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ELECTRODE FOR DIATHERMY APPARATUS 

OR THE LIKE 

Gereld L. Tawney, Hempstead, N.Y., assignor of 
sixty per cent to Atlantic Electronics Corporate 
tion, Port Washington, N. Y., a corporation of 
New York, and forty per cent to Morris Reison, 
Great Neck, N. Y. 

Application October i0, 1947, Serial No. 9,119 

(Cl. 128-413) 12 Claims. 

The present invention relates to the art includ 
ing short-wave diathermy apparatus, and is more 
particularly concerned with improvements in 
electrodes for such apparatus useful in applying 
the short-wave energy produced by the apparatus 
to a subject to be treated. 
At the present state of the art, it is well-known 

to use high-frequency or short-Waye Oscillations 
for physiotherapy purposes, to produce internal 
and/or surface heating within the body for thera 
peutic benefit. Diathermy apparatuS for these 
purposes essentially comprises a simple short 
wave oscillation generator in combination with 
special means for usefully applying the generated 
short-wave power to the subject to be treated. 
Because of the wide variations in the character 
of the electrical loading upon the apparatus dur 
ing normal use, difficulty has been experienced in 
providing apparatus adaptable for Satisfactory 
performance during all normally encountered 
operating conditions. In particular, difficulty lS 
encountered in maintaining Substantially cons 
stant frequency, Within the requirementSimposed 
by the Federal Communications Commission. 
Further difficulty flows from the previous neces 
sity of providing a very high Voltage at the out 
put terminals of the machine, in order to get 
sufficient power to the Subject; such high voltage 
frequently results in sparking-over between con 
denser plates within the apparatus, or may even ; 
puncture the cables connected to these terminals. 
Still further trouble is encountered in providing 
ready adjustability for the output, Without undue 
sensitivity of control, and also in preventing ex 
ternal influences, such as nearby objects, from 
harmfully affecting the performance of the ap 
paratus. - 

A favorite method in the prior art for connect 
ing the diathermy machine to Supply energy to 
the subject has been to connect a pair of elec 
trodes to the respective output terminals of the 
machine by means of respective cables and to 
place the subject between these electrodes, where. 
upon the Oscillating high-frequency field between 
the electrodes produces the desired heating with 
in the Subject. A customary form Which Such 
electrodes have taken is as flat metallic plates 
covered by insulation. In one application, these 
electrodes are known as 'pads' and are applied 
directly to the Subject, So that only the insulation 
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spaced' electrodes. With the use of such air 
spaced electrodes, the above-mentioned difficul 
ties of Spark-OVar and cable puncture frequently 
occur. Also, the adjustment of power flow to the 
Suoject is rendered Inon-uniform and relatively 
Sensitiye--that is, relatively small adjustment of 
the control causes a large change in effect upon 
the subject. Furthermore, a Very high voltage is 
required between the electrodes, resulting in the 
possibility of arc-Over to nearby grounded metals 
lic objects, even through insulation, which may 
thereby be injured. Also, this high voltage ren 
del's the apparatus Sensitive to the approach of 
nearby objects, even the operator, and to move 
inent of the Subject, so that the heating effect 
upon the subject is not consistent and may vary 
as the operator moves around in the vicinity, 
The operator is also Subject to the hazard of 

20 

25 

8. 

3. 5 

40 

45 

50 
covering separates the metal plate from the sub-. 
ject. It was early discovered that a preferred 
form of treatment was obtainable by separating 
the pad electrodes from the Subject by a suitable 
air space. Such electrodes are known as "air 55 

spark burns if he getS too close to the electrodes 
or their supports. These effects seem to be in 
herent in the conventional type of air-spaced 
electrode, apparently due to the Very small series 
capacitance introduced into the system by the 
spacing between electrode and Subject. - 
A further type of electrode which has been 

proposed in Rose Patent No. 2,130,758 is a flat 
spiral with One or both ends open, and the lead 
connected at an end or in the center. An impor 
tant problem encountered in the use of Such an 
electrode is that of Spark-OVer from the uncon 
nected end of the spiral, lack of uniform heating 
of the subject over the surface of the subject 
between the electrodes, and the attainment of 
evenneSS and lack of Sensitivity of control action. 
According to the present invention, these for 

mer objections and disadvantages of the air 
Spaced electrode are substantially minimized and 
almost removed entirely by the use of a novel 
form of electrode readily adapted to air-spaced 
use, and permitting Wider air-spacing than prior 
known electrodes. This electrode substantially 
reduces the voltage required for satisfactory heat 
ing effect, and thereby minimizes the difficulties 
due to Spark-over and nearby objects. Also, this 
electrode permits a fairly even control of power 
flow to the Subject over the entire range of ad 
justment, without undue sensitivity. 
In a preferred form, the electrode of the pres 

