpf the‘output circuit are further-such that 
the presence ‘of a‘ normalv therapy load, between 
the ‘terminals results in'a load‘ which ‘is induc 
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tively reactive at the frequency of the source in 
parallel with the inductance. This lowers the 
total inductive reactance of the coupling circuit 
and makes it possible to tune the coupling cir 
cuit to the frequency of the source by varying 
the capacity of the condenser or the value of. the 
inductance. The output circuit may comprise 
loading coils or inductances connected between 
the terminals and the ?rst-mentioned inductance 
in order to introduce the desired inductive react 

_ ance in parallel with the first-mentioned induct 
ance when the treatment load is connected, if the _ 
treatment load does not introduce sumcient in 
ductive reactance. 
Further objects and'advantages of our inven 

tion are either speci?cally brought out in the 
ensuing description or will be apparent there 
from. 1 

We have illustrated our invention in the ac 
companying drawing and referring thereto: 

Fig. l is a schematic diagram of a short wave 
therapy circuit embodying our invention; . 

Fig. 2 is a graph illustrating the operation of 
our vapparatus; - 

Figs. 3 and 4 are schematic diagrams illus 
trating alternative modes of coupling the output 
circuit to the source ;' n > 
I' Fig. 5 is a schematic diagram of an output 
circuit provided with a simple impedance match 
ing network which may be used on‘ extremely 
high frequencies, for example; and - . 

Fig. 6 is a schematic diagram of an output 
circuit utilizing a ?xed capacity and variable in 
ductance. . 

Referring to Fig. 1 of the drawing, we vhave 
illustrated our invention in connection with a 
typical high frequency source or generating cir 
cuit such as- a push-pull oscillator l which is 
surrounded by a dotted rectangle on the wiring 
diagram. This oscillator may be adapted to pro 
duce high frequency current at a wave-length 
of about 11.5 meters, for example. The source 
I is suitably coupled to an output circuit 'accord-' 
ing to this invention which is enclosed by the 
dotted rectangle 2. 
The high frequency source i does not‘form part 

of this invention, since substantially any well 
known high frequency source may be used, and 
‘will be described only brie?y. The source is 
shown vas comprising a grid coil l0 having its 
opposite ends connected respectively to grids ,ll 
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and it’ of vacuum tubes is and I4 which are _ 
also provided with plates l5 and I5 and ?la 
‘ments I’! and‘ 18 respectively. The plates are 
respectively connected to the opposite ends of a 
tank coil l9 ‘and the ?laments are shown suit 
ably connected to a. ?lament supply device 20. 
The source is further provided-with a tank con 
denser j2l connected across the tank coil l9 and 
a grid bias resistor 22 connecting the ?laments 
I ‘l and i8 to the midpoint of the grid coil III.‘ 
A suitable plate voltage supply means 23 is'shown 
vconnected between the ?lament side of thegrid 

‘ resistor 22jand the midpoint of the tank coil [9. 
The output circuit‘ 2 of this invention is shown 

‘as comprising an output inductance 30 and a 
variable capacity condenser v3t connected in par 
allel with the‘output inductance 30.‘ The induct 
ance, 30 and the condenser 3| comprise a par 
alleltuned circuit. The outputclrcuit 2 is shownv 
coupled to ‘the high frequency source I through 
the agency of coupling condensers 32 and 33 ‘which 
"connect _ the respective [ends of ' the tank‘ coil _ I! 
to the ends or ‘the output inductance 30'. . ‘ 

Referring nowv to Figs. land ,2. and vu'iol‘c bar--v 
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tlcularly to Fig. 2, a curve '40 is shown which 
illustrates the relation between the capacity of 
the output condenser 3| and the resonant fre 
quency of the output circuit when the output 
circuit is unloaded. The output condenser-3| is 
variable over a range between a minimum capac 
ity valueCr and a maximum capacity value C2, 
and the output circuit may thus be tuned to 
resonance at any frequency lying between a high 

1 frequency f1 and a low frequency In.‘ The in 
ductance of the coil 30 and the capacity of the 
condenser 3| are so chosen that the frequency 
11 lies below the frequency of the source indi 
cated at Is. For that reason it is impossible 
to tune the output circuit to resonance when 
it is unloaded. Thus no dangerously high volt 
ages exist ‘in the output circuit at such a time, 
and it isv also possible to connect the load _tc 
the output circuit without the production of dan 
gerous arcs. Furthermore, the ratio of the ca 
pacity of the condenser 3| to‘the inductance oi 
the coil 30 may be made __very low, with resulting 
high- e?iciency of the output circuit. By using 
a high value of inductance it is possible to match 
higher impedance loads. Furthermore, the in 
ductance 30 may have a high Q. 
Our circuit further comprises a loading por~ 

tion 3 which includes loading coils 34 and 3! 
the respective ends of which are connected tc 
the respective opposite sides of the inductance 30 
and to output terminals 38 and 31. The coil: 
34 and 35 are inductively reactive at the fre 
quency of the source. ' 
A treatment load 4 is shown connected be 

tween the terminals 36 and \31 and is indicated 
in dot-‘dash lines. The treatment load 4 pro 

