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Chapter 1 [General Introduction] TiE, EESFICBIT AR T L OFR, BLUOBEFLIN TS
B 7~V ORI IFIEIZ DN TR TN D, FRHS, NS AT 7 ORbO@EMREE T2 AR 7~ L
OBHIZEB L, BIEOFEEZHALMNILTND, TOREEMRIET 572012, EREREENICEEND A
Frvrvr 7ol RirRICEB < HEEREZRAT 5 A 4 ORI FEORF 21TV AIFEO Bk
FUEREZE~NTND,

Chapter 2 Magnetic Particles Property and Measurement System| Ti&. #%& L7=miR{E 5 OHIE T
ERHWDR T NNV ERE L, R T~ O @ Fi o JER SIS BRI 2 SRR OND 2 LB LML T
W5, BHIRETEEFOH 2 EEBIZB N TEA NN, BRIREFHEE B & ARG & OBRIZED
BNdZ xRN LT, EIBERETEEFOREITIW TR S 2 BELEE 2R LTz,

Chapter 3 [Harmonic Signal Measurement in Water and Glycerol Solution] TiZ, FW 2RI
FE. TEMERL T D EE . R OFIIIREGTRE & 2 S B T12356 O RS E F LB O W TR T\ D,
WRETTRAE B 03 8N & 72 2 SRR R OV DD, BEVESRIAR R ORGSR 70 EORPUC K D BT 22 L 285
ML TND, ZOEAEH KT OFEFIRER & OBMRIZH L TEBEEIT> T\ D, FERMREROZICT 5, H
HAREFTEAZ B & 72 DIERER OB OBRICH D Z L ZHA LN LTS, £, fihERd
TSRO FHIR DAL & ST LT i 6. FEFRER O Z8 b 23 55 FR @ iR AE 5 O/ o fiE & LT
B EZHLMNILTWD, BEHRE LS54, BHREREESOREE & ZoEBZEe Lz
FERIZOWT, BEIHTREC L DREMERIFREDIRD EV OB A, BHREHEEZFOMNE LTEND Z L%
BSMNMZILTWA,

Chapter 4 [Harmonic Signal Measurement in Ionic Solution| Ti&, 2 HIREFRIAF 5 OO JE R &
ZOMEPFEFER & ZDORTITERL TN DZEEFIHL, A 4B v 72T ER LTS, A
PR & TR N EE L, IR OB FRRDENT D2 &%, BHRREFHEEFOE(1 L AED
HIENTEDLZEERALMC L, ERRTFREIZE ST, 4 A VIREOELICHE S IR EFRWAT B O
INDEALR R D Z L ER L, BRIOA A U AREOFPAICIE U Tl 7 bl FIRENTFET 2 2 L2 b0 L
oo FTERBRDAA LTI DRI T OEDETEND, Hofmeister RINHI > TWNDH I LER L, A A UFEIZL -
TS T~
DREREERZBETIVLERSDLZEEZHLNI LI, IHIT, XA ARV T~DIERADIZDIC, B2 D
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FIZRVRARTz, TOREER, WORRTIRE, MGRELHRET D2 LIV, HBHRREREIE 5 OmNDZE
RIZE Y, #EAEDHBEDREDOKBJNARETH D Z & &R LT,

Chapter 5 [General Conclusion| Ti, AFIETHONTHALE A BOMEHREEBEL E O, K
XOFER AR TN D,
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This thesis, “Study on Harmonic Signals in Alternating Magnetic Response of Ferrofluids for Biosensing”,
is written by English and is composed from 5 chapters.

In Chapter 1: “General Introduction”, advantages of magnetic label in medical applications and the
detection methods of magnetic label which has been studied are stated. Especially, detecting magnetic
label by using harmonic signal for biosensing is focused on, and the problems are clarified. To solve these
problems, system that utilizing interactions between magnetic labels is designed for high sensitive ion
sensing in body fluids, and the aims and significances are stated.

In Chapter 2: “Magnetic Particles Property and Measurement System”, measurement method and
magnetic label is proposed, and a specific point in harmonic signal is founded. The point, is a minimum
of fifth-harmonic signal, is founded out that the minimum relates to fundamental signal. In addition, simple
measurement system of fifth-harmonic signal is constructed.

In Chapter 3: “Harmonic Signal Measurement in Water and Glycerol Solution”, response of fifth-
harmonic signal in different conditions is stated. The condition is viscosity, magnetic nanoparticle
concentration, or excitation field strength. Clarifying that frequency at the minimum of fifth-harmonic
signal relates to relaxation time, and value at the minimum of fifth-harmonic signal relates to relaxation
time distribution.

In Chapter 4: “Harmonic Signal Measurement in lonic Solution”, ion sensing performs. lon is measured
by utilizing the relationship between a minimum of fifth-harmonic signal and relaxation time distribution.
Revealing the relationship between magnetic nanoparticle and ion concentrations for ion sensing from
variation of a minimum of fifth-harmonic signal. In addition, reveling that magnetic label must be
considered ion species. Furthermore, for application of biosensing, the distinguish between kidney stone
and normal in artificial urine by using fifth-harmonic signal is demonstrated and proved.

In Chapter 5: “General Conclusion”, knowledges which is acquired in this study and research subjects

and outlook are summarized, and conclusions of thesis is stated.
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