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Fig. 1. Variation of glutamate in S. cerevisiae CY4a to acid.
(A) Exponentially grown cells in SD medium were transfered to pH 2.0. (B) Exponentially
grown cells in SD medium were transfered to pH 3.5. At 20 min intervals, aliquots were

taken and the concentration of glutamate was analysed by HPLC.
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Fig. 2. Variation of glutamate in S. cerevisiae CY4a to acid adaptation.

Exponentially grown cells in SD medium were pretreated with pH 3.5 and then challenged
with pH 2.0. At 20 min intervals, aliquots were taken and the concentration of glutamate

was analysed by HPLC.
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Fig. 3. Variation of glutamate in S. cerevisiae CY4a to acid adaptation
with glutamate. (A) Exponentially grown cells in SD medium were pretreated with pH
3.5 and then challenged with pH 2.0 and 1.5 mM Glu. (B) Exponentially grown cells in SD
medium were pretreated with pH 3.5 and 1.5 mM Glu and then challenged with pH 2.0. (C)
Exponentially grown cells in SD medium were pretreated with pH 3.5 and 1.5 mM Glu and
then challenged with pH 2.0 and 1.5 mM Glu. At 20 min intervals, aliquots were taken and
the concentration of glutamate was analysed by HPLC.
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Reagent and reaction conditions: (i) Benzene, (a )~ (j), Ny, 0°C, 2h, 90%; (i) (CH3CO),0, pyridine,
rt, 2h, 70%; (i) Pd-C(10%), Ho, THF, 2h,95%
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Reagent and reaction conditions: (i) PNZCI, 2N-NaOH, CH.Cl, rt, 3h 95%; (ii) PMBCI, TEA,
DMF, 70°C, 10h, 78%; (iii) MsCl, TEA, CHyCl, 95%; (iv) AcSK, CH3CN, reflux 90°C; (v) TFA,
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Reagent and reaction conditions: (i) iso-butylchloroformate,N-methylmorpholine, THF,N2, -20°C, 10h, 75%;
(i) 1N-NaOH,MeOH, 0°C,1h, 90%
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The Isolation and Structure Determination of Lipids

from E. coli !

Hyo—Jin Kim, So—Hee Yoon, So—Hee Jung, and Yongae Kim?

N

Lipids from Escherichia coli were extracted by Bligh and Dyer method which is using
chloroform and methanol (1:2 by volume). The common cell membrane consists of lipids such
as phospholipids and glycolipids that include polar moieties. DEAE—cellulose chromatography
is a useful technique for the separation of polar lipids in comparatively large amounts. The
principle of the separation process is partly ion—exchange chromatography of the ionic
moieties of the polar lipids and partly adsorption of highly polar non—ionic parts of polar lipids.
Therefore, we could separate non—polar lipids and polar lipids by this technique. Each isolated
lipid is confirmed using thin layer chromatography and Solution NMR spectroscopy. NMR
spectroscopy has been widely used for lipid structure determinations, particularly for the
identification and location of double bonds in fatty acids. We observed 'H 1D, ®C 1D, and
DEPT spectra of isolated lipid and variation of peak area of fatty acid chain according to
polarity using integration. Finally, we observed 2D NMR spectra of isolated lipids in order to

determine exact structure.

AN &

E. Coli ¢ 2]%v-& Glycerophospholipid ¢ Lipidpolysaccharide & A ¥ H

H- 12 Phosphatidyl ethanolamine (74%) ¥} Phosphatidyl Glycerol(19%)
I8 A9 Cardiolipin(3%) 22 FAETE o]E&  lipids(Phosphatidyl

e

choline, Phosphatidyl Glycerol, Pholphatidyl Ethannolamine

oA NMR & o] 8 grabme] pxeda FRAQ kg e s Best

szn] Aol ool o] Fojzl R4,
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o5& Lipids AE #w3 Al Avanti Y} Sigma S92 3AfeA 9] E}o]

ARERITE olE2 ZHAo] WAL V)T el WiFE|E skl e wAzE

e

Aeror sty a vy AFEE S Lipids %< 9% Bligh and
Dyer method ¢ #3 %2 #FFHE s TLC DEAE Cellulose
Chromatography & ©ol&ste] AAlstal Z47ke] 444 #<?! Phosphatidyl
Ethanolamine, Phosphatidyl Glycerol 18] 11 Cardiolipin ©.& 2z}z} F2]35}3i ).
F#Hst z}z}e] Lipids + TLC(Thin Layer Chromatography)$t 1D, 2D
Solution NMR 7] 0.2 &ls}it}.

