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Improvement of an Optically Pumped Magnetometer Using a Combination of D1 and D2 Transitions
R. Kawabata*l, K. Fukuda*2, A. Kandori*l

*]1Central Research Laboratory, Hitachi, Ltd., *2Niihama National College of Technology

Jpn. J. Appl. Phys. 51, 082404 (2012)

The magnetic resonance spectra of 133Cs vapor were obtained using a D1 transition, a D2 transition,
and a combination of D1 and D2 transitions. Maximum intensity (Imax) and line width (Af ) in the
spectra were measured, and an ‘ ‘o value’’ (i.e., Imax/Af ) was defined as an appropriate figure
of merit for an optically pumped magnetometer (OPM). The a value obtained using the combination
of D1 and D2 transitions was tenfold larger than that obtained using the D1 transition and 160 times
larger than that obtained using the D2 transition. This result indicates that using the combination
of D1 and D2 transitions improves the sensitivity of an OPM.
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Real Time Simulation Method of Magnetic Field for Visualization System with Augmented Real ity
Technology
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Shinya Matsutomo*1, Kenta Mitsufuji*l, So Noguchi*2

*1 R LR S M P E R LR, %2 AWRE R R s R A ekt

The 15th Biennial IEEE Conference on Electromagnetic Field Computation (CEFC2012), TP4-16, p. 264,
2012

We have developed a new real time visualization system for electromagnetic field with use of
Augmented Reality Technology. The proposed system represents magnetic flux lines which are generated
by mocks (a magnet and/or a line current) on a back ground display to a user. In this paper we describe
a way to simulate the magnetic field in real time in this visualization system.

Bk E#

Semi-Three-Dimensional Visualization of Electromagnetic Field Analysis Result with Movable
Transparent Display
Shinya Matsutomo*1, Kenta Mitsufuji*l, Yuta Hiasa*l, So Noguchi*2
*1 TR LR SR P E R LR, 2 AWRE R PR EE R A 7e
The 15th Biennial IEEE Conference on Electromagnetic Field Computation(CEFC2012), TP4-17,
p. 265 , 2012

Recently, complicated and large—scale Three Dimensional Electromagnetic Field Analysis is easily
and often carried out with development of computers. However, the results of Electromagnetic Field
Analysis are usually visualized only on a surface or a cross section of the model with a common
2-D display. In this paper, we describe a new visualization system with a Movable Transparent
Display. This system can visualize three dimensional electromagnetic field computed with finite
element method. The newly developed visualization system can provide interactive and intuitive
observation to users
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A Numerical Study for Rice Using Distinct Element Method
Tomoyuki Miyamoto*1, So Noguchi*l, Shinya Matsutomo*2
*] AEHEE KPR IR A ER, %2 i T2 S B s o 1 T2 A
JSST 2012 International Conference on Simulation Technology 0S2-19 pp. 116-120, 2012

Distinct Element Method (DEM) has been developed for simulating behavior of discontinuous material
by considering interaction between distinct elements, i.e. particles. After confirming the validity
of DEM through some analysis, we can investigate behavior of material on a chute of an Optical Sorter
with DEM. In this paper, we describe that DEM is useful in simulating particles with various shapes,
that are sorted by the Optical Sorter. In this paper, grain shape is modeled with multi-sphere.
Firstly, repose angles of various types of grains, such as rice, wheat, corn, bean, and seed, in
a stock box were simulated and the simulation results were compared with experimental ones. Secondly,
the behavior of rice on the chute of the Optical Sorter was simulated and the simulated behavior
was also compared with actual one. As the future prospects, we will design an effective chute of
the Optical Sorter using DEM.

_21_



Bk E#

A Numerical Study for Air Flow from Ejector Nozzle of Sorting Machines Using Smoothed Particle
Hydrodynamics
Tomoyuki Miyamoto*1, So Noguchi*l, Shinya Matsutomo*2
*] AEHEE KPR BE IR AR, %2 Fr i T2 S B A o 1 TR
JSST 2012 International Conference on Simulation Technology 0S2-2 pp.42-45, 2012

Smoothed Particle Hydrodynamics (SPH) is a mesh—free Lagrangian numerical method suited to simulate
a behavior of an air flow. In addition, the visualization of the simulation results is effective
in understanding its behavior and problems, because we cannot actually observe the air flow. Our
main purpose is to develop a high performance Sorting Machines. In general, required performance
for the Sorting Machine is sorting performance, maximum capacity, and product yield. We know that
improvement of an ejection function can vastly upgrade these performances at once. In this paper,
we describe that a three—dimensional SPH has been developed and applied to the problem of the air
flow ejected from an ejector nozzle in a Sorting Machine. Firstly, an ejector nozzle existing in
a Sorting Machine was simulated with SPH and the simulation results were compared with experimental
ones. Secondly, we made clear the current problems.

