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My invention relates to systems for energiz 
ing cutting electrodes of a type in which the 
electrode is used as a surgical knife, to sever 
living tissues. - 

5 As is well known in this art, much di?iculty 
has been experienced in connection with the 
methods and systems heretofore used for ener 
vizing electrodes used .for surgical cutting. 
Furrents of low voltage are not appropriate, 

13 as they cause undue heating not only along 
lines where the tissues are severed, but also 
within the tissues. High voltage currents of 
low frequency must be avoided because they 
act electrolytically upon the tissues, and 

15 otherwise injure the same. For these reasons 
- and various others which need not here be 
stated, oscillation currents of high potential 
and high frequency, for energizing the 
cutting electrodes, are greatly to be preferred. 
On the other hand, systems for developing 

oscillation currents of suitable voltage and 
frequency involve more or less di?iculty. 
Such systems usually contain one or more 
vacuum tubes, along with circuits which are 

25 unduly complicated, and di?icult to balance. 
The mechanism, if not heavy and cumben 
some, is apt to be frail. Besides, the vacuum 
tubes are quite delicate, and are oftentimes 
lacking in uniformity. ‘ 

I have invented a method and a system 
closely associated therewith whereby a good 
cutting current can be produced without the 
aid of a vacuum tube; this current being 
maintained by means of apparatus quite sim 

35 ple in character and adapted to be cheaply 
produced. - ' 

20 
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‘My improved system, whichembodies a cir- . 
cuit containing a spark gap, can be regulated 
with great nicety, and its capabilities varied 

40 within wide- limits, by simply adjusting the 
spark gap, or by controlling, independently 
of the spark gap the inductance or capacity 
or both, of the oscillation circuit. 

Reference is made to the accompanying 
45 drawing forming, a part of this speci?cation, 

and lII._WlllCl1 like reference characters indi 
cate-like parts throughout all of the ?gures. 

vFigure'l is a diagram of a form of my sys 
tem as energized by alternating currents. 

0 ‘ Figure 2 is a side elevation of a spark gap 

inechanism used in connection with my inven 
ion. - 

Figure 3 is a section on the line 3——3 of 
Figure 2, looking in the direction indicated 
by the arrows. 

Figure 4 is a diagram, indicating by 
graphic lines the manner in which successive 
trains of oscillations are made to overlap and 
thus form a practically continuous train of 
undamped oscillations. 
‘Figure 5 is a diagram, indicating by full 

lines the effect of a single spark, and indi 
cating by broken lines how in my system the 
eifect of one spark is quali?ed by the effect 
of the next successive spark. - 
Figure 6 is a diagram, indicating by full 

and broken lines an accidental discordant ef 
fect due to want of adjustment of the spark 
gap, the cutting circuit being thereby dis 
abledior purposes of cutting. 
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Figure 7 is a fragmentary diagram of a ' 
form of my system di?ering slightly from 
the one illustrated in Figure 1. 
_A transformer is shown at 7 , and is pro 

vlded with a primary winding .8 and a sec 
ondary winding 9. The proportions of the 
transformer windings may be varied within 
wide limits, but as a rule should be such that 
the potential developed by the secondary 
winding is rather low, preferably not more ° 
than two thousand volts. 
The primary winding 8 is energized by 

means of leads 10, 11. The lead 10 is inter 
rupted by a circuit closer 12, which may con 
veniently be a foot switch of ordinary con 
struction. ‘ 

The lead 11 is interrupted by a regulator 
13, which as here shown is a variable induc 
tance but which may as well be a variable re- > 
sistance. 
regulator 13 be‘used to control current or 
voltage, the ultimate result‘ being substan 
tially the same for the purposes here contem 
plated. . _ ' 

I Connected with the secondary winding 9 
are’ a pair of conductors 14, 15, and connected 
with these conductors are a pair of other con 
ductors 16, 17. These conductors lead to a 
spark gap 18. ' 
Connected with the conductors 14 and 16v 