2 3

=

1) Growth of E. Coli and Extraction of Lipids
BL21(DE3)2] W= E. Coli strain® C41(DE3)+ A A<l carbenicillines

Z383k LB media(100ml) o] LB platedlA] 71% colony sh}E @o] 37TCeolA
WRESFH A overnight®¢F 7]tk olF AAEZ (7K, 20min)3Fe] pellets

d

153 —80C W¥Eael 4 wWzbA Baddth LipidsE #2317 flaiAE 7HE
"y ol Bligh and Dyer
Extraction®* (Chloroform:Methanol (1:2 v/v))& ©]&3slo] FEF3t=d o]=
Phospholipid & Al #&3tH F5&°] 7H¢ £ ¥ T ol
—80Co|A od& Pellet> Chloroform:Methanol(1:2 v/v) 10mlS  7}sko]
3] 59 F ZS9E 7] (Tip ultra sonicator)Z ©]&3to] E 3t} o] %
ARG E gAste] olgl5<l Chloroform%g #g|3tt}. #a o]F zZe
lipide] <1 Thin Layer Chromatography(TLC)E °]&3te &l 3sh3ith,

AFE-3F TLC plates+= Silica gel 60F ¢]t}, TLC=Z &<l 3t o]%& Z} Lipids9]

2

a&Holi ELIE
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H 3= DEAE Cellulose Chromatography (Column Volume: 1cmx10cm, Flow
rate: 2ml/min) & °]&3itt. AYHS FHAHS ARESR ST resind
sigma’le] DEAE cellulose & TF¢Y3%te] H#AEL EtOHS Ao
swellingste] packing o AFgstth A ZAL pHbH.6904 tA 9 bed
volume® ® H¥¥3} A7 T A EE loadingstz &7 Lul= 100%
Chloroformol A€ A|Ztste] F2F Methanol? H&S B8/l HFH oz
100% Methanole ARE3}3ith. (Chloroform 100% (fraction #1), Chloroform:
Methanol(90:10 v/v, fraction #3), Chloroform: Methanol((60:40 v/v.
fraction #4), Methanol 100% (fraction #6)

2) NMR Spectroscopy

NMR spectra® sun Sparc 2 data system= 7} Varian Gemini 2000
200MHz SpectrometerE AFE3F4tH 1H NMR spectras™ 5mm Varian normal
probeE ARSI T £ulE  CDCLE  AREstgl o™ Proton®  Carbon?)
chemical shift= WH7|FE2 & AFE3F Tetramethylsilane & Oppmo & &}9]
Atjd oz =438+ t). Spectral widthi= 5KHz, 90% pulse flip angle(11us),
100ms acquisition time, 18]1 3sec relaxation delay(RD)ZE AF&3}%th.
2 Dimensional pulse sequence(COSY, NOESY, HETCOR)+ Varian pulse

program libraryell &= A& AHE-3tlTh
48

a9 1 = Bligh & Dyer WHo= Ag FFT olF Agit <3
F71QAkol g & e vpdtEo] #2 S/AdA Wl complex lipid & ##
TLC pattern 2% A€W E Chloroform:Methanol:Water = AFE3}F$ T}
ojmiel= PER=0.797F Ad fel Zelar CL(R=0.67)3 PG(R:=0.60)7}
ot usts] ®Heol PE, CL, PG &°] Z #HSTS & F AUk Z5t9
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(o3

Re #t2 =@ #ts dehddio diFEe 49 ZHAR jodine 715
A= 7H4g0] A-E 50% HeSO4 & AR 83Tt
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>
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131. A) TLC Separation of complex lipids from E. Coli. Developing Solvent:
Chloroform: Methanol: Water (25:10:1, v/v/v), Visualizing agent: 50%
H.SO, (Heat to 180C) R} AL 1l 77k A2 ol 1 204 A 3+

ZA2H Simple lipidsE ¢3¢ TLCE AP A3} EFEQ simple lipid= &

of

1%ty B) Reference TLC pattern in Chloroform: Methanol: Water:

Ammonium Hydroxide is from Mattijs et. al. BBA 1636 (2004) 205—-212

Before fraction #

1 1-1 3 4 6
Simple
Lipid o PE PE
CL&PG

- S —- & &

719 2. TLC pattern of Extracts of DEAE Cellulose Chromatography (Column

Volume: 6ml, Flow rate: 2ml). Fraction #1: Chloroform 100%, Fraction #3:
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Chloroform: Methanol(90:10 v/v,), Fraction #4: Chloroform:
Methanol ((60:40 v/v), Fraction #6: Methanol 100%.

7% 2 = Bligh & Dyer o= 228 23 & X855 DEAE Cellulose
Chromatography & ©]€3}o] 100% Chloroform o4l A]Z+sFe] Methanol 2]
H&s Axdes s¢7bdaA 33k o] TLC & ol&ste] el
Fraction #1 oA #HE" Z2 2 2 TLC & Atgsto] A5 43 E¢ER
ol ™ simple lipids ¥& &<l 3150}

1% 3 2 Fraction #3 ¢ #4 718]3 Fraction #6 ¢ 1D 1H NMR ¥} 1D 13C
NMR Az}o|t}. vertical line #} circle = 7} fraction °f|A] chemical shift 2]
ZFo]9} nmr signal 9] intensity =FolE YERIth O™ 4 9] 2D COSY
spectrum A3 F3s] B o] fraction #3 ¥ 4 = Phosphatidyl
Ethanolamine(PE) ZI#3 fraction 6 < Phosphatidyl Glycerol(PG) 3}
=3

Cardiolipin(CL) 2] &3+&E<Ql 7oz F

oX
it

1H NMR Spectra 13C NMR Spectra
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193, 1D 1H and 13C 1D NMR Spectra of Fraction #3, #4, and #6 using
200MHz solution NMR spectrometer. Vertical line and circle indicates

difference of Chemical shift and NMR signal pattern.

