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The present invention relates to high frequency vibrated 
cutting tools and more particularly to an ultrasonically 
vibrated cutting knife which cleanly and rapidly cuts 
tough materials such as hard rubber, wood, leather, or 
the like, materials that ‘soften or melt when heated, such 
as thermoplastic resins and frozen products, and fibrous 
or «sinewy materials such as human or animal ñesh and 
bone. The new cutting tool requires application of but 
a small amount of pressure by the operator, essentially 
only that suliicient for guidance of the knife edge in the 
desired direction of cut. 
The new tool comprises an edged blade into which 

are injected longitudinal vibrations ̀ of ultrasonic frequency 
and fof small amplitude from an electromechanical trans 
ducer contained Within a hand piece and coupled through 
flexible tubing to a remote source of electrical oscillations. 
The hand piece may be, and preferably is, of the gen 
eral construction of the hand piece of an ultrasonic dental 
instrument recently introduced into commercial use for 
application to dental cavity preparation. The blade is 
provided with a sharp cutting edge and preferably also 
with a sharp pointed tip. At the end of the blade remote 
from »the tip the blade is provided with means for a-t 
tachment to the driving element within the hand piece. 
The new tool is particularly designed for use as a 

surgical instrument for cutting »of bone and flesh. For 
such application a relatively yshort blade is preferred by 
the ysurgical profession. With such a short blade the 
length thereof is «small compared ‘to the wavelength of 
sound in the material of the driving unit and of the 
blade at the `operating frequency, which is ordinarily in 
the neighborhood of 30 kc. per second. Under these 
conditions, with the overall length of the tool such as 
to yield a loop of motion at or near the tip of the blade 
the amplitude of vibration does not vary appreciably over 
the length of the edged portion of the blade. 

ln use, with the blade vibrating as a result of the longi 
tudinal vibrations injected therein from 'the driving ele 
ment, an operator handles the tool as he would an ordi 
nary knife except that much less pressure is applied in 
the cutting operation. Because of the extreme ease with 
which the vibrating blade cuts through material-s of the 
type previously identified, it does not introduce tensile 
strain in the material prior »to penetration and therefore 
minimizes the danger of tearing incident to cutting of 
ñesh, for example, when substantial pressure is required 
for making the first penetration of the skin. Thus a clean 
cut at the exact location desired is achieved in use of the 
new tool. ' 

Another feature of the vibrating blade is the heat gen 
erated thereby. In certain cutting operations this fea 
ture is of substantial value. In other operations, localized 
heating during cutting is of no particular advantage and 
in such case cooling fluid can be applied to the cutting 
area. When thermoplastic resins or para?in are to be 
cut the vibrating blade of the invention is highly effec 
tive as compared with knives heretofore used for cutting 
such substances. When materials such as these are cut 
by the new vibrating blade the material appears to melt 
ahead of the blade and to rise up on either side and clean 
itself out from the cut being formed. The jamming 
which results when the conventional type of knife is em 
ployed for cutting heat softening materials is thus en 
tirely eliminated when the vibra-ting knife of the present 

10 

15 

20 

25 

30 

35 

40 

45 

50 

60 

65 

70 

3,0%,288 
Patented Apr. 23, 1963 

,. 

CC 

M 

invention is used. Also, the self-cleaning action above 
described with reference to the cavity or slot `in a heat 
softening material applies also to `the blade itself. When 
a heat softening and adhesive material is cut with the 
vibrating blade no adhesive substance adheres to the blade 
in counter-distinction to the accumulation on the blade 
of cut material when conventional knives are employed. 
The self-cleaning action observed when -heat softening 

materials are cut with the vibrating knife is believed to 
be due to local velocity gradients set up in the knife as 
a result of the high frequency longitudinal vibrations 
therein. The relatively slower moving molten material 
appears to be continually urged from one position to an 
other by the rapid particle vibration of the material of 
the blade before being thrown off from the blade on to the 
uncut surface of the work where -it accumulates and solidi 
lies. 

