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Hall Effect Measurement system® 74 2 EA4 !
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3. Measurement system? T4
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Neodymium®] implant® undoped 2 Mg—doped GaN<]
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&Y% conditionel A EA g st AlEE FHISHAH
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M= AEH oz 73 3.43 eV above—gap absorption band& #<1g 4
AT

3E 12 7} excitation band® ©17] ¥+i= PL peaks< Al 2> Zolr}.
HeCd laser 325 nm &} 442 nm= excitationdl|Aq] #=F peaks = FTEF O
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I3 3(a)2 Mg—doped GaN:NdE 12 KeolA HeCd laser 442 nm*
excitation A1#A =743t PL data®]3l, 23 3(b) = undoped GaN:Nd<¢ PL data
2 HeCd laser 325 nm excitation A|# A2 Zolth . 3(a) ¢ (b)E Hlws] X
W 18 3(b)ellA Uk (903.4, 909.3, 921.4, 932.0, 940.0, 950.0, 961.4
nm) & & posotion? peaks 18 3(a) oA &g 4 k. I¥ 3=
a9 3(a) oA & peak? intensityoll Bl Zro} 2z Ho]x 92 903.4 nme}
909.3 nm2 peaks Fhs 2P oz, 19 3(b)9 & Ao Y= peakd
intensity ¢} vt 2715 7= 4 g g 5 v ady 1 8] YA
peaks<2 EF AROHW, Mg—doped GaN:Nd <k 921.4 nm$} 932.0nm peak
o] udoped GaN:Nd ¢F2] peak® T} ¢k 20 ~ 25H] A% = intensityS HeIt}
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7beatrh. =3 Mg—doped GaN:Nde] 7Hg FQ3HA Hole 574
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325 nmZ excitationA| A €2 Z}7+9] PL data®} Mg—doped GaN:Nd& HeCd
laser 442 nm= excitationAl# Y2 PL data 4(c)E Wlwd 2 1ot}
Mg—doped GaN:Nd< above—gap excitation A|# =73 PL data 4(a) = %
S o]7] %79 undoped GaN:Nde data 4(b) &= 2 400-pl peakEo]
dominant3t spectrum= Ho3F1 vl AA PL intensitys Mg—doped?Ql 7
<7} undoped?! A$xHT} ¢k 7v) vl IA B=HUA T, spectrum 4 (a) oA
A-pl9 peak?l 915.9 nm2 peaks #8sto] spectrum 4(b)2l & peakol
Aol 2719 nlus] B, A-pl9 peaks> A9 A7|7F BlSEE & 4 9l

o] A¥E g 3std, Mg—doped GaN:Nd ¢ % undopedolAd Xt} 400 nm
excitationol| A1 2] PL efficiency”} A& #¥dlF oy} above—gap excitation®l| A
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Undoped GaN:NdZE HeCd laser 442 nm<} 325 nm line® excitation A #A
A2 PL spectrum©Z Nd¢ energy level *Fsp— *lgp (900 nm~965 nm) o
A 742+ 9] peak= ¥WESIIL PLE A& F3all ©] peaks2 Z absorption
bandZE #&<13t9 . Mg—doped GaN:Nde] PL 23S 314 undoped GaN:Nd
o] Bt} 400 nm excitation®. & B 4 U+ peaks9 efficiency’} H AR
g8t 4 Q0 7, above—gap excitationt] 400—ple] EAS Hol= Nd ionEs

2 ouA dge] o]Folde ok & gt

(a) excited by HeCd laser
- 325 nm

(b) excited by HeCd laser
;- 442 nm

PL Intensity(arb. units)

8(I50 8;30 9(I)0 QéO 9210 960 9;30 1000
wavelength(nm)

1% 1. Comparison of PL spectra of u—GaN:Nd excited by HeCd laser
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Excitation Energy (mevVv)

4140 3105
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Detected wavelength
d) 921.4 nm

™

(c) 915.9 nm

At

PL Intensity(arh. units)

b
.
W%%

%

300 350 400
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1% 2. Four different PLE spectra of u—GaN:Nd excited by Xe—lamp

3t 1. Four different excitation energy detected at different wavelength

Name /

Detected at different wavelengths

Name /

Excitation energy (wavelength)

A-pl/ trap—A /
915.9 nm, 933.4 nm, 943.1 nm 3.43 eV (325 nm)
400—pl/ trap 400 /

921.4 nm, 932.0 nm, 940.0 nm,
950.0 nm, 961.4 nm

3.10 eV (400 nm)

BB—pl/ trap 440 /
860.0 nm, 882.8 nm 2.82 eV (440 nm)
450—pl / trap 450 /

903.4 nm, 909.3 nm

2.76 eV (450 nm)
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Z1¥ 3. PL spectra comparison of Mg—doped(a) and undoped GaN:Nd (b)

(c) Mg-doped GaN:Nd
excited by HeCd 442 nm

(b) udoped GaN:Nd
excited by HeCd 325 nm

PL Intensity (arb. units)

(a) Mg-doped GaN:Nd
excited by HeCd 325 nm

840 860 880 900 920 940 9260 980 1000 1020
wavelength(nm)

1% 4. PL spectra comparison of Mg—doped and undoped GaN:Nd
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Corrosion and Passivation of Cobalt in Aqueous

Borate Buffer Solution!