AAN7A e A7AAE g TERAES ATAHCAM E. Coli 9o 1A
Axgor opeFst ws Faste @S Aite] d o uyos FAE
Bligh and Dyer Extraction % (Chloroform:Methanol (1:2 v/v)) & ©]&3}%]
E. Coli 9 lipids & ¥&|/3%/%3 &= o d¥sgon %38 Lipids 9
THS TLC 9 DEAE—Cellulose Chromatography 183 1H 1D, 13C 1D,
DEPT, 2D COSY spectra 5 solution NMR spectroscopy & ©]&3}¢]
eyt &8 AWAE chain o e dol= dobd & glloy FdE
Faste] 14, 16 /M9 ©Aa22 olFFS Azt F4d%E9 DEAE Cellulose
Chromatography & ©¢]£3}%] Head Group °©| ©WE& lipids & T&3] Uz
eko® 2D NOESY, 2D HETCOR -5 uxgel &4 7IWs} auxprge] A el
A 7IHE ARt oS dAE ARE dotd = Sls 71E Zd ey
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Sy E e ————— e e s e
12 11 10 9 8 7 6 S 4 3 2 1 =0 =1 =2
F1 (ppm)

294, 2D COSY NMR Spectra of Fraction # 6 using 200MHz solution NMR

spectrometer. Diagonal peak at 4 ppm indicates chemical shift of
glycerol.
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Ultraviolet Resonance Raman Studies for Cytochrome c
Oxidase at pH 8.0

IR Sl
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55 1o Frh
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FExgko] 219t daltonol E3dl= bovine cytochrome ¢ oxidase (CcO)E
nEZEgol k% AlEZute] 13719 subunito® o] Fo A Uth F Nl copper
(Cua, Cup)®t & 719 iron redox center (Cyt a, Cyt az3)E& X33t A= o] &
AT YHb¥ o2 cytochrome aaslil &2 tH1-3]. o]# s CcO= AX TF
o mAut A A AEshE AR YA WEE Az A AARE E7HA
bAA7I=d sast 93-S "$estal Atk F 719 iron redox center (Cyt a,
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bacterial CcO®ll ™3t X-ray 2ATZ7 dez o o33 X-ray 2HATZ=2H
B CcO9 active site® 9 ofYg} active site T8 CcOE TFA 3= ofv] w=ito
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ol A heme azet WA ZEIR AAE o 7] Wil Cua® EPRel #$
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Fﬂ A Brrdsirh, Ao o) F el de® uw Cyt azel Fe''= Fe'7b ¥

= 029 wHg-Eto] oxy specieszhi Eeli Fe'-0, & WEU AlEd FHE
Jv‘i—%ﬂéﬂ e a AEs Mol ZAsY Cyt as] Fe'-0, 9
stretching modex 571/544 cm '® AW ATHS-11]. F WA A7t oxy
speciesol] A& W oxy speciesE peroxy form (P form)2E wvFHATh P formol
gk ofe] 7k =97t AAARE HFol A= P form GACNA 0.9 oA
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ol7h= Ao ® FAEI vH14] o] FA A active sitedl Al FA U= of

e
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Yoshikawas ol 2ol 7fdd W wel & AFoZHEEH CcOE A
AsFATH15]. o]ZA AAE CcOE 0.2% dodecyl B—D—maltoside, pH 8.0 ’é}EH

9] 100 mM sodium phosphate $+&-g& Mo o] AFHo| Q3T ”H”}X] -80 C
Fao HTsh Ay AFEH oxidized CcO9 TE& A oﬂ] of 2l
+ heme a°l W3l enm = ess g0 = 23.39] TS ALE3}o %%iﬁcﬂ WS

Fotol AAsA 6], 7HAEdol sl EsliE 433 nm excitation line<> Diode
laser (Hidachi Metals, ICD-430)2 %5 | om uk A= EH L spinning cell
of ZAt®E ol He] 90% H&o|H 1 m single polychromator (Ritsu Oyo
Kogaku, MC-100DG)oll F2re &4 Yz w2]o] CCD detector (Princeton
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Instrument, CCD-1340/400)& °]-&3t] AATE 244 nm ultraviolet excitation
lineS ¥71 $1814 mode-locked Ar' laser] 488 nm lineS AF&3}9th 488 nm
laser lighte] v %ol 1 WY 7459 Pellin-Broca prism< ©]-&3te] ¢F 1
mWell d33l= second hamonic 244 nm excitation lineS AATh 244 nm
excitation lines flowing cell® sampleo] A3 & 90= HrgkolA UV
microscope lens (Zeiss, Ultrafluar 10X)$} Intensified Charge Coupled Device
(ICCD, Princeton Instruments, model ICCD-1024MG-E/1)¢] CsTe photocathode
£ ol&ete] ~HERS At oA A& ~HERLS IBM PC¢ Igor Z=71
WS AFESte] AHEEdrh BE AE2 20 CTolA izl