So far as rapidity of cutting is concerned the rate at 
which materials are cut with the vibrating blade of the 
invention is vastly higher than that approachable with con 
ventional knives. This feature is of immense value to 
surgeons for reducing the period of time during which a 
patient is subjected to the knife with or without anesthesia. 
The new knife is particularly suitable, for example, for use 
in lobotomy wherein circular `or other sections of the 
human skull have to be removed. The new tool rapidly 
and directly cuts out the required section. The practice 
heretofore in use is time consuming and an ordeal to 
the patient as it involves preliminary drilling of a number 
of separate holes followed by cutting of interconnections 
between holes. 
As .heretofore indicated, the hand piece of the new 

tool may ‘be constructed substantially like the hand piece 
of the ultrasonic dental equipment now in commercial 
use. It is advantageous, particularly if «the new vibrating 
knife is to be used by dental surgeons, to so dimension 
the knife and the means thereon for attachment to the 
driving unit, that it may be attached directly to the ultra 
sonic dental hand piece in place of the tool bit of that 
equipment. Thus a dentist equipped with the ultrasonic 
drilling equipment could readily employ his :apparatus 
for surgical work, disconnecting the means thereof for 
supplying yan abrasive slurry to the Work area or utiliz 
ing such means for delivery of cooling fluid. 
For a better understanding of the invention `and of 

specific embodiments thereof, reference may be had to 
the accompanying drawings of which; 

FIG. l is `a longt-iudinal section through a high fre 
quency vibrated cutting tool embodying the invention; 
FIG. 2 comprises two diagrams, a and b, comparing 

the tearing action .of »a conventional knife with the non 
tearing action of a high frequency vibrated cutting knife 
such :as that shown in FIG. l, when cutting certain types 
of material; 

FIG. 3 illustrates the self-cleaning laction when heat 
softening materials are cut with a high frequency vi 
brated knife such ̀ as that shown in FIG. l; `and 
FIGS. 4, 5 and 6 illustrate different shapes `of knife 

blades sui-table for use in the new tool. 
The high frequency vibrated cutting tool illustrated in 

FIG. l comprises a casing 2 of cylindrical cross section 
of `a size convenient for manipulation by an operator. 
A length 2a of the casing at one end thereof may be of 
relatively small diameter and open ended. A length 2b 
at the other end of the casing may be of substantially 
larger cross section and internally threaded at its end. 
A cent-rally apertured cap 4 is threaded to the larger 
end 2b of the casing. The two end sections of different 
diameters are connected by a section 2c of intermediate 
diameter and of `a length Iapproximately equal to that 
of the end section 2a. Preferably the outer surface of 
the casing is covered with a layer 6 of vibration absorb 
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ing material, such as rubber having closed air cells there 
in. Within the section 2b of the easing is a magneto 
strictive transducer comprising a laminated stack 8 of 
nickel or other magnetostri‘ctive material and an yenergiz 
ing winding 10 therefor. One end of the stack is weldedl 
yor soldered to an end of a tool holder 12 shaped to serve 
as an acoustical impedance transformer. The holder =12 
extends through sections 2c and 2a of the casing and 
comprises two- cylinders of different diameters intercon 
nected by a short tapered section 12a. The overall length 
of the tool holder or transformer 12 is substantially equal 
to one-half wavelength of standing waves set up therein 
»at the `operating -frequency of the equipment, land the 
junction of the sections of different diameters occurs 
substantially Iat the node of motion of such standing 
waves. Magnification of amplitude of vibration is at 
tained by virtue of a mass effect as described in the co 
pending application of Lewis Balamuth and Arthur 
Kuris, Serial No. 417,407, entitled “Vi-bratory Machine 
Tool,” filed March 19, `1954, and now Patent Re. 
25,033. -It is at this nodal region that the transformer, 
with the transducer secured thereto, is mounted within 
the casing 2 of the hand piece. The mounting means 
comprises Ia ring y‘14 of compressible material, such as 
rubber, which seats in an annular recess in the tool 
holder or transformer 12 and forms a yielding watertight 
coupling between the casing 2 'and the transformer con 
tained therein. The compressible ring 14 does not ap 
preciably dampen radial vibrations at the nodal region 
of the transformer and therefore does not subject the 
transformer to external stresses. To prevent relative 
rotation between the holder and the casing a transverse 
pin 16 is mounted in aligned transverse passages in the 
casing and holder adjacent the nodal region 12a. The 
holder i12 is provided at its end with an axial threaded 
aperture for reception of »a threaded stud 18 formed on 
the end of a short th-in knife 20. 
A plug 22 which is held by friction within section 2b 

