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Fig. 1 Pancake-type applicator and
human-body phantom.
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Fig. 2 Temperature rise of magnetic nanoparticles.
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Low oscillatory-field relaxometry for estimating hydrodynamic-size
distribution of magnetic nanoparticles dispersed in a liquid medium

S. B. Trisnanto', Y. Kitamoto®
Tokyo Institute of Technology, Yokohama 226-8052, Japan

The relaxation behaviors involving both magnetic moment and particle rotations are key phenomena in a
dynamically-magnetized magnetic nanoparticle suspension, which are practically observable through its magnetization
responses. For a ferrofluid, the varying primary and secondary (hydrodynamic) sizes of the suspended particles are
responsible for the broadening relaxation-time distribution which leads to technical disadvantage toward magnetic
biosensing (i.e., liquid-phase magnetic immunoassay) in term of accuracy. As an alternative method of preliminary
particle-size characterization, we developed a low oscillatory-field relaxometry which is, in principle, an estimation of
relaxation-time distribution corresponding to frequency-dependent complex magnetic susceptibility, further addressable
to the particle-size distribution. Practically, we implemented a coil-based inductive magnetometry which measures the
inductive voltage triggered by a frequency-modulated magnetic field, further converted into a frequency-domain
transfer-function to obtain signal components: magnitude and phase. Comparing these parameters of a colloidal
magnetic sample to that of the reference (i.e., free sample) in terms of magnitude ratio and phase difference estimates
complex magnetic susceptibility of the sample, which is further correlated with the Debye relaxation model to generate
a discrete probability density function (PDF) of relaxation-time distribution. The corresponding hydrodynamic-size is
then calculated by satisfying the well-known Brownian relaxation-time equation® on each sampling point of the PDF.

To demonstrate the performance of the system, we, here, evaluated two water-based iron oxide nanoparticle suspensions
having roughly 0.5 wt. % particle-concentration and different surface-coating; these suspensions are sufficiently-dense
to be accurately-characterized by dynamic light scattering (DLS) measurement. A chirp ac current with the logarithmic
instantaneous sampling-frequencies ranging from 275 Hz to 325 kHz was fed to an impedingly-controlled induction coil,
thus producing a relatively-constant 1 Oe,ns-magnetic field at the operating frequency range. Under this synthesized
magnetic-field, the frequency-dependent magnetic moments of the 80ul samples were characterized, as shown in Fig. 1a.
Since the applied field is considerably-small, thermal energy should be dominant to kinetically-randomize the particle
motions, instead of particle rotation. This system, therefore, indirectly measures translational Brownian relaxation, as
well as nanoscopic single-particle vibration of the weakly-clustered-particles, in which the resulting magnetization
dynamics are coherent with the applied field. Correspondingly, the hydrodynamic-size distribution p(D,,) extracted
from Fig. 1a indicates that the samples were polydispersive ferrofluids with the overlapped lognormal size-distributions
(Fig. 1b). For sample 1 (having 15.85 and 20.01 nm in mean primary-sizes), there are 2 mean secondary-particle-sizes
at 34.12 and 66.69 nm, in which the smaller D, is attributable to single-particle dispersion, whereas the larger one may
include the cluster formed. Meanwhile, for sample 2 (having 6.35 hm in mean primary particle-size), we indicated the
multiple mean secondary-particle-sizes at 19.11, 35.87, 48.42, and 121.51 nm, suggesting that the suspended particles

exist as a particle-cluster. In (a) (b)
i — b6x10% 0.2
concluspn, we have shown that .a = [ samplel] ~ [Sample 1
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[= r - C
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D W.T. Coffey ef al, Adv. Chem. Fig. 1 (a) Frequency-dependent magnetic moment of magnetic suspengllons measured at 1
Phys., 83 (2007) 263. Oe;ms and (b) numerical estimation of the corresponding hydrodynamic size distribution

of the suspended particles
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-100m s 2% 0m s OFERJEAE A7 > b & L THIIE L7z, 100m s £ N100 (23 s % &5
oD, BHEEFOE = PBEINTVDIN, EHOREIICELDENALND, INEFE
BalP LEERICLVFHIIBEL#HR T2 TETH D,

[1] T. Uchiyama, K. Mohri, Life Fellow, IEEE, Y. Honkura, and L. V. Panina, “Recent Advances of

Pico-Tesla Resolution Magneto-Impedance Sensor Based on Amorphous Wire CMOS IC MI Sensor,”
IEEE Trans. Magn., vol. 48, no.11, pp. 3833-3839, Nov. 2012.

