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This invention relates to magnetic-flux pumps. The
invention described herein was made in the performance
of work under a NASA contract and is subject to the
provisions of the National Aeronautics and Space Act of
1958, Public Law 85-568 (72 Stat. 426; 42 U.S.C. 2451),
as amended.

This invention relates to a method and means for in-
creasing the intensity of a magnetic field by transferring
flux from one location to a location desired for said mag-
netic field and, more particularly, to improvements
therein. .

In an application by Alvin F. Hildebrandt and Daniel
D. Elleman, which is assigned to a common assignee,
there has been described and claimed a Magnetic-Flux
Pump, Serial No. 155,597, filed November 29, 1961. The
device described includes a pair of communicating cavities
formed in a block of superconducting material. A pis-
ton, also made of superconducting material, is dimen-
sioned to be insertable into one of the cavities and to
substantially fill said cavity. Magnetic flux is first trapped
in the cavities by establishing a magnetic field therein
•while the superconducting material is above the super-
conducting transition temperature and thereafter reduc-
ing the temperature below the transition value; then the

• exciting magnetic field may be removed. By inserting the
piston into the cavity, the trapped flux is displaced there-
from and moved to the other cavity through the slot,
where it is added to the field already present. By vary-
ing the ratios of the areas of the two cavities, it is possi-
ble to produce a field having much greater flux density in
the second or smaller cavity to which the flux is trans-
posed.

This invention is directed to an improvement in said
apparatus whereby the magnetic-field intensity which is
established by the apparatus described may be still fur-
ther increased without expenditure of additional magneto-
motive energy.

Accordingly, an object of this invention is the provi-
sion of an improved magnetic-flux-pump apparatus.

Another object of this invention is the provision of a
novel arrangement for establishing a magnetic field in a
desired region by a mechanical flux transfer.

Still another object of this invention is Ihe provision
of a simple and useful arrangement for building up a mag-
netic field which does not employ an increased external
electrical current in the buildup.

These and other objects of this invention are achieved
iri an arrangement, as briefly described above, wherein
two cavities communicating with each other through a
slot are formed in a block of material which has the
property of superconductivity below a predetermined tem-
perature. A piston is provided for insertion into one of
these cavities. The piston is effectively made of two
parts: One part is made of a material having the prop-
erty of superconductivity and is sufficiently large to be in-
sertable into one of the cavities and to substantially fill it;
the other part is made of a ferromagnetic material, such
as iron, and is also sufficiently large to substantially fill
the cavity.

At the outset, with the part of the piston made of
the ferromagnetic material in a cavity and with the tem-
perature of all the material above the critical value at
which the material can go superconducting, a magnetic"

field is established through the cavities which extends
parallel to the axis of the cavities. The superconducting
material is then reduced in temperature below the critical
value, and the magnetic field being applied to the cavities

5 may then be removed. However, magnetic flux is
trapped, by reason of the perfect conductivity, in the
cavity in which the ferromagnetic piston is inserted and
also in the other cavity. Because of the use of the piston
made of ferromagnetic material, the flux which is trapped
in that cavity is much greater than is trapped in the
absence of a piston of ferromagnetic material. The pis-
ton is then actuated to displace the piston portion made
of ferromagnetic material and to replace it with the piston
portion made of superconducting material. This effec-

lg tively drives the flux out of this cavity.and through the
slot into the other cavity, where it is added to the flux
previously trapped therein. By varying the ratio of the
cavity areas, the flux field density in the second or smaller
cavity may be made extremely high. Provision may be

20 made to use the increased-intensity flux field by inserting
a tube in the cavity, which acts as a thermal shield and yet
affords access thereto.

The novel features that are considered characteristic
of this invention are set forth with particularity in the

25 appended claims. The invention itself, both as to its or-
ganization and method of operation, as well as additional
objects and advantages thereof, will best be understood
from the following-description when read in connection
with the accompanying drawings, in which:

30 FIGURE 1 is a view in perspective of the essential
structure of the embodiment of the invention;

FIGURE 2 is a cross-sectional view illustrating the
embodiment of the invention inside of a Dewar flask.'

It is known that when certain metals are cooled below
35 a very low characteristic temperature they exhibit prop-

erties such as an abnormally high electrical conductivity
and an almost perfect diamagnetism (the Meissner
effect)—that is, the magnetic permeability is reduced
practically to zero. In accordance with this invention,

40 advantage is taken of the substantially infinite electrical
conductivity effect for the purpose of transferring flux
from one region to another to thereby increase the mag-
netic flux existing in such other region.