‘ duces a current ?ow in the loading coils l4 and 
35 and may either be predominantly capacita 
tively or predominantly inductively reactive. The 
treatment load is produced by the current flow 
through the connections to the treatment de 
vices (which may comprise cables, pads, surgicai 
appliances or other electrotherapeutical orelec 
trosurgical appliances) and the load produced by 

' the current flow through the patient. Various 
examples-oi’ such loads are illustrated vin U. S 
Patent No. 1,945,867, issued February 6, i934, tc 

J 

Until the treatment load is effective, that is 
until it actually ‘imposes a load on the circuit 
there is no effective current ?ow through. the 
coils 34 and 35 and they produce no loading 
Hence, they have no appreciable e?ect on the 
circuit, since they do not constitute a load. Ir 
this unloaded condition, therefore, the .outpu 
circuit operates according to curve 40. - 
The values of the loading coils 34 and 35 are 

so chosen that a normal treatment load will im 
pose an inductively reactive load on the output 
circuit. This reactance is in parallel with the 
inductance 30 and e?ectively lowers the react 
ance in parallel with the condenser 3| in the 
output circuit. The value of the inductance ‘It 
is such that when a normal treatment load i: 
connected between terminals 36 and 31, the out 
put circuit may be turned to the; frequency 01 
the source by‘adjusting the condenser to a value 
within its capacity range. I v . 

Dotted curve 4| in. Fig. 2 illustrates the rela 
tion between the. capacity .of the output condenser 
3| and the resonant frequency of the output cir 
cult ‘when the treatment load is connected be 

",tween the, output terminals for a value of treat 
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.men'tload lying vwithin the'normal range. From 
an M curve 41 1t- tmibe seen that the 
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output circuit is tunable between a frequency in, 
and a frequency is which lie respectively below 
and above the frequency of the source fa. Fur 
thermore, the output circuit may .be tuned .to 
resonance at source frequency is. ' > 

It should be obvious that the output circuit 
may be coupled to the source in any one vof a‘ 
number of ways and that it is not necessary to 
use capacity coupling such as illustrated in Fig. 1. 
For example, the output circuit may be induc 
tively coupled to the source. Referring to Fig. 3, 
a suitable high frequencysource is indicated at 
5]], for example a source such as illustrated at I 
in Fig. 1. 
tank inductance 5! which is inductively coupled 
to an output inductance 52 which is shunted by a 
variable output condenser 53. Output terminals 
545 and 55 are shown. connected to the opposite 
.ends of the inductance 52. Except for the type 
of coupling, 
in Fig. 1. 
In Fig. 4 an arrangement is shown which em 

ploys link coupling. A portion of a source’ is 
shown at 60 and comprises a tank coil 61 induc 
tively coupled to a link coupling coil 62 which is 
connected to a second link coupling coil 63. An 

this circuit may be the same as shown 

voutput circuit according to our invention is indi 
cated at 64 and comprises an'inductance 65 which 
is inductively coupled to the coil 63. The out 
put circuitmay otherwise be the same as illus 
trated in Fig. 1. e ‘ 

It is to be pointed out that it is not always 
necessary to employ ‘loading coils to cause the 
treatment load to impose an inductive load on the 
output circuit. The load a given treatment de 
vice itself imposes'on the system will vary with 
frequency. For example, we have found the cir 
cuit illustrated in Fig. 1 quite satisfactory for all 
normal treatment loads encountered at 11.5 
meters. However, at a higher frequency, for ex 
ample 5.75 meters, the inductive reactance of 
some normal treatment loads is so high that load 
ing coils are not necessary. , 
In Fig. 5 an output circuit according tothis 

invention is illustrated at "and is shown as com 
prising an inductance ‘ll suitably coupled to a. 
source not shown, and a variable capacity 12' 
in parallel with the inductance ‘I l . The apparatus 
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This source is shown as comprising a ' 
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one indicated at 3la. The variable inductance 
30a may be constructed in any of the manners, 
well known in the art. For example, the in 
ductance may be tuned by a slider moving in a 
helical path along the coil turns as is commonly 
used in transmitter practice; ‘ 
With the output circuit 2a substituted for the 

output circuit 2 of Fig. 1, the resonant frequency 
of the output circuit 2a is tunable between a ?rst 
frequencyand a second higher frequency as the 
inductance of coil 30;; is varied between its high 
est and lowest values. The values of inductance 
and capacity are such that with the treatment 
load disconnected, said second frequency is lower 
than the frequency of the source I. Hence it is 
impossible by varying the value of the inductance 
30a to bring the output circuit to resonance with 
the source‘! when the treatment load 4 is dis 
connected. ' . 