[2] Pause.B.M,Sojka.B,Krauel.K,Ferstl.R.(1996). "The nature of the late positive complex within the
olfactory event-related potential (OERP)".Psychophysiology vol 33,n0.4,pp.376-384.
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Ml YV Z2ER L BERE T TOOEXEH

P, e, RS, MiESC—, EREEx, IRZE R
((BR)T KX T 2 MIFZERAT, *(BR) 7 + A AT ** 5T RF)

M agnetocardiogram measurement using M1 sensor outside magnetically shielded room
T. Tanaka, Y. Hata, Y. Ogata, B. Kakinuma, T. Ueda*, and K. Kobayashi**
(Advantest Laboratories Limited, * PhosMega Co., Ltd, **wate University)

[FL&HIZ

DREMITOER LD b EiER TR Z R TE ABEEMNRE SN THWDZ &5 Y Btk oEED
BHEIZETH DA, ZE OGN A & TE 72 SQUID BERFHE., HEE B EROMENEmWNI &,
AR~ T AL ABHBUECHHT-DT = 7 a A RBEWS & ROEHIIC IR Y — /L Kv— A
DUETHD LD 3ODMENR DD, ZDTH, HEOEMEL, KOVNULIZIEFICHETH D | ATE
HTOFERE=2ITFEEERETH D, €2 T, IR ZMTH Y | 22O CTEET 28 %2 H\ T,
DMEKEHAZ1T 9 2 & T, BMPEERORYIE A OB L7 b LB X 6D, AU CTILFIREMERTREZ
MEBRHBLZ2HERH L, R —L F— %2 AW W TR R 2 32 7,
EREBAE

HIRBESME A3 & LT L2 ML o4 2 1 3RBRAICIR
AR~V THDL I ERPEISNTNDEZ b I, M KRR %
M TX AFEEREWEBEZLND, BRIICIZ. TATF -~ 701 -
ATV Vxy MEOERBERSE Y (X MI-CB-1DJ) % 1{#i H
L. Ch#kiX 25, 5cm IR CTHESX S DIEFEDT L A MR LTz,
HESMFIEN 1IRT L 9, #EREDEIREET, Erbe o ;
ELTZHNm (EEHOME) &L, Ch22 ZR/MREROAEICE Y R DAL
Too REHE B Y v F TOMHEEL, HEHGEF ¥ > %L TK 5mm, L& ZEREFEERO Ch ALE
B (1E) bRBHCHMZT -7 GHIRRIZ 54, rmEr, ¢ M1 FHUALE OB
KNI BN B T DORRE, SRR ) A X% ChoT — X A L CoRE, OERSIINEQIIZ X 55k
F. ROV 25Ch OF —# % QCh [ZEHET 5 Z L2 L D ZEMR LB LI X B EE21T -T2,
ERER

BERSRZ B 210" T, RROFRASOHR, & [ g ew
GNALERERT, SRR A X, ROMI £+ "
BED ) A XPMEW S kv, LEXRE R
L7z&A I TCRIE.SHEKOTEDIEITE 7,
Flo, DIEEFEA TERENKIEL TVWDZ EHEET
HE ., DHAEZFHL TWALZ ENghb, F-.
SQUID &l L T v VDRl 5 2 &3 H
KB EIZXY, EHER A ABREDT D DOBELNF
YJALVER | B OVZE RSB ALER 24T > TV BT S 23D