£ ¢ : Co—RDEE ©ol&3to] 574 4l kst @71 qolA Cod F43 Fest 349 vhgTx
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Srstgc.
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Byers[1], Grube ¢ Feucht[2]¢] 2J3t] X502 RuH o], HAA7A @
AFAE2 A& B tdollon F2 A FE&H([3~5]1% 9714
TFEA[5~9]el A dojy= F2 ¥$+Z (mechanism) 9 %% 3} (passivation)
Aoz AMEH= Fute Ao e A 7F o]Fol  Frk ob=EA
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ARk wp Qo[ 7]  HZel FFFE Tl= JNEe dsoew Cof %
&= (Super alloy)o] 7l#=o][13,14] Coo HF27 FEste] #Hst A7}
gitsl] AWA] Foelskew X-4  FdAE3H (x—ray photoelectron
spectroscopy)°l  9J8t] Co® H-E3 ¥Ho] dxpHom vk A9l
Co(ID —oxide7} AAHE I, v &2 AHelA= Co(lD —oxide7t AR T
Alret vp At [9]

2 A= ZLES 3| AYH T (rotating  disk electrode) & &4
Aoz Abgsta WA &
Pd) 3 71548t duld s S
EIS)& #83to] borate $kF&olA dojv= ILES] FA3 53t A4S

AF-3 9w,

= (potentiodynamic polarization method,

~

electrochemical impedance spectroscopy,

2.4 3

RDE-system(rde—1)¥ =& =®E5F BAS(bioanalytical system)A}
AFoz 49 A7188t A(celDs AREsileown, 2§l A=52 AA0] 3.0
mm¢l Co—RDE, 7]|&d=2 X3}Ag/AgCl, REZHITL Pt—wirel=
T A 2 =il EAISE d9e 23 Ag/AgCl 71+ Aol digt
golth. B A71ssr Ade Ar th7] ofgfelA F3sk e, GamryAhe
PCZ x4 3} Potentiostat hardware®} softwares AFE3te] G313l .
Aok Algoll A F9E 4 5 (AR grade) BAF, BAMYE, Aus ARESRo],
olA7]7k 0.10 M °]i pH7} 8.86 <l borate buffer F&H& B How

e

AFE3FA T Co—RDE A= No. 10009 A} (emery paper)© ©]¢]A 0.1 um
AAl

-

alumina &=°% Y<¢l emery cloth® @ndt & Z=HFEz AL 0S|
At .
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3. 29 4 3&

PG PEZ) o= FHASE] FF
0.10 M borate €%-&der 543 Co
Fig. 13 2t} 7} Ag-dF 342 ¢F —0.10 ~ 0.45 V Apojoa] FHo] H
At a5 Bolm, ko] AL olFdte] wet HAAor AR A
B2 8435 Aol A B53 AElE HolH (active to passive transition) &
welth F&3t o] AA s A9 (Eb) = °F 0.93 VE S AT Fig. 1914 &
F e A WA Abst a0 A9 100 mV, 400 mVelA e A {oE A=
A& 5 Aol weh Weks 2gE Fig. 291 YeRdth Fig. 271 Levich
2[15] ¥ dAEHA] e Zo®E Mol Cof F24& AP Al (diffusion
control) Rt &% Al (kinetic control) RHESO] F+HFS o]F&= Zo=
Bt 53] 98& AuA FEatx Aol 747t 64, 39, 2 32 uA/cm2 Ql
ZoR Kol ol F&Hol AstHwA tydd dHo] A H

X

SWolAl= a¥rt Aste] SAuinkgo] s WE Jow

—RDE®] Potentiodynamic curve+s

A9z Zes 29 ARvh fase AL Ao gz
23] (compact) tha/do]l €= AL Aok olgh fARRE S vE

El[12,16] 3% th& 551719 ZA9o= Hag v glvt

3.2 P H PE3}o] pjAE= FIolL(Cl )Y FF

pH 8.862%] borate buffer&do] NaClS H7}ste], 53} 34 (passive
film) o] 7NA= ¥4 (breakdown) & ZAFSFSATE. Co—RDEQ 3|d&EEE 1000
roml.E 1A 33, NaCle 0.001 MFE 0.05 M7FA] 3713t borate -2 of A

=43 hE A AF-—AYL +4LS Fig. 3% 2t} Fig. 39 7 FAA &3}
s Hojuyn A3 SUlele ARFE Col Abglyule] AXHA 2+
AbstA Folo). webA o] AFFAL HA(tangent line)o] x—F3 Ty

H(zero point) 8] HAAE Fulo] 7A|7] AlZet= ¢ (breaking potential,



S

Eb) 2 skl on H7kek NaCle] sk ot Ebi= Fig. 48} 2t}

Fig. 3ellA R wiel o] —0.3 V H9 AbglyaE NaCle) F=7F
Z7teted = W37 @Il o]+ borate FEAANAE Cool =83l (anodic
dissolution) 7} NaCl(0.001-0.05 M W9 HE Ag¢ES wx &
olw)sttl, D. Gallant 9} S. Simard: NaHCO3 F8dofja H Aol
S Bsk 2™ [12], Refaey: NaOH &0 H Co2 F=gafjol n =
NaCle] F&= Baehalvh[18]. #rt ofyz} —0.3 V F9 Abste) 9] 917}k
H7FsE NaClel %o o} ®stx] ¢= AOR Kol borate FEHofA
Abstaletol A EE Z1E NaClo] A& X abe Zo=® Hlv 2y
AE Argtydre] Wl EE 9SS NaClel s%7F S7istel wel =37
ZXHAT. 2 A3 Fig. 4014 B uvkel o] log[NaCllel wl#stel Eb7}
28t (Eb = A — Brlog[NaCll; A=0.67 V, B=0.54 V/decade). #
Aol Avpel 2 Aol AHIAR Ag B el oE A9 - S,
NaHCO3 €Nl Coo 3-$[12]¢ borate £l Niel A-¢[19] — Ha¥ i}