of the casing 2 and abuts the cap 4 is provided with three 
apertures therethrough. These apertures are for `accom 
modation of water inlet and outlet hoses 24 and 26, re 
spectively and for a coaxial electrical cable 28. The co 
axial cable 28 comprises an outer metallic grounded 
cover which is conductively connected to the casing 2 
through the plug 22 and yan inner conductor provided 
with lan insulating water impervious coating. The in 
sulated inner conductor forms the winding 10 and is 
grounded at its end to the stack 8 or to the casing 2. 
The diameter of the casing 2 is such that there is only 
small play between the transducer stack 8 and the inner 
wall of the casing. Thus the transducer and tool holder 
are centered without 'having added «any ycomponents 
which could hamper vibration. Extending along the 
inner wall of section 2b of the casing and adjacent the 
transducer stack 8 yis a water delivery line 32 which at 
one end is connected within the plug 22 to the water 
inlet hose 24 :and terminates lat its other end adjacent 
the junction of the stack with the transformer. A short 
water outlet conduit 34 is connected in the plug 22 to 
the outlet hose 26. 
The two hose connections 24 and 26 and the cable Z8 

extend through the aperture in cap 4 and beyond the cap 
are confined within a spiral spring 36 serving as a flexible 
sheath for the hose connections and cable. It will be 
understood that a suitable source of high frequency elec 
trical oscillations and of D.C. bias current will be coupled 
through the cable 28 to the transducer winding 10` and 
that the hoses 24 and 26 will be connected to suitable 
water supply and drain lines (not shown). 
The knife 20 comprises a generally hexagonal shaped 

base 38 with which the threaded stud 18 is formed inte 
gral and a thin straight blade 40 having a knife edge 42 
`along one side thereof. When the length of the knife 20 
is small compared to the wavelength of sound waves in 
the materials of the transducer, tool holder and knife at 
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4 
the operating frequency, and when the ratio of the cross 
Sectional area of the blade to that of the adjacent end 
of the tool holder is small, the amplitude of vibration 
will not vary substantially along the blade. A loop of 
motion of the standing waves set up in the tool holder at 
the operating frequency exists at the free end of the tool 
holder before attachment of the knife. After the knife 
is mounted on the tool holder a loop of motion exists 
at the tip of the knife, with or without a small shift in 
the operating frequency depending upon the length of 
blade and the cross section thereof. With knives of rela 
tively short length and small cross section the change in 
operating frequency is practically negligible and the 
amplitude of vibration over the length of the knife edged 
portion is practically constant. With blades of one-fourth 
wavelength or less and cross sectional area of one-fifth 
that of the adjacent end of the tool holder, the amplitude 
of vibration along the knife will not vary by more than 
20%. 
The knife of FIG. 1 is pointed and the blade there 

of is relatively straight. When vibrated as the result 
of injection »of longitudinal vibrations of the order of 
30 kc. it will rapidly and effectively cut tough materials, 
heat softening materials and fibrous or sinewy materials. 
Only slight pressure is required for .initial penetration and 
continued cutting of such materials. When used for 
cutting flesh, for example, this feature is of particular 
value in avoiding a tearing action. 
When a conventional non-vibrating knife blade, irre~ 

spective of how sharp it may be, is used to cut flesh or 
material similar thereto, the flesh is first compressed be 
fore actual penetration occurs. This is indicated dia 
grammatically in FIG. 2 at a wherein the reference 
numeral 44 represents human or animal flesh and the 
reference numeral 46 indicates the outer surface or skin 
thereof. A conventional knife blade 48 is shown in sec 
tion and on a greatly enlarged scale. When such type of 
knife is employed the skin 46 which was initially in the 
position indicated by the dotted line 50 will be forced 
downwardly by the blade 48 before penetration occurs. 
When pressed downwardly to the full line position of the 
skin 46 pulling forces are set up in the skin as indicated 
at 52. Consequently, upon penetration of the skin tear 
ing action results. As compared to such tearing action 
resulting from the use of a conventional knife, the vibrat 
ing knife of the present invention will penetrate the skin 
practically upon Contact. This is illustrated diagram 
matically in FIG. 2 at b wherein the cross section of the 
blade 4€) of the knife of FIG. l is shown in greatly 
enlarged scale. Penetration is initiated without depres 
sion of the skin 46 of the flesh. 
FIG. 3 illustrates the self-cleaning effect that results 

