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UNITED STATES PATENT OFFICE 

This invention relates to heating and/or melt 
ing of electrically conductive materials in any 
form and shape while levitated, by a properly 
distributed alternating magnetic field or fields in 
air, Vacuum or inert gas, without a confining 

an improvement over 
that described and claimed in the Wroughton et 
al. application, Serial No. 

container or crucible, as 

17, 1951. 

considered, is to provide apparatus for heating 
conductive materials, comprising at least one but 
preferably two electrical circuits or coils, means 
for supplying alternating current to said coil or 
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2 
40% of cobalt and in the form of Suitable lami 
nations of, preferably, insulated particles con 
pacted to provide a coherent mass having a high 
space factor with minimum eddy-current losses, 
this preference being based on the fact that 
the B-H relationship is more nearly linear with 
such than with the usual laminated core and, 

206,344, fied January therefore, the phase of the induction through 
the core will more nearly correspond with that The principal object of my invention, generally 0 through air. 
A further object of my invention is to utilize 

liquid mercury in contact with the lower tip 
of the melted material to provide complete throt. 
tling action by virtue of its cooling effect and coils to develop magnetic fields, whereby a con- 5 the hydrostatic support afforded thereby. 

ductive object interposed above the coil, or iOWer 
one of the coils and on the common axis thereof, 
may be levitated and heated by the alternating 
fields out of contact with a potentially contami 

A still further object of my invention is to 
provide apparatus for magnetic levitation and 
heating of conductive materials involving means 
utilizing the fact that at Sufficiently high fre 

nating crucible or other container. 30 quencies the flow of current induced in a good Another object of my invention is to improve 
on the form of the coil or coils employed, by 
gradually increasing the pitch of the turns out- thereby. 
Wardly from regions near the axis to those near 

conductor is a surface phenomenon, to thereby 
improve the form of the magnetic field generated 

An additional object of my invention is to in the periphery or peripheries, thereby lessening 5 crease the weight of material which can be Sup the radial field gradient at such places, whereby 
the melt can more freely increase in girth so 
that much larger additions can be made thereto 
before instability occurs. thereof. 

ported by apparatus involving my invention, by 
the use of a cage comprising heat-radiating fins 
surrounding said material during the melting 

A further object of my invention is to modify 39. Other objects and advantages of the invention the Construgtion of the coils used for the above 
stated purpose, by gradually decreasing the pitch 
of the coils in the peripheral portions, with the 
last few outer turns of the lower or funnel 

will become apparent as the description proceeds. 
Referring to the drawing: 
Figure 1 is a vertical Sectional view of appa 

ratus for producing alternating fields in air, a shaped coil on a steepened, or even cylindrical, 5 vacuum, or an inert gaseous atmosphere, for contour Whose maximum 
greater than the outside 

A still further object of my invention is to 

diameter is somewhat levitating conductive material to be melted 
diameter of a flat or and/or heated, together with means for cooling 

pancake-shaped coil thereabove. the coils which develop the fields and the tip of 
the material being melted, as Well as magnetiz provide a maximum field gradient and intensity do able material for plugging the axial apertures 

at the neck, or lower aperture of the funnel- in the coils. 
shaped coil, by placing thereat a fluid-cooled 
magnetizable core with a convex top. 
An additional object of my invention is to pro 

Figures 2 and 3 are horizontal Sectional views 
on a larger scale of portions of the apparatus 
on the correspondingly-numbered lines of Figure vide additional supporting means for material 45 1, in the direction of the arrows. baing heated or melted under the influence of 

the magnetic fields, above referred to, by pro 
viding a jet of material such as helium, argon, material to be heated. hydrogen, mercury vapor, mercury, or other fluid 

Figure 4 is a fragmentary vertical sectional 
view of a portion of modified apparatus holding 

Figure 5 is a horizontal Sectional view on the So that the axial surface of the lower tip of the in line V-W of Figure 4, in the direction of the material melted is supported by such a jet, or aOWS. 
cooled So that it remains solid, or both. 
Another object of my invention is to form the 

magnetizable core, above mentioned, from cobalt- modification. 
iron alloy, containing between about 30% and 53 Figure T is a vertical sectional view, corre 

Figure 6 is a vertical sectional view correspond 
ing with a portion of Figure 1, but showing a 
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Sponding with the portion of Figure 1, but show 
ing another embodiment of my invention. 