It matters but little whether the ' 
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is a conductor 19, which leads to a. variable 
condenser 20. A variable inductance is 
shown at 21, and may for example be made 
up of about thirt -eight turns of number 10 
wire, forming a elix two and one-quarter 
inches in diameter. 
The condenser 20 has in this instance a ca 

pacity of about four hundred centimeters, 
ut may be made larger, as hereinafter more 

fully described. ‘ 
The inductance winding 21 is connected 

with the conductors 15 and 17 by a conduc 
tor 22, and is connected with the condenser 
20 by a conductor 23. 
A conductor 23a is connected with the in 

ductance winding 21 and with the conductor 
23, and extends therefrom to a condenser 25. 
Similarly a conductor 24 is connected with 
the inductance winding 21 and with the con 
ductor 22, and leads therefrom to a condenser 
26. 
The condensers 25 and 26 are quite small, 

each having a capacity which need not be 
more than 2,000 to 3,000 centimeters. The 
purpose of the condensers 25 and 26 is to 
avoid the possibility of low frequency im 
pulses passing into the portion of the cir 
cuit located at the right of these condensers 
according to Figure 1, and thus reaching the 
cautery electrode and the patient. 
A conductor 27 is connected with the con 

denser 25, and another conductor 28 is con 
nected with the condenser 26. The two con 
ductors 27 and 28 are preferably cord con 
ductors. _ 

The conductor 27 is connected with a cut 
ting electrode 29, having an electrically en 
ergized operating member 30 which serves as 
a cutting blade. 
A patient is shown at 31, and reclines upon 

a metallic plate 32, with which the conductor 
28 is connected. 
I will now describe the spark gap mecha 

nism. A metallic frame is shown at 33. 
Mounted upon this frame and insulated there 
from are a. pair of spark plates 34, 35. Con 
nected with the spark plate 34 are a number 
of metallic radiator plates 36, and connected 
with the spark plate 35 are a number of other 
radiator plates 37. The spark plates 34 and 
35 are provided respectively with spark ter 

- minals 38 and 39, each of these spark termi 
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nals being simply a boss, projecting slightly 
in a lateral direction from the plate. 
Facing the spark plates 34 and 35, and lo 

cated in close proximity to the spark termi 
nals 38 and 39, is a tungsten plate 40, serving 
as a terminal spark plate. The tungsten 
plate 40 has'the form of a disk, and is mount 
ed upon an end cap 41, which is carried by a 
sleeve 42 of insulating material, this sleeve 
being ?tted upon and carried by the end of a 
shaft 43. 
The shaft 43 is provided with a screw thread 

44, which engages a plate 45 forming a part 
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of the frame and serving as a bearing. Thus 
the shaft 43 with its screw thread 44 is essen 
tially a screw, which is not only revoluble, 
but which in turning moves slightly endwise; 
that is, toward the right or left according to 
Figure 2. 
The shaft 43 carries a worm wheel 46, se— 

cured rigidly upon it and by means of which 
it is turned. A worm 47 engages the worm 
wheel 46, as may be understood from Figure 
3. The worm 47 is carried by a worm shaft 
48, this worm shaft being provided with a 
tubular handle 49 of insulating material. 
The worm shaft is journaled upon the me 

tallic frame, and is revoluble by means of the 
handle 49. The plate 45 is held in position 
by two screws 50, 50. 
The operator, by grasping the handle 49 

and turning the worm shaft 48, causes the 
worm 47 to turn the worm wheel 46. The 
rotation of the shaft 43 varies the distance 
between the tungsten plate 40 to the adjacent 
spark plates 34 and 35, thus varying the 
length of the spark gap 18, which is here illus 
trated as a multiple spark gap. However, a 
single spark gap may be used in instances 
where it may be found preferable. 
As the variation in the length of the spark 

gap is small as compared with the extent of 
a given turning movement of the worm shaft 
48, the operator’s control over the spark gap 
is quite decisive; or in other words. that the 
spark gap may be adjusted, as to its length, 
with great precision. 
The ohmic resistance of the various conduc 

tors above mentioned should be as low as prac 
ticable. On this account, none of the wires 
or other conductors should be very long. No. 
6 copper wire, or its equivalent in cord con 
ductors, will answer thetpurpose. 
With the various parts constructed as above 

described and suitable proportioned relative 
ly to each other, and the leads 10, 11 connected 
with a source of ordinary commercial alter 
nating current of, say, sixty cycles per sec 
ond and one hundred and ten volts, the sys 
tem can be made to produce good results, in 
accordance with my method. , 

‘With the secondary winding 9 developing 
about 800 to 900 volts, the frequency of sparks 
crossing the spark gap 18 is about 5,000 per 
second. While the train of oscillation fol 
lowing each spark is decidedly damped, the 
high frequency of the sparks causes each train 
to be overlapped by the next successive train, 
in the manner indicated by graphic lines in 
Figure 4. The oscillation frequency thus at 
tained, with this particular apparatus, is 
about 500,000 per second, as may be shown 
by means of a wave meter. 