dlo
itlo

Flo

3.3 Tafel relation #} Open circuit potential

Fig. 5 A& 3IAA7A & 20 @EAEE(w)=0  rpm) oA,
= 0 Velld 1.0 VZFA) 5 mV/s ¢ HE2 FAbete] F43%
AFdeZRE AJL Tafel plot(E vs. log(D)o]th 3gul2o] doji}=
o (reduction region, —1.0 V~—0.7 V), At3}g3] < (active anodic
dissolution region, —0.6 V~-0.4 V), 181 ¥535 @+ 99(trans
passive region, ¢2F 0.9 V oA oz FE3le] ZF P Ao A linear fittingS
Ag3th Al oA AFIAFE R>0.990190H, ZF7+e] Tafel 71&7]1&
Fig. 5o uehd ¥ o] —0.144 V(RED.), 0.134 V(DISS., 0.116
V(TRANS—P.) o]t} o] &2 Tafel 71&7] b= (250CelA b=2.303RT/ B nF),
TENe A 1-ApAdo] wbg 18] JEg-2] Ao| A4 (transfer coefficient, @)
TE= A2 (symmetry factor, )& 1/2% 7F4E ], 0.120 V ©|t}. wrabA

of
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Zk g8 SAAE n=1, B=1/25 7FEstd A <telA o]& Fk
b=0.120Ve} dxstr}. o= #F%= AAF ZF74'H(Galvanostatic transient
measurement) &2 74 3le] B sH[7] Tafel 77| 0.140 V& < A5t Tt
Fig. 5.°0A4 gy Abs83 99 linear fitting Aol Thjs H 9
A9 7 EE H 21719 (corrosion potential, Ecorr=—-0.653 V) 9}
B A HE (corrosion current, [corr= 3.08%10—6 A/cm2) S =745} c}.

AR7F zZ2x  gEe AHAA d9E 574 (potentiometry) shod,
AU 3] 2 2% (open circuit potential, OCP) 2} 3}1, o]= o]2F o7 H 21499l
22 gholth ol AL BE Zdete Ao A wep exprh et
T o} ofe] §dlof tiste], AT AZF w<t WA Fof ST HE
A e Aolth pH7F & borate &4l tigte] 156% Fo 543 gto =
OCPe] pH EEE A&t & =2l Wehix= AN AT,
R=0.997 °olleH, pH ¢&%=, dEoce/dpH= —0.053 VolSitt.

3.4 Electrochemical impedance spectroscopy (EIS) —potential® <% &
Co A=2] AHFS-S =83 (anodic dissolution) ¥ (E=-0.32 V),

F=st du PAe Z7)WA(E=0.0 V), =0SGA(E=0.4 V), Futo] 7§=]7]
AR GA(E=0.7 V)& Zo] U "dARE FEFPC Wi —1.0 Vel 15%
Eot gYnksS AA Ao THS %43t T (pre—conditioning), ¥ EEE=

Aol A (Fig. 6. F=x) dAAY dIdA =4 (potentiostatic impedance
measurements) = &3t 2 A9 oA F743E Nyquist plots2 Fig. 73
2t} Fig. 79 Nyquist plots®©] ¥ (semicircle) B0 2 YEIY}R = Zo=z

Ho} A=LE 9 Z7]0]% % (electric double layer) | )3k

&
<

=282 (capacitance), Ca= = capacitance 2.t} CPE (constant phase
element) 2 t*3}o] Fig. 83} &2 S713 =25 745t
CPES dddAE Zepr = Zo(Gw)™ ® 2 FoA9, admittance(Y) =

F@E VZee = Y = Yo(Gw)® oItk 71 Zot Yo HIAZHA2AS



Moz AHst 5

L=1/Y0¢]t}. Bode plot<

Fig. 79 dlolglE CPE =9 (Fig. 8.l

Table 1 o 2.9Fs}3itt.

R dAald oo Agolnz AFE9 71akeh2 wjdel et
S1& Zolth, T Ret 9 Yo 2%l d=e
ol A Qojubi Hkge

by

r_‘)_l

st g9 gkl

Abstalato] A EEZ Ret7b F7He Aot}

P

9om CPE #< (power),
log(w)}el 7171, dlog[Zmoeal /dlog(w) ZH-E -8t}
Capacitance (C=Yp) o™, a = 0.50]H Fite] o] &3h+=

Zw, a=0 ol &5 A, R=Y,, 17

4

A it

a7t -1

o= Bode plot{log[Zmoedl Vs.

a=19 wE o479l

Warburg impedance,

[e2]
=

+ inductance,

=l BAISHA = &UAIRE, CPE 55 (a) &

0.8°]%4F o]glt} (Table 1 #%). Gamry AFY] EIS—-300 program= ©]-&3}o

Agatol BAsgor, 1 AN

OE 71

FHeRt o)FEsts dHdolng

F8 3 Atstyjute]l Ao wel AP EE gholdh
-0.32 VelAdE= Co
FHolA Co7t Co* & o} o= Abs}l whg-o] dojupx|nl, 0.0 V o]ate A=

Z7}8=2 Ret9 kol

F7rehar.

4919 Z7bel wep Abshsor

FAZE S7ksta(7) e xR W] wiiel AP ds T Aotk

o] Fig. 29 A¥}9} A}

Table 1. Electrochemical parameters obtained by the equivalent circuit

simulation.
parameters -0.32V 0.0V 0.0 v? 0.4V 0.7V
Rer (kohm*cm?) 4.33 14.3 18.2 44.4 12,600
Rs (ohm#cm?) 16.7 22.9 19.5 16.3 17.8
Yo (uS#s“/cm?) 52.6 130 60 77.4 634
a 0.813 0.891 0.850 0.799 0.827
12 0.016 0.018 0.026 0.013 0.019

