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57) ABSTRACT 

A cryogenic electric conductor formed from a plurality of su 
perconducting wires arranged in a twisted configuration. The 
conductor is enclosed in a vacuumtight sheath and the gaps 
between conductor and the sheath and between the individual 
wires are filled with a low-temperature cooling medium, 
preferably helium. Each of the wires has one or more super 
conducting cores surrounded by a metal e.g. copper, in effi 
cient heat-conducting contact therewith. The sheaths may be 
formed of a low-conducting metal or from a plastic. 

24 Claims, 10 Drawing Figures 
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3,639,672 
ELECTRICAL CONDUCTOR 

BACKGROUND OF THE INVENTION 

The present invention relates to cryogenic electric conduc 
tors for superconducting windings or switching paths 
(cryotrons). More particularly this invention relates to 
cryogenic electric conductors having a plurality of supercon 
ductor wires which are arranged alongside one another in a 
twisted configuration. 

It is known to operate superconducting windings in a bath of 
liquid helium in order to maintain the required low working 
temperature of, for example, 4.2 K., and to carry off both the 
heat flowing in from the surrounding outer environment and 
that generated in the winding. It is also known to construct the 
winding from tubular conductors which internally carry the 
cooling medium, for example liquid or gaseous helium. In this 
manner the winding requires only heat insulation outside the 
conductor, but does not require a helium vessel. Such directly 
cooled hollow conductors consist of a tube of normally con 
ducting metal, such as copper or aluminum, in which the su 
perconductor wires are embedded as separate wires, or which 
carries the superconductor as a surface film either on its inside 
or outside. A tube of this kind naturally has a diameter of 
several millimeters, since otherwise the cooling medium 
required for cooling purposes can not flow through the center 
thereof. In conductors for current intensities of more than 100 
a. and in windings for magnetic field intensities of more than 
1,000 Oe, such dimensions result in appreciable losses upon 
changes in current and field, that is, for example, in windings 
for alternating current. Such is also the case however, with 
windings for direct current which are energized and deener 
gized within a limited time. The resulting eddy-current and 
hysteresis losses increase with the square of the diameter and 
the intensity of the magnetic field. Accordingly with a high 
field intensity, these losses may play a decisive part in the 
designing of the cooling system for the windings. 

It is also known that in order to fully utilize the supercon 
ducting material, the superconductor should be fully stabil 
ized. This is effected by combining the superconductor with 
highly pure copper or aluminum having a cross section which 
is several times larger than that of the superconductor. The ef 
fect of this combination is that in the event of surges of flux in 
the superconductor, the local losses remain small because the 
current can pass from the superconductor into a sufficiently 
large cross section of the stabilizing metal, the losses of which 
can be carried off continuously by the cooling medium. This 
method, however, fails to produce the desired results in direct 
current windings which are exposed to pronounced variations 
of magnetic field, for example energizing windings of large 
machines, in alternating-current windings and in cryotrons, 
because in all of these applications the greater the cross-sec 
tional area of the stabilizing metal the greater the eddy-cur 
rent losses. 

SUMMARY OF THE INVENTION 

It is accordingly an object of this invention to provide a su 
perconducting cryogenic electrical conductor which over 
comes the above cited disadvantages. 

Accordingly, in order to avoid the difficulty in designing the 
cooling system for windings subjected to a high field intensity 
while at the same time also achieving the advantage of the 
above-described tubular type of conductor, according to the 
invention, a cryogenic electric conductor is provided having a 
plurality of superconductor wires which are arranged along 
side one another in a twisted configuration and enclosed in a 
vacuum-tight sheath, and the gaps between the individual 
wires and between the bundle of wires and the sheath is filled 
with a low-temperature cooling medium, which may be, for 
example, liquid or above-critical helium. The construction of 
the conductor in the form of a large number of individual 
wires which are separated from one another and twisted 
avoids appreciable eddy-current and hysteresis losses and per 
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2 
mits large-area contact with the cooling medium. Further 
more, a readily flexible conductor which can also be used for 
windings of small bending radius is obtained. 