R B3k

A Numerical Study for Air Flow from Ejector Nozzle of Sorting Machines Using Smoothed Particle
Hydrodynamics
Tomoyuki Miyamoto*1, So Noguchi*1, Shinya Matsutomo*2
*1 ABE KPR FBEERRFIFIER:, 2 Faie T3 m s B 7l T2
JSST 2012 International Conference on Simulation Technology 0S2-2 pp.42-45, 2012

Smoothed Particle Hydrodynamics (SPH) is a mesh—free Lagrangian numerical method suited to simulate
a behavior of an air flow. In addition, the visualization of the simulation results is effective
in understanding its behavior and problems, because we cannot actually observe the air flow. Our
main purpose is to develop a high performance Sorting Machines. In general, required performance
for the Sorting Machine is sorting performance, maximum capacity, and product yield. We know that
improvement of an ejection function can vastly upgrade these performances at once. In this paper,
we describe that a three—dimensional SPH has been developed and applied to the problem of the air
flow ejected from an ejector nozzle in a Sorting Machine. Firstly, an ejector nozzle existing in
a Sorting Machine was simulated with SPH and the simulation results were compared with experimental

ones. Secondly, we made clear the current problems
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Numerical Simulation and Experimental Verification for Rice Using Distinct Element Method
Tomoyuki Miyamoto*1, So Noguchi*1, Shinya Matsutomo*2
*] AEHRE RPRFBEE IR AR, %2 i T2 S B o - TR
AsiaSim 2012 Communications in Computer and Information Science2012, pp 472-479, 2012

Distinct Element Method (DEM) has been developed for simulating behavior of discontinuous material
by considering interaction between distinct elements, i.e. particles. After confirming the validity
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of DEM through some analysis, we can investigate behavior of material on a chute of a Sorting Machine
with DEM. In the previous paper, we have reported that DEM is useful in simulating particles with
various shapes, that is sorted by a Sorting Machine. The purpose of this paper is to discuss designing
for an effective chute of a Sorting Machine from DEM results. At first, a repose angle of various
types of rice in a stock box was simulated and the simulation results were compared with experimental
ones. Secondly, the behavior of rice on a chute of a Sorting Machine was simulated and the simulated
behavior was compared with actual one. Finally, we designed an effective chute of a Sorting Machine
with DEM.
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Clarification of the Rational Solution Obtained from Game Theory in Multipurposed Optimization
Problem
Tomoyuki Miyamoto*1, Shinya Matsutomo*2, Naoya Terauchi*l, So Noguchi*l, Hajime Igarashixl
w1 AEHRE R PR FBEE R FA R, %2 Br)Ei L3 S SR e il Lt
12th International Workshop on Optimization and Inverse Problems in Electromagnetism
(0IPE2012),P1.3 — pp. 72-73, 2012

Usually, there are some objectives to be considered when an electromagnetic apparatus is
optimally designed. In such a multipurposed optimal design problem many solutions exist and are
termed Pareto optimum. Hence, we have previously proposed a multipurposed optimal design method
applying game theory. The proposed method can choose one rational solution from Pareto optima.
However, it is unconfirmed what the signification of the chosen rational solution is. Therefore,
the signification is investigated by calculating the weight parameters of a weighted summed
objective function.
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High—-frequency induction heating of needle-shaped Mg—ferrite for ablation therapy of human
cancer

NAOHARA Takashi*1, AONO Hiromichi*1, MAEHARA Tsunehiro*1, HIRAZAWA Hideyuki*2, MATSUTOMO Shinya*3,
WATANABE Yu ji*4

*1 TR T SR P PR BB LR, *2 B R PRI L geRt, 3 i mie L m P i 1
FR TR, 4 BRI R ER

Journal of Iron and Steel Research, International, Suppl. 1,19, pp.735-738, (2012)

For application as a novel ablation therapy of human cancer, the heating property of a
needle—shaped Mg—ferrite prepared by a sintering technique was studied in a high—frequency
induction field at 370kHz. When inserted into cylindrical clay, the increase in temperature (A4
T) was 31.2°C for the specimen with a 1.5 mm diameter, while the 1. Omm diameter specimen exhibited
a AT value of 15. 7°C after the induction time of 1200s. The AT exhibited a high value of 57.9°C
during the simultaneous insertion of 3 1.5mm diameter specimens. In the computer simulation
images, the relatively lower magnetic flux density and concurrent negligibly low current density
were observed from the surface to the internal regions, being different from the behavior of a
ferromagnetic Ni—rod with the same size.
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High-frequency induction heating of Ti—coated mild steel rod for minimal ly invasive ablation
therapy of human cancer

Takashi Naohara*l, Hiromichi Aono*l, Kentaro Shirai*l, Tsunehiro Maechara%*1, Hideyuki Hirazawa*2,
Shinya Matsutomo*3, Yuji Watanabe4