ent invention comprises a flat spiral conductor, 
similar to the Rose spiral electrode described 
above, with the additional improvement that one 
end (preferably the outer end) of the spiral is 
connected to a closed or short-circuited conduc 
tive loop, the other end of the spiral being coin 
nected to the lead from the machine. The simple 
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expedient of the addition of the closed loop to the 
spiral has the effect of overcoming the disadvan 
tages inherent in the plain spiral electrode, and 
provides an electrode which meets the long 
sought requirements of this field. Many modi 
fications of this electrode, all coming within the 
broad principle of using a closed loop, are possible 
while retaining substantially the advantages of 
my preferred embodiment. 

Accordingly, it is a primary object of the pres 
ent invention to provide an electrode for dia 
thermy apparatus or the like, which minimizes 
spark-over difficulties, permits a relatively low 
voltage at the diathermy machine and at the elec 
trodes Without interfering With Sufficient poWei 
flow to the treatment subject, provides a smooth, 
even, non-sensitive control of heating of the sub 
ject and also provides nearly uniform heating 
over the area of the subject being treated. 

It is a further object of the present invention 
to provide an improved and novel diathermy 
electrode having a conductive coil, which may be 
in the form of a flat spiral, in combination with 
a closed or short-circuited conductive loop. 

It is another object of the present invention 
to provide an improved and novel diathermy elec 
trode using a closed loop connected to a coil. 

It is still another object of the invention to 
provide improved electrodes for diathermy ap 
paratus of the like, of the single or two-conductor 
lead-in types, using a short-circuited conductive 
loop. 
Other objects and advantages of the present 

invention will become apparent from the follow 
ing detailed description, taken in conjunction 
with the appended drawings, in which 

Fig. 1 is a Schematic diagram of a diathermy 
machine and its electrodes and their coupling 
thereto; 

Fig. 2 is a perspective view of the electrode of 
the present invention in an adjustable support 
providing adjustable air-spacing, as desired; 

Fig. 3 is an enlarged exploded perspective view 
of a preferred form of the present electrode, 
showing its casing; 

Fig. 4 is a plan View of an improvement on the 
electrode of Fig. 3; 

Fig. 5 is a plan WieW of a slightly modified 
version of the electrode of Fig. 4; 

Figs. 6-10 are plan Schematic views of modified 
electrodes embodying the basic principles of the 
present invention. 

Referring to the drawings, Fig. 1 shows sche 
matically the general System of a diathermy 
machine and its connection to a subject to be 
treated. This System includes a short-wave gen 
erator 2 of any suitable type, many forms of 
Such generator for diathermy purposes being 
known in the art. One suitable form is shown 
in Tawney-Oakes application S. N. 728,318, filed 
February 13, 1947, now abandoned. Generator 2 
is Coupled to (or has as part of it) a tank circuit 
22 which primarily determines the operating 
frequency of the apparatus. 
The tank circuit 22 is loosely coupled to an 

Output coil 23 which may have very few turns, 
Such as one to three. One end of output coil 23 is 
connected directly to one output terminal 24 of 
the diathermy machine, while the other end of 
Coil 23 is connected to the other output terminal 
24a in Series with a control or tuning condenser 
26. AS Will be seen, adjustment of condenser 26 
controls the output power delivered to the sub 
ject being treated. 
The Subject being treated is indicated schemati 
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4. 
cally at 27, and a pair of electrodes 28, 28a are 
spaced on either side thereof. The electrodes 28, 
28a are connected to the terminals 24, 24d by re 
spective cables 29, 29d. 
In actual use, the electrodes 28, 28a are usual 

ly spaced slightly (such as of the Order of 1 inch or 
less) from the subject 27, which has been found 
to reduce the dangel' Of Surface burns, and to in 
prove the operation somewhat. It Will be seen 
that the air-spacing introduces an effective series 
capacitance between each electrode 28, 28a and 
the Subject 27, Which itself usually has a loSSy 
capacitance impedance. The net result of the 
air-spacing is to materially increase the im 
pedance coupled between electrodes 28, 28a so 
that, for a given high-frequency current flowing 
to the subject, a much higher voltage between 
electrodes is required. This increases the danger 
Of Spark-Over from each electrode to any nearby 
grounded object, Which may frequently impair 
the insulation in Which the electrode is mounted. 
This Situation also necessitates a high Voltage 

between the terminals 24, 24a of the apparatus, 
So that not only the electrodes, but also the cables 
and the terminals are subject to high voltage. 
This high terminal and cable voltage renders the 
cables liable to punctule where they may happen 
to touch. One another or to touch any grounded 
part of the apparatus, Such as the casing or elec 
trode Support. 