In order to overcome the problem of increased eddy-cur 
rent losses with increased cross section for stabilized super 
conductor electric conductors, according to an embodiment 
of the invention the cross section of the wires is preferably so 
reduced that the eddy-current losses are negligible. Hysteresis 
losses are avoided for all practical purposes by utilizing super 
conductor cores for the wires which are very thin, insulated 
from one another and twisted. If a wire contains a plurality of 
superconducting cores, these cores are also twisted, but are 
only separated from one another by the normally conducting 
stabilizing metal. In order to render harmless any residual flux 
surges nevertheless still occurring when there are variations in 
flux, which surges are attended by localized heating, the wires 
are surrounded by a heat-storing agent which can absorb these 
localized amounts of heat without any increase in temperature 
worth mentioning. Liquid or above-critical helium is particu 
larly suitable as such a heat-storing agent since in the tempera 
ture range of 4-5 K. its heat-storing capacity, referred to the 
unit of volume, is more than 1,000 times greater than that of 
the metals copper and aluminum heretofore generally em 
ployed. These metals are not able to absorb any amount of 
heat worth mentioning and accordingly must transfer this heat 
immediately to the cooling medium in order that their tem 
perature not rise to a value which is detrimental to the super 
conductivity. For this reason the construction which has 
heretofore been customary, in which large amounts of stabiliz 
ing metal are used, is reliable in operation only when no gas 
bubbles of below-critical pressure accumulate at the surface 
of the stabilizing metal. This condition is also decisive for the 
reliability of operation of the type of conductor according to 
the invention. In the case of cooling with above-critical heli 
um, this condition is satisfied from the start. In the case of 
cooling with liquid helium, that is with below-critical pressure 
of the cooling medium, this condition can be observed by 
design precautions, for example a powerful flow of the liquid 
cooling medium or perpendicular arrangement of the conduc 
tOr. 

In a preferred embodiment of the invention, superconduc 
tor wires of small diameter are accordingly brought into effi 
ciently heat-conducting contact with a certain amount of 
metal, so that the area of the wires is increased relative to the 
area of the superconducting cores of the wires. For efficient 
cooling the major portion of the wire surface is in direct con 
tact with the cooling medium, and accordingly the insulation 
for the wires does not therefore form a continuous covering. 
Separation or insulation is effected most simply by covering 
the wires quite loosely with insulating threads. For example, 
glass fiber thread of at least 50 pum. in diameter may be wound 
helically around the wire, with the pitch of the helix being 
several times as large as the thickness of the thread. The wires 
are then wound into a conductor, the successive or adjacent 
layers of which are twisted in opposite directions. The layers 
may be wound on an insulating helium-permeable core, for in 
stance a coil spring made from a plastic filament. For good 
utilization of space, it is advantageous to enclose a round or 
oval conductor in a rectangular sheath in such manner that 
free flow cross sections are created at the four corners. The 
conductor can nevertheless be supported in all four directions. 
The result of the design of the conductor according to the in 
vention is that the internal space of the sheath is filled by the 
cooling medium to the extent of at least one quarter, but 
preferably to the extent of more than one half of its cross-sec 
tional area. With this construction favorable effective current 
densities are nevertheless obtained. This is true even in the 
case of direct-current windings, wherein the effective current 
densities are more favorable than in fully stabilized windings 
of conventional type. 
The vacuum tight sheaths are advantageously extruded over 

the finished conductor. With fairly short lengths of conductor, 
the wires may alternatively be drawn into the sheath. The 
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sheath may consist of metal, plastic, glass, etc. If metal is used, 
however, it should not have a particularly high conductivity at 
the low operating temperature. Suitable as extrudable metals 
are, for example, aluminum of low purity, aluminum-zinc al 
loys or nonsuperconducting lead alloys. Extruded plastic 
sheaths can be rendered vacuumtight by a metal coating. For 
example, a vacuumtight sheath may be formed by extruding a 
thin supplementary covering consisting of a plastic over the 
conductor coating the plastic covering with a firmly adhering 
nickel layer by means of currentless reduction, and thereafter 
applying another pore-free coating of metal, for example 
nickel or chromium a few um, thick, thereto by electrodeposi 
tion. . . . . . . . . . . . . . . . . . . . . 