I ?nd, however, that the beginning of each 
train of oscillations must be as far as prac 
ticable in phase with the other trains, as in 
dicated by full and broken lines in Figure 
5. So long as the several successive trains 
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are in phase with each other, the cutting cir 
cuit is energized by current of the kind in 
dicated diagrammatically in Figure 4; these 
currents being, for purposes here contem 
plated, the virtual equivalent of a single con 
tinuous train of undamped or sustained oscil 
lation, of a frequency of about ?ve hundred 
thousand per second. 
The cutting electrode 29, with its electri 

‘0 cally energized operating member 30, when 
energized by currents of the kind just de 
scribed, is very efficient in severing the tissues 
and in otherwise performing the work of a 
surgical knife. 

‘5 The manner in which the cutting electrode 
does its work need not here be described. 
The cutting is accomplished without any 
appreciable loss of blood, and otherwise in 
a manner known in this art. 

10 In order to maintain the cutting circuit in 
good working order, it is necessary to main 
tain a proper proportion between the ca 
pacity, the inductance and the ohmic resist 
ance of the various parts. .The inductance 

l5 and capacity beingv determined by the pro 
portions of the various parts, and particu 
larly the sizes of the condensers and the 
amount of inductance in the winding 21, the 
ohmic resistance of the spark gap may be 

W relied upon for purposes of adjusting and 
balancing the system as a whole. To obtain 
the best‘ results, the spark gap should be 
maintained quite short, and its length should 
be adjusted from time to time as required by 
variations in conditions of operation. 

It is important that the spark gap mecha 
nism be so constructed and arranged as to 
cool the spark gap as far as practicable. 
The variable condenser '20 should not be 

l0 too large. By giving this condenser a maxi 
mum capacity of about four hundred centi 
meters, the other parts being proportioned 
as above described, the cautery electrode may 
be so energized as to cut ei?ciently, without 

15 causing the formation of any crust within or 
upon the tissues. This is a result much to 
be desired. . 

By giving the variable condenser 20 a 
maximum capacity of about eight hundred 

50 centimeters the cutting may be even more 
thorough, but some crust is produced. 
Hence, in most cases this much capacity for 
the condenser 20 is too great. 

If the maximum capacity of the condenser 
55. 20 be increased to sixteen hundred centime 

ters, other conditions remaining unchanged, 
the cautery electrode can be made to cut 
tissues very rapidly, and to readily sever 
them even under water. lln this instance 

30 however, crust is formed so rapidly that ex 
cept under extraordinary conditions, and 
particularly where for some reason the cut 
ting must be done very quickly, the large 
capacity of the condenser 20 becomes very 

85 objectionable. Still, emergencies may arise 
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in which there are distinct advantages in 
having the condenser 20 of large size. 
Care must be exercised by the operator to 

keep the spark gap so adjusted as to main 
tain, as far as practicable, the. resonance con 
ditions indicated in Figures 4 and 5. 

If for any reason the successive trains of 
oscillations are thrown out of phase with each 
other, as indicated by full‘ broken lines in. 
Figure 6, the cautery electrode ceases to cut 
properly, and may even cease to cut alto 
gether; and when this ha pens the current 
may even produce other e ects, more' or less 
injurious to the tissues, or objectionable in 
other ways. ’ g 

I ?nd that in practice it is an easy matter 
to bring the successive trains of oscillation 
into and out of phase with each other, by 
simply adjusting the spark gap; or, practi 
cally speaking,by turning the tubular handle 
49 back and forth, as conditions may re 
quire. However, if desired, the phase rela 
tions may also be adjusted by means of the 
variable capacity or the variable inductance, 

. or both. 