(*) After preconditioning the electrode has been oxidized at 0.0 V during

60s.
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CPE #57} 0.88t ZXZ 2 CPE AE (Y= FHEHFO) oz 734,
-0.32 Vo Afewt (dy wgrt SAHEHJQeER) Aol (charge
7

el Bare] JFL VAL

~

Z B Whgo] dH Fe=
A2 kb S7hsE wkdel CPE Aite]l AA Fol &9t ol oln] High
OH)2 7F CoOZ Wat7] wd Zloltt[7].
olgdA L AtsPFH oA doju= EH o AW (transformation) ©]
ANAS =0 dojdthd [24] 0.4 Volr= o 4 CoO7F & Zo|t}. Fig.
62 B3l ot 0.7 Vel AtsgErE St BdYd A ojmz
Co2037F AAdHE He=z =B 4 9t wakA 0.7 VoA Rer & Yo7k 34
Z7et Ao ®lt),

jus]
=
©
.
)
(@)
o

3.5 Electrochemical impedance spectroscopy (EIS) —rotation speedS % %

Fig. 58 604 & 4 Slxo]l dAkAQl Abstudto] 73] I H= A9
(0.0 V) &} 2142 (Ecorr, =+ Eocp, free potentiale] &t % &) eolA, A=+
57 &xe i EISE F7%3ke] Fig. 99 Fig. 1001 YeEAth o284 Fig.
89 S7tARE A& A7VIstetd A= 77 Table 29 3¢ Qofskqlth
Table 2%} 3 K7 &9 A¥, R A7 dHEgd= FoahA A9
el st groldith. =, 8H9 A2 &AAAY Adolmw Ak
A= o] glas orEth
2bg a2 (Co(OH) 2, 5 CoOZ F4)o] FAE= #A91(0.0 V)olx RCT 2
YO+= RDES] 3|d&e] Frke] wel (F21Ad90elA S48 ghel nlste]) &
W37l #EEA gtk RCTO Wshs west Fakeut o]&Esk= 0 rpmY
749-(14.3  kohm*cm?) ®th thF &4 (convective  diffusion) o] Do
1000~3000 rpmolAE oF (8.3 kohm*cm?, 7% HAzp) o=z Z9tl, 18t
CPE AEe 3dHEd FaAaA 130 uS*s“/em® (1% AxH 2 A=A
gwtdow CPE w5, o7} 0.8 Bt} aW FH&Fow & F Sled Caol



A

)

P

130 uF/cm® <9l Zoz Hop A3 weo gyAoz FWHo AXi
& 37} (roughness factor, Rp>1) 2HAEHY] W F O 2 HIT}

Table 2. Electrochemical parameters at 0.0 V against rotation speed.

parameters O rpm 1000 rpm 2000 rpm 3000 rpm
Rer (kohm*em®) 14.3 8.69 8.82 7.38
Rs(ohm#*cm?) 22.9 23.1 22.5 23.0
Yo (uS*s“/cm?) 130 131 128 129
a 0.891 0.900 0.892 0.887
x° 0.018 0.01 0.017 0.017

Co7t Co™ & o} Yot A FANY = 43 F2AY = AFH9) oA
=49 FAEHEY e loop= T N oWAM HAEKESY  Frtel uwet
skl th(Fig. 10 1), o] #trts 330l o]
Folw 3| A&EETE SRl weEl @3] W2

119 (inductance loop) 7} YEH I Q). o= F52
allnkgold  AHHE=  FHEdol =5 Hdel  FFHEE HA0

HE-8--% (mechanism) o] Fodsta )& v st} [20~23]

b}
o
_0|L
rr
=
olo
4 b

Table 3. Electrochemical parameters at free potential against rotation

speed.
parameters O rpm 1000 rpm 2000 rpm 3000 rpm
Rer (kohm*cm?) 6.47 1.76 0.78 0.42
Rs (ohm#cm?) 22.8 22.2 22.2 22.0
Yo (uS#s“/cm?) 51 59.2 83.1 101
a 0.853 0.869 0.848 0.847
22 0.001 0.02 0.02 0.02
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CPE ¥47} 0.8KHt ABE CPE &S A7 olF T FHAEE, Ca =
ek, sA& R wet Cqol Fretn Atk Ca olF T2 A (d) el
data, b Fo] FAWDE AAEE Aol whdEsinE, A
S AEE AlFe] vlHste] F7HE Flojth. Table 394 K= whs}
2ol 3 HAZEE=7F 1000 rpmollA 2000 rpm, 3000 rpm .2 Z7}38kef| whe} Yoo
#kol 59.2 uS#s“/cm?, 83.1 uS*s“/ecm? 101 uS*s“/cm?® 3] AEE] A F 2
Hlgste] Frhsteh ol Yo7l FAEH S TES dEhdla don AA=R

a7t 19 A% uSxs“/em®= uF/ecm?7F Ho] Yo 2 FHdg3ko] g

oi

3.6 Reaction mechanism—Anodic dissolution
Fig. 60] BojF= nkel o] Co7l ol o= ol (eF —0.5 V.
Tafel 7]1&717F 0.134 V. Q1 Aoz wFo HuAAEAE 1-HAA o)&
RS Zlolth. (3.3 FF) Fig. 97F BolF+= EIS 234=(@3.5 Fx) Sz
gaugo] ghg& e JF S F AoE Helth §942 T T ofd 9714
°o|EE H+ o] Hu} OH- o]&¥ H20 #A7F d=ukge] " Zo=
k. et Co H= BHA doju= wHEE
=4 (Co(OHads) & AAH #24 (Wh3 2a9k 2b) HE=

Co + H:0 > Co(OH)uws + H' + &  ———————————- (D
Co(OH)ads — Co" + OH = ————————- (corr.)———— (2a)
2Co" —  Co™" + Co @ —mmmmm————— (corr.) ————(2b)

Co(OH)aes + H.O — Co(OH): + H"+ e ——— (1% pass.)——(3a)



Co(OH) —» CoO + H.O  ————-— (E—field ass’ed) ————(3b)
Co(OH)s + HoO — Co(OH)3 + HY + e~ ————(2"pass.)————— (4a)
2Co(OH)3 — Co0203 + 3H:O  ————-— (E—field ass’ed) ———— (4b)

e A b GBa) 7t AR AR dojdrh wE Ba)t (2a) Wt
A=dgdel  dg & ARE R WAl AglEaEd Fe
Asrg ol (Ao & dojubs g9) e (2a)7h %o Al &3

b AujFRer dojd Zlojrk, Fao] & dojus &3
99 (active zone) oA ] 1t HE&2 (1), (2a), (2b)ell olste] A%
Zolm, we AFUE-=, FFEALY coverageZ’t WHE&— oA = w32
(Dol SrdddAd Zoltt webd A= A7 E(auss) = (5) o] "tk
AS497F o ez olFdte] Fgst o] dojus dedA =
WA (D8 SE7F e FHE49 coverageZb 1o H2d Zlojth
Ll