If the bundle of wires or conductor is enclosed by a metal 
sheath, it is expedient to cover the conductor loosely with in 
sulating threads, so that the conductor is insulated from the 
sheath, while at the same time allowing the helium or cooling 
medium to pass out of the free flow cross sections and 
penetrate between the wires. This has the advantage that the 
sheaths need not be externally insulated even for turns which 
are disposed side by side and contacting one another, since the 
natural oxide films between the individual turns of a complete 
winding are sufficient to prevent large eddy-current losses in 
the sheaths. The entire winding thus forms an efficiently heat 
conducting body which, in the case of direct current windings, 
need only be cooled at its surface and brought to the operating 
temperature. In such an arrangement the cooling medium in 
side the sheath does not have to be circulated and serves only 
to absorb, by reason of its high specific heat storing capacity, 
any amounts of heat generated when flux surges and variations 
of field occur, and to prevent the occurrence of local over 
heating, which could result in quenching the superconductivi 
ty. The entire winding is surrounded inside the heat insulation 
by a shield of heat-conducting metal which is kept at the low 
operating temperature by means of tubes through which the 
cooling medium, preferably liquid or above-critical helium, 
flows. For initially cooling the winding, liquid nitrogen may in 
addition initially be passed through such tubes without con 
taminating the interior of the conductor sheaths with a sub 
stance which becomes solid upon cooling to 4.2 K. and 
thereby possibly internally block the conductor sheaths. In 
such an arrangement wherein the winding is cooled externally, 
it is sufficient to connect the conductor sheaths to a helium 
supply bottle at one or both of the ends of the winding. On 
cooling of the initially gaseous charge of the sheath, more heli 
um can then flow in and the same pressure can always be 
maintained. ... ' 

If the lead-ins to the winding are at room temperature, heli 
um gas bottles at high pressure are advantageously employed 
and this pressure is then lowered by means of reducing valves. 
to the operating pressure inside the conductor sheath. If the 
operating pressure is below-critical, the helium inside the 
sheath becomes liquid on cooling to 4.2 K., if it is above criti 
cal, that is, for example, 3 ata, the helium remains gaseous at 
high density and no gas bubbles can form. 

If the conductor according to the invention is employed for 
alternating current, for direct current whose magnitude varies 
frequently or as a magnetically controlled switching path 
(cryotron), i.e., of appreciable losses are to be expected dur 
ing operation, it is not sufficient merely to prevent the heat 
flowing in from the outside from reaching the surface of the 
entire winding by means of a cooled shield. In such case, every 
conductor inside the sheath must be cooled continuously, and 
accordingly the cooling medium inside the sheath is continu 
ously replaced by freshly cooled cooling medium. The fresh 
cooling medium is supplied to the conductor sheath at suitable 
intervals along the length thereof and then flows through the 
conductor sheath and out again after covering a certain 
desired distance. If the conductor sheaths are at ground poten 
tial, the supply and removal of cooling medium may be ef 
fected by means of metal tubes inside the surrounding heatin 
sulation. If metallic conductor sheaths are in electrical contact 
with the bundle of wires of the conductor, the repeated supply 
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and removal of cooling medium is carried out by way of insu 
lating tubes or metal tubes with an insulating intermediate 
piece. The conductor sheath of each turn must then also be 
electrically insulated from the other turns. 

BRIEF DESCRIPTION OF THE DRAWINGS 

F.G. 1 is a cross-sectional view of a cryogenic electric con 
ductor according to the invention for direct current of great 
intensity; 

FIG. 2 is a cross-sectional view of a wire of the conductor 
according to FIG. 1; 

FIG. 3 is a cross-sectional view of a direct current winding 
composed of conductors according to FIG.; 

FIG. 4 is a diagrammatic representation of a winding ac 
cording to FIG.3, including the cooling system; 

FIG. S is a cross-sectional view of a conductor according to 
the invention for an alternating-current winding; 

FIG. 6 is a cross-sectional view of a wire for a conductor ac 
cording to FIG. 5; - - - - 