when a vibrating knife such as that of FIG. l is em 
ployed to cut heat softening materials such as a thermo 
plastic resin. In FIG. 3 a cylinder of thermoplastic 
resin is indicated at 54. The vibrating blade 40 of the 
knife of FIG. l is shown in the process of cutting the 
cylinder 54. The heat generated by the rapidly vibrating 
edge of the blade fuses the resin in advance of the cutting 
edge of the blade. The liquified resin thereupon flows up 
along the sides of the blade and bubbles out upon the 
surface of the plastic rod as indicated at 56 thus per 
mitting rapid cleaning and easy cutting of the resin. None 
of the liquid resin deposits upon the blade because of the 
rapid vibration thereof. 
The shape of blade and the location of the cutting edge 

thereof will depend in large part upon the particular use 
to which the knife is to be put. A sharp tip such as that 
shown on the blade of the knife of FIG. l is ordinarily 
desirable for initial penetration of -material to be cut. 

In FIGS. 4, 5 and `6 knives of different configuration 
and suitable for use as the cutting tool of the invention 
are illustrated. In FIG. 4 «the knife comprises an arcuate 
blade 58 having a cutting edge 60` along the concave side 
thereof and a hexagonal base ̀ 62 provided with a threaded 
stud 64 for attachment to the tool holder. In FIG. 5 a 
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knife having a relatively wide blade 66 provided with a 
knife edge ̀ 68 along the convex side thereof is illustrated. 
The blade 70 of the knife of FIG. 6 is provided with 
knife edges '72 and 74 along opposite sides thereof which 
knife edges merge into the sharp point '76 of the relatively 
triangular shaped blade. 
Each of the knives illustrated in the drawing is suitable 

for use by surgeons. Other configurations and other 
dimensions of knife could as well be employed. 
The invention has now been described with reference 

to various embodiments. From the foregoing description 
it will be apparent that the invention comprises a man 
ually manipulated tool whose handpiece casing 2 does 
not vibrate or reciprocate, but whose knife edged blade 
reciprocates relative to the handpiece casing as a result 
of the longitudinal vibrations of high frequency which 
are injected into the knife blade, so that the knife edge 
is subjected to high frequency vibration of small ampli 
tude but high acceleration; the amplitude being in general 
under .001" and `the acceleration many times that of 
gravity. The reason for the rapid and effective cutting 
made possible by the use of the high frequency vibrated 
cutting knife of this invention is not fully known. How 
ever, in cutting heat softening materials, it is believed 
the heat generated at the cutting edge during the cutting 
operation plays an important part in incr-easing the cut 
ting rate, and in cutting bone, flesh and other materials 
it is believe-d possible that the high acceleration given 
to the individual minute points making up the cutting 
edge introduces a rapid sawing action which combined 
with the relatively small pressure provided by the oper 
atot results in the rapid and effective cutting. Irrespec 
tive of any theoretical explanation, it has been demon 
strated that highly improved, efficient and surprising cut 
ting results are achieved when high frequency longitudi 
nal vibrations are established along the cutting edge and 
at .the cutting point of the knife blade in accordance with 
this invention, and which cannot be attributed to the 
form or shape of the cu-tting blade itself. Although an 
operating frequency in the neighborhood of 30 kc. per 
second has been su-ggested herein, the invention is not 
limited to the employment of such specific frequency, 
as higher or lower operating frequencies are entirely 
practicable. 
The following is claimed: 
l. An ultrasonically vibrated surgical knife designed 