H 6 R IEITEA T 60pT OfE B2 HIHTE -, _ Time (ms)
K2 DM E I A
P Z BTN

1) #SIHEZDREEE O B AEAT & BRI, B i GRE A 125 % 2 75, pp.81-84, (2005)
2) L.V.Paninaand K. Mohri: Appl. Phys. Lett. Vol.65 (9), pp.1189-1191, (1994)
3) L.G C.Meoeta :J Appl. Phys. 103, pp.033903-1-6, (2008)
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ftcet 7 7 o b Az A L7es o oMl i

/NIRRT, RSEEN, BB
(BIRTIERT:  SebmdE 1 Bdivic HAFZERT)
Evaluation Method of Magnetic Sensors Using Phantom for Magnetoencephalography
Daisuke Oyama, Yoshiaki Adachi, Gen Uehara
(Applied Electronics Laboratory, Kanazawa Institute of Technology)

[XLHIC 4, W L 2WADAELBR Y v OB 2, OIS0 I X 2 o A= RIS G R
~OISHICEAT D RERED b TS, L, EFRFHHITIEVWDY S TIEfE] OESZRIT-E) Lian
728, EEOEREKUEZFHNIZT TE e P AT L0 @A LV. 22 TEHELIL, VAT LOER
H7efHliAZ A& LT, MR Y 7 > b A2 fIH Ll T2 RRB LT D . AR TIRZo—flE L
T, 777 b A& » TRAESETLBAD M 2 TIROBR Y ¥ 2 W TEH L 2R RICHOWTHEERT 5.

EERAE Fig | ICEBRIEOMELZ RT. 77 hATEE LN
AR L7 N7 7 A D 2RI LTz, 77 v b aatEkT 5 2
S5 ST o A MRS 11 Hz, R 10 p A O ERIEER 2 N
— A MRICHIN L TR 523 E S 72, 22T, RiE 10 pA
DA FIIN L 72356 O S B A1 DK E S 1354 50 nA - m
ThY, MEGEHZ L > Tt N ORFHEES 251 L7256 12
EINDEMEBEIRAMB T DORE S LFERETHD. AFETILE
HBOWRELYELT, fROMI LY (FTAF -~ 27 uA .
L5 Vo MRS, MICB-IDH) &M, KA (2 ( Py
) OMRE Y OBEIE, SHELRAEERE LT 72 b N o - i— V'

LOFEEE (0) ([2&kV, 77 b AEAOER M AFH LT, «

current

B
]

MI sensor

current MI
d sensor

Fig. 1 Schematic diagram of experiment

SEERER Fig 2 ([ L 2R =T, AERTIINBEORR D
48 FLCFHIZAT 272D T, ZDOH N TR INTZEE L EE S 10
THIWZ, 77 FAPRDLOBKEFPHBIEHSNLTND Z &b
MD. Tek, FiEkL7cT — X I3 EEE A (1600 [B]) RO
o (A 0E 16.5 ms) Z i L7z,

Fig. 2 D RFNIR TN I 1T D15 B 2 FR A & LT
W72 % Fig. 3 1 oR$. Sl e 5 AR 7 J850 DRGSR 3 & LT ] 4
FFEE7BE ML, WAL ORISR SN TND Z L35 B
%. Fig.2 KON Fig. 3 DFERMN G, Kt V% Hu T idg e Fig. 2 Measured waveforms.
DATREMED R STz, % 1pT/step (-6 ~ 6 pT)

—77, FOITBER AT T — 2 D> D A FEFE PR - DAL % HE '
ELizL Zh, 772 FAOFED TEMROALRE] 72 61% 3.7 mm g <ii}

N, = 1600

Magnetic signal [pT]

150 200

NTAEE LR, RO TR LZ35E DIck~TRk& < E

Feote. ARMEEIEEEIC L2 E B E CRIF RSBy
1L, BUWEBMES 2B T 57710 T, B OMERD -10 Q
WD ENEETH S, AFFRIC LY, ARBSHHENEE O 20

-28 20 -12 4 4 12 20 28

BRIRFHIC 7 7 FARAERTH D Z LR otz Rotation angle (&) [deg]
S ZCER Fig. 3 Isofield contour map.