FIG. 7 is a cross-sectional view of a cryotron conductor ac 
cording to the invention; 

FIG. 8 is a sectional view illustrating a connecting piece for 
two conductors according to FIGS. 1 and 7; 

FIG. 9 is a cross-sectional view of a conductor according to 
the invention having a plurality of wire bundles; 

FIG. 10 is a sectional view similar to FIG. 8 illustrating a 
conductor according to the invention and a schematic view of 
an associate cryogenic cooling system. 
DESCRIPTION OF THE PREFERREDEMBODIMENTS 
FIG. 1 is a cross-sectional view of a cryogenic electric con 

ductor for direct current of, for example, 10,000 a. On an 
elongated plastic support 1, which is bent in undulating form 
and perforated, superconducting wires 2 are wound, in a plu 
rality of layers with each layer being twisted in the opposite 
direction. The oval shaped conductor thus formed is insulated 
by a loose covering 3 of insulating threads, e.g., glass fibers, 
from the rectangular outer sheath 5. The sheath 5 is formed of 
a metal having a low conductivity at the operating tempera 
tures of the conductor, preferably, an aluminum alloy, and is 
applied to the finished conductor by extrusion. Due to the 
relative shapes of conductor and sheath which is of a 
polygonal shape, free flow cross sections 4 for the cooling 
medium are left at the four corners of the sheath. Additionally 
due to the forming of the support 1 the cooling medium can 
also flow through the passages therein. The cooling medium 
can also penetrate between the individual wires through the 
loose covering 3 which may for example be a loosely wound 
helical thread. The cooling area for the wires is therefore large 
and preferably comprises at least one-fourth of the cross-sec 
tional area of the sheath, 

FIG. 2 is a cross-sectional view of a wire of the conductor 
according to FIG. 1, wherein 6 represents the superconduct 
ing core. The core 6 consists, for example, of the hard super 
conductor niobium-titanium. The core 6 is surrounded by a 
shell or jacket 7 of highly pure copper which may be given a 
sufficiently large cross section that complete stabilization oc 
curs. In order to achieve high effective current densities, how 
ever, the cross section may be substantially reduced without 
suffering a decrease in the reliability of operation. Of course, 
if quenching of the superconductivity occurs in a winding 
dimensioned in this manner, the winding current must be 
reduced rapidly in order to prevent all the magnetic energy of 
the winding from being converted into heat within the conduc 
tor. To insulate the individual wires from one another, they 
are provided with a loose covering consisting of a helically 
wound insulating thread 8, whereby the cooling medium can 
contact the major portion of the surface of the wire. 

FIG. 3 is a cross section of a winding which is built up from 
conductors according to FIG. 1 and serves, for example, to 
energize a turbogenerator. The reference 10 designates a turn 
formed by a conductor according to FIG. 1. Due to the 



-muu 

3,639,672 
S 

presence of the insulating layer 3 within the sheaths, the turns 
are wound side by side and one over the other and mutually 
support each other. The turns of the winding are enclosed by a 
copper shield 12 which, however, does not have to be 
vacuum tight and advantageously has longitudinal and trans 
verse slots formed therein to reduce eddy-current losses. One 
such longitudinal slot is designated by the reference numeral 
16. The shield 12 is in heat-conducting contact with a flat 
cooling tube 13 carrying liquid or above-critical helium inside 
it. The shield 12 and the cooling tube 13 are at ground poten 
tial, and are held in position within a vacuum vessel 14 by 
means of lateral supports 15. 
The vacuum vessel 14 is formed of metal which is a poor 

conductor, for example stainless steel, and is also maintained 
at ground potential. The lateral supports 15 may be so con 
structed from pressure-resistant ceramic discs that there are 
always only a few points of contact between the individual 
parts thereof so that the transfer of heat remains slight. 