Figure 8 is a fragmentary vertical sectional 
View, corresponding with Figure 7, but showing 
a modification in which the bodies of the inter 
mediate inductors are formed as hollow shells 
of sheet metal, rather than solid. 
The invention here disclosed comprises an in 

ductor coil of specialized design as well as a 
combination of such coils, which I designate 
"funnel' and “pancake,' as shown most clearly 
in Figure 1, the funnel coil being designated if 
and the pancake coil f2. Both coils are de 
sirably wound from A' diameter copper tubing, 
which may be flattened as indicated in Figure 22 
of the Wroughton et al. application, above re 
ferred to, in order to permit closer spacing. The 
present drawings, however, do not show such 
flattening because of drafting difficulties. The 
two elements i? and 2 are connected in series, 
as indicated by the tube 3, so that if the direc 
tion of current flow in the conical or funnel 
shaped coil may be considered as clockwise, 
then that in the pancake coil f2 is counter 
clockwise, assuming both to be viewed from one 
direction, that is, either from above or below. 
The trend of the magnetic fields in the space 

between the coils will be understood and is in 
dicated in Figure 5 of the application referred to. 
The suspended melt is indicated at 4, and may 
be considered as metal or other conductive ma 
terial. It will be noted that the melt is in 
prisoned in the weak field region and in space 
between the coils because of the fact that an 
isolated conductive mass free to move in a non 
uniform alternating magnetic field will, in gen 
eral, migrate in the direction of decreasing field 
intensity. Now, if, for example, you have a melt 
4, of approximately the indicated shape, and 
additional material is added, the melt will in 
crease in both axial length and girth. This will 
bring the lower end further down into the neck. 
portion 5 of the funnel-shaped coil if, although 
the axial component of the field is tending to 
Ward a maximun, nevertheless the axial field 
gradient is becoming less. With continuing addi 
tions to the melt, a situation will eventually be 
reached where the electromagnetic forces tend 
ing to support the melt will be overcome by the 
increasing hydrostatic pressure at its lower ex- 5 
tremity. Instability then ensues and the melt 
simply runs downward along the axis of the 
Spout of the furnace 6. 

It will be understood that, as in the first em 
bodiment of the Wroughton et al. application 
referred to, the furnace 6 may comprise a bell 
jar 7, formed large enough to enclose the coils 

and 2 which are used for levitating conduc 
tive material or metal to be melted or heated. 
This jar, desirably formed of heat-resisting 
transparent material, such as quartz, or a 96% 
Silica glass manufactured by the Corning Glass 
Works under the name 'Wycor,' rests on a pref 
erably metal base 8, and may be sealed gas or 
vacuum tight thereto by suitable means such as 
a gasket or Wax indicated at 9. 
The alternating current is supplied to the coils 
and 2 by means of coaxial lines or cables 2 

and 22, respectively extending to one end of 
each coil, the other coil ends being supportingly 
Connected to and through a Support member 23. 
upstanding from the base, and through which 
water or other cooling medium may be supplied 
to the interior of the coils to prevent overheating. 
The enclosure provided by the bell jar 7 may 
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4. 
be evacuated through pipe 24 and, if desired, 
thereafter supplied with inert gas thereby. In 
Order to place the mass of metal or other conduc 
tive material, from which the melt 4 is formed, 
into the influence of the supporting and heating 
coils and 2, the same may be lifted into place 
by the Cooling device 25, to be subsequently de 
Scribed in detail, or placed on the insulating 
Shield 26 which is disposed above the coil , 
prior to closing the apparatus. A similar in 
Sulating shield 2 is desirably provided below, 
and Supported from, the upper coil 2. 
The inner portion of the coil if terminates in 

the neckportion 5, which is generally cylindrical 
and the turns thereof are helical, as distinguished 
from Spiral-helical for the turns outwardly there 
of, that is, toward the periphery. It is my pro 
pOSal that the pitch of these turns be gradually 
increased outwardly between the cylindrical gen 
erally-axial portion 5 and the peripheral portion 
28, as illustrated most clearly in Figure 1. A 
similar construction is proposed for the coil 2, 
that is, between the cylindrical portion 29, in 
which the turns are helical, and the peripheral 
portion 3, the turns are more widely spaced as 
there illustrated. By such a construction, the 
radial field gradient will be lessened and the melt 
4 can more freely increase in girth so that much 

larger additions of metal, or otler material being 
treated, can be made before the hydrostatic pres 
Sures at the lower tip 32 pass the points of in 
stability. 

