
Introduction After discretized with the implicit scheme and
the finite element method (FEM), an initial-boundary-value
problem of the shielding current density is transformed to a
problem in which nonlinear algebraic equations have to be
solved at each time step. Although this method can be also
applied to the shielding current analysis in an HTS film con-
taining cracks, it is extremely time-consuming. This method
is called a virtual voltage method1).

The purpose of the present study is to develop a fast and
stable method for analyzing the shielding current density in
an HTS film containing cracks and to numerically investigate
the scanning permanent-magnet method (SPM) 2).

Numerical Methods Under the thin-plate approximation,
the shielding current density j can be written as j = (2/b)∇ ×
(Tez). Here, b denotes the film thickness. In addition, T (x, t)
is a scalar function and its time evolution is governed by the
following equation:
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where E and B/µ0 are the electric field and the magnetic field
applied to the HTS film, respectively, and ⟨ ⟩ denotes an aver-
age operator over the thickness. Moreover, the power law is
assumed as the J-E constitutive relation 1, 3).

After spatially discretized with the FEM, the initial-
boundary-value problem of (1) reduces to the semi-explicit
differential algebraic equations (DAEs). Although the DAEs
can be solved with standard ordinary-differential-equation
(ODE) solvers, much CPU time is required for its numeri-
cal solution. In order to shorten the CPU time, a high-speed
method is proposed. In the method, the block LU decomposi-
tion is incorporated into function evaluations in ODE solvers.

Let us compare the speed of the proposed method with
that of the virtual voltage method. The dependence of the
CPU time τCPU on the number n of nodes is depicted in Fig.
1. As expected, the proposed method is faster than the vir-
tual voltage method for the case with n ≳ 103. Especially, for
the case with n = 3007, the execution of the virtual voltage
method was forced to be terminated because the CPU time
had exceeded the upper limit, 8.64 × 104 s. Hence, for this
case, the proposed method is over 5.3 times faster than the
virtual voltage method. From these results, we can conclude

that the proposed method could be effective especially for a
large-sized shielding current analysis in an HTS film contain-
ing cracks.

Application to SPM On the basis of the methods explained
above, a high-speed numerical code has been developed for
analyzing the time evolution of j. By using the code, we nu-
merically investigate whether or not two cracks can be distin-
guished by the SPM.

Dependences of the defect parameter d on the scanning
position xA are numerically determined for a = 10 mm and
for a = 20 mm, and they are depicted in Fig. 2. Here, a is
a distance between two cracks. This figure indicates that | d |
does not vanish even at xA = 0 mm for the case with a = 10
mm. In contrast, | d | � 0 mN is fulfilled there for the case
with a = 20 mm. In other words, two cracks are regarded
as a single crack for the case with a = 10 mm, whereas they
are completely distinguishable for the case with a = 20 mm.
This result implies that multiple cracks will remarkably affect
resolution of the SPM.
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Fig. 1: The CPU time τCPU as functions of the number n of
nodes for the case where one crack is contained in the HTS
film.

Fig. 2: Dependences of the defect parameter d on the scan-
ning position xA. Here, A: a = 10 mm and B: a = 20 mm.

Magnetism of insulating materials is well described
by an assembly of interacting quantum spins. Strong
quantum effect often induces a nontrivial wavefunction in
such a system. To analyze such systems precisely is, how-
ever, difficult because the systems are typical many-body
problems. To understand the systems more deeply, un-
der circumstances, computational methods are very use-
ful. Each method has not only merits but also demerits
at the same time. Therefore, to treat frustrated systems
in dimensions that are larger than one by such a method
is quite difficult. When one uses the quantum Monte
Carlo simulations to study frustrated systems, one suffers
from a so-called negative sign problem. The density ma-
trix renormalization group method, on the other hand, is
powerful for one-dimensional cases although the effective
applications to systems in dimensions larger than one
are now being developed. The numerical diagonalization
method based on the Lanczos algorithm is an available
and feasible way to apply to two-dimensional frustrated
systems. Unfortunately, available system sizes are lim-
ited to being quite small. To overcome this disadvan-
tage in numerical-diagonalization studies and to succeed
in calculating frustrated systems in two dimensions, we
have developed an MPI-parallelized code of Lanczos di-
agonalization. We carry out calculations of the Lanczos
diagonalization with this code.
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Fig. 1: Cairo-pentagon lattice. There are two types of
vertices illustrated by α and β.

In the fiscal year of 2014, we study the magnetiza-
tion process of the S = 1/2 Heisenberg antiferromagnet
on the Cairo-pentagon lattice1, 2). This lattice is illus-
trated in Fig. 1. Note here that the lattice includes α
and β sites. Thus, the Hamiltonian of this model is

H = Jαα

∑
〈i,j〉,i,j∈α

Si · Sj + Jαβ

∑
〈i,j〉,i∈α,j∈β

Si · Sj , (1)

where 〈i, j〉 denotes the summation running over all the
nearest-neighbor pairs on the Cairo-pentagon lattice. We
examine the magnetization process of this system. We
find in the magnetization process that a magnetization
plateau appears at the one-third height of the saturation
in its magnetization process; the plateau is accompanied
by a magnetization jump at one of the edges. The side
of the edges with the appearance of the jump depends
on the ratio of Jαα and Jαβ . The jump appears ow-
ing to the spin-flop phenomenon which occurs in spite
of the fact that the system is isotropic in spin space,
where the spin-flop phenomenon is widely known to be a
phenomenon that occurs when the system includes some
anisotropy. The same behavior was originally observed
in the Heisenberg antiferromagnet on the square-kagome
lattice. Similar jumps are also observed in the Heisen-
berg antiferromagnets on the distorted kagome lattice
and the shuriken-bonded honeycomb lattice3, 4).

We have also studied other quantum spin systems
by MPI-parallelized calculations of Lanczos diagonaliza-
tion 5, 6, 7, 8). Our results contribute much to our under-
standings of several frustrated systems.
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