As pointed out previously, connection oflthe 
treatment load it to the terminals 36 and 31 is 
re?ected in the output circuit as an inductively 
reactive load either because the treatment load is. 
predominantly inductively reactive or because the 
combination of the loading device '3 and load 4 
is inductively reactive. Thus, connection of the 
load a has the same effect as the placing of an 
inductance in parallel with the inductance 30a 
and decreases the total inductance in parallel 
with the condenser 3la. As a result, the out 
put circuit is now tunable to a higher frequency 
than it was before and the constants of the 
circuit are preferably such that the output circuit 
is tunable to the frequency of the source I. 

It should be obvious that the variable condens 
ers in the output circuits illustrated in Figs. 3, 4 
and 5' may be replaced by ?xed ones and the 
corresponding parallel ?xed inductancesmay be 
replaced by variable ones. In every case the same 
advantages as realized with variable condensers 
will be obtained, that is, it will be impossible to 
tune the output circuit to the resonance with the 
high frequency source until the treatment load is 
connected. ‘ 

Having now described and illustrated rparticum 
lar forms of our invention, we wish it to be under 
stood that our invention is» not limited to the 

is shown provided with two sets of output ter-_ ' 
minals, ‘I3 and 14, and ‘I5 and 16,'respectively. 
The ?rst set is connected directly to the opposite 
sides of the inductance 'llwhile the second set 
is connected to the'ends of the coil 1| through 
loading coils 11 and 18. Thus highly inductive 
treatment loads are connected between terminals 
13 and ‘i4 and capacitative or low inductance 
loads are connected between terminals 15 and, 
‘Hi. 

It is. to be understood that where a variable 
capacity is shown, for example condenser 3|, it 
may include one or more ?xed capacities con 
nected in series or parallel with a variable ca 
pacity. The total capacity is of ‘course varied 
by the variable capacity. 

It should be apparent-that tuning of the out 
put circuit may be‘ eifected with a variable in 
‘ductance element rather than a variable con 
denser element as in the previous examples. 
Under such circumstances a fixed condenser‘ ele-' 
ment may be employed in the place of-- the varie 
able one. In Fig. 6 the output circuit 2 of Fig. 1 
is indicated at 2a as modi?ed for inductive tun 
ing. Thus the ?xed inductance 30 has been re 
placed by a variable inductance 30a and the vari 
able condenser 3l has been replaced by a ?xed 
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speci?c forms or arrangements herein described 
and shown, but rather to the contemplation ex 
pressed by our claim. ' ' 

We claim: ‘ 
1. A high frequency electrotherapy apparatus 

provided, with ahigh frequency generating cir-" 
cuit means stabilized at a given frequency level; 
and an output circuit, means coupled to said gen 
erating circuit means including an inductance 
element and having a resonant frequency differ 
ent from said given frequency level, said output 
circuit means including a capacity element par 
allel connected to said inductance element and 
output terminals adapted to receive, in‘ parallel 

, connection to said inductance and capacity ele 

c5 
ments, a treatment-device adapted to impose a 
given inductive load'upon said output circuit 
means, one of said elements being variable,‘.the 
value of said elements, with respect to such in 
ductive load, being such that said output circuit 

' remains out of resonance with said generating 
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circuit means at all values of said one element 
when said treatment device is unconnected, and 
being such‘ that said output circuit means can be 
brought into resonance with said generating cir 
cuit means through the agency of said one vari 
able eIement when said treatment device is con 
nected. ' 



4 
2. A high frequency electrotherapy apparatus 

comprising: a current source adapted to supply 
electrical current at a high radio frequency; and 
an output circuit coupled to said source, said out 
put circuit comprising an inductance element, a 
capacity element connected in parallel with said 
inductance element and output terminals con 
nected in parallel with said inductance element, 
one of said elements being variable over a range 
between a maximum and a minimum value, the 
value of the other of said elements being such 
that said output circuit is resonant to a frequency 
lower than the frequency of said source when said 
one‘ element has a minimum value, said output 
circuit being resonant to the frequency of the 
source when said one element has a value in said 
range and a normal treatment load is connected 
between said terminals. 