However, because of the decreased radial field 
gradient and the increasing diameter of the melt, 
there arises the danger of radial instability. 
This I propose to avoid by a gradual decrease in 
the pitch of the turns in the peripheral regions 
28 and 3, as illustrated, and by arranging the 
last few Outer turns of the funnel coil on a 
steepened or even cylindrical contour, to a max 
imum diameter somewhat greater than the out 
side diameter of the pancake coil f2. Thus, the 
radial field gradient in the circumferential re 
gions of the space between the coils is increased, 
and also given an axial component that effec 
tively prevents radial instability at the periphery 
of the melt. 
At the lower tip. 32 of the melt, A, there is 

always some small radius within which the elec 
trodynamic forces are insufficient to restrain 
downward axial flow even with very Small hydro 
static pressure from the superincumbent molten 
metal. This is assuming absence of Surface ten 
sion, and/or the development of oxide or other 
films, which tend to avoid breakdown at this 
point. The steeper the field gradient at the neck 
of the funnel and the more intense the field, the 
Smaller will be the radius of what may be con 
Sidered as an “electromagnetic throttle' at the 
neck of the funnel. 

propose to increase both gradient and inten 
sity of the field in that region, by placing within 
the spout or neck 5 of the funnel coil a fluid 
cooled magnetizable core 33 of Suitably laminated 
iron, or compacted iron alloy powder, or of com 
pacted ferromagnetic oxide or the like, the upper 
end of the core being given a convex shape, 
ellipsoidal or conical, for example, to provide the 
maximum field strength in the space just above 
the tip of the core 33. 

Although this expedient makes the diameter of 
the electrodynamic throttle very small, it does 
not close it entirely and I, therefore, propose to 
give positive Support by aerodynamic means. For 
this purpose, I drill the core 33 axially with a 
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relatively small hole 40 through which I may 
force a cooling medium. Such as helium, argon, 
hydrogen, mercury vapo, mercury or other fluid, 
So that the axial Surface of the lower tip of the 
melt is supported dynamically by the jet of cool 
ant, or cooled so that, it remains in the Solid state, 
or both. 

If the tip of the fielt is kept in Solid State, there 
becomes available for support of the melt at the 
axis, the upward component of the electionag 
netic forces over the whole area of Said tip, in 
addition to any jet forces that may be brought 
to bear, and these forces provide tenporary clo 
sure of the eiectromagnetic throttle, even after 
the jet has been discontinued. This allows a 
short interval during Winich the core S3 can be 
removed before the melt, fioWs downwald into 
a mold 34, for example, here shown supported on 
a base 35 having legs 36 which rest on the metai 
base i8. 
The core 33, as a specific desirable embodiment, 

may be prepared from cobalt-iron alloy contain 
ing between 30% and 40% cobait and in the form 
of suitable laminations or, preferably insulated 
particles compacted to provide a coherent in a SS 
having a high space factor and Subject to only 
Small eddy-current losses. The latter factor is 
important, because the core will usually be called 
upon to operate at the maximum placticable Sat 
uration and at relatively-high frequencies. My 
preference for the particular core is based on the 
fact that the 8-H relationship is then more 
nearly linear than with the usual laminated core 
and, therefore, the field induced in the core will 
be more nearly like that of a field through an air 
core. Of coulse, what is really desired is high 
permeability air with unlimited Saturation. 
In order to allow for maneuvering the core 33 

and the jet formed therethrough, I mount the 
core at the upper end of a hollow shaft 3 carry 
ing a collar 38 adjustably held thereon, as by 
set screw 39, to prevent an outward movement of 
said shaft, below the bottom of the mold. 34, by 
engagement with the lower base member 4. Be 
tween the base 8 and the lower base member 4, 
I provide a chamber 2, with which the pipe 24 
connects for the purpose of evacuating the Space 
in the bell jar 7, through the upper open end of 
the chamber 42 between the supporting legs 36. 