*1 IR RFEH TAFZERE, 2 Brmi TS P PR AR L), 3 7 mi T m % B i
HE TR, 4 BRI R R ekt

Journal of Magnetism and Magnetic Materials, 331 pp. 168-173 (2013)

For application as a novel ablation therapy of human cancer, the heating property of a Ti—coated
mild steel rod was studied in an AC magnetic field at 300 kHz. When the Ti—tube thickness was
as low as 0.1 mm, the specimen, when placed parallel to the magnetic flux direction (0= 0) ,
exhibited a significant increase in temperature; however, its value gradually decreased with
the increasing Ti thickness. In computer simulation images, the high magnetic flux concentration
and on current large current density were observed around the interface between the mild steel
rod and the Ti—tube. The heating property was drastically different at the three inclination angles
(6=0, 45, and 90) to the magnetic flux direction. However, the effect of the inclination angle
was markedly reduced in the mild steel rod surrounded by a 0.3mm thick Ti—tube, suggesting that
the non—oriented heating property will be achieved for the prototype ablation needle coated with
a Ti layer having the optimum thickness
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Heat Generation and Transfer Behaviors of Ti—coated Carbon Steel Rod Adaptable for Ablation
Therapy of Oral Cancer

Takashi Naohara*1, Hiromichi Aono*1, Tsunehiro Maehara%*1, Hideyuki Hirazawa*2, Sinya Matsutomo*3,
and Yuji Watanabe*4

w1 BT T2Em S P AR BB LR, 2 BRI B ToPpiFeRt, 3 B mik L3 % B e 1
Iy S Ny N2 Ve = T e

Journal of Functional Biomaterials, 4(1), pp.27-37 (2013)

For the purpose of developing a novel ablation therapy for oral cancer, the heat generation and
transfer properties of a Ti—coated carbon steel rod with 20-mm length and 1. 8-mm outer diameter
were investigated by means of a high—frequency induction technique at 300 kHz. The heat generation
measurement performed using water (15 ml) revealed that the difference of the inclination angles
(6=0° 45° and 90°) relative to the magnetic flux direction only slightly affects the heating
behavior, exhibiting the overlapped temperature curves during an induction time of 1200 s. These
results suggest that the effect of the shape magnetic anisotropy is almost eliminated being
convenient for the precise control of the ablation temperature in clinical use. In the experiments
utilizing a tissue mimicking phantom, the heat transfer concentrically occurred in the lateral
direction for both the planar surface and a 10—mm deep cross—section. However, the former exhibited
a considerably lower increase in temperature (AT), probably due to the effect of heat dissipation
to the ambient air. No significant heat transfer was found to occur to the lower side of the inserted
Ti—coated carbon steel rod, which is situated in the longitudinal direction.
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Optical Pumped Magnetometer Operated by Mixed D1 and D2 Laser Beams
R. Kawabata*l, K. Fukuda*2, A. Kandori*l
*1Central Research Laboratory, Hitachi, Ltd., *2Niihama National College of Technology
International Conference on Biomagnetism (Biomag 2012 ), Mo-16, (2012.8)

High sensitivity optical pumped magnetometers (OPMs) which can detect very weak biomagnetic signals
have been studied intensely in recent years. Our aim of this study is find optimal optical transition
to improve performance of OPMs. To find the transition, we investigated magnetic resonance in cesium
vapor using either optical transition (D1 line, D2 line, or mixed D1 and D2 lines). In conclusion,

the sensitivity of OPM using mixed D1 and D2 lines is much higher (10 or 160 times) than that using
D1 or D2 line.
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High—-frequency Induction Heating of Needle-shaped Mg—ferrite for Ablation Therapy of Human
Cancer

NAOHARA Takashi*1, AONO Hiromichi*1, MAEHARA Tsunehiro*1, HIRAZAWA Hideyuki*2, MATSUTOMO Shinya*3,
WATANABE Yuji*4
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7th International Conference on Electromagnetic Processing of Materials (EPM2012) 2012 4F 10 A
For application as a novel ablation therapy of human cancer, the heating property of a
needle—shaped Mg-ferrite prepared by a sintering technique was studied in a high—frequency
induction field at 370kHz. When inserted into cylindrical clay, the increase in temperature (A4
T) was 31.2°C for the specimen with a 1.5 mm diameter, while the 1. Omm diameter specimen exhibited
a AT value of 15. 7°C after the induction time of 1200s. The AT exhibited a high value of 57.9°C
during the simultaneous insertion of 3 1.5mm diameter specimens. In the computer simulation
images, the relatively lower magnetic flux density and concurrent negligibly low current density
were observed from the surface to the internal regions, being different from the behavior of a
ferromagnetic Ni—rod with the same size.
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