to »be held in the hand which includes, a tubular hand 
piece, a Inatgnetostrictive transducer including a bias cur 
rent winding surrounding a magnetostrictive vibrator 
member contained within said tubular handpiece, an am 
plitude magnifying acoustical impedance transformer 
rigidly fixed to one end of sai-d vibrator member and con 
tained within said tubular handpiece, a cutting knife hav 
ing a tapered neck section rigidly secured to the other 
end of said impedance transformer and a blade section 
having a cutting edge extending from said neck section 
and beyond the adjacent end of said tubu-lar handpiece, 
the tapered neck section of said cutting knife having a 
base area which approximately conforms to the end area 
of the impedance transformer to which it its rigidly se 
cured and tapered side faces which merge into the side 
faces of the blade section of the knife, the cross-Sectional 
area of the neck section in the region of attachment to 
said transformer being a plurality of times greater than 
the cross-sectional area of the blade section, said mag 
netostrictive vibrator member, impedance transformer 
and knife fixed Ithereto having a combined length sub 
stantially equal to an integral multiple number of half 
wavelengths at the frequency of operation of the blade 
section of the knife, said impedance transformer com 
prising two sections of substantially different mass 'with 
the junction of said sections located substantially at a 
nodal area of longitudinal vibration of said transformer 
and operative to increase the amplitude of vibration de 
livered to the blade section of the knife, a resilient seal 
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6 
ing element located between the transformer and tubular 
handpiece at .the approximate nodal area of the trans 
former and which provides substantially the sole direct 
contact support for the magnetostrictive Vibrator, imped 
ance transformer and cutting knife, -a sealing plug extend 
ing into said tubular handpiece and spaced from the free 
end of said magnetostrictive vibrator member and form 
ing with said sealing element cooling chamber there~ 
between, bias current conductors extending through said 
sealing plug and connected to said winding, and inlet and 
outlet tubes extending through said sealing plug for sup 
plying a coolant to said chamber and withdrawing coolant 
therefrom. 

2. An ultrasonically vibrated cutting knife designed 
to be held in the hand which includes, »a tubular holder, 
a magnetostrictive transducer including a bias current 
winding surrounding a magnetostrictive vibrator member 
contained within said tubular holder, an amplitude mag 
nifying acoustical impedance transformer rigidly fixed to 
one end of said vibrator member, a cutting knife having a 
tapered neck section rigidly secured to the other end of 
said impedance transformer and a blade section present 
ing a cutting edge extending from said neck section and 
beyond the adjacent end of said tubular holder, the 
tapered neck section of said cutting knife having a base 
area which approximately conforms to the end area of 
the impedance transformer to which it is rigidly secured 
and tapered side faces which merge into the side faces 
of the blade section of the knife, the cross-sectional area 
of the neck section in the region of attachment to said 
transformer being a plurality of times greater than the 
cross-sectional area of the blade section, said magneto 
strictive vibrator member having a length substantially 
equal to a half wavelength or an integral number of half 
wavelengths at the frequency of operation of the blade 
section of the knife and said impedance ltransformer and 
knife fixed thereto having a combined length substantial 
ly equal to a half wavelength or an integral multiple 
number of half wavelengths at the frequency of opera 
tion of the blade section of the knife, said impedance 
transformer comprising two sections of substantially 
different mass with the junction of said sections located 
substanti-ally at a nodal area of longitudinal vibration of 
said transformer and operative to increase the amplitude 
of vibration delivered to the blade section of the knife, 
a resilient sealing element located between the trans 
former and tubular handpiece at the approximate nod-al 
area of »the transformer and which provides substantially 
the sole direct contact support for the magnetostrictive 
vibrator, impedance transformer and cutting knife with 
out material dampening of the radial vibrations of the 
transformer, a sealing plug extending into said tubular 
holder and spaced from the free end of said magneto 
strictive vibrator member and forming with said sealing 
element a cooling 4chamber therebetween, bias current 
conductors extending through said sealing plug and con 
nected to said winding, an inlet tube extending through 
said sealing plug for supplying coolant to said chamber, 
and an outlet tube extending through said sealing plug 
for withdrawing coolant from said chamber. 