In order to prevent leakage through the lower 
base member 4 i, which seals the lower end of the 
chamber 42, the upper end of which is sealed to 
the base 3, I provide a gland 43 through which 
the shaft 3 reciprocates. Undesired upward 
movement of the shaft, 3 is prevented by a collar 
44 held thereon, as by means of a set screw 45, 
and engaging the gland É3 when in the extreme 
uppermost position, illustiated in Figure 1. 
The coolant is introduced into the hollow shaft 

37, as by means of a reciprocable pipe 46 en 
closed therein, and connected to a coolant Source 
as by means of a flexible tube 4. ihe lower end 
of the pipe 46 is Supported from a bracket 48, 
secured to the lower side of the lower base inem 
ber 41, as by means of bolts 49. A set screw 52, 
or the like, serves to hold the pipe 46 in adjusted 
position in respect to the bracket 43. A handle 
52, secured to the shaft 3 as by means of a set 
screw 53, serves for the manipulation of said 
shaft, allowing it to he raised to the position illus 
trated in Figure 1, or withdrawn. So that the core 
33 closes the mold 34, the coolant passage 49 
through said core being, at the Same time, closed 
by plug 49' secured to the upper end of the pipe 
46. Passage of coolant around the plug 49', When 

5 
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6 
in the position illustrated in Figure 1, is permitted 
by a transverse passage or port 54 in the pipe 46, 
allowing the same to pass from the pipe 6 along 
the grooves 55 in the shaft ST, to thereby by-pass 
the plug 49. 

If desired, the upper or pancake coil 12 may be 
provided with an otherwise similar but unaper 
tured core 5S, which in this case is suspended 
from the top of the bell jar 7, as from a base 57 
Secured to Said top in a suitable manner indi 
lated at 58. 
As an alternative to introducing the material 

for the meit either by means of the shaft 37 
or by having it rest on the insulator 26, I may 
initially haye Such material confined in a cage 
formed of heat-radiating fins 8. The fins are 
desirably generally ill-shaped in outline and at 
the outset their inner edges are preferably fitted 
into shallow axial slots in the peripheral Surface 
of the main mass of neta 4. 
This "bird-cage' assembly may be supported 

by an insulating ring 80, by wires 8? from in 
Sulated overhead supporting points (not shown), 
or by other convenient means. The purpose of 
the cage formed by the fins 6 is to allow melt 
ing of the interior portion of the mass 4a, while 
still maintaining control of the molten metal by 
virtue of the electromagnetic forces acting on 
it; the Surface te:ision of the exposed liquid 
;inetal between the fins; the cooling effect of the 
fins themselves (dile to the fact that they radiate 
to the water-cooled inductor coils and f2, Fig. 
i, heat transferred to them by the molten metal), 
and the action of the adjustable cooling device 

3, 25. 8f a denotes a top 'skin' of Solidified ma 
terial. 
The latter is mounted like the device 25 of the 

first embodiment, for reciprocation within the 
furnace and thus may be positioned relative to 
the "bird-cage' assembly so as to maintain a 
skin 8b of solid metal at the lower end of the 
assembly until Such time as 2.5a is withdrawn 
down Wardly and the skin allowed to melt and 
So permit the metal to discharge into a mold as, 
in the first enbodiment. By these means there 
iiay be exerted a greate control over the mass 
being melted and provision made for melting a 
larger amount of material than in the first emi 
bodiment. 
The fins may be formed of a suitable refractory 

material Such as molybdenum, tungsten or 
Zirconium, and in one embodiment may be about 
.05'' thick and 3%' wide. In many cases the 
fins may be of the same material as the main 
body of metal. The fins are spaced close enough 
together, the distance between adjacent fins be 
ing determined by the surface tension of the 
contained metal when molten, so that the ma 
terial, even when melted, will not flow out from 
between then). Except as specifically described, 
the present embodiment inay correspond with the 
first embodiment. 