Im. 23 € 13

% 12 diode laser2F¥H A2 433 nm lined ©]&3t4 oxidized
bovine cytochrome c oxidaseZ%E 42 FHetnt ~IAEHo|t}t, o]H 3t blue
excitation lines ©]€% 4% FWgrt ~9E
77333 heme a®t heme asz2| vibrational mode®l
g5 &9 vibrational mode?] 7|92 AFHo=z i olEFHo=z e H}
ATH17L. 2 =9 2% 194 YEE 1674 cm 'S heme a3’ ve-o©l ™
1648 cm-1< heme a™2] ve-0©]th Heme a$} heme as®] porphyrin macrocycle
breathing mode® &% v; mode (C,N)& 1371 cm "ol A vhebde} 1504 cm '
peak< porphyrin macrocycle®] vs mode (C.Cm)©]l™ ©]2]3F vibrational modeE
S heme a®} heme a3z9) iron AFEFAEjo] webA upshift =¥ downshiftE K¢l
o 1% 2+ 244 nm excitation lineS AM&3te] A2 LA FEnt ~HEF]
o]t} Heme a9} heme asE A3} porphyrin macrocycleE< 244 nm A9 S
oA 7] wid 2y 2004 HoF+E vibrational modeE <2 bovine CcO<]
active siteE T3t hemed = off-d #AE 71X A &=t} ®WEHe| bovine
CcOE FAlsla 9+ amino acidE E3] tyrosine® tryptophans 159 F+%
547 240 nm F-<29] AL Aol FHE dozitHle, 18] 1Y 2R 1Y
204 HolF= R E vibrational modeE < bovine CcOE T4 3= tyrosine®] L}
tryptophans ¢| vibrational mode®l] 7|13 A o]t} Bovine CcOE FA3IL A=
tyrosine®} tryptophan®] ® 4 compound®l| 3% 3l N-acetyl-L-tyrosinamide 2}
N-acetyl-L-tyrptophanamide®] #}e]A FHe}qt ~"dEHo] B n} JuH[16].
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Figure 1. Resonance Raman spectrum of bovine cytochrome c¢ oxidase.
Experimental conditions ; excitation line 433 nm, laser power 0.3 mW.

sample conc. 0.03 mM, accumalation time 10 min., 100 mM sodium phosphate
buffer at pH 8.0
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Figure 2. Ultraviolet resonance Raman spectrum of bovine cytochrome c
oxidase Experiment conditions; excitation line 244 nm, laser power 0.1 mW,
ssample conc. 0.1 mM, accumalation times 30 min., 100 mM sodium phosphate
buffer at pH 8.0
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NOTES ON THE EXISTENCE OF SOLUTIONS TO
THE PLANAR CHERN-SIMONS GAUGED
NONLINEAR SCHRODINGER EQUATIONS

JONGMIN HAN!

ABSTRACT. In this paper we are concerned with the planar Chern-
Simons Gauged Schrédinger equations which comes from the nonrela-
tivistic Chern-Simons Higgs model. By means of Galerkin method, we
establish the global existence of solutions for H!-initial data whose L2-
norm is small.

1. INTRODUCTION

Let us consider (2+ 1)-dimensional Minkowski space R"? with the metric
diag(1,-1,-1). The metric is used to raise or lower indices. The Lagrangian
of the (2+1) dimensional nonrelativistic Chern-Simons-Higgs model [7, §]
is given by

K 1 1

(1) L=t Doty — e Fag Ay — o[ DY[* + ——[u".

Here, 1) : R? — C is the matter field, A, : RY? — R is the gauge potential,
D =V — (i/c)A with A = (A4, Ay) and Dy = 0, — iAy are the covariant
derivatives, ¥* denotes the complex conjugate of 1, x is a positive constant
representing the strength of the Chern-Simons term, m is the mass of the
matter, c is the speed of light, €% is the totally skewsymmetric tensor with
€"2 = 1, and all the Greek indices run over 0,1,2.
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Key words and phrases. Nonrelativistic Chern-Simons-Higgs Model, global existence,
Galerkin method.
Department of Mathematics, Hankuk University of foreign Studies!.
This research was supported by the research fund of Hankuk University of Foreign
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The Euler-Lagrange equations are

) Dy = 5D~ Mot

(3) §€amFﬂv = Jj%

where A = 1/mck, p = |¢|* is the matter density and J = (%) = (p,j) is
the matter current with j = Im(¢* D1)) /me. These equations are called the
planar Chern-Simons Gauged Schrodinger equations.

In the equation (3), if @ = 0, then

1
VXA:Flgz—p.
K

Hence A(t,x) is given by the integral formula
1

(4) Alt,z) = —— | Gz —y)p(t,y)dy,
K JR2

where G(z) = (1/27)V X ln|z| and V x f = (0of, —01f) for a function
f:R? = R. It is readily verified that V- A = 0.
Meanwhile, if &« = 1,2, then (3) reduces to

Oy(—Ag, A1)+ V X Ag = j/k.
Thus,
AAozatV-A—%V xj:—%v xJ,
which implies that

1 .
o) Afta) == [ Gla= )ity
R2

Thus the Euler-Lagrange equations (2) and (3) are reduced to

o1
(6) W' — @%Al/) +R(Y) =0, ¢(0,2) = tho().
Here ' = d/dt and R(v) is a nonlinear operator defined by

. 1 l .