In addition, difficulty is experienced with re 
Spect to condenser 26. As already stated, the 
amount of power flow is controlled by condenser 
26, Which may be considered to vary the im 
pedance coupled across output coil 23, and there 
by to valry the power delivered to the cables 29, 
29a, and to the Subject 27. In manipulating con 
denser 26, due to the phase of the high-frequency 
Current, a very high reactive voltage can be 
Created acroSS condenser 26, which may be even 
higher than the voltage across terminals 24, 24a. 
AS a result, Spark-Over between condenser plates 
Often occurs, Which may completely damage the 
Condenser So as to require replacement. 

Also, the air-spacing of electrodes causes the 
load impedance and terminals impedance to be so 
large relative to the impedance of condenser 26 
that even a slight adjustment of the condenser 26 
causes a Very material variation in heating of the 
Subject. This sensitivity varies in different por 
tions of the adjustment range, and for different 
types of Subject, and creates a series disadvantage 
in using the apparatus. 
The above discussion of the prior art practice 

is necessary to appreciate the operation and ad 
Vantages of the present invention, shown in the 
Succeeding figures. Figure 2 shows an electrode 
mounting providing adjustable air-spacing, which 
the present invention makes feasible. The elec 
trode assembly 3 is formed as a disk mounted 
coaxially upon a rod 32 which is adjustably sup 
ported in a ring 33 having a set-screw 34 for fix 
ing rod 32, Rod 32 is hollow, and carries the end 
of Cable 29 or 29a, which is thus connected to the 
electrode itself. Ring 33 is fixed rigidly on the 
end of arm 36, which is adjustably mounted on 
the Casing of the diathermy apparatus to permit 
ready movement of the electrode assembly 3 to 
the proper position relative to the subject, as may 
be desired. Also fixed to ring 33 are a trio of 
insulating brackets 37 whose outer ends hold an 
insulating ring 38 whose inner diameter approx 
imates that of electrode assembly 3. 

In use, the insulating Spacer ring 38 is placed 
touching the Subject. Then electrode assembly 
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3 is adjusted to the proper spacing from the 
subject, and is fixed there by tightening ScreW 34. 
If desired, a stop can be used to prevent too Small 
an air-Spacing. 
The construction of the electrode assembly 3 

of Fig. 2 is shown in Fig. 3. The assembly 3 in 
cludes the electrode 4 formed by a flat spiral 
coil 42 with the oute turn 3 connected directly 
at $4 to the next innermost turn, So that turn 43 
is a short-circuited turn or complete loop. The 
innermost end of coil 42 is connected to a ter 
minal 46 having a Square or other non-circular 
head and a threaded portion. 

Electrode 4 is held between two disks 3, 43 of 
insulating sheet naterial. One disk, such as 4, 
may be recessed to accommodate electrode 4, So 
that disk 48 acts as a cover plate. Disks 47 and 
48 are fixed together, with electrode is there 
between, in any suitable manner Such as by in 
sulating screws 39. Disk 47 is provided with an 
aperture 5 nating with the head of terminal 45 
and through which terminal 4 has its threaded 
end engaged, the other end of the sleeve being 
connected to cable 23. 
The elec rode structure 3 constructed as just 

described permits the use of air-spacing tech 
nique while avoiding or minimizing Substantially 
all the disadvantages of the prior art Stiructure 
discussed above. By suitable design of the elec 
trode structure (5 to 9 spiral turns for a 6-inch 
electrode), the voltage requirements for satisfac 
tory treatment are materially educed and the 
prior art sensitivity of adjustinent is avoided. 
The complete theoretical explanation of the op 
era, ion of this novel electrode is not fully 
understood, but is believed to be SomeWhat 
as follows: The coil 42 at the end of the 
cable 29 presents an effective distributed induct 
ance which parlially or wholly neutralizes the 
capacitance due to air-spacing and to the Sub 
ject. This produces a greatly lowered in pedance 
connected between the load ends of cables 29, 
29a, so that for a given treatment effect a much 
lower voltage is required across the load ends of 
the cables 29, 29.a. This lowered load voltage is 
reflected in a lowered terminal Voltage, So that 
any likelihood of cable or condenser spark-over 
is greatly minimized. In addition, the short-cir 
cuited outer turn prevents the existence of ex 
treme potentials at the outer edge of the elec 
trode coil which would otherwise occur. Sucia 
extreme potentials would tend to produce elec 
trode-to-support Spark-Over and Would increase 
the sensitivity of the apparatus to variation in 
subject position during treatinent or to approach 
of external bodies; by use of the present inven 
tion these effects are greatly reduced. The short 
circuited turn also tends to render more uniforn 
the field intensity varia, ion with distance from 
the center; without the short-circuit, the field 