In the embodiment of Figure 6, a cooling de 
vice, alternative to that of Figure 1, is illustrated. 
Here the magnetizable core 33b is shown pro 
vided, not only with an axial aperture 49b to 
allow for the introduction of a cooling arrange 
ment, but the lower portion of said aperture is 
enlarged, as indicated at 63, to receive the illus 
trated pipes. The cooling arrangement here 
consists of a mercury well 54 holding mercury 
65, which is cooled by circulation of water 
through an exterior cooling chamber 66, the 
Water being introduced by the pipe S7 and with 
drawn by the pipe 58. Miercury is introduced 
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to or withdrawn from Well as by means of pipe 
69. 

It Will be seen that the top of the mercury 
65 contacts the lower tip of the melt 4b freezing 
it as indicated at 32b, thereby accomplishing the 
effect contemplated by the aperture 48 illustrated 
in Figure 1. Except as specifically described 
for the present embodiment, the same may cor 
respond with the first embodiment. 
In the induction melting system previously 

described, the magnetic fields produced are some 
What irregular because the current flows in 
definitely separated channels instead of as 
smooth sheets. I propose, in the embodiment of 
my invention of Fig. 7, to improve on this situa. 
tion by making use of the fact that, at Sufficient 
ly-high frequencies, the flow of current induced 
in a good conductor, such as copper or silver, is 
a surface phenomenon. 

If I take a primary inductor coil and plac 
within it as an “intermediate inductor' a cop 
per or other highly-conductive block, having a 
corresponding outer Surface adapted to fit within 
the coil, and an interior heating chamber, whose 
contour is adapted to effect Suspension melting, 
like the arrangement of Fig. 1, and a thin radial 
slot that compels the induced current to flow 
inwardly and around the Walls of the chamber, 
I obtain a smooth current sheet and automati 
cally a desirable distribution of current. This 
is because the distribution of Said current on 
the walls of the cavity will be most dense in the 
regions of minimum diameter, just where it is 
needed to force the flux through the restricted 
area, because the inductance per unit of axial 
length is less and the current adjusts itself SO 
that the reactive electromotive force is the same 
at all levels. 
Instead of a single slot, designated 72, in the 

copper or Silver intermediate inductor if, there 
may be two or more of such slots, the individual 
inductor blocks provided with passages (not 
shown) for the flow of coolant, and the Whole 
assembly mechanically bound together by the 
primary inductor coil 3, but separated there 
from by insulation, such as mica or the like. An 
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additional primary inductor coil 74, above the 
Coil 3, is desirably provided for a more com 
plete enclosure of the furnace or melting cham 
ber 75, in which is shown a melt 4c. 
Thus, in Figure 7 I show a pair of inductive 

field-producing coils 3 and 4 corresponding 
generally With those designated with and 
2 in Figure 1. Within these coils are sheets 

of insulation 6 and 77, respectively separating 
them from their cooper intermediate inductor 
cores 7 and 78. The assembly, as illustrated, 
is Supported from a base (not shown) as by 
means of standards 79. A suitable cooling 
and/or lifting device 25 is provided, as in the 
other embodiments. Except as is specifically de 
Scribed for the present embodiment, the same 
may correspond with the first embodiment. 
Although Fig. 7 shows solid copper or silver 

blocks I have already noted that these blocks 
which may be termed “secondary inductor' may 
be provided with passages for Water or other 
coolant. Alternatively, instead of shaping the 
"intermediate inductors' from solid metal, they 
may be made in the form of shells, as indicated in 
Fig. 8, in which parts corresponding with those of 
Fig. 7 are indicated by similar reference char 
acters With the Suffix "d,' whose superficial con 
tours are Substantially the same as those of corre 
Sponding Solid inductor blocks, whose minimum 
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8 
wall thickness is preferably at least equal to the 
“depth of penetration' D of the induced currents, 
and whose maximum thickness need be no more 
than 4 or 5 times the minimum, insofar as elec 
trical requirements are concerned. The 'depth 
of penetration' D is the radial distance between 
the surface of, say, a cylinder surrounded by a 
coaxial Solenoid and thereby Subjected to an 
axially-directed alternating magnetic field, and 
that imaginary internal cylindrical Surface, Con 
centric with the Outer one, where the current 
density is equal to the surface density divided by 
e, where e is the base of the Naperian system of 
logarithms. The numerical value of e is 2.718. 
The numerical value of the depth of penetra 