3. An ultrasonically vibrated cutting knife designed to 
«be held in the hand which includes, a tubular holder, 
a lrnagnetostrictive transducer including a bias current 
winding surrounding a magnetostrictive vibrator mem 
ber contained within said tubular holder, an acoustical 
impedance transformer rigidly fixed to one end of said 
vibrator member and contained within said tubular holder 
and having a vibration magnifying action due at least in 
part to a -rnass effect, .a cutting knife having a tapered 
neck section rigidly secured to the other end of said 
impedance transformer and a blade section presenting 
a curved cutting edge and a sharp point extending from 
said neck section and beyond the adjacent end of said 
tubular holder, the tapered neck section of said cutting 
knife having a base area which approximately con 
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forms to the end area of the impedance transformer to 
which it is rigidly secured and tapered side faces which 
merge into the side faces of the blade section of the 
knife, the cross-sectional area of the neck section in the 
region of attachment to said transformer being a plu 
rality of times greater than the cross-sectional area of 
the blade section, said magnetostrictive vibrator mem 
ber, impedance transformer and knife fixed thereto hav 
ing a combined length substantially equal to an integral 
multiple number of half wavelengths at the frequency 
of operation of the blade section of the knife, said im~ 
pedance transformer comprising two sections of substan 
tially different mass with the junction of said sections 
located substantially at a nodal area of longitudinal vibra 
tion of said transformer and operative to increase the 
amplitude of vibration delivered to the blade section of 
the knife, a resilient sealing element located between 
the transformer and tubular handpiece at the «approxi 
mate nodal area of the transformer and which provides 
substantially the sole direct contact support for the mag 
netostrictive vibrator, impedance transformer and cutting 
knife without material dampening of the radial vibra 
tions of the transformer, a sealing plug extending into 
said tubular holder and spaced from the free end of said 
magnetostrictive vibrator member and forming with said 
sealing element a cooling chamber therebetween, a tiex 
ible conduit extending from said sealing plug, bias cur 
rent conductors in said flexible conduit extending through 
said sealing plug and connected to said winding, and 
inlet and outlet tubes in said conduit land extending 
through said sealing plug for supplying a coolant to said 
chamber and withdrawing coolant therefrom. 

4. An ultrasonically vibrated cutting knife designed to 
be held in the hand which includes, a tubular holder, a 
magnetostrictive transducer including a bias current wind 
ing surrounding a magnetostrictive vibrator member con 
tained within said tubular holder, an acoustical impedance 
transformer rigidly fixed to one end of said vibrator mem 
ber and contained within said tubular holder, al cutting 
knife having a tapered neck section rigidly secured to the 
other end of said impedance transformer and a blade sec 
tion presenting a cutting edge terminating in a sharp» point 
extending from said neck section and beyond the adjacent 
end of said tubular holder, the neck section of said cutting 
knife having a cross-sectional area in the region of attach 
ment to said transformer which ís a plurality of times 
greater than the cross-sectional area of the blade section 
and having tapered side faces which merge into the side 
faces of the blade section of the knife, said magnetostric 
tive vibrator member, transformer and knife fixed there 
to having a combined length substantially equal to an 
integral multiple number of half wavelengths at the yfre 
quency of operation of the blade section of the knife, the 
cutting edge of said blade section having a length which 
is less than a quarter wavelength at the frequency of op 
eration of the blade section of the knife, said impedance 
transformer comprising tw‘o sections of substantially dif 
ferent mass with the junction of said sections located sub 
stantially at a nodal area of longitudinal vibration of said 
transformer and operative to increase the amplitude of 
vibration delivered to the blade section of the knife, a 
resilient vibration absorbing sealing element located be 
tween the transformer and tubular holder at the approxi 
mate nodal area of the transformer which provides sub 
stantially the sole direct contact support for the magneto 
strictive vibrator member, impedance transformer and 
cutting knife, an end closure for said tubular holder 
spaced from the free end of said magnetostrictive vibra 
tor member and forming with said sealing element a cool 
ing chamber therebetween, bias alternating current con 
ductors extending through said end closures and connected 
to said winding, and inlet and outlet tubes extending 
through said end closure for circulating a coolant through 
said chamber. 

