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[5 7] ABSTRACT 
Permanent magnet structures are fabricated from a 
plurality of hollow cylindrical ?ux sources, the sources 
displaced radially from each other progressively along 
the structures’ elongate axes so as to produce a heliforrn 
magnetic ?eld extending centrally in a passage through 
the structures. Superconducting plates are interspersed 
between adjacent ?ux sources and also cover the end 
faces of the array. 

3 Claims, 1 Drawing Sheet 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more speci?c information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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PYX TWISTER WITH SUPERCONDUCTING 
CONFINEMENT 

The invention described herein may be manufac 
tured, used, and licensed by or for the Government for 
governmental purposes without the payment to me of 
any royalties thereon. 

TECHNICAL FIELD 

The present invention relates to the utilization of 
permanent magnets to produce helically oriented mag 
netic ?elds which are particularly useful in high power 
broad-band radiation sources for microwave and milli 
meter-wave radars. 

BACKGROUND OF THE INVENTION 

Twister designed magnetic ?eld generators have 
been provided by current carrying coils of very high 
amperage adapted to produce helically varying trans 
verse magnetic ?elds of the magnetization desired. In 
recent developments, notably U.S. Pat. No. 4,764,773, 
incorporated herein by reference, permanent magnets 
have been designed and arranged in certain speci?c 
ways to form structures which produce desirable helical 
or “twisted” ?elds obviating the need for commonly 
used current carrying coils with their attendant weight 
and space problems. These structures are based upon 
the hollow cylindrical flux source (HCFS) principle 
described by K. Halbach in “Proceedings of the Eighth 
International workshop on Rare Earth Cobolt Perma 
nent Magnets”, Univ. of Dayton, Dayton, Ohio, 1985 
(pp. 123-136). A HCFS, also referred to sometimes as a 
“magic ring”, is essentially a cylindrical permanent 
magnet shell that produces an internal magnetic ?eld 
which is relatively constant in magnitude. The ?eld, 
which is perpendicular to the axis of the cylinder, 
(transverse) possesses a strength which can be greater 
than the remanence of the magnetic material from 
which the ring is made. 

Ideally, the HCFS is an in?nitely long annular cylin 
drical shell with a circular cross section, which pro 
duces an intense magnetic ?eld in its interior working 
space. No magnetic flux extends to the exterior of the 
ring structure (except at ends of a ?nite cylinder). A 
HCFS is not limited to the ideal cylindrical structure, 
but may be represented by octagonal, sixteen sided, 
thirty-two-sided, and even higher order polygonal 
sided structures which approximate the ideal HCFS 
structure. 

In “twister” structures there also exists an undesirable 
longitudinal component of the magnetic ?eld in combi 
nation with the transverse component, arising from the 
high helical motion, i.e. “frequency”. As the frequency 
increases, the longitudinal component increases, weak 
ening the transverse component. Therefore, it has been 
of increasing concern to produce stronger transverse 
magnetic ?elds in “twister” con?gurations. 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to provide a 
permanent magnet structure possessing a high trans 
verse magnetic ?eld strength with little or no longitudi 
nal ?eld strength. 

It is a further object of this invention to provide a 
permanent magnet structure possessing a high trans 
verse magnetic ?eld at high operating frequency. 
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2 
It is another object of this invention to provide a 

permanent magnet structure with minimal internal ?eld 
distortion and minimal external flux leakage. 

It is still another object of this invention to provide a 
permanent magnet structure with uniform interior mag 
netic flux. 
The above and other objects are achieved in accor 

dance with the present invention, which makes advan 
tageous use of the HCFS twister structure uniquely 
combined with superconducting plates or sheets. 

In an embodiment of the invention, a multiplicity of 
similarly magnetized octagonal hollow cylindrical flux 
source structures, each having a generally disposed hole 
therethrough, are arranged concentrically on an elon 
gate axis with said holes de?ning an elongate axial pas 
sage extending through said structure, each octagonal 
structure rotated radially on the axial center line so as to 
displace its magnetization along a helical locus, thus 
giving the entire array the capacity to de?ne a twisted 
or helically oriented magnetic ?eld through the axially 
extending center passage. Superconducting sheets are 
interspersed between adjacent octagonal structures and 
also cover the end faces of the array. The superconduc 
ting sheets abutting the end faces of each octagonal 
structure con?ne the ?ux or magnetic ?led to the inte 
rior of each structure, ‘establish a uniform ?eld in the 
interior, and isolate each structure from its nearest 
neighbors thereby preventing distortion of the ?eld by 
neighbor-induced counter?elds. Furthermore, high fre 
quency may be maintained without the presence of a 
longitudinal magnetic ?eld due to this isolation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects, features, and details of the invention will 
become more readily apparent in light of the detailed 
description and disclosure in connection with the ac 
companying drawings wherein: 
FIG. 1 shows an actual magnet array comprising a 

series of octagonal HCFS structures with an angular 
displacement between successive structures; and 
FIG. 2 shows an abbreviated magnet array compris 