R(y) = iAot — — A - Vi + o— [AP) — iAoy,
mc 2mc

and the nonlinear operators A(¢)) and Ay (1)) are given by (4) and (5).
There are several results [1, 10] on the equation (6). See also [2, 3, 6, 9]
for the relativistic model. In particular, in [1] authors showed the global
existence of weak solutions to (6) for H'-initial data by a perturbation
argument when its L?-norm is small. Indeed, they construct a family of
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approximate solutions and pass to the limit to obtain a solution to (6). In
this paper, we establish the same result by finding a family of approximate
solutions by a different method. In fact, we will show the existence of
solutions via Galerkin approximation. Here is our result.

Theorem 1. [1] Let by € H(R?; C) with
(7) |I/)0|L2 < 1/(27)’1/\00),

where Cy is the best constant satisfying the following Gagliardo-Nirenberg
inequality:

[l < Col V{7 o 2"
Then there ezists a solution of (6) such that
Y € LR H'(R* C)) U C,(RT; H'(R?*; C)).

We will prove Theorem 1 by Galerkin approximation in the next sec-
tion. For notations, H*(R?; R) stands for the usual Sobolev spaces, while
H%(R?; C) denotes the complex valued Sobolev spaces. We will use simply
H* in both cases, if there is no confusion. We also denote the complex
L?-inner product by

(Vo) = | vy
RQ

2. PROOF OF THE THEOREM

In this section we prove Theorem 1. We begin with the following estimates
related to the nonlinear operators A, Ay, and R. For this purpose, we recall
the generalized Young inequality:

Lemma 2. [5] For all 1 < p,q,r < oo with 1+ 1/r=1/p+1/q, if f € L?
and g € L1, the weak LY space, then

[f*g
Lemma 3. [1] For all p > 2,

(8) [AW)Le < ClIollE,  [Ao(@)]ie < Cllelln.

Proof. Since G € L2 (R?), we derive from the generalized Young inequality
that

r < |flzelglpe -

[A(W) |1 < CIGlrz |pl s < CllWllz,
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and

|Ao(¥) | e C|G |12, [ D o2
C(|V*" VY| p2rwi2) + |pA|L2v/w2))

C([leo | Vel + Al pl22) < Cllwbll3n

IN N INA

O

Lemma 4. For ¢(t,z) € H*(R%; C), A(t,x) = |z| '|¢|3, + o(1) near oc.
More precisely, if x* = (w9, —x1) € R?, then

: a7
9 1 (A 1, L ) -
Proof. We notice that
Zo|th]3 1 / Ty T — Yo 2
At - ( _ ) t,y)2d
it x) + 21k |z |? 21k Jre \|z|? |z —y|? et y)Pdy
1
T
206N e—yi<t Jp—yiz1
1
= — I +1I).
27m( +11)
Then . i
Y
1] < EW@?(R?) + [P oo (g i<ty /y|<1 Wl —0
as |x| — oo. For the second integral, we compute
T2 T2~ Y2
z* oyl
_ (21— y)(@1y2 — xayn) — (T2 — y2) (L1291 + 2282) ‘
|z *|z — y[?
_ Ta(z1 — y1)® — @@ — y) (T2 — o) — (T2 — ¥2) (2191 + 2230
|z ]|z — y?
< lml ]z 41
which implies that
312
1] < EWJ Loy — 0
as |z| — oo. The limit for A, is similarly proved. O

The following Gagliardo-Nirenberg type inequality is well-known.
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Lemma 5. For all vy € H?,
(10) [lee < Col DY [l
Proof. Since
Y Y
V|| = Re( w) - Re(
Y] ]
the Gagliardo-Nirenberg inequality implies that
[Wlee < Col VIDIILE" 15" = Col Dy

L2

DY),

1/2 1/2
2|

O

We now construct a family of approximate solutions by Galerkin method.
To this end let wg, wy, ws, -+ be an orthonormal basis of H?(R?; C). Let
W,, = spanf{wg, wy, - -+ ,w, } and P, be the orthogonal projection of H!(R?; C)
into W,,. For each n, we define an approximate solution to (6) as follows:

(1) (0 0) + i (T, V) + (R(), ) = 0,
I/)n(O,ZE) = Pn¢0(x)7

where .
I/)n = Zgjn(t)wj S Wna gkn(t) € R: te R.
k=0

Since (11) is a system of ordinary differential equations of gy, (t) with the
matrix (wy, w;) nonsingular, there exists a unique local solution in the max-
imal interval [0,T,,) for each n. Let us denote Ag, = Ag(¢n), An = A(Yn),

Jn =J(¥n).
Lemma 6. 1, (t) is uniformly bounded in L°(R*; H').