FIGURE 1 shows a structural arrangement for effectu-
45 ating the flux transfer. The equipment essentially in-

cludes a block 10 of material which has the property that
when it is cooled below the critical temperature it be-
comes superconducting. There are two cavities, respec-
tively 12, 14, separated by a slot 16, machined through

50 the block. The cavities preferably have a cylindrical '
shape, and the slot 16 is quite narrow. The area of the
cavities 12, 14 may be made equal to each other, or the
area of the cavity 14 may be made smaller than the area
of the cavity 12, depending upon the field intensity de-

55 sired in the cavity 14.
A piston 18 is provided which can be removably in-

serted into the cavity 12. The piston is made of two
parts: The first ISA is made of a ferromagnetic mate-
rial, such as iron, and has the dimensions such that when

60 it is inserted into the cavity 12 it will completely fill that
cavity; the other part 18B of the piston 18 consists of
superconducting material and also is dimensioned to be
insertable into the cavity 12 and to completely fill such
cavity when inserted therein. The piston 18 is mounted

05 upon a rod 20 which enables actuation of the piston from
outside of apparatus, such as a cryostat or a Dcwar flask,
which is used to reduce the temperature of the super-
conducting material to the value at which it becomes
superconducting. .

70 The operation of the invention is as follows: First, the
portion of the piston ISA is inserted into the cavity 12,
completely filling it. Then, a magnetic field is applied
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to the block 10, while it is above the critical tempera-
ture. The magnetic field is applied by a source (not
shown here) such that the lines of flux in that field extend
parallel with the axis of the cavities 12, 14. The effect

tube which is long enough to extend outside of lhe*Dewarv

flask, which permits any required operation of the ap-
paratus, permits the apparatus to be cooled below the
critical temperature, and yet does not interfere with Ihe

of the ferromagnetic material ISA is to concentrate flux 5 operation thereof. A double-wall cylinder 64 extends
within the cavity 12 and to provide a flux density which
is in excess of that achievable when the cavity 12 is only
filled with air. Using a ferromagnetic piston increases
the flux which is trapped by a factor which depends on

through the cover and affords access to magnetic-field
region. The magnetic-pump apparatus includes a body
68, which may be of niobium material or of lead, which
has two cylindrical chambers with a communicating slot

geometry and on the magnetic permeability of the mate- i0 formed therein, as shown in FIGURE 1 of the drawings,
rial used. In the previously mentioned application for Provision is made for supporting this body 68 within the
a Magnetic-Flux Pump, by Hildebrandt et ai., initially Dewar flask.
the cavity 12 was only filled with air. A piston 70 which, as was described in connection with

After the magnetic field has been established, the block FIGURE 1, has one portion made of iron and the other
of superconducting material 10, as well as the portion 15 portion made of niobium, with both portions large enough
of the piston 18 which is superconducting, are cooled be- to fill one of the cylindrical cavities, is attached to a
low their critical temperatures. At this time the external shaft 72. The shaft extends outside of the Dewar flask
magnetic field may be removed. However, due to the to a handle 74.
Meissner effect, the superconducting material effectively In operation, first, the switch 42 is closed, enabling
traps the magnetic flux which extends through the portion 20 tne magnetic coils to establish a magnetic field into the
of the piston ISA and through the cavity 14, by the Dewar flask containing the flux-pump apparatus. At this
mechanism of currents being induced in the walls of the time. the temperature of the niobium block is above the
superconducting block 10, to maintain the magnetic field critical temperature. The piston 70 is inserted in the
as it was at the time that the external magnetic field cavity of the niobium block, so that the iron portion of
was removed. At this time, the piston 18 is actuated to 25 the P'ston fills this cavity. It is indicated at this time
remove the portion ISA and substitute instead the portion that the Dewar flask need not contain the cooling liquids,
18B. Since the portion of the piston 18B is supercon- or may only have the liquid helium in the outer container
ducting, it displaces the trapped magnetic flux which portion. The cooling liquids are then added, and the
existed in the cavity 12 into the cavity 14. As a result, niobium material is permitted to attain a temperature at
there is a considerable increase in the magnetic-field 30 which jt becomes superconducting,
intensity which exists in the cavity 14. Any experi- Tne switch 42 is then opened, collapsing the field
ments, calibrations, or measurements desired may be made established by the coils, but magnetic flux is trapped by
within the intense magnetic field existing in the cavity the superconductor. Thereafter, the handle 74 is actuated
14, to move the iron portion of the piston out of the cavity

FIGURE 2 is a cross-sectional view of a Dewar flask 35 and the niobium portion of the piston into the cavity,
holding an embodiment of the invention, which illustrates T"6 flux in the cavity is 'hereby transferred to the other

cavity. Access is afforded to such other cavity by the
thermal insulating cylinder 64 which extends into such
other cavity from outside the Dewar flask. The double

how the invention may be operated within the flask and
yet permit access to the cavity 14 for the purpose of
working within the increased magnetic field existing there-
in. This apparatus includes three magnetic coils, 40 walls of the^cylinder 64 have ^ vacuum^ therebetween
respectively 32, 34, 36, which are oriented around a ~~ * * """ "' '~'~~ ** ~l~~" J ' *"
Dewar flask 38, in order to provide a magnetic field with
lines of flux which pass through the cylindrical cavities
along the axis of these cavities. A current source 40 sup-
plies current to the magnetic-field coils when a switch 42 45
is actuated. The magnetic-field coils and the Dewar
flask are supported upon a wooden base 44.