5. An ultrasonically vibrated cutting knife designed to 
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8 
be held in the hand which includes, a tubular holder, a 
magnetostrictive transducer including a bias current wind 
ing surrounding a magnetostrictive vibrator member con 
tained within said tubular holder, an amplitude magnify 
ing acoustical impedance transformer rigidly fixed to one 
end of said vibrator member and contained within said 
tubular holder, a cutting knife having a tapered neck sec 
tion rigidly secured to the other end of said impedance 
transformer and a blade section presenting a curved cut 
ting edge and a sharp point extending from said neck sec 
tion and beyond the adjacent end of said tubular holder, 
the neck section of said cutting knife having a cross-sec 
tional area in the region of attachment to said transformer 
which is a plurality of times greater than the cross-sec 
tional area of the blade section and having tapered side 
faces which merge into the side faces of the blade sec 
tion of the knife, said magnetostrictive vibrator member, 
impedance transformer and knife fixed thereto having a 
combined length substantially equal to an integral mul 
tiple number of half wavelengths at the frequency of op 
eration of the blade section of the knife, the cutting edge 
of said blade section having a length which is less than 
a quarter Wavelength at the frequency of operation of 
the blade section of the knife, said impedance transformer 
comprising two sections of substantial-ly different mass 
with the junction of said sections located substantially at 
a nodal area of longitudinal vibration of said transformer 
and operative to increase the amplitude of vibration de 
livered to the blade section of the knife, a resilient sealing 
element located between the transformer and tubular 
holder at the approximate nodal area of the transformer 
which provides substantially the sole direct contact sup 
port for the magnetostrictive vibrator member, impedance 
transformer and cutting knife, an end closure for said tu 
bular holder spaced from the free end of said magneto 
strictive vibrator member and forming with said sealing 
element a cooling chamber therebetween, bias alternat 
ing current conductors connected to said winding and ex 
tending through said end closure, and coolant tubes ex 
tending through said end closure for supplying coolant to 
said chamber and withdrawing coolant therefrom. 

6. An ultrasonically vibrated cutting lknife designed 
to be held in the hand which includes, a tubular holder, 
a magnetostrictive transducer including a bias current 
winding surrounding a magnetostrictive vibrator member 
contained within said tubular holder, an amplitude magni 
fying acoustical impedance transformer rigidly ñxed to 
one end of said vibrator member and contained within 
said tubular holder, a cutting knife having a tapered neck 
section rigidly secured to the other end of said impedance 
transformer and a blade section presenting a cutting edge 
and a sharp point extending from said neck section and 
-beyond the adjacent end of said tubular holder, the 
tapered neck section of said cutting knife having a base 
area which approximately conforms to the end area of 
the impedance transformer to which it is rigidly secured 
and tapered side ‘faces which merge into the side faces of 
the blade section of the knife, the cross-sectional area of 
the neck section in the region of attachment to said trans 
former being a plurality of times greater than the cross 
sectional area of the blade section, said magnetostrictive 
vibrator member having a length substantially equal to 
a half wavelength or an integral multiple number of half 
wavelengths at the frequency of operation of the blade 
section of the knife and said impedance transformer and 
knife fixed thereto having a length substantially equal to 
a half wavelength or an integral multiple number of half 
wavelengths at the yfrequency of operation of the blade 
section of the knife, and the cutting edge of said blade 
section having a length which is less than a quarter wave 
length at the frequency of operation of the blade section 
of the knife, said impedance transformer comprising two 
sections of substantially different mass with the junction 
of said sections located substantially at a nodal area of 
longitudinal vibration of said transformer and operative 
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to increase the amplitude of vibration delivered to the 
blade section of the knife, a resilient and vibration 
absorbing sealing element located between the trans 
former and tubular holder at the approximate nodal area 
of the transformer which provides substantially the sole 
direct contact support for the magnetostrictive vibrator 
member, impedance transformer and cutting knife without 
material dampening of the radial vibrations of the trans 
former, a sealing plug extending into said tubular holder 
and `spaced from the free end of said magnetostrictive 
vibrator member and forming with said sealing element a 
cooling chamber therebetween, bias alternating current 
conductors extending through said sealing plug and con 
nected to said Winding, Vand inlet and outlet tubes extend 
ing through said sealing plug for supplying a coolant to 
said chamber and withdrawing coolant therefrom. 