1) D.Oyama, Y. Adachi, M. Yumoto, I. Hashimoto, G. Uehara, Journal of Neuroscience Methods, 251 (2015) 24-36.
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SERERIRE T I 5 M~ DHL 4 A AT D A2 T L O
M AP~ DB

P JE R, Al IEAC T, HIES SR
(BRKRF)

Effect of magnetic fields on anticancer drug uptake to human cells and cell viability
D. Matsui, M. Kakikawa, S. Yamada
(Kanazawa University)

FLHIC

T IRFE I L0 KIGEICB W CHEAWERAD M I N Z 2517 T, & NODBARRICHKGRET S &
(2K VRN OFFNWER Z @, HIKEOWAD B FHE & euX, BWERA I Z Dav, BEEIC X 2 03 AR
HBEORNIP G TE 5, iz, KIBEOLAEITIE, BEIGREEIZ L 0 A OMBIN ~DO LY JA I &8H3
ML, ZoORRE L TERAERANREE 722 ERERITRBI TS, A TIEE Nllg~DHEHFI/E
DI DA J1 = X L O Z BRI E L, FUS AAIDER Y AT & & Ml AR~ DR 5 B Al
EIToT-DOTHET A,
MAREEES L UVEBRA &

AlEl, Eoag L LTe MEld Ab49 Bk A L7z, ABA9 [T EMIL TT « v & 2 (TAHE L THEGE %
DIRT Z Enh, MBAEFROAZTBSEOFN FiEIIXan =—7 vy EEZ VT,
AN~ DO FAIEL Y IAZBEOREIZ OV TIL, FIBAAI RSV L ey > DA, Ht(excitation : 485 nm,
emission : 590 Nm)Z A LT\ 572, Fili~ R VL eV Ui, RIS, WERERER X OJERBREE
FIORRIKR (MRsMIE L Ry ve s rate) 20 H L, MlENIC AT RE Y Ve ot sd
L— R =TT 2%, —H PIBAKIC AT T F AL RF VLB O KD it R E FElz 72\ T2,
N A~OIR Y IAHRBEZWEE L L TEHIT 20 TiEa < MIEANICA - 23BN O B X Ol (5%
) 125D HAWER Ml AR BHE Lz, BRMICITMIRT « v ¥ 2 OREIKIZV AT 7 F 2R
L. Kbtk BB ERER JOFBRER TN T NORERREZRY H L, iz oT vy a2 b Ttap=—
7 A BT FIRNAERVIAENTZY AT T F AL DAELER) B H LB 08 WM
4y alZINL, K% (EHLORELIERET) TOMBOAEGFEZIE L, MIasMNEL AT T F
aRPE LT,

ERFERS L UER

b Ml A AS49 BRICHIRAKIT AT S F % X
10 pg/mL N L 7= & = ORGRERES L OJERERE o .&@m$
D 0~4 BRIBUSDAAFE FINICA 122 2T 75 87 « CisplatinsMF
V2 X D) EFiglITRd, Figl KOHAAAKI AT £ o1
5T RN B LR A BET 52T 8 ek
MR AT Ly 4 BERAOE CIIRB RIS =
BELC HL I 7731 T0% b U, S s s © 001 4
NTVWD T ERbhD, ]
Al b M liA AR ABA9 |2 H5\ T RG] I 0.001 hd
K0 RGN N R D = LSRR TE =, L L, 0 1 2 3 4 5
BUIE 7R BAS IR IR TR L 1 Fos AAIFEF S 38 & Time (h) *P<0.05

AR ERZ N, Sk, MIEBNICEY A E 738

. Fig.1 Effect of magnetic fields on
HIEIZ DWW THRET AT I,

Cisplatin potency (intra cellular)
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ZHRIMMEZ A5 b F 2 AMIIg~DH AAERIZ
XF 9D Atk A