Proof. Multiplying (11) by g3, () and adding these equalities for j = 1,--- ,m,
we are led to

: [ B
(¢n7 77Z}n) + %(VI/)m V@/Jn) + (R(¢n)7 ¢n) =0.

Taking real part of this relation, we have
d )
Gl =Fe [ 04,V
R2
Since V - A,,, it is seen that

Re | A, - Vi, :Re/ V- ([¢n]2A,) —Re/ YAy - V.
R2 R2 R2
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Hence
1
e [ vpd, Vi, = —Re/ V- (|2 4,) =
R2 2 R2
where the last equality follows from (9). This lead us to obtain

(12) [n (B2 < |n(0)]12 < [9(0)[12,  VE€[0,T).

On the other hand, multiplying (11) by g;,(¢) and adding these equalities
for j =1,---,m, we obtain

< ) + 5 (Vi VL) — (R 0) = 0

The real part of this equality implies that

13) 0 = imi/ Vil + 5 [ APy = 55 [ 1l

+—L Re /R i) Ay - Vi, + %Re /]R (W2 A, - Dty

2mc

We observe that

suche [ iy A, Dy,

2me
— ﬁ.jt |D¢n|2——Re/(V(¢)+ ~ A1) Dy,
— o [k o S v
+%Re/ acdn V5 =5 [ A

Consequently, (13) is reduced to

d 1 A
et _Dn2__ n4

— 1 [ _1 2\/
= 5 [ iy [ Al

v ((¢;)’An -V + Pp Ay - V(wi)')'

2mc R2
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Since V- A,, = 0, the last term of the right hand side vanishes by integration
by parts. It is also see that

[ Amllonfy = [ (@eienly == [ G- (@Y

- - jnA;w
]RZ
which lead us to
d 1 A
o D2~ 2 n4):0
— R2(4m|w| > al') =0,

namely,

1 1
%’Dwn(t)‘%z —A ’wn(t)‘%‘l = %\D%(O)\%Q — A \%(0)!?& <C.
Thus, it follows from (7), (10), and (12) that for all £ € [0,T,,),

1
c > %|Dl/)n(t)|%2 —A |1/}n(t)|4L4

L (1 = 2mACol )| DY (1)

> o %2
m

Since
[Von (B)] 22 < [Dn(B)] 22 + [An(O)n(B)r2 < C + [Atn] 12,
it comes from (12) that
[n (D]l < C + [An(D)n (D)2 < C + [An(D)]ps | (1) |12
We note that
[ (t)]zs < Col Du ()] [ (2)
Since A(¢) = A(|¢]), it comes from (8) that
[An@®)]ze < Cll @] i < CA+] VIva(®)] [7:)
< C(1+ |Dyu(t)]32) < C.

1/2
L2 S O

This proves that

ln()|lm < C, VYt e[0,T,).
Since (7) is preserved for on [0,7},) by (12), this inequality implies that
T, = oo for all n, which completes the proof. (]

Once we have the estimate in Lemma 6, other estimates in the Galerkin
approximation are almost same as the result of [1]. For the sake of com-
pleteness, we proceed to get those estimates and pass to the limit.
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Lemma 7. For all p > 2, A, (t) is uniformly bounded in L™ (R™; W?) and
Agn(t) is uniformly bounded in L>(R™; LP).

Proof. It comes from (8) and Lemma 6 that both A, (¢) and Ag,(¢) are
uniformly bounded in L*®°(R*; L?) for all p > 2. Since dG is homogeneous
of degree —2, 0A,(t) = OG x |, (t)]* is a Calderon-Zygmund inequality
which implies that [0A,(¢)]r < Clpn(t)]3,, < C for all p > 1. As a
consequence, A, (t) is uniformly bounded in L®(R™; W'P) for allp > 2. O

Lemma 8. /! (t) is uniformly bounded in L>®(R*; H™').
Proof. For ¢ € H'(R?; C), let ¢, = P,p. Then
1
(W )l < 5[V Wali2|Veoul e + [R(Wn) /3] 0n 1

By means of (8), we obtain

1
’R(wn)‘L% < |A0n’L%W)n’L% + %’AR‘L‘*’vwn‘L? +

VA ol + Ml

< COllnllzn L+ [[¢nllfn) < C.
Hence, [ <45, 0 > | < Cllgnllar < Cllollar- 0
Lemma 9. For all p > 2, Al (t) is uniformly bounded in L>®(R*; W~17).
Proof. Let p' =p/(p —1) and ¢ € W'#". Then
| < AL (), >
Zke [ viu(G o)
Clltn -1 [1von (G * @) ||
ClN, -1 (1(G * @) 2 + V(G 92 + [6(G % Vo) 12 )

ClNY s (nllin G = pllze + [GalinlG Vol 2, )
(since Whitz L*>, for p > 2)

Cllt =1l (G # el 2, +1G % Vgl 2, )
(by generalized Young’s inequality)

< Cllylla=1ltnlla |Gl llellww
Now the result comes from Lemma 6 and 8. O

VAN

IN

IN

A
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It is now classical to pass to the limit and obtain the solution to (6). We
refer to [1] for the detail. We close this section with the following proposition
which indicates the conservation of the total charge.