tion, D, is dependent on the frequency of the 
alternating magnetic field as well as the electrical 
conductivity and magnetic permeability of the 
material in question and may be calculated with 
sufficient accuracy for engineering purposes from 
the formula, 

2ary fugx10-9 Ds 

Where 
D='depth of penetration' in centimeters. 
f=frequency of the applied (sinusoidal) magnetic 

field, in cycles per second 
u=magnetic permeability of the material=1 for 
copper, silver and other non-magnetic ma 
terials, and 

a=electrical conductivity in reciprocal ohm 
centimeters 
For copper at room temperature and a fre 

quency of 9600 cycles/second (a frequency widely 
used for inductive heating work) D=.067 cm. 
As actually, current does flow at depths greater 

than D, some advantage may be gained by making 
the Wall thickness greater than D. However 
thicknesses greater than 4D show little advantage 
from the electrical standpoint, although they may 
be desirable for mechanical reasons. 

I may fabricate shell-type intermediate in 
ductors 7d, as illustrated in Fig. 8, from Suitable 
sheet metal by conventional means e. g., Welding, 
brazing or casting around suitable cores or by 
electrodeposition of copper or silver, for example, 
on suitable forms made of wax or a low-melting 
metal that can be melted and drained away, 
leaving the electrodeposited metal in the form 
of a hollow shell. I may remove unwanted heat 
from such shell-type intermediate inductors by 
injecting a fluid coolant, e. g. Water or air, or 
such other liquid or gas as circumstances may 
dictate into the space within the shell, as by 
means of pipes connected thereto, one of which 
is shown at 82 and the other of which desirably 
extends from a remote portion of the shell 7d. 
The other shell, not shown, but corresponding 
with the intermediate inductor 78, may be cooled 
in a similar manner. 
From the foregoing, it will be seen that I have 

provided an improved apparatus, for the magnetic 
levitation and heating of conductive materials, in 
the form of an induction furnace, several embodi 
ments being disclosed. It will be understood that 
the system is generally like that disclosed in the 
Wroughton et al. application, previously identified, 
except that improvements have been devised in 
volving the non-uniform spacing of the turns 
of the induction coils, the employment of one or 
more magnetizable plugs or blocks, the provision 
of novel levitating and/or cooling means which 
pass through a crucible or mold for catching the 
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material when melted, the provision of an alter 
native cage formed of cooling fins, to thereby 
allow for melting larger amounts of material at 
one time, the provision of a mercury cooler and 
support, the smoothing out of the fields produced 
by the pinnary inductor coils, by the employ 
ment of a conductive intermediate inductor core 
or cores to change the effective inducing current 
from one consisting of a series of lines to one iii 
the form of a sheet of varying diameter, the cur 
rent because of high frequency being in the skiii 
of the intermediate inductor at the desired posi 
tion with respect to the melt, or inateriai being 
levitated and heated. 
Although preferred embodiment.S of nly inven 

tion have been disclosed, it will be understöod 
that modifications may be made within the Spirit 
and scope of the invention. 
I claim: 
1. Apparatus for levitating, heating and melt 

ing electrically conductive materials, comprising 
a conductive tube helically bent into a coil of 
upwardly expanding generally frusto-conical 
form, means for supplying alternating current to 
said tube to generate a levitating magnetic field 
thereabove, means for internally cooling Said tube, 
and means for moving a conductive object into 
the influence of said field whereby it may be 
levitated while heated to the desired extent, the 
pitch of the turns of said coil being greater in 
regions intermediate the periphery and axis, than 
the pitch of the peripheral and axial turns, in 
order to lessen the field gradients at Such 
regions, so that a conductive object in the in 
fluence of said field can upon melting more freely 
increase in girth, so that much larger additions 
of conductive material can be made to the melted 
material before instability occurs. 