In Figure 7, I show a slightly different 
form of my invention. 
‘Here instead of alternating current I use 

a direct current, supplied by a battery 51 or 
other appropriate source. Otherwise, the 
system and method are as above described, 
with reference to Figures 1 to 6 inclusive. If 
for any reason it be desirable to maintain the 
spark gap of a constant length, the adjust 
ment of the phase may be accomplished as 
just stated. 
As may be understood from the foregoing 

description, my system has both a spark fre 
quency and an oscillation frequency, these 
frequencies being so related as to develop vir 
tual or constructive resonance, in that part 
of the circuit which energizes the cautery elec 
trode. It will also be noted that in order 
to maintain a proper phase relation between 
these two frequencies, one of the frequencies 
must be controllable by the operator; and 
that in the particular embodiment here shown 
and described, the phase relation is controlled 
by adjusting the spark ga and thus varying 
the frequency of the sparks. 

It will also be noted that the various parts 
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of my system must be so proportioned and . 
adjusted, as to phase and otherwise, as to pro— 
duce and maintain undamped oscillations of 
a voltage and frequency su?iciently high to 
produce disruption of rotein molecules. 

I do not limit myself to the precise mecha 
nism above shown and described, nor to the 
precise method above outlined, as variations 
may be made therein without-departing from 
my invention. 
Having thus described my invention, what 

I claim as new and desire to secure by Letters 
Patent is as follows: 

1. In a system of the character described 
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the combination, with a cutting electrode, and 
a circuit connected with said cutting elec 
trode for energizing the same, of a spark 
gap bridged across said circuit and a suit 
able measure of inductance and capacity in 
cluded in said circuit and coacting with said 
spark gap for developing trains of damped 
oscillations, said spar { gap being adjustable 
by the operator for the purpose of bringing 
the oscillations of one train into phase with 
the oscillations of another train, in order to 
energize said cutting electrode by means of 
oscillations practically free from effects of__ 
damping. 

2. In a system of the character described 
the combination, with a cutting electrode, of 
a circuit connected with said cutting elec 
trode for energizing the same by means of 
cutting currents, said circuit including a 

, spark gap and a sultable capacity and in 
ductance associated with said spark gap and 
co-acting therewith for producing successive 
trains of damped oscillations, the parts being 
so proportioned that one of said trains is 

, started before another of'said trains is ended, 
said spark gap being adjustable for the pur 
pose of enabling the operator to change the 
phase of oscillations in one of said trains rela 
tively to oscillations in another of said trains. 

3. In a system of the character described 
the combination, with a cutting electrode, 

with said spark-gap, for developing succes 
sive trains of damped oscillations in said cir 
cuit, and mechanism connected with said 
spark gap and controllable by hand for 
changing the spark frequency of said spark 
gap, and said capacity and inductance ele 
ments being also adjustable in order to bring 
the oscillations of one train into phase with 
the oscillations of another train and energize 
said cutting electrode by oscillations practi 
cally free from the effects of damping. 

Signed at Long Island City, in the county 
of Queens and State of New York, this 19th 
day of July 1928. 

ARTHUR MUTSCHELLER. 

and a circuit for energizing said cutting elec- ‘ 
trode, of means for developing successive 
trains of damped oscillations in said circuit, 
said means including a spark gap, capacity 
and inductance elements adjustable by the 
operator for the purpose of controlling said 
trains of oscillations in order to bring one 
of said trains into phase with another of 
said trains and said cut-ting electrodes to be 
energized by oscillations practically free 
from the effects of damping. 

4. In a system of the character described, 
the combination, with a cutting electrode, 
together with a circuit connected with said 
cutting electrode and means for energizing 
said circuit and adapted to develop successive 
trains of damped oscillations therein, of ca 
pacity and inductance elements in said cir 
cuit and a spark gap connected with the lat 
ter and adjustable as to spark frequency by 
the operator together with said capacity and 
inductance elements, for enabling one of said 
trains of damped oscillations to start before 
another train is ended to thus control the 
oscillations of said circuit for the purpose 
of energizing said cutting electrode by oscil 
lations practically free from the effects of 
damping. 

5. In a system of the character described, 
the combination, with a cutting electrode, of 
a circuit connected with said cutting electrode 
for energizing the same, said circuit includ 
ing a spark-gap, together with suitable ca 
pacity and inductance elements co-acting 
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