Proposition 10. If ¢ is a solution of (6), then the total charge number

N= [ p(t,x)dx
R2

is conserved.

Proof. We observe from (2) that
1
Op = 2Im(i*0pp) = 2Im(ip* Dyrp) = —Elm(Dzw)

1 . 1 .
= ——Im[V - (4" DY) — |DY[*] = ——V - Im(¢" D).
m m
This implies the continuity equation:
op+cV-j=0,

from which the charge number is conserved.
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Figure 1. left : Hetero—structure (A and B) consisting of ferroelectric and
ferromagnetic layer on the substrate having a same crystal structure of

perovskite.
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Figure 2. Top : RHEED system for in—situ motoring of growth behavior of
oxide thin film in the PLD system, Bottom : RHEED pattern vs. the growth
mode. 2—dimensional layer—by—layer growth gives very strong linear
pattern while 3—dimensional island growth mode gives spotty array pattern.

The former results in atomically flat surface of the grown thin films.
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Figure 3. Left : Crystal structure of cubic perovskite SrTiO3, Right: Atomic
Force Microscopy image of STO after high temperature thermal annealing
inside the growth chamber. Step and terrace structure with one unit cell

thickness is very clearly visible.
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Figure 4. Left : AFM image of top surface of STO(001)\SRO\BSTO\SRO

thin film, Right x—ray reciprocal space mapping of STO (113) plane. Upper
two peaks correspond to STO and lower peak correspond to BSTO which is

grown at the optimum pressure of 10 mTorr with thickness of 36 nm.
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Figure 5. Left : Schematic of standard photolithography with ion milling
for the study of ferroelectric properties of Nb—STO(001)\SRO\BSTO\SRO
thin film. After growth of 3 oxide layers, thin Ti and thick Au layers were
deposited by using an e—beam evaporator with a crystal thickness monitor.
We used an in—situ metal mask to expose the bottom SRO electrode for the

measurement of DE hysteresis curve.
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Figure 6. Left : DE—hysteresis curve of Nb—STO(001)\SROW\BSTO\SRO
thin film.
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It is not supported by Insightful. Use the command
" library(rnet, help=T)" to view the “readme.txt” file for this library.

Use addhnetMenus() to install the menus and dialoss
renovelnetienus() to renove then

IR+ T numeric 1
Rv7 1 numeric
numeric

IZS=3-111E

[Output buffering OR [Modified |

I3 2.1: S—Plusel]l Ax¥ PRIM &lo] B2



_ﬁL

o
o

2 438 F PRIMY T3

ghojBelgle] AAYHL  PRIMEA.exe’ IHd2 AT F, S—Plus9
‘File > Load Library’ & A®3sle] 47 tshid&le|A Library Name? &5
s PRIM & Ad¥sta OKE Z93td 1% 2.19 o] S—Plusd E-Tth&
H5ro]l PRIMOl 2= w77 A A @t witj= AAd ghojHelel & AMAE
= windows? ‘Aol > ZrIHM Z=7HAA oA ‘PRIM Library for
S—Plus 6.1" & A=t AAE F=9 €@t

2.2. Top—down peeling, Bottom—up pasting®] 3

=
todel I Controls |
Data Options
Data Set: kyphosis - Interest Level Im
Dependent: W I~ Matrix Return Osent
Independent: Age Seed |12345—
Save Model Object———————————
|V§ave Asi IW
Formula: [Kyphosis~Age+Mumber+Start
i
Model | Contrals |
— Contral
T/% Ratio: o
alpha: o
Betal: [Coom
Ok I Cancel Apply I M Murnber of Bootstrap:
—
Criterion 1: r
Criterion 2: r
Minirnurn number of peeled obs,
1
Threshold: [oooor
[~ Pasting
[Tok] cancel I Apply I W Help |

79 2.2.1: Find First Rule tj3}4=}

PRIM ¥1#]Zo|A Top—down peeling® Bottom—up pasting® %
A E & olHeg oA PRIM 71s % Find Rules A®shd ®©tl Find
=

Rules +33t7] 9= S-Plusg 78 & Yev+= 19 219



FH-5-, °]’d3l

diell Al PRIM ®lwE A¥e % Find Ruleg 9384 #rt}h Find Rule
Find First Rule® Find Next Rule® W% t}. Find First Rule A WA 3L
AAs7] Y3k box sequence (trajectory) QB AEZ AMAISt1 Find Next
Rule 7] A4¥ eBAES wgstol 1 v 3& 2487 #% box
sequence LB AEZE AASI=0], Find Next RuledA AFH 2HAEE= 7]
e LB AES Frlste] Hol & 5k QU MER LHAER YT £
Atk 2 2.2.1& ¥ 2.1°14 Find Rules Z¥3t] Yeld Find First Rule
s atE B3 Uk

Find First Rules 337 faid= ¢4 o s datels Model w47l

=
+ Data Set2 A1¥3}al, Dependent W9} Independent W5 AEshd

)
A
Hrh. 183, Options 99 U9 WwE FolA Interest Level Dependent
WH7E o] Akl 49, Dependent W59 W F s Agsi=d, Agw