=2 (o] wE FYPS AL WS4 (3a) 7
]

olo
mﬂ

liss = Fkiexp{yFE/RT} ———————-—"—"—"————————— —— (5)
Iiim = F(kikso/k’) {1/(H) Yexp{(1+a3) (FE/RT)} ——————————— (6)
Er = {RT/F(1+ 03 —a)}In(H") + Const. —————————————— (7)

AN o oz HHE (1) (3a) 2 AolAlF (s A AAD; ki, k1, ksat

WS- (1) o e, 9wdk (3a) 9 549 R 7IAIYS Fi= Faraday 45
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Tt AUl&%; Ex AFd9olth oA A5 AA7 (3.3 F32) wid ass
zvzy 1/201gF sbd, (5) Aol 98t Tafel 71€7]+= 2.303RT/wmF o2 =,
Ao 0.12 V oltf. A¥X 0.134 V = o2 koA AAE gkl

Agtl A gelElE (BFS 2a9) &E9b FHe] AAEE (WHS 3a9)
57 25 o oln, o] F%9] HME Flade WS (E=EF)#al o). mepA
(5)A=(6)4] o=z (7)4o] FEH™, dEr/dpH=—0.060 Volt},

EOCPS] pH ¢&%%E EF ¢ pH 9&%9} e 207 oAE =R dEocp/dpH
Vel Zloltt, gkeA AFet 42 —0.054 V A 22 dlellA

3.7 Reaction mechanism—Cathodic reaction and corrosion potential

Fig. 5 (Tafel plot)ollAd ¢k —0.6 V {22 A3 9 3uE-2-2] Tafel 49|
e Ao A9ls AL, AFe PRIt o HolA =ogt Abstel
g Cof EaiHteTxE FTLSAN, Co A=A Farb EAse

SNkl Fx% FQ3dith olu HIFE[2526] HFE FEoA FiU)
X

212198 slow discharge—fast electrochemical desorption WHET-%&

H™ + € — Has ———————= (slow) —————————— (8)
Hus + e + H — Hy ————(fast)——————————— (9)
lean = Fks(H+)exp{-aFE/RT} —-——-—--——-————————— (10)

Ecor = {RT/F(oq + ao)}In(H") + const. ———————————— (11)



182 (8)o] HFEAAGA R SHH= ARFUE(cath)> (10) 2%
2ok (10) 29 SRl digE Hskel AFestyd Tafel slopex= —2.303RT/ac
o|mE oA e F 1/22 7F¥stH -0.12 V ojth. & AFoA FHs
—0.144 V = B3¥E #5(25,26) 9 22 $] Qe oha & F% 9, T3
05Z 7F43 e 7F 0429 Aoz B F£r 3ty 219 (E=Ecorr) oA &=
B2 Taiss & (100 A Team © 22 A-folth webad (11)2o] fojAar o
Ao gBE BAHY pH 2FAL dEcn/dpH = —0.060 Vo|t}. o= A3zt
—-0.054 V 9} # ARt}
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Fig. 1. Potentiodynamic curves for the cobalt—RDE in 0.10 M
borate buffer at pHH=8.86. dE/dt=5mV/s.
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Fig. 2. Effect of rotation speed on the anodic current density
at different potentials.
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Fig. 3. Linear polarization curves for the Co—RDE in 0.10 M
borate buffer pH=8.86) + 0.001~0.05 M NaCl solution.

w=1000rpm, dE/dt=5mV/s.
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Fig. 4. Effect of the concentration of NaCl on the passive film breakdown.
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Anodic Dissolution of Electrodeposited Nickel in Phthalate

and Phosphate Buffer Solutions!
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3.1 Tafel relation and Corrosion potential in Phthalate Buffer Solutions.
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o999 Tafel Mol wube= Ao ASZFH FAAL (Eeor), AFETH
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Fig. 1. Typical Tafel plots for the Ni—disc electrode in phthalate buffer

solutions with the scan rate of 5 mV/sec.



Table 1. Electrochemical parameters obtained from

r}l]_,‘

T

)

the Tafel plots in

phthalate buffer solutions. (¥): anodic Tafel slope, (¥*); cathodic Tafel
slope.
DH _Ecorr, V Ba, V (*) Bc, V(X*) Icorr,UA/Cfﬂz Rct, k‘QCI'I'l2
2.11 0.484 0.114 0.093 270 0.083
2.89 0.504 0.116 0.076 53 0.297
4.02 0.502 0.130 0.060 3.2 0.671
5.03 0.531 0.120 0.064 2.9 4.14
6.02 0.537 0.130 0.091 6.9 2.81
7.06 0.498 0.119 0.120 5.4 4.0
00 T T T T T
-0.1 i
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S 04 r -
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Fig. 2 Corrosion potential, Ecorr, as a function of pH in phthalate solutions.
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Fig. 3. Effect of pH on the corrosion current in phthalate buffer solutions.
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Fig. 4. Effect of pH on various phthalate species.
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Fig. 5. Effect of pH on polarization resistance in phthalate buffer solutions.
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Afel A whaldl fAlel o2 =E, Fig. 5914 pH7F 5.07h4 F7kshes
T ALY " ol Hldete] Sbske A F4 AR pH gE=4
AR 3h= o0& Kl

¢

3,2 Tafel relation and Corrosion potential in Phosphate Buffer Solutions.