FIG. 4 illustrates diagrammatically a winding such as shown 
in FIG. 3 including the cooling system therefor. A winding 21 
composed of conductors according to FIG. 1, is enclosed 
within a shield 22, which in turn is enclosed within the outer 
vacuum vessel 28 of the heat insulation. The lateral support 
pieces between the vacuum vessel 28 and the shield 22 are not 
shown. The gap between the shield and the vacuum vessel is 
advantageously filled with superinsulation, that is reflecting 
foils, so that heat absorption is reduced. The cooling medium 
is introduced into the structure by means of inlets 23 extend 
ing from a reflux condenser 24. Connected to the direct cur 
rent terminals 27 are the current leads 25 of the winding. Pres 
sure bottles 26, preferably for gaseous helium are connected 
to the current leads 25 in order to maintain the cooling medi 
um within the sheath of the conductor. 

FIG. 5 is a cross section through a conductor which is also 
suitable for alternating current. The conductor consists of a 
plurality of wires 31 which are placed around a central wire 33 
in a plurality of layers, adjacent ones of which are twisted in 
opposite directions. The conductor which is circular, is placed 
in an extruded plastic sheath 32 of rectangular cross section, 
thus again providing free flow cross sections at the corners of 
the sheath. The sheath 32 may be made vacuumtight by coat 
ing the outer surface thereof with a metal coating 34 in a 
manner known in the art. Due to the fact that the illustrated 
sheath 32 is made of a plastic material no insulation around 
the entire conductor is required. 
The construction of the wires 31 is illustrated in FIG. 6 

wherein it is seen that each wire 31 contains a large number of 
superconducting cores 41 which are embedded in a metal 42, 
e.g., pure copper. Each wire 31 is twisted about its own axis, 
so that the individual cores 41 extend helically around the axis 
of the wire. Insulation between the adjacent wires of the cable 
is provided by means of an insulating thread 43 wound heli 
cally round the wire with the pitch of the helix being several 
times as large as the thickness of the thread, whereby the cool 
ing medium can easily contact the surface of the wires. 

FIG. 7 is a cross-sectional view through a conductor which 
can be used for a cryotron in machines or switches. The con 
ductor consists in this case of two layers of wires 51 which are 
twisted in opposite directions, and wound on a coil spring 52 
made from a plastic filament. A loose or open covering 53 is 
disposed around the conductor as insulation and the entire ar 
rangement is surrounded by a sheath 54. If a metal is used for 
this sheath, it should have a relatively poor conductivity. 
The wires of the cable of FIG. 7 are constructed similarly to 

the wire shown in FIG. 6, but the embedding metal 42 must 
not have a cross section substantially larger than the sum of 
the cross section of the superconducting cores 41. The cores 
41 consist of a soft superconductor, for example niobium, or a 
hard superconductor, such as lead-bismuth eutectic with a 
critical field strength of about 13.8 K gauss that is below the 
saturation of iron. The embedding metal should have as high a 
specific resistance as possible. Alloys of nickel with copper, 
iron or chromium, for example, are suitable therefore. The 
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6 
wires 51 are produced by providing a block of the embedding 
metal with holes into which the superconductor rods are in 
serted and, if necessary, soldered. The complete assembly is 
then worked down by hammering, rolling or drawing to a cross 
section so small that the individual cores are only a few 
microns (u) thick. Where soft superconductors are employed, 
it is particularly important to achieve as small a thickness as 
possible for the cores, because in this way the critical current 
density j and, as a result of the path-length effect, the specific 
resistance p are increased. To reduce the blocking losses of a 
cryotron, it is important to make the product jp as large as 
possible. Because the critical field intensity increases with 
decreasing thickness of the superconducting core, there is 
moreover a lower limit for the thickness. In this embodiment, 
the twisting of the wire about its longitudinal axis is also ad 
vantageous. 