2. Apparatus for levitating, heating and melt 
ing electrically conductive materials, coin prising 
a conductive tube helically bent into a coil of 
upwardly expanding generally frusto-conical 
form, means for supplying alternating current 
to said tube to generate a levitating magnetic 
field thereabove, means for internally cooling 
said tube, and means for inoving a conductive 
object into the influence of said field whereby 
it may be levitated while heated to the desired 
extent, the pitch of the turns of Said coil being 
greater in regions intermediate the periphery and 
axis, than the pitch of the peripheral and axial 
turns, in order to lessen the field gradients at 
Such regions, so that a conductive object in the 
influence of said field can upon melting more 
freely increase in girth, so that much larger addi 
tions of conductive material can be made to the 
melted naterial before instability occurs, the 
pitch of the turns of Said coil being gradually 
decreased in said peripheral turn with the last 
few outer turns on a steepened contour to in 
crease the radial field gradient and effectually 
prevent peripheral instability of the melt. 

3. Apparatus for levitating, heating and melt 
ing electrically conductive materials, comprising 
a conductive tube bent into a Spiral coil. With 
turns thereof lying in a generally horizontal 
plane, another similar tube helically bent into a 
coil of upwardly expanding generally frusto 
conical form coaxial theireWith, having an out 
side diameter larger than that of the Said first 
mentioned coil, and lying therebeneath, means 
for Supplying alternating current to Said coils 
in Series to generate opposed levitating alter 
nating magnetic fields, the pitch of the turns of 
said coils being greater in regions intermediate 
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the peripheries and axis than the pitch of the 
peripheral and axial turns in order to lessen 
the field gradients at Such regions, So that a 
conductive object in the influence of said field 
can upon melting more freely increase in girth, 
so that much larger additions of conductive ma 
terial can be made to the melted laterial before instability occurs. 

4. Apparatus for levitating, heating &nd melt 
ing electrically conductive materials, comprising 
a conductive tube bent into a spirai coil and 
with turns thereof lying in a generally horizontal 
plane, another similar tube helically bent into a 
coil of upwardly expanding generally frusto 
conical forin coaxial therewith, having an out 
side diameter larger than that of the said first 
mentioned coil, and lying therebeneath, means 
for Supplying aiternating current to Said coils in 
series to generate opposed ievitating alternating 
magnetic fields, the pitch of the turns of said 
coils being greater in regions intermediate the 
peripheries and axis than the pitch of the pe 
ripheral and axial turns in order to lessen the 
field gradientS at Such regions, So that a conduc 
tive object in the influence of Said field can upon 
neltilhg more freely increase in girtin, So that 
much larger additions of conductive material can 
be made to the melted material before instability 
occurs, the pitch of the turns of said coil being 
gradually decreased in Said peripheral turns with 
the last few outer lower coil turns on a steepened 
contour to increase the radial field gradient and 
effectually prevent peripheral instability of the 
inelt. 

5. Apparatus for levitating, heating, and melt 
ing electrically-conductive materials, comprising 
a Conductive tube helically coiled from a lower 
opening to upwardly-expanding frustic-conical 
form, a similar tube spirally coiled with its turns 
lying in a plane over the turns of said first tube 
and coaxial therewith, and a magnetizable core, 
the upper Surface of which is convex, disposed on 
the axis of Said helically coiled tube and closing 
the lower opening therein, to provide maximum 
field strength in the Space above said lower open 
9. 

6. Apparatus for levitating, heating and melt 
ing electrically conductive materials, comprising 
a conductive tube helically coiled from a lower 
Opening to upwardly expanding frusto-conical 
form, a similar tube spirally coiled with its turns 
lying over the turns of said first tube and coaxial 
therewith, and a magnetizable core formed of be 
tween 30% and 40% cobalt and the rest iron as 
isolated particles compacted into a coherent mass 
having a high Space factor and subject to only 
Small eddy current losses, the upper surface of 
Which core is convex, said core being disposed on 
the axis of Said helically coiled tube and closing 
the lower opening therein. 