The Dewar flask 38 is actually supported above the
base by a thermal insulating material 46, such as tar.
The flask has an outer container 48, which surrounds an 50
inner container 50. The space between the inner and
outer containers, when it is desired to reduce the tem-
perature of the apparatus contained within the inner

. container, may be filled with liquid nitrogen.

serving to act as a thermal insulator. It should be noted
that access is had to this vacuum by way of a port open-
ing 65, also for the purpose of removing any helium
which may find its way into this vacuum.

The use of the ferromagnetic portion of the piston in-
creases the amount of flux which may be trapped in the
cavity, and thus, by reducing the area of the second cavity
relative to the first cavity, or cavity into which the piston
is inserted, one may obtain by the use of this invention an
extremely strong magnetic field.

There has accordingly been described and shown here-
in a novel and useful arrangement for pumping magnetic
flux from one cavity to another, whereby a flux field may
be established in the second cavity, having an intensity

The inner container is supported within'the outer con- 65 determined by the ratio of the dimensions of the two
tainer by means of Teflon spacers, respectively 52, 54, cavities,
and 56. It'will be noted that the walls of the inner and
outer containers are actually double walls, and these walls
enclose a space from which the air is removed. These
two vacuum spaces serve as thermal insulating barriers.

We claim:
1. A magnetic-flux pump comprising walls defining a

first and second cavity separated by a slot, said walls being
...» « u .!,«*, «.« „» lucrmai msmaung oarners. fio

 made °\ a material having superconducting properties
Provision is made for affording access to the space pro- when below a cntical temPerature' a body havinS a first

vided 'by the inner container walls for removing any portion mac!e ?f a material having superconducting prop-
gaseous helium which may seep into the vacuum space ertles when below a ceftam temPerature and a second por-
This includes an opening to which connection is made by tlon made of a ferromagnetic material, said first and second
way of a valve 58 and another opening 60 to which the „„ P01"1'0118 of tn's body each being sufficiently large to sub-
vacuum pump may be connected. Liquid helium may be stantially fill said first cavity and to be slidably intertable
poured into the container space within the inner Dewar thereinto, means for supporting said first and second por-
walls. tions of said body adjacent one another for successive.

A suitable cap 62 is provided for covering the inner insertion of said second portion into said first cavity be-
and outer Dewar containers. However, an opening is 79 fore cooling below said critical temperature and for ih-
provided in this cap for enabling external control of the sertion of said first portion into said first cavity after cool-
flux-pump apparatus and also for enabling access to the ing below said critical temperature,
region of the increased flux field which is established 2. A magnetic-flux pump as recited in claim 1 wherein
in the inner Dewar space. said first portion of said body is made of niobium metal

The flux-pump apparatus is enclosed in a single-wall 75 and said second portion of said body is made of iron.
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': .3. A* magnetic-flux pump comprising walls defining a
first and second cavity separated by a slot, said walls
being made of a material having superconducting prop-
erties when below a certain temperature, a piston for in-
sertion into said first cavity, said piston having a first por- 5
tion made of a ferromagnetic metal and a second portion
made of a material having superconducting properties
when below a critical temperature, said first and second
portions of said piston each being dimensioned to be
slidably insertable successively into and to substantially 10
fill said first cavity, means for inserting said first portion
of said piston into said first cavity, means for establish-
ing a magnetic field through said first and second cavities
substantially parallel to said walls while said walls are at
a temperature above said critical temperature, means for 15
cooling said walls and said second portion of said piston
until they are below said critical temperature, means for
inactivating said means for establishing a magnetic field,
and means for replacing said first portion of said piston
by said second portion of said piston within said first 20
cavity whereby flux is transferred into said second cavity
which previously passed through said first portion of
said piston.

4. An improved piston for a magnetic flux pump of
the type comprising a body made of material having the 25
property of superconduction below a critical tempera-
ture, and having two spaced openings therethrough in a
slot therebetween for enabling communication between
said openings, one of said openings being cylindrical in
shape, means for establishing a magnetic field within said 30

cylindrical opening, means for cooling said body below
the critical temperature, and means for inactivating said
means for establishing a magnetic field; said improved
piston comprising two piston sections, each of which
alone substantially fills said cylindrical cavity and is
slidably insertable therein, said two piston sections being
joined at one end to have a common axis, one of said
sections being made of ferromagnetic material, the other
of said sections being made of material having the prop-
erty of superconduction below a critical temperature,
means for inserting said ferromagnetic material section
within said cylindrical cavity when said magnetic field is
established therein, means for cooling said superconduc-
tive material section below its critical temperature to-
gether with said body of material, and means for moving
said superconductive material section into said cylindrical
opening in place of said ferromagnetic section.
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