REFFEYE,  MINEACT,  (HESS
(BIRKF)

Effect of magnetic field on anticancer drug in multidrug-resistant cancer cells
H. Ohno, M. Kakikawa, S. Yamada
(Kanazawa University)

FLHIC

IHETHUMFREETIE, KBEB IO M AMBIZRT 5 EANEH D R BIC L > THMEn b
L ERER LT, 77, EEWEH OB ITMMIC L o TR D Z L bHEER S, T OHMMEITREE A K
E)olo, KBE &b A AMIE CITMIAEOEN RS Z XML TS, —F, BKRTIE, <D
PR AHIDND T2 2D BAMENE T 27 =203 H 0, ZNHITERAZHEET 2L VR E a2 80,
HRRIEAE E 02 ORSBEO AL NRIR & Wbl T b, RIFFETIE, ZAIMME 285 L2 MAAMRICET
B EANWERH~DO R T B2 RG LTz, £z, BE R HITMROREEMIZ L > THIE S Tnbd &3&
ZHINTWDHT, TR HIREEN 25 2 2 BIZOWN T H T,
RRBAECEOFMSE

FPT AR TIEIMBAKI O 52 L0 ZAIME 285G Lo e N2 S0 AN MES-SA/DX5 Z i H L7,
MES-SA/Dx5 IE & k1= SH0 AT MES-SA 25123 A% Doxorubicin % #% 5- Uit 2 K-> K 9 1272 o 7o /i T
%éo##Aﬂwm_ﬁﬁéxmmﬁ%%@%ﬁTiMBSNmémﬁﬁhﬂuwmm%&5L£&%ﬁo
Too BUBS AR Z B G UT- Ml 2 iR g i, JEZRERREIC , BREERETIE, 37°C, 5%CO, DEREE TSR AR (JE
W4 60Hz, WA FE 50mT) A Ig#E L, %%@Hfi HWPTTMﬁ%% 287 s &7z, MES-SA/DX5
ORI THY au=—7T v AL DHMIEOAFRIMA TR T2, MIGtk, FIBNAAIZEREL
aun=—7 vEAICL VIR AKIWERICH T 2 TR 2 et Uiz, WA X 2 BN L O R
JFHEIE, RIS MES-SA/DX5 (2 RN RS M (3% DIBACA(3) % FV 7=, DIBACAQ) TN (I U CH s
AN AT L, FRAICECD SAE N D L asf R A i = 3, T O®ENEMEOELZRET 5 Z L TR
@ﬁ’iéﬁ@ﬁﬁm%ﬂﬁbﬁgﬁﬂhﬂﬁﬁ TR DA B ORI T 15 & RIERIZ, AiiE & iR R,
IHERBEET T, BBEHECEASFMORMBA 2T L, FERBHECEIBRA2BRT T MRs R L, M
fakE %1%, 74’ rarb— ) —F—|2 X BEEMNEZHEOREIC L DHEEMEZHIE L, WRERE, FEREDN
THET D 2 &I X0 QIR BT X D IRENM AL
R LI, *0<0.05
RVt BB Dt R

Z AN MEHIIE MES-SA/DX5 (ZH1A% A% Cisplatin % #
B U T2 )t ORI AEAFRICOWT, FERBRIITT D
W 2 1 O A S DA kL % Fig 1 ISR,
FTARTORBNEEE TN 1 L0 /SN D, i

FUC K O EFMERAP IR EIND Z ERH LN E o T2,
T, HWANBRENKE L RDIZERTBRAFENKEL

| 7*
| IE
72 DIEMDHER T X 72, BUE, KW X A IENZE - 01 05 1 ) 3

fEIZ DWW THRET LTV 5, Concentration of cisplatin(ug/ml)