the electrode, so tha. local circular heating of the 
subject at the end of the electrode may be en 
countered. The short-circuited turn prevents the 
local peak field intensity, and makes the field 
intensity in ore nearly uniforn from outer edge 
toward the center of the electrode. This Outer 
closed turn also renders the tuning or adjustment 
less sensitive-that is, for a given condenser set 
ting and high frequency current, a change in 
condenser adjusment or movement of the sub 
ject produces less change in power delivered, 
through the use of the short-circuited turn. 
The electrode coil 42 shown in Fig. 3 is formed 

of one continuous spiral of heavy copper or other 
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6 
conductive wire, with the outermost turn soldered 
or otherwise connected to the next inner turn. 
The Wire may have any desired cross-section, 
such as round, elliptical, or square. No. 6 to No. 
10 A. W. G. Wire has been found highly satis factory. 
Operation of the invention may be further 

improved by making the outermost short-cir 
cuited turn relatively wide. This is shown in Fig. 
4, Where the spiral wire coil 42 is connected to 
the inner edge of a Wide flat ring 5 of conductive 
sheet or metal, forming the short-circuited turn. 
Ring 5 is preferably 3% to 1 inch wide. The 
further peripheral capacitance provided by ring 
5 appears to materially assist in the spark-over 
reduction and Sensitivity inhibition provided by 
the present invention, 
A further construction of electrode is shown in 

Fig. 5, where the electrode is formed out of a 
single circular sheet of conductive material, 
which has a Spiral Slot 53 formed concentrically 
therein. Such a slot leaves the remainder of the 
conductive material in the form of a spiral con 
ductor of Substantial Width, while the short-cir 
cuited turn is formed by the integral outer por 
tion 54 of the circular sheet. A slot about 4 inch 
Wide, with a spacing of A to 3A inch between 
Successive slot "turns' and an outer ring of 4 
to 1 inch in width have been found highly satis 
factory, the exact radial width of conductor be 
tween slot, "turns' being determined by the over 
all desired diameter of electrode and the de 
sired number of coil turns. A convenient way of 
forming this electrode has been found to be by 
SaWing or milling the slot. Another way is by 
electrodepositing conductive material upon a 
backing which is later stripped off, the deposit 
being of the form shown in Fig. 5. Also stamp 
ing can be used. 
Other forms of the present invention are sche 

matically shown in Figs: 6 to 10. In Fig. 6, there 
is shown a Spiral coil 56 whose in Innermost end 
59 is connected to a closed turn 58. If desired, 
turn 58 may be in the form of a solid disk. The 
Outer end 57 of coil 56 is then connected to 
cable 29. 

Fig. 7 shows another form in which the spiral 
coil 53 has its inner end 59 connected to a ring 
or disk 58 as in Fig. 6. However, in this case the 
Outer end 5 is connected to a short-circuited 
turn S, and cable 29 is connected to an inter 
mediate point 62 of coil 58. Point 62 is prefer 
ably separated from outer turn 6 f by 4 to 24 
of the total number of turns. Outer turn 6 may 
be either a Wire as in Fig. 3 or a wide ring as in Fig. 4. 

In FigS. 8 to 10, a different type of electrode is 
shown, still embodying the basic principles of 
the present invention. In these figures, Only a 
Single electrode is used on the subject treated, 
and both cables 29 and 29a are connected to it. 
It is highly useful for surface treatment of the 
Subject, as distinguished from interior treatment. 
In Fig. 8, the coil 56 has its outer end 5 con 
nected to short-circuited turn 6 as in Figs. 3, 4 
and 7. The inner end 59 is connected to cable 
29d., While cable 29 is connected to coil 56 at an 
intermediate point 62, preferably 4 to , the 
number of turns from end 59. In this way, coil 
56 acts as an auto-transformer, and its high fre 
quency magnetic field and electric field provide 
Surface treatment. 
In Fig. 9, the inner end 59 of coil 56 is con 

nected to the inner short-circuited turn or disk 
58, as in Figs. 6 and 7, while the outer end 57 
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is connected to cable 29. Cable 29a is then con 
nected to an intermediate point 63, from to to 
As the number of turns from end 57. 
In Fig. 10, outer end 57 of coil 56 is connected 

to Short-circuited turn 6, while inner end 59 is 
connected to inner turn or disk 58, as in Fig. 7. 
Cables 29 and 29d are connected to intermediate 
points 64 and 65. Points 64 and 65 are separated 
about to 4 the number of turns of coil 56, and 
are located intermediate the ends of coil 56, being 
preferably about equidistant between the inner 
most and outermost short-circuited turns. 