7. An ultrasonically vibrated cutting knife designed to 
be held in the hand which includes, a tubular holder, a 
magnetostrictive transducer including a bias current wind 
ing ̀ surrounding a mangetostrictive vibrator member con 
tained within said tubular holder, an amplitude magnify 
ing acoustical impedance transformer rigidly fixed to 
one end of said vibrator member and contained within 
said tubular holder, a cutting knife having a tapered neck 
section rigidly secured to the other end of said impedance 
transformer and a blade section presenting a cutting edge 
and a sharp point extending from said neck section and 
beyond the adjacent end of said tubular holder, the 
tapered neck section of said cutting knife having a base 
area which approximately conforms to the end area of 
the impedance transformer to which it is rigidly secured 
and tapered side faces which merge into the side faces of 
the blade section of lthe knife, the cross-sectional area of 
the neck section in the region Iof `attachment to said trans 
lformer being a plurality of times greater than the cross 
sectional area of the blade section, said magnetostrictive 
vibrator member having a length substantially equal to 
a half wavelength or an integral multiple number of half 
wavelengths at the frequency of operation of the blade 
section of the iknife, said impedance transformer and 
knife lixed thereto having a combined length substantially 
equal to a -half wavelength or an integral multiple num 
ber of half wavelengths at the frequency of operation in 
the blade section of the knife, and the cutting edge of said 
blade section having a length which is less than a quarter 
wavelength at the frequency .of operation of the blade sec 
tion of the knife, said impedance transformer comprising 
two sections of substantially different mass with the 
junction of said sections located substantially at a nodal 
area of longitudinal vibration of said transformer and 
operative to increase the amplitude of vibration delivered 
.to the blade section of the knife, a resilient and vibration 
absorbing sealing element located between the transformer 
and tubular handpiece at the approximate nodal area of 
the transformer and which provides substantially the sole 
direct contact support for the magnetostrictive vibrator, 
impedance transformer and cutting knife and provides 
such support without material dampening of the radial 
vibrations of the transformer, a sealing plug extending 
into said tubular holder and spaced from the `free end 
of said magnetostrictive vibrator member and forming 
with said sealing element a cooling chamber therebetween, 
bias `alternating current conductors extending through 
said sealing plug and connected to said winding, and inlet 
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and outlet tubes extending through said sealing plug for 
supplying a coolant to said chamber and withdrawing a 
coolant therefrom. 

8. An ultrasonically vibrated cutting knife designed to 
be held in the hand which includes, a tubular holder, a 
magnetostrictive transducer including a bias current wind 
ing surrounding a magnetostrictive vibrator member 
contained within said tubular holder, an acoustical imped 
ance transformer rigidly fixed to one end of said vibrator 
member and contained within said tubular holder and 
having a vibration amplitude magnifying action due at 
least in part to a mass effect, a cutting knife having a 
tapered neck section rigidly secured to the other end of 
said impedance transformer and a blade section present 
ing a curved cutting edge and sharp point extending from 
said neck section and beyond the adjacent end of said 
tubular holder, the tapered neck section of said cutting 
knife having a base area which approximately conforms 
to the end area of the impedance transformer to which 
it is rigidly secured and tapered side faces which merge 
into the side faces of the blade section of the knife, the 
cross-sectional area of the neck section in the region of 
attachment to sai-d transformer being a plurality of times 
greater than the cross-sectional area of the blade section, 
said magnetostrictive Vibrator member and impedance 
transformer and knife fixed thereto together having a 
combined length substantially equal to an integral multi 
ple number of half wavelengths at the frequency of 
operation of the blade section of the knife and said curv`ed 
cutting edge of the blade section having a length which is 
less than a quarter wavelength at the frequency of opera 
tion of the blade section of the knife, said impedance 
transformer comprising two sections of substantially dif 
ferent mass with the junction of said sections located 
substantially at a nodal area of longitudinal vibration of 
said transformer and operative to increase the amplitude 
of vibration delivered to the blade section of the knife, 
a resilient and vibration absonbing sealing element lo 
cated between the transformer and tubular handpiece at 
the approximate nodal area of the transformer and which 
provides substantially the sole direct contact support for 
the magnetostrictive vibrator, impedance transformer and 
cutting knife and which provides such support without 
material dampening of the radial vibrations of the trans 
former, a sealing plug extending into said tubular holder 
and spaced from the free end of said magnetostrictive vi 
brator member and forming with said sealing element a 
cooling chamber therebetween, bias alternating current 
conductors, extending through said sealing plug and con 
nected to said winding, an inlet tube extending through 
said sealing plug and into said chamber, and an outlet tube 
extending through said sealing plug for withdrawing 
coolant from said chamber. 
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