pH 1.77~10.09] phosphate T &N, A=HE oF —0.8 V oA
—0.2 V M4 FAFSEA (FAFSE: 5 mV/sec.) A% AFUEZYE Tafel
plot& ZI%HtF. tEZA<Q Tafel plote Fig. 69 YeERUth 3¢ HE-g-o]
dojubs doat Akt gafl Rbgol doju= Felr A7t linear fitting=
Agstom, F G99 Tafel Ho] whb= A AAZFEH F2A9 Eeorr),
Areiey B85 (on) 8 A71384 3 55 PAR EG&GE M352
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oA M9 pHoll Fastd oy (Fig. 1. #%) Fig. 6914 2 kgl
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Fig. 6. Typical Tafel plots for the Ni—disk electrode in phosphate buffer
solutions with the scan rate of 5 mV/sec.
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Table 2. Electrochemical parameters obtained from the Tafel plots in
phosphate buffer solutions.

pH —Ecorr, V Ba V Be, V Teorr,uA/cm? Re, k2cm?
1.84 0.406 0.110 0.068 233 0.034
2.18 0.470 0.143 0.090 116 0.160
2.99 0.505 0.131 0.076 41 0.370
4.02 0.545 0.123 0.130 15 1.70
5.31 0.643 0.095 0.105 5.7 1.55
6.20 0.685 0.232 0.102 29.7 0.649
6.87 0.716 0.131 0.082 34.5 0.215
7.73 0.760 0.207 0.088 45 0.376
8.00 0.675 0.140 0.081 95 0.195

Fig. 7014 ®EEx ule o] pH 1.77~8.09 HWIoa <lor A&
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Fig. 7. Corrosion potential, Ecorr, as a function of pH in phosphate solutions.
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Fig. 8. Effect of pH on the corrosion current in phosphate buffer solutions.
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Fig. 10. Effect of pH on polarization resistance in phosphate buffer
solutions.
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3.3 Reaction mechanism—Anodic dissolution in phthalate solutions.
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3.4 Reaction mechanism—Anodic dissolution in phosphate solutions.
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r

Feel UEnbs b A4S o s Aglel 719 @ 4 vk 53
Frel whgrel Clstel wob AHE WMAUZS ofd ATAe] BL
grout obge WEAA AWHIL QAL Gk e UAL ue

=
TR A He Zor AF7HA ezl oduyA dd AgE sl #gshs

7] T 489 W39 tangential stress o &3k otk FA7} HFE A S
zky Qluete ko] Wsle] od fFiEe s vl 3] Aol ANk tangential

stress ° 93] FEHE %2 vorticity & 21l AUH[1].

AAe A el wigte] e YR s v 3] obF 7Rt
upgha] whehe] o]ste] U= 5 tangential stress o 93 Zo]7| WUl
37 o ¥ QFel o3t Zlojau olw fEH T2 ¥ AP

AFEE ol d A el ke AMdelstm A4F 5 k. Ao
=]
-




F <

N

AAE FAH ¥7F AYdl= WS +x =07 FH o] FAH 527 S
g +y FOE Ptk a28a Fue] WeE

y =n(x1)

2 ek o7]4 t & AR ulath fAF wgEHA, v Aozt 7}
ot fA £EE m JAoi AR 4% HdY 4 & =4 F 5
Atk FAEAA shE d@do] s W AARUE 254 BAXAORE

y =n(x,t) A

on 8¢ a77 ¢ _0 ()
ot ax ax 6x
7} Y3 8¢adAd AAZAL Bernoulli B4 0 7 HE

y =n(x,t) oA

a? o9 % “ig? -0 o
o’ ox atox - ox

7F |t
e 4
Aol 2o e ol Hegute] ez vk sfolrh

Hi= e
ol s alo] £l olFE otws] dAste E‘i?%— T=x-ct gez g4,
o714 ¢ we] At HEo} ek v)Re] QA P e o
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oo _ o0 o da_o
ot ot oT oT ~ ox oxoT aT

7 EER @A )AL 747

o¢

-c—+gn=0 (5)
ot 97

91,9901 90 _ (g
or oror ot

b A 9 F AelA p & AAsty AR 7|55 vEV|EE ard

(4% dpd’y . dp_

(7
dT? dT dT? dT

R o714 ok e AnErw AR g daA s Aol

2
(d—¢j —ZCd—¢+i§g¢+%:O (9

b o714 AL AR Asolr). geb

p=ct-294 28
C C

= Aga



ct ¢—cln(ci\/5)=——T+B (12)

ofr

5
N
>,
oo
o
]

$13ked pseudospectral method AFE$HCH[4,6]. vV E vt 7}

3t A< x 9o gt dd o] 9 Fourier WIS vEld
v(k) = [~ exp(-ikxv(x)dx  (13)
o] 9 Fourier A&
1o o 7
v(x):—j exp(ikx)v(k)dk  (14)
27 I
7F ®ok $1 A © = Fourier S ou|dtct, wkef s v F7] 27 9
FFFE X F ol 2e 14 Ahz A5 N A F X oz Aol

Ak kel Fourie 7 9 W3S 77z DFT (discrete Fourier
transform) < DFT = tX& 4 Q11 DFTS ¢ DFT+

_ﬁ
=3
i

" N . N N
Vi, =AY exp(—ikx; )V, | k=——+1... —
~ 2 2
1 N/2 n
vi=— Yexp(ikx)v, . j=Ll....... ,N. (15)
7T k=—N/2+1

7F @k, mEkA v(X) ol ti$k band—limited interpolant p(X) &



s} AAS Ao )3t Pseudospectral ¥4

N/2

p(x)—2i Zexp(lkx)vk , xe[0,27],

T k=—N/2

7F Aok wEbA v(x) & n®A wEe] Fourier

v =(h)"v, a7
2 g9 g Qv ()AL

@Jrlﬁ %)2 —ig%=

. (18)
o 20t ox ox

2 vE 4 93 Fourier H3S 4

N 1 a¢2 N
+—=(=);+kgg=0 19
P Z%Qt g¢ (19)