7. Apparatus for levitating, heating and melt 
ing electrically conductive materials, COmprising 
a conductive tube helically coiled to upwardly 
expanding frusto-conical form, a similar tube 

5 Spirally coiled with its turns lying in a plane over 
Said first tube and coaxial therewith, means for 
Supplying alternating current to said coils in 
Series to generate a levitating magnetic field 
therebetween, and means disposed axially below 
Said helically coiled tube and directing a jet of 
fluid upwardly, so that the axial surface of the 
lower tip of material melted and enclosed be 
tween Said coils is supported by the jet due to its 
cooling and aerodynamic effect. 

8. Apparatus for levitating, heating and melt 
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ing electrically conductive materials, comprising 
a conductive tube bent into a coil of upwardly 
expanding generally frusto-conical form, means 
for supplying alternating current to said tube to 
generate a magnetic field thereabove, means for 
internally cooling said tube, and means for mov 
ing conductive material into an influence of said 
field whereby it may be heated to the desired 
extent, said means comprising a cage formed of 
heat-radiating fins, each fin being generally L 
shaped in outline and provided with lower angu 
lar extensions, a cooling device mounted for ver 
tical reciprocation, the inner ends of said exten 
sions being adjacent the top of said cooling de 
vice, the spacing of said fins being such that ma 
terial held within the cage formed thereby will 
be retained because of its surface tension even 
When molten. 

9. Apparatus for levitating, heating and melt 
ing electrically conductive materials, comprising 
a conductive tube helically coiled to upwardly 
expanding frusto-conical form, means for sup 
plying alternating current to said tube to gen 
erate a levitating magnetic field thereabove, and 
means disposed axially below said helically coiled 
tube for engaging the lower tip of material melted 
and supported above said coil, said means com 
prising a magnetizable core fitting within the in 
terior turns of said tube, said core being provided 
With an aperture, a cooling arrangement received 
in Said aperture and consisting of a mercury well, 
mercury in said well, a chamber external to said 
well, and means for circulating a cooling medium 
in Said chamber for keeping said mercury cool to 
avoid substantial loss thereof when engaging the : 
lower tip of material Supported in the field above 
Said coil and melted thereby. 

10. Apparatus for levitating, heating and melt 
ing electrically conductive materials comprising 
a conductive tube helically coiled to upwardly 
expanding frusto-conical form, a highly-conduc 
tive intermediate inductor block having a corre 
Sponding Outer Surface, fitting within said coil 
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and spaced therefrom by insulating means, said 
intermediate inductor block being so shaped as 
to define an interior heating chamber whose con 
tour is adapted to effect suspension melting, and 
a thin radial slot which compels high-frequency 
current When induced in said block to flow in 
Wardly and around the walls of the chamber to 
obtain a Smooth current sheet on the interior 
surface of said chamber, in order to effect de 
sired inductive action on conductive material dis 
pOSed in Said chamber, when the coil is energized 
by high-frequency current passing therethrough. 

11. Apparatus for levitating, heating and melt 
ing electrically conductive materials comprising 
a conductive tube helically coiled to upwardly ex 
panding frusto-conical form, a similar tube heli 
cally coiled to downwardly expanding form, with 
its turns lying over Said first tube and coaxial 
therewith, a highly-conductive intermediate in 
ductor shell having a corresponding outer sur 
face, fitting within said lower coil and spaced 
therefrom by insulating means, a highly conduc 
tive intermediate inductor block having a corre 
Sponding outer Surface, fitting within the upper 
coil and Spaced therefrom by insulating means, 
Said intermediate inductor shell being so shaped 
as to define an interior heating chamber whose 
contour is adapted to effect suspension melting, 
and a thin radial slot Which compels high-fre 
quency current When induced in said intermedi 
ate inductor shells to flow in Wardly and around 
the Walls of the chamber to obtain a Smooth cur 
rent sheet on the interior Surface of Said cham 
ber, in order to effect desired inductive action 
On conductive material disposed in Said chamber, 
when the coils are energized by high-frequency 
current passing therethrough, and pipes con 
nected to said shells for circulating cooling fluid 
through the interiors thereof. 
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