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Fig. 1. Principle of magneto-static shielding. The relative permeability of the cylinder (uc = 1) is equal
to that of the surrounding (us = 1): (a) The cylinder has no effect on the applied magnetic field when
the intrinsic magnetization intensity of the cylinder M is zero; (b) when the direction of the intrinsic
magnetization intensity (M = 15000 A/m) is opposite to that of the applied magnetic field, the magnetic
field lines are repelled by the cylinder; (¢) when the direction of the intrinsic magnetization intensity (M =

15000 A/m) is the same as that of the applied magnetic field, the magnetic field lines are attracted by the

cylinder.
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Fig. 2. The bi-layer cylinder magneto-static cloak, re-
gions I and IV are both vacuum, region II is a magnetic
ring made of NdFeCrB permanent magnetic material,
region III is a magnetic ring made of NdFeB perma-

nent magnetic material.
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Fig. 3. The relation between the radius ratios (a/c,
b/c, a/b) and the applied magnetic field Hp. The pa-
rameters are pg = 1.005, uz = 1.00, Mz = 9.91 x
108 A/m, M3 = 9.34 x 105 A/m.
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Fig. 4. (color online) The field distribution of the bi-
layer cylinder: (a) The bi-layer magnetic non-cloak;
(b) the bi-layer magnetic cloak. The red lines are mag-
netic field lines and the blue lines are equipotential

lines.
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Abstract

In the past few years, the concept of an electromagnetic invisibility cloak has received much attention. Based on
the pioneering theoretical work, invisibility cloaks have been greatly developed. Inspired by those theoretical researches,
varieties of electromagnetic cloaks, acoustic cloaks, matter wave cloaks, mass diffusion cloaks, heat cloaks, magnetic
cloaks, dc magnetic cloaks and electrostatic cloaks have been designed theoretically and demonstrated experimentally.

The first experimentally demonstrated invisible cloak is made of metamaterial with simplified material parameters.
The simplified cloak inherits some properties of the ideal cloak, but finite scattering exists. It is difficult to develop a
perfectly invisible electromagnetic cloak having homogeneous and anisotropic components by using the natural materials.
In this work, a bi-layer magnetic cloak made of neodymium iron boron (NdFeB) permanent magnetic material is designed.
When the direction of the intrinsic magnetization intensity of the material is opposite to that of the applied magnetic
field, the magnetic field lines will be repelled. When the direction of the intrinsic magnetization intensity is the same as
the direction of applied magnetic field, the magnetic field lines will be attracted. With those properties, the two magnetic
rings are designed, one is made of NdFeB, and the other is made of neodymium iron chromium boron (NdFeCrB). The
direction of the intrinsic magnetization intensity is opposite or parallel to the applied magnetic field. The two magnetic
rings nest a bi-layer magnetic ring. When a uniform magnetic field is applied, by using the formulas of the magnetic scalar
potential in a cylindrical coordinate system and the constitute relations of magnetic rings, the distribution of magnetic
field and scalar potential within the bi-layer concentric cylindrical permanent magnetic material are deduced. Based on
theory as demonstrated, the bi-layer permanent magnetic material cylinder can cloak a magneto-static field. Under the
conditions of the magnetic cloak with the specific relative permeability and the intrinsic magnetization intensity, the
relation between the radius ratio and the applied magnetic field is obtained. The calculation results show that when the
radius ratio and the applied magnetic field satisfy this relationship, the bi-layer permanent magnetic material cylinder
can cloak the magneto-static field. The magnetic field distributions of both the magnetic non-cloak and magnetic cloak
are simulated to show the effectiveness of the proposed theory.

In summary, the results show that the cloak performance is influenced not only by the size parameters of the
permanent magnetic material cylinder but also the relative permeability, the intrinsic magnetization intensity, and the
applied magnetic field. The NdFeB permanent magnetic material used in the magnetic cloak is very common and can

be easily obtained, which gives more convenience for the design and application of the magnetic cloak.

Keywords: magneto-static shielding, cloak, permanent magnetic material
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