SR A A A AR A4S T4 T 5 Q)

of (18)4¢ epdel exp(-iJkgt) & Fatx

(16)

8k

rlr

S|
Al

P

R E

U =exp(-ivkat)g . U, =-ikgU+exp(-i k),

R e 2 D S A= G

ep(-iykgt) g, =U,+2iJkgU,—kgU (2

7} H2E (18) A&

un+mJ?§uf+%a@t4JﬂﬁM%£ﬁ==0
X

7 Ak (11) AolA] B

1

(22)

AHg

(20)



Az
1 oo g
¢ = _J exp(ikx) g(k)dk = 37 ¢ (23)
27 4

01714 F = Fourier® 3 on|shy wepA I 1= o Fourierd 8-S 9]n e,
JE PR

9 _isikg) )
OoX
7F 5o

Oy - Stk @25
OX

b Tk (20)4S oi3lak

(%)2 =-3{3'[k exp(i\/k_gt)LAJ]}2 (26)

il

[e3]
-

o

T AL (22) Aol thdstol AHefshd

Uy + 2ifkgU, - 2 3 ik Jkg exp(ikat) U+ kexp(iykgt U J¥ =0 21

N

U,=2 =G(tU,z) (29
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ok
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[oR
o
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o

D

(@]

=g
=N
M
X
o
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ot
L
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[k
i
[

juic)

K, =hF(t.U,2)
l, =hG@U,2)

1, 71 1
k2 = hF(t+Eh,U+Ek1,Z+EIl)

1, ~ 1 1
I, =hG({t+=hU+=k,,z+=I
, =NG(t+ ShU+ 2k 2+ 01)

1.1 1
k.=hF(t+=hU+=k,,z+ =1
s =N oh U+ Dk, 24 0)

1, "~ 1 1
l,=hG({t+=hU+=k,,z+=1
s =hG(t+ h U+ k, 2+ 1,)

k,=hF({t+hU+k;,z+1,)
I, =hG{t+hU+k,,z+1,)

K =%(k1+2k2 + 2k, +Kk,)

I=%(Il+2lz+2l3+l4) (30)

of okl Aol HH AL e (t+h, U+k, z+1) 7} g @S
A B

F=z

G =-2i/kgz + %S{S‘l[ik\/k_gexp(i\/k_gt)UJr kexp(ikagt)z]}2 (3D

bR ¢ v meb 27 t=0 oA g(x) g 4(X) 7 FAE



H <+

A

oA g3 U, o U, & 7sh t=h we @& GOl sl

F5E U =Ugtk, U =U+l 7} 9ok o] sbgg s shd 533)
% 9l

Matlab®lo] &2 2ZHAste] 1 @& F-sto] vBludA & 5 QU

it

e

£

% grids Wil 271 98 AR 74, NS A7 s Ags] A
N=256; dt=.4/N"2; x= (2xpi/N)*(=N/2:N/2-1)";
% P(X), 4, (X) &= 7] £HOE FoAAE T
u=@(x) ;v=4(X):
f=fft () g=£ft (v) k= [0:N/2-1 0 -N/2+1: 1] tkg= [k * g sik=i*kg:
Pr)E A9 el ek
% tmax=F 1 Z& AZF F3E, A ] AdE:
tmax=0.1;nplit={floor ((tmax/25)/dt) ;nmax=round (tmax/dt) ;
udata=u; vdata=v; tdata=0;
for n=1:nmax
t=nxdt;
E=exp (ixkg*dt/2) ;z=—ixkg*{+g;
k1=dt*z;
11=dt* (= 2*ik*z+.5*fft (real (ifft (k*g))"2));
k2=dt*(z+11/2);
12=dt* (—2*ik* (z+11/2)
+.5%fft* (real (ifft (ik*k=E* (f+k1/2) +k*E* (z+11/2))"2);
k3=dt*(z+12/2);
13=dt* (—2x*ik* (z+12/2)
+.5+fft (real (ifft (ikxk+Ex (f+k2/2) +k*E* (z+12/2))"2);



s AS Ao 3t Pseudospectral 412 9% AAtzZ g3

k4=dtx(z+13);
14=dt* (= 2*ik+* (z+13) +.5*fft (real (ifft (ikxk*E" 2% (f+k3)
+k*E 2% (£+13))"2);

k=(k1+2%k2+2k3+k4)/6;

1= (11+2+12+2#13+14) /6;

f=f+k;

=z+1;

if mod (n,nplt) ==

%dt A17F 2] g=us}t @ =V:
u=real (ifft (f*E"2)); v=real (ifft (k*E"2* (k*k*f+k*z)));
udata=[udata ul; vdata=[vdata v]; tdata= [tdata t];

end

end

[1] Kinsman, B., 1965; “Winds waves”. Prentice Hall.

[2] H<AFE, 2001; FHIe] FHFEAE. Sd=e=ojugn 7] 23etA+
A115 43-50.

[3] Acheson, D.J., 1990: “Elementary Fluid Dynamics”, Clarendon Press.

[4] Trefethen, L.N., 2000: “Spectral Methods in Matlab”, Siam

[5] Gerald, C.F. and Wheatley, P.O., 1989: “Applied Numerical Analysis”,



Addson Wesley.
[6] Fornberg, B.,1998: “Practiclal Guide to Pseudospectral Methods”,

Cambridge Univ. Press.
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Characterization, Cloning and expression of mannitol

dehydrogenase by Candida magnoliae HH-011
L S B

Q2 oF : AT EQD mannitolS FEEHQ WHOo R AAks= AlEE 5%l Candida magnoliae
HH-01°14 mannitol “§Ate] ¥l T2l mannitol dehydrogenases #2 % A&l Candida
magnoliae HH-012] mannitol dehydrogenaseS FAFEEw HAW, A ZEpdl FJ AW