-

o
o

=3
=

=]
=

only)

o
-

o

Relative rate of survival cells
(exposure+Cisplatin/Cisplatin

Fig.1 Effect of magnetic fields on cisplatin in
multidrug resistant cells

— 307 —



8pD -3 Aol ARSI BEELE (2016)

b MRS AMBR D FEBRE

SEEEL, FAEME, TPYEe, eGSR, PR, &R
(F-Fig R 5)
Synthesis of magnesium ferrite nanoparticles and their induction of cell death in human breast cancer cells at
elevated temperature under alternating magnetic field
M. Kanazu, S. Matsuda, T. Nakanishi, Y. Kashimata, T. Momma, T. Osaka
(Waseda Univ.)
FLHIZ
MgFe,0, 1%, MEICHENWTHO 7 = T4 F XV @EWREBGRPHE Sh Y, AR Le2atkodmo e
DHTHERINTNDED, RN N —ITOEBYKE L CTHRHTE 5. MgFe,0, 7 / ki DEKIC
YV - TOERES RIEEIC L DMEBIDEL FFIEL, BRNA =T —=I T ~DJSHbRETENn T
WD M, MgFe,04 7/ B30 AR AT T8 % Fim L TV 235130720, RRREHCTIE, MgFe,0, 7
JRIFEERRL, b MDA AMIEZ O THESANA N—H— I T OFREYR L L ToOrEEMEZ 7 L 72.
REBRAE
E/VEE 1:2 TIRA L2 MgCly6H,0 & FeCly6H,0 % & e /KA &2 NaOH & )i &8 CTH B - RiBRIA %,
KREIRH K TELLEL (800°C, FREFIREA] 10 43) 95 Z & T MgFe,0, 7 / Rl F A ERL U7z, BVLEE X, FRE
FE#) 20 °C/ min « FEIRIEESK) 6 °C/ min D 5efk & ZudnER (%) 260 °C/ min) - TUEMAD (K 140 °C/ min) &&fFT
1Tol=. BoNRFE2EIMN LT TE ML AL MCF-7 % 24 40
REREEAE L7ots, R T-URINCHE S JEIRE & K72 I IAA TS MIao®E] 30 | ORHC
B%, Tu—HA AR —C L ZRFNEEE L. 72, 1M 1T e

3%}
(=)

b1 ) ORLTHR Y A% SREEA A OWEEREIC L W FHH L. 5 10 7
KL BIODROFMIL, K720 A A TRIAD B2 RSML,  § 0]
AR (BRI 500 Oe, JHiki#k 325 kHz) & 20 /MIFIINL 2B 5 ) |
OISR IR DIREE 236 K ORI SE IR 2 1 E L 7=. =30
RERREE 40 -

-70 70

XRD /84— 35 L O TEM 2 & 0 WP RO BULEISIEC b — ok Magnetic field /kDe
K40 nm T D MgFe, 0, 7/ B DAERRN R I NN, BEZEMAL Fig. 1 Magnetization curve of
PCAFToRLF DIE D 23 7T0kOe IZH 1T D kA m < (Fig. 1), KIF53#  synthesized MgFe,O, nanoparticles.
TR OZR iy T CTORIFERE L E< o7, ZHUFRAMIZE Y A¥ RHC: Rapid heating and cooling.

A MTEDD MPPFDEIEN LR L2 I eE2 N5, = DEE 100

g0 |

AT B TR (T o7 b =5, KT (RSEmAL) =0
) 3 2 by simple addition
(ZfE S MCF-7 DML, RMEOEINI VTR o8m = 70 - : :
N . . . = 60 - with AC magnetic field

ZHDHOD 10 %KM TH -7, £z, B 5mg AL, LA 2 00|
H72Y 3ng ORI NIV IAE I, LS T CORFREEUCIED 53°C < 40 |
F COWRE EFIZ LV K) 90 %O MIIaFEREN S Bl (Fig.2). LLk gn ig I
L0, BEGRLINC LD RBBEOR MgFe,0, F/ Kif-tiak k., 2o | =
ZNO Z Y IATE MCF-7 ~O ZZFREHIINC & 2 2019 7 Mg sk o '_1 ‘5
DFED RS NI, Amount of MgFe,0, added to

5 X 10° MCF-7 cells / mg

2D N Fig. 2 Percentage of non-viable MCF-7

] cells at various doses of RHC MgFe,0,
1) T.Maeharaetal., J. Mater. Sci. 40 (2005) 135-138.