)

go] zke 19] Hu YA = 002 7HFHETE 3 Options 99 U2 Seed
W5l += Random number generate® 3+ 7S A o}l Matrix
Return ONLY #Zutxe] SQlojrs BRI A o =438 P4
gead F9 A=E o F9 " vHHe® AdE box  sequence
(trajectory) LB AEQ o]F& A3|&F weoli= Save Model ObjectollA 3=
152 71Y3shd ®¢d. 283, Training/Validation®] ®]$S, Bootstrap 34 %k
55 #4317 Y8iA+ Find First Rule t34#2] Controls WWwE ©]&3h4

o

o)
e

Find Next Rule& F33}7] $&irds= 7] AAdE QB AES o]FS PRIM
object EETIS d|irollA] AEEe] F1, Find Next Rulee] 2JsiA A=
AgE e BAES o5& AIE wdi= Save AsollA st olF i

Ak, o}7]4 EAle] ALE oA HolHi S—Pluse] E@Ho] QY HF a

o
o
il

714

o

T o] £& & FH 5o #HH kyphosis RFo|t}

P
T=

ftjo

we ool

il



72 F2 418F PRIMO +&

Decide Optimal Box =] =]

PRI object : |kyph0.mﬂl 'I Box |D ¢ |B 'I
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2.4. Redundant variable deletion®] 43

Variable Elimination o ] A

PRI object : kypha, ! - Mumber of variable :

Box Sequence D :|1 vI Il
Box 1D @ |5 vI Save As ! |ve,kyph0,mm|

ak. I Cancel| Apply' Ij>|| current Help |

13 2.4: Variable Elimination Tt &=}

1% 2.4% Variable Elimination W342E H.oj5=31 3t} Redundant input
=]

collinearity & 34 3}7]

2
il
r'O
=
O
=
@
L N

variable® <Qla] #AET F Q=
Y3 boxe boundarygs ZAAS= WHIE (FFCZ ZdAHE HITE) &
box mean® WE2 7HE AA st WSFHFE S AAS & 3l

Redundant variable deletions G 33t7] {8l & gtolreg] wlyFelA
Variable Eliminations A1®3t% €tk PRIM object S5t wlirelAl 7]
AXE @BAEES HMElslo] 31, Box Sequence ID, Box IDE A3 &= 35,
AAZE HFe Jalrol WEE AT & Ao B2, W A F
AAE eBAES olFs ATl fsiA= Save AsolAd HdkE olE&

2
719e 5 Sl

rlr

1o

i
2

—

2.5. Relative frequency plotg] 3 ¢

% 2.5% Relative frequency plot t&#F 2 =49
Slth. shke]l boxel gt AME UE AgE A eSS wiAE:E
Z 3, 1o ot AT A wWeto =z oW W] s 7 WA

i
lo
2
it
I
2
M AN
R

flo

1o

R
!

N
o,
N
N
Y
rO
o,
s
ki
ot
By
o
N,
of
_0|L
£
e
=
T
¥
1o
=
E
il
i
4
30
)

10



=z = ) = [e) o)
3 F2 ¢318s PRIMY 4
I
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tfshdAke A4 PRIM object, Box Sequence ID, Box IDE Ad#lst & 43t
1m0 o] 28 Variable nameold A®3 2t} 183, Boundary? THE
Aelsla, A WMo 7S Valueol 719<S & 14, Variable nameol| A 2]
WME7E A48 Wgod, xS 7dsty, o)ArE wgold, e 7))}

T v e R AR @ BAES o]F& Save Asol ZIYdlFd dd ¥
2.6°14¢] Sensitivity Analysis 3¢ A+= box (71&) F & Start > 1002
W7A3l7] 98l Variable name Start, BoundaryE 1, ValueE 1002 &3t
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2.7. Interbox dissimilarity 2] 43 ¢

Interbox Dissimilarity == |
PFRIM object : kypho,m02 - Box Sequence D :[2 -

oK | _Cancel | [ T =Ioix|

Rule Overlabs Dissinilarity

1 0.0864197530864197 O

719 2.7: Interbox Dissimilarity & tispd# 9 =543}
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Dissimilarity©]t}. PRIM object =TS HFolA 7] AT 2vAEES
A8ste] =31, Box Sequence IDE Mg Hv}. © Box Sequence ID&
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Cumulative Coverage Ratio == x|
PRIM object : SR
0K

| Fatwmenss Cumulative Box Coverage sssssss/
Training Data = 0.0864197530864197
Validation Data = 0.0864197530864197

Lo
PFRIM object : fypha.miz =]

0K .
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Training Data = 0.209876543209877

Validation Oata = 0.209876543209877

13 2.8.1: Cumulative Coverage Ratio2] W3lAtal 4 =49
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71Zel s71E ol Sli= PRIM &AZEdojol= U3 4, A3} 2B AE]
E7F dlolEl Wgke] Al 5o oeirpA EAFEC] EAETE o9t
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