FIG. 8 is a longitudinal section through a connecting piece 
between a conductor according to FIG. 1 and a conductor ac 
cording to FIG. 7. The reference 61 designates the conductor 
according to FIG. 1 and the reference 62 designates the con 
ductor according to FIG. 7. In order to establish a connection 
the sheath is removed from both conductors over a distance of 
several centimeters, and likewise the insulation between the 
wires. The wires 63 of the conductor 61 and the wires 64 of 
the conductor 62 are then inserted into each other, enclosed 
by a copper bushing 65, squeezed together and soldered. At 
this point, therefore, the wires are not insulated from one 
another and increased eddy-current losses are to be feared. 
For this reason, such connections or joints within a winding 
are located in a zone of small magnetic field strength. The 
sheaths of the two conductors 61 and 62 are interconnected in 
vacuumtight fashion by a sheath 66. FIG. 8 also shows the 
supply of the cooling medium, which is advantageously ef 
fected at such connecting pieces so as to remove the heat 
produced here in a reliable manner. A pipe coupling 67 is sol 
dered in vacuumtight fashion to a resilient intermediate metal 
piece 68 and thus secured to a ceramic tube 69. The tube 69 is 
also secured in the same manner to a feed pipe 70 for the cool 
ing medium. In this manner, an insulation is interposed 
between the grounded feed pipe 70 and the metal sheath 66, 
which is important in cases where there is contact between the 
conductor and the sheath of the conductor. 

FIG. 9 shows a conductor with a plurality of wire bundles 
which is suitable for alternating current or a cryotron. The in 
dividual wires are constructed, for example, as in FIG. 6. They 
form six single-layer bundle of wires 72 which are wound on 
coil springs 73 of plastic material. The bundles of wires rest in 
common on a coil spring 74 of plastic material. The plurality 
of wire bundles are enclosed in vacuumtight fashion by a 
sheath 75. In this case, the major portion of the internal space 
of the sheath is available for the flow of cooling medium. 
The features of the above-described drawings may also be 

combined with one another in other ways. In machines with 
hard superconductors and cryotrons, these two conductors 
may also be accommodated in a common sheath or the hard 
superconductor may also be accommodated in the internal 
hollow space of a cryotron in accordance with FIG. 7 or FIG. 
9. 

Reference is now made to FIG. 10 which illustrates in sec 
tion a length of a conductor 80 according to the invention. 
Conductor 80 may be similar as shown in FIG. 9 and has a 
sheath 82 of an electrically conducting material and an inner 
braided multiple conductor 84 which is shown only schemati 
cally and may comprise elements 71 to 74 shown in FIG. 9. No 
insulation is provided between sheath 82 and conductor 84. 
Sheath 82 is provided with pipe couplings 67a, 67b and 67c at 
spaced locations along the conductor 80. Each of pipe 
couplings 67a to 67c is connected to an individual feed pipe 
70a to 70c, respectively, by connecting systems as described 
with reference to FIG. 8 and each comprising a ceramic tube 
69 electrically insulating the pipe couplings 67 from the cor 
responding feed pipe 70. Feed pipes 70a and 70c are con 
nected to outlet means 85 of a cryogenic cooling and circulat 



H 

3,639,672 
7. 

ing system 86 which may comprise a source and supply of 
liquid helium, and a circulation pump, as known in the 
cryogenic art. Feed pipe 70b is connected to an inlet connec 
tion 88 of system 86 which in operation provides circulation of 
a : cryogenic cooling medium, e.g., liquid helium through 
sheath 82. " . . . 

It will be understood that the above description of the 
present invention is susceptible to various modifications, 
changes and adaptations, and the same are intended to be 
comprehended within the meaning and range of equivalents of 
the appended claims. 

claim: 
1. A cryogenic electric conductor for the construction of su 

perconductive windings and magnetically controlled switching 
paths comprising a bundle of wires formed from a plurality of 

5 
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8 
11. A cryogenic electric conductor as defined in claim 1, 

wherein said sheath is formed of an extruded plastic material 
having a vacuumtight metal coating on the surface thereof. 

12. A cryogenic electric conductor as defined in claim 1, 
wherein above-critical helium is maintained within said sheath 
of said conductor in that the ends of the conductor are con 
nected to pressure bottles filled with helium gas. 

13. A cryogenic electric conductor as defined in claim 1, 
wherein said sheath has inlet and outlet arrangements for the 
cooling medium at a plurality of points along the length of the 
conductor, and means connected to said inlet and outlet ar 
rangements for maintaining the flow of cooling medium within 

15 
electrically separated superconductor wires arranged along 
side one another, in a twisted configuration, a vacuumtight 
sheath enclosing and directly supporting said bundle of wires, 
and a low-temperature cooling medium filling the gaps 
between the individual wires and between the bundle of wires 
and the sheath. 