2) M. Jeun et al., Appl. Phys. Lett., 95 (2009) 082501.
3) Y. Ichiyanagi et al., J. Magn. Magn. Mater. 310 (2007) 2378-2380.

nanoparticles before (shaded) and after

(filled) AC magnetic field application.
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(LIEDORRES

VefEhh, GHRETRY, RS, EHEHh™
MEEE BR AT AR, MUamE HEED
A Study of the Wireless Power Transmission Used Square Wave Supply For Rechargeable Cardiac Pacemaker
Taku Sato, Atsuya Ito™, Ryuta Kato™ and Takuya Kutsuwada™
(Department of Electrical Engineering, National Institute of Technology, Sendai College,
*Advanced Course Production System and Design Engineering, National Institute of Technology, Sendai College )

1 [ZC&HIS

RIRHEABERDIENE - L CHERTRIARNE A b= b l— 2 A — 0 APIAMER L L R4 Tl B 0%, SIS
(o TOMEIRIC L O ARIR T E I B2 DB D 5. & 2 T2 ITERGHEIC L DU A ¥ L ARGE LA LI &
SHRBED < A KBS L, TR IS BRI 5 & 27 AEHER LB, AR AR L L
T, A Y LTI TR < S TV S 0 U A o L A BRIV TER L0 TR 5,

2. EEEHiE
21 ERES L VERRTOTA Y LABHEED LE
Fig1 OFEBREREIZBNC, 777y arVoRl
— X (FG-281)\Z & ¥ 10kHz DIEF%H, Hizit(duty
10-90%) &/ ER L C7 v 7 CHEIE L, 2B = A L~HI
T5. DL EDREE, SN, ZEEEV,,
ZAEEN) Py A WE LT 5. £, FRROFRZ 1
WR IO KAREE= 79 C, CGEBEOSRMTIT
9. PIEIZIZ ST —TF 7 A H(PZ 4000) % FH\ V7=
2.2 RLC EFHIRERR TOES)

IR 2 WU A % L ABSUEDOFEEN T A
L AFEEIRFE R BIG Ch D EMERT D121,
RLC EFHRAF 2R L, 10kHz HE (Duty
10-90%) Z N L7355 A A RIE /ST A —2 N ED K
I IR R R T EMERT 5. FERIEEIX 2.1 LRICT
HD.
3. BREELUER
30 EREB L VEBRTOTA ¥ LABNGED LE
Fig2 I[ZHIEREFR T HREIZI TR duty |2
EOTNHTETHY, 11, LZEEEV,, <HEE
71 P2 1% Duty kb 50% 2460k & LCE 2 BEELDIZD
AU 3 2 RHE 7o B S eR S ALz

R T U HEBETOT A ¥ L AREIZBNT
CI DFBEZ L VAEEREN K E S B2 D 2 V3o
7o. CiATlIFig2 &EROMEM AR, CELT
L Duty A% CHXEE/NIEDEEThH-oT-
I CEBINCIENFRECH T R & LT, HE
B 7 — U oHEURBT 5 2 & TRRA 2B O
AOECTHBLTE A28, BXRRIKIZEOTHIEGK
EIEDOEREGDENRENL L2 B2 Hib.

f(8) =2(sin@ + 2528 +2sms€ +-) (1)

(D= duty50 DR 27—V THREER L= b0
ThDHN, FEHEN L DX EENERELD &,

PEEBEINKT LTI 4% L ED TN LAy
otz ZiuTTiebb, EREEORENRY 72N
L, EARETCOUA ¥ L REINRE L FEOEIIN
EESNTZHDEELRTE D,

32 RLC ESIHRERETOHOEE)

RLC EFIIREFRIZEEZEE (Duty b 10-90%) A-FH1
MUTRER, Duty lUIC X OT=RITEIC—ET, &
B & 1 RDFRIT Duty HelZ k> T8I 5 Z & 035970
0, DAY L AEINRERRE COMRRERE LA L7
AR L-. ZOREEY, Fig2 ORIV A v L
AEINRRFA 72 b O TIHe<, RLC HIZRIZAS
2 BRI T D 2 & DR ST,

SRS AWITSTIE JSPS BHFE 26350687 DB ZZIT =%
DTH5.