ing a series of octagonal HCFS structures with an angu 
lar displacement between successive structures, further 
including interspersing superconducting sheets between 
successive segments. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 shows a multiplicity of octagonal HCFS 
structures 10, each having a generally centrally dis 
posed hole 11 arranged in longitudinal array with the 
respective holes 11 concentrically in registration, and 
with each respective structure 10 displaced radially a 
preselected amount from its adjacent structure so that 
the magnetic orientation of the respective segments as 
the ?eld is de?ned longitudinally through the extended 
passage goes through a twisting locus from the proximal 
end towards and to the distal end. The net effect of the 
arrangement is the production of a helically varying or 
twisting magnetic ?eld through the array of holes 11 
and the array can be termed a “twister”. Along with 
this transverse magnetic ?eld denoted by the arrow, 12, 
there exists a longitudinal component of magnetic ?eld 
which results from the twisting, thereby weakening the 
transverse magnetic ?eld. 
FIG. 2 displays a preferred embodiment of the inven 

tion wherein a multiplicity of octagonal HCFS struc 
tures 10, each having a generally centrally disclosed 
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hole 11 arranged in longitudinal array with the respec 
tive holes 11 concentrically in registration, and with 
each respective structure 10 displaced radially a prese 
lected amount from its adjacent segment, are separated 
by superconducting sheets 13. The sheets 13 as shown in 
the ?gure are at least peripherally coextensive with the 
HCFS structures and can extend beyond the flux source 
structures, 10, in one or more directions. It is necessary 
that they be not less in extent than the structures 10. 
This ?gure represents a close approximation of the ideal 
I-ICF S array (which is not feasible to construct). 
The superconducting sheets shown in the ?gure are 

typically quite thin. In practice, the essential require 
ment is that the sheets be thicker than the penetration 
depth of the speci?c superconducting material used. 
Materials such as tin, lead, niobium, tantalum among 
others are known to be superconducting below a dis 
tinct critical temperature. New ceramic-type materials 
have been recently developed in the ?eld of supercon 
ductivity and are capable of achieving the superconduc 
ting state at critical temperatures above 77° K., the 
boiling point of liquid nitrogen. One such compound 
RBa2Cu3O9.y (where R stands for a transition metal or 
rare earth ion and y is a number less than 9, preferable 
2.li0.05) has demonstrated superconductive proper 
ties above 90° K. Forming techniques include plasma 
spraying, sputtering, epitaxial ?lm growing, etc. These 
materials and forming processes are merely exemplary 
and in no way limit the superconductivity material 
selected for the sheets, and the manner thereof in which 
the material is formed. 
A bore hole is drilled through each superconducting 

sheet 13 along the central axis of the array thereby 
providing a passage in the working central cavities of 
the HCFS array through which an electron beam can 
travel. The array can be termed a “pyx twister”. 

In prior art twisters, the magnetic ?eld was weakened 
by distortion. Distortion was caused by (l) the bending 
of the ?eld lines of the end faces of open HCFS, and (2) 
interference with incoming ?ux leaking from neighbor 
ing open segments. The longitudinal component of 
magnetic ?eld present due to the twisting effect, further 
increased with increasing frequency. By interspersing 
superconducting sheets between successive HCFS 
structures, the longitudinal magnetic ?eld was pre 
vented and distortion problems were overcome. 
A superconducting surface prevents the penetration 

of a magnetic ?eld. The addition of the superconducting 
sheets con?nes outward ?ux leakage from each work 
ing cavity of the array preventing ?ux penetration from 
neighboring cavities and not permitting the bending of 
the ?eld lines at the end faces which would have oc 
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4 
curred without the addition of the sheets. In this man 
ner, the effect of interference from adjacent segments is 
eliminated, leaving the ?eld within each pyx cavity 
unaffected by its neighbors. Each cavity thereby acts 
separately as one extremely long cavity, producing an 
intense transverse magnetic ?eld, the longitudinal com 
ponent becoming essentially nil. Consequently, the ?eld 
is made substantially uniform. 

Alternately, one may comprehend this effect through 
the concept of diamagnetic mirrors. The superconduc 
ting sheets 13 magnetically mirror the ?eld abutting the 
surfaces of the sheets, thereby providing the appearance 
of an in?nitely long cavity in both directions of each 
HCFS structure. Theoretically, a HCFS is in?nitely 
long having uniform ?eld strength. In essence, this 
invention magnetically creates a theoretical HCFS 
twister with uniform ?eld strength through the utiliza 
tion of superconducting plates. 

Although octagonal HCFS structures are ?gura 
tively shown with interspersed superconducting sheets, 
rectangular shaped structures may also be employed in 
the present invention. More complex structures of 
HCFS design having cross sections of circles, sixteen 
sides, thirtytwo sides etc., may also be used in accor 
dance with the present invention. Other components of 
the twister well known to those skilled in the art of 
design of such devices have been eliminated from the 
discussion. Also, greater or fewer magnetic pyxes may 
be desirable in any given application with no limit on 
the number of degrees of the angle of displacement nor 
the frequency of twist. 
What is claimed is: 
1. A magnetic structure comprising a plurality of 

hollow substantially cylindrical ?ux sources, each hav 
ing a generally centrally disposed hole therethrough, 
arranged concentrically on an elongate axis with said 
holes in substantial registration along said axis to de?ne 
an elongate axial passage extending through said struc 
ture; each respective hollow substantially cylindrical 
?ux source displaced radially on said elongate axis from 
its respective adjacent source so as to produce a heli 
cally oriented magnetic ?eld; and superconducting 
sheets interspersed between adjacent ?ux sources and 
also covering the end faces of the array. 

2. A magnetic structure as de?ned in claim 1 wherein 
each superconducting sheet has an axial disposed hole 
to permit passage of an electron beam through the en 
tire structure. 

3. A magnetic structure de?ned in claim 2 wherein 
the superconducting sheets are at least peripherally 
coextensive with the flux sources. 

* * 1k * * 