2. A cryogenic electric conductor as defined in claim 1, 
wherein each wire includes at least one core formed of super 
conducting material and a metal surrounding said core in effi 
ciently heat-conducting contact therewith. 

3. A cryogenic electric conductor as defined in claim 2 
wherein each of said wires includes a plurality of cores of su 
perconducting material. 

4. A cryogenic electric conductor as defined in claim 3 
wherein each of said wires is twisted about its own axis so that 
said plurality of cores extend helically around said axis. 

5. A cryogenic conductor as defined in claim 2, wherein 
each of said wires is covered with insulating threads which are 
sufficiently loosely wound thereabout so that said cooling 
medium comes into direct contact with the major portion of 
the surface of the said metal. 

6. A cryogenic electric conductor as defined in claim 1, 
wherein said cooling medium occupies at least one quarter of 
the internal cross-sectional area of said sheath. 

7. A cryogenic electric conductor as defined in claim 1, 
wherein said bundle of wires has a circular or oval cross sec 
tion and is enclosed in a sheath of polygonal cross section, so 
that free flow cross sections are provided at the corners 
between the bundle of wires and the sheath. 

8. A plurality of cryogenic electric conductors as defined in 
claim 7, wherein the conductors are arranged alongside one 
another between the sheaths thereof. 

9. A plurality of cryogenic electric conductors as defined in 
claim 7, wherein the conductors are located within a metal 
shield of sufficiently high heat conductivity to be capable of 
being kept at the low operating temperature by means of tubes 
through which liquid or above-critical helium flows during 
operation. 

10. A cryogenic electric conductor as defined in claim 7, 
wherein the sheath has a rectangular cross-sectional configu 
ration. 
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said sheath. 
14. A cryogenic electric conductor as defined in claim 1, 

wherein the sheath is formed of a metal of low thermal con 
ductivity from the group consisting of impure aluminum alloy 

15. A cryogenic electric conductor as defined in claim f4, 
wherein said bundle of wires is loosely covered with insulating 
threads, so that the bundle of wires is insulated from said 
sheath, but, said cooling medium can pass out of the free flow 
cross section and penetrate easily between said wires. 

16. A cryogenic electric conductor as defined in claim 5 
wherein the end of said conductor is connected to the end of 
another similar conductor, the ends of each conductor having 
their sheaths and insulations removed for a distance of several 
centimeters, and the uninsulated portions of the wires of the 
two conductors being axially intermeshed with one another, 
squeezed together and soldered to form said connection. 

17. A cryogenic electric conductor as defined in claim 5 
wherein said bundle of wires comprises a plurality of layers of 
wires, each layer of wires being twisted in the opposite 
direction from any adjacent layer. 

18. A cryogenic electric conductor as defined in claim 17, 
wherein said wires are wound about a nonconductive support, 
said support being provided with openings so that said cooling 
medium may freely flow within the center of said bundle of 
WTS. 

19. A cryogenic electric conductor as defined in claim 18, 
wherein said sheath is formed from a metal of low conductivi 
ty, and wherein said bundle of wires is loosely covered with in 
sulating threads. 

20. A cryogenic electric conductor as defined in claim 19 
wherein each of said wires has only a single core formed of su 
perconducting material. 

21. A cryogenic electric conductor as defined in claim 18, 
wherein each of said wires includes a plurality of cores of su 
perconducting material. 

22. A cryogenic electrical conductor as defined in claim 21 
wherein said sheath is formed from a metal of low conductivi 
ty, and wherein said bundle of wires is loosely covered with in 
sulating threads. 

23. A cryogenic electric conductor as defined in claim 17, 
wherein said layers of wires are wound about a further wire ex 
tending along the axis of the bundle of wires. 

24. A cryogenic electric conductor as defined in claim 23, 
wherein said sheath is formed of an extruded plastic material. 
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