3. A high frequency electrotherapy apparatus 
provided with a high frequency generating cir 
cuit means stabilized at a given frequency level; 
and an output circuit means coupled to said gen 
erating circuit means including an inductance 
and having a resonant frequency different from 
said given frequency level, said output circuit 

_ means including a variable capacity parallel con 
nected to said inductance and output terminals 
adapted to receive, in parallel connection to said 
inductance and said variable capacity, a treat 
ment device adapted to impose a given inductive 
load upon said output circuit means, the value 
of said inductance and such capacity, with re 
spect to such inductive load, being such that said 
output circuit remains out of resonance with said 
generating circuit means at all values of said var 
iable capacity whendsaid treatment device is un 
connected, and being such that said output cir 
cuit means can be brought into resonance with 
said generating circuit means through the agency 
of said variable capacity when said treatment de 
vice is connected. ‘ _ 

4. A high frequency electrotherapy apparatus 
comprising: a currentsource adapted to supply 
electrical current at _a high radio frequency; 
treatment circuit means including a treatment 
device adapted for application to -a patient, said 
circuit means comprising an inductively reactive 
load at the frequency of said source when said 
"device is operatively associated with a patient 
and a negligible load when said device is not op 
eratively associated with a patient; and an out 
put‘ circuit associating said treatment circuit 
means with said source, said output ‘circuit com 
prising an inductance in parallel with said treat 
ment circuit means and a variable capacity con 
denser in parallel with said inductance, the rela 
tive values of said inductance and-said capacity 
being such that said output circuit is tunable to 
resonance when said treatment device ‘is opera 
tively associated with a patient and is‘ not tunable 
to resonance when, said treatment device is not 
operatively associated with a-patient. 

5. A high frequency electrotherapy apparatus 
comprising: a current source adapted to supply 
electrical current at a high radio frequency; and 
an output circuit coupled to said source, said 
output circuit comprising an inductance, a ca 
pacity connected in parallel with said inductance 
and output terminals connected in parallel with 
said inductance, said capacity being variable over 
a range between a maximum and a minimum 
value, the value of said inductance being such 
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that said output circuit is resonant to a frequency 
lower than the frequency of said source when said 
capacity is at said minimum value, said output 
circuit being resonant to the frequency of said 
source when said capacity has a value within - 
said range and a normal treatment load is con 
nected between said terminals. 

6. An apparatus as set forth in claim 5, com 
prising in addition, loading‘ coils connected bef 
tween said terminals and said‘ inductance. 

7. In an electrotherapy apparatus having a 
source of high radio frequency current, an out 
put circuit coupled to said source and comprising: 
an inductance; a capacity connected in parallel 
with said inductance and being capable of varia 
tion over a range between a low value and a, high 
value; and output terminals connected to the op 
posite sides of said inductance, the value of said 
inductance being such that said output circuit is 
resonant to a frequency lower than the frequency 
of said source when no load is connected between 
said terminals and said capacity is at said mini 
mum value, said output circuit being resonant to 
the frequency of said source when a normal treat 
ment load is connected between said terminals _ 
and said capacity has a value within said range. 

8. An apparatus as set forth in claim 7, said 
outputcircuit further including a loading coil 
connected between each of said terminals and 
the ends of said inductance. 

9. In an electrotherapy apparatus having a 
source of high radio frequency current, an output 
circuit coupled to said source and comprising: 
an inductance; a capacity connected in parallel 
with said inductance and being capable of varia 
tion over a range between a low value and a high 
value; and output terminals connected to the op 
posite sides of said inductance,-the value of said 
inductance being such that said output circuit 
is resonant to a frequency lower than the fre 
quencyof said source when no load is connected 
between said terminals and said capacity is at 
said minimum value, said output‘ circuit being 
resonant to the frequency of said source when a 
normal predominantly inductively reactive treat- ' 
ment load is connected between said terminals . 
and said capacity has a value within said range. 

10. A high frequency electrotherapy apparatus 
' provided with a high frequency generating cir 
cuit means stabilized at a given frequency level; 
and an output circuit means coupled to said gen 
erating circuit means including a capacity and 
having a resonant frequency di?erent from said 
given frequency level; said output circuit means. 
including a variable inductance parallel con 
nected to said capacity and output terminals 
adapted to receive, in parallel connection to said 
variable inductance and said capacity, a treat 
ment device adapted to impose a given inductive 
load upon said output circuit means, the value 
of said inductance and such capacity, with re 

‘ spect to such inductive load, being such that said 

65 

70 

output-circuit remains out of resonance with 'said 
generating circuit means at all values of said 
variable inductance when said treatment device 
is unconnected, and being such that said output ' 
circuit means can be brought into resonance with 
said generating circuit means through the agency 
of said variable inductance when said treatment 
device is connected. . V ' . 
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