S5k

[1] T. Sato, F. Sato, H. Matsuki, T. Sato, J. Magn. Soc. Jpn., Vol.32,
No.l, pp29-35, 2008
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fl (- |
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Fig.1 Experiment circuit.
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Fig.2 Electrical parameters of wireless power transmission
used sine wave supply or square one.
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b NS D ATRENE & BLIR
TR
(HERF)

Feasibility of magnetoreception in human
K. Takahashi
(Chukyo University)

1 b MESHOBEARAOELEER

%L OEPIHIERZBEAIL FEF =2 a v R EICHHL TR EEbNdd, b FPPHRBEREZEL TR E I nIconT
AR TRy, FBALLDESEOSITTIE 1980 4ERIC Baker & 12 25t b OHRESAI O TR 2 R T HARE T — 5 2 0FE
LEbDD, ZOBOBEIZZINTHRGL, HEICEWWTY, b P ORKAEOMRAEHZN R ORAN X A=A L1k, 267
LHBETH LD L) HLEOHDEETH 5,

L Lahss, EYENIES, Sk e MERTHAZEAL ) 22y —DFEIRRIN T 5, 1990 FERITIFIMN < 7 %
IA P DEAEZRTIREDRDH 7Y, $HEYOWHIZ 7SR VR 7ETHB 7Y 7270 b (CRY) IZEoTHRAINTY
2T EDRENTWEDY, E D hCRY2 # VRV EEF->TE Y, ZOFBUIMEBICE R L T3, 2000 £, BI85
AT & D hCRY2 DFEXMEDHER I LT 5, Foley 6 ¥ IBEETFEEICL h T CRY1 2GS €7, ZOBEFTHZD
W RbND, ZOHRE SIEETEAZITVANTIC hCRY2 2 HH S L 2AMHEBHIEL 72, ZoFERIZE F DA%
ZETL Y —2MBRICKRICET 5 L W) HEZHNRTHIDOTH S, ZDLIHICI 7B LRNVTOWREE L VI — D
EWRRI N, ZOP T FESMEOTREY (ot MFREEDO T T) FHBRLTWE, L LRFDIENREE» S E 2
. RO L L, RV —DRATEES Y T 4 OFEHE EEICHIETE S 2 LIRREETIE R, v —IRAEL
1EBEOMADEE, KOZDESROEBHIC O W TOMNOAI - BB Z BT T, BN - RN 722 MR aTHE
E %, T ZMABECNNICHERZEME DR H -7 & LTH, BB HFRRAZMEL Tw 5 &) ITIFET Toi,
U, WRHERDEF 0D S B L T W ITEEEE, Bl IZRERUE S 3B L v 2 2D R b kR % 2 4
RELTUHL T3, AJREl, o @b 3EZon b,

2 BRERE

ZDEXH I 7u LAV OERERZEDOMEE R T, BETIEE MERMHEOAEEM: % Bt L C L a7 L — 7 idEED
MBWHFT2 SNV —TH%, EIE, T, Kirschvink 1% Human Frontier Science Program (HFSP) DXXED b &, v/ %%
A MSERL~NVAFILY 34 )V THEE S & 72 RIR ORISR 2 B o SOG % BGEEHS & 0 BlE L. BRI
BT 2 iEE %2 B L T3 Y, —J5, EilGid hCRY2 IS H L, FBAER L Cw 28IAHEIC 1 205 2Hz BRE O RN 4%
WS E 2L, & P OEERNICRDEEICR DT 20 ) 2 BEEL T3, TN ETH 10 LREEEOBEERS IC L TS
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