It will be understood that Figs. 6 to 0 are 
Schematic only, their construction being as de 
scribed with respect to Figs. 3 to 5. Thus, in any 
of the modifications described, the short-circuited 
turn may be of the same wire as the coil itself, 
or may be a wide closed ring of sheet metal. The 
linnermost turn when short-circuited may be a 
Solid disk. Also, any of the forms described may 
be constructed out of an integral sheet by Sawing 
or milling the necessary slot, as described relative 
to Fig. 5, or may be electrodeposited by electro 
chemical means SO as to have any of the desired 
configurations described above. 
Thus there has been described a novel and in 

proved diathermy electrode incorporating dis 
tinctive features which overcome or minimize 
most of the disadvantages encountered in the 
use of current types of diathermy electrode. This 
apparently Simple construction, however, has pro 
duced the long-Sought improvement in diathermy 
apparatus. 
While the above electrodes have been described 

as useful with diathermy apparatus, it will be 
understood that they are not so limited, but may 
also be used for analogous purposes, such as in 
high-frequency inductive heating apparatus. 
Since many changes could be made Without 

departing from the eSSential principles of the 
present inventions, it is to be understood that the 
above description and the appended drawings are 
illustrative only, and are not to be taken in a 
limiting Sense, since the scope of the invention is 
defined by the appended claims. 

I claim as my invention: 
1. An electrode for a diathermy apparatus or 

the like comprising a flat spiral of electrically 
conductive material having one end connected to 
a coplanar Short circuited turn and an electrical 
terminal On Said Spiral adapted to be connected to 
a lead-in conductor. 

2. An electrode as in claim 1 wherein said short 
circuited turn Surrounds said spiral. 

3. An electrode as in claim 1 wherein said short 
circuited turn is surrounded by said spiral, the 
inner end of said Spiral being connected to said 
turn. 

4. An electrode as in claim 3 wherein a lead-in 
Conductor is connected to the outer end of said 
Spiral. 

5. An electrode for diathermy apparatus or the 
like comprising a flat spiral of conductive ma 
terial having one end connected to a coplanar 
Short-circuited turn, a lead-in conductor con 
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nected to the outer end of said spiral and a sec 
Ond lead-in-Conductor connected to an interme 
diate point of Said spiral. 

6. An electrode for diathermy apparatus or the 
like comprising a flat Spiral of conductive ma 
terial having One end connected to a coplanar 
Short-circuited turn, a lead-in conductor con 
nected to Said spiral, and a second short-circuited 
turn connected to the other end of said spiral, 
Said lead-in conductor being connected to an in 
termediate point of said spiral. 

7. An electrode as in claim 6, further including 
a Second lead-in conductor connected to a differ 
ent intermediate point of said spiral. 

8. An electrode for diathermy apparatus or the 
like comprising a flat spiral of conductive ma 
terial having one end connected to a coplanar 
short-circuited turn, a lead-in conductor con 
nected to said spiral, and a second lead-in con 
ductor connected to said spiral and spaced from 
Said first lead-in conductor. 

9. An electrode as in claim 8 wherein said short 
circuited turn Surrounds and is connected to the 
Outer end of Said Spiral, one of said lead-in con 
ductors being connected to the inner end of said 
Spiral and the other to an intermediate point of 
Said spiral. 

10. An electrode for diathermy apparatus or the 
like comprising a flat spiral of conductive ma 
terial having one end connected to a coplanar 
Short-circuited turn, and a lead-in conductor con 
nected to Said Spiral, said turn being surrounded 
by Said Spiral and connected to the inner end 
thereof, Said lead-in conductor being connected 
to the outer end of said spiral, said electrode fur 
ther including a second lead-in conductor con 
nected to an intermediate point of said spiral. 

11. An electrode for diathermy apparatus or the 
like comprising a coplanar conductive structure 
having a Spiral section and a wide closed loop 
Surrounding Said Spiral section and connected 
thereto, said electrode having a terminal for con 
nection to a short wave generator. 

12. An electrode for a diathermy apparatus or 
the like comprising a closed loop of conductive 
material having a radial dimension between A. 
and 1 inch, a flat electrical inductance coil hav 
ing One end connected to said loop and the other 
end of Said coil having a terminal adapted to be 
Connected to a lead-in conductor. 

GERELD L. TAWNEY. 
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