Anion exchange chromatography 78S A3 FAE 33} tl. SDS-PAGES F3& Z 3} 30 KDa2
@G pand7F El=lth. Mannitol dehydrogenase®] thFst EAS AR A, 71AY Zas
EoldolA Age Az E Igolorm FEAZE NADPHO ¥ dH$AS Jeild, 25
wE 540 B8 35T, pHel WE &4 S pH 7-75904 Hdl €45 Brh &4 N-

terminal sequencings st A 9712 ofrwAt AMAS WS WLk FAE &242 N-terminal amino

, ultrafiltration,

acid sequence$} internal amino acid sequenced Rt Z mannitol dehydrogenase®] G714 dS wayion

gt el A T @ skl

I.}v]i

T

mannitol>  #Atele] Wo] EAFE SEde gdFmLolw 2olv, 3y
Aoy a7l o] x3Eo] Qlth (Soetaert et al. 1995). =& AE2
30-40% 7 Loln] Aol xlgo] A|EHE= AFA|FolA A FrEE AMRE I

s obdel, gstgow AIYARAY FHEAH G ZF oJokE AA
Eoks ARAA F7 A Z-ARE olgHI Sles AF 2 JokE

~

Abl ol A FH L EHAl AR a1 Itk (Korakli et al. 2000, Yun & Kim 1998, Soetaert et
al. 1999). A 4dE mannitol A T2 3¢Sl A YA ZFuo] ot wto
geol 9JsjA o]Fo] A il QltH(Wisniak & Simon 1979). ©] ¢} & FHL Zuj <]

o] =82 20058 dE st9sroltgtm st Yo 9ste] o] Fojx A4,
2 el solrety Arddetuist A ek wg



G2 Ao oA FakE
40%7d =2 mannitol A3 FEZ A FY7PT EFolR= wEo]l ok FH Lol

of#f gt shetedre] @A

FEFS o] gdte] FEIusk 9kl mannitolS AYAFSHCH(Boutelie et al. 1983,
Hattori et al. 1974, Hendriksen et al. 1998, Korakli et al. 2000, Saha et al. 2003).
Mannitol> "] Eo| A F7FA] 7]2ke]l oA Agaketh WA 3bdeo] NAD(P)H-
dependent mannitol dehydrogenase(MDH)ll &34 S o] mannitole A4St
712ro] glom 5 &  fructose-6-phosphate”} NAD(P)H-dependent mannitol 1-
phosphate dehydrogenase®l] 2] &4l mannitol 1-phsphate® 7Z%+¥ 3 mannitol 1-
phosphatase®] 2]&l4] mannitolZ} inorganic phosphate® 7315 mannitol--
AArah= 712ko] 9l th(Saha 2004, Smiley et al. 1967).

Mannito]l dehydrogenase .
Fructose — Mannitol

Fruciokinase

Fructose —— Fructose 6-phosphate

Mannitol 1-phosphaie
dehydrogenase

Mannitol 1-phosphate

MMannitol 1-phosphate

Mannitol + P,
oA EAHL IS mannitol® AEA7]E 49 mannitol
dehydrogenase= Candida magnoliae HH-01Z%E g AA% ZozHE

=33ter% EAS st 11 f-91AE cloningstal @@ sFa A sk
. As 2 %4

1L 5] wef
Candida magnoliae HH-01> YPD < A|Hul#] (glucose 20 g/, yeast extract 5 g/l,
(NH4)2504 2.5 /€, KHaPO4 2.5 ¢/, MgSO4-TH0 0.4 g/0) 50 ml-2 E3+k 500 ml AHz}



Characterization, Cloning and expression of mannitol dehydrogenase by Candida magnoliae HH-01

ZetAAo W' weE7] (30°C, 250rpm) S 2 12~14A]7F F<b vl ekEFA Ul (Baek
et al. 2003) HaF wFS A4 2.502 AR (glucose 100 g/f, yeast extract 10
g/0, (NH4)2S04 2.5 g/t, KHoPO4 2.5 g/, MgSO4-7H20 0.4 g/0)5 &3+ 5¢ jar fermentor
S AMEslo =7 wHax7E 30°C, 500rpm, 0.5vvmOZE X E ThE A
s27F 900l HW Hd 100 gE FUFH Fa, 71 ECA 30°C,
500rppm o = Hjekskith. W& 7|k pHe @ERUelsE ARESEte] pH 500 %
A 778 VRIS A diF7IZkA ARE A wiFA e A
30% =eAR Eeidt FHOR T UGS -70°ColM BESSIAL, BVIRES
A W 7EA ARy A vkl ArE 24% sucroses S YOoE

Egetel 4 A7 nEddn. FA FEE P A84 A

2. Mannitol dehydrogenase 2] 7 A
AN BE AL 4ColM FaAeom IF FFENOE 50mM Tris-
HCI buffer (pH 8.0)2 A}F&33th. C. magnoliae 7} AAFsl=  mannitol
dehydrogenase®] F-#AAE T fAete] vl 41E2((12,000rpm,
20+%)3Fo] crude extract 100 méoll FAF ZEENIE 2%7t HEE Hd7lste] 2047F
wHkske] el %, 12,000pmell A 30E7E AR ate] e FFegich o]
B el A dRwe E3HETF 70%7F W EH

AN FEYste] AAEWNS 3¢E FH, 20mM Tris-HCl (pH 8.0)°] &3]3 v

718kl 12,000rpm, 303t

dialysiss F3 5 FA NS columnell Z 3}kl

2
SF&Aelq  NaCl(0~1M)e  HAd  F FHAEWoR  §ESSith oy

o
SE2H5EE B 1 melley sm A IS S EEL ultrafiltration



W oog

ol
oflt

: &

(Milipore, USA)= AFg-3to] FH383l o 5ol -20°ColA BES3IT
Mannitol dehydrogenase®] A% 9 w25 545 $18] sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE)ES <33}ttt A AlE  mannitol
dehydrogenase &3} sample buffers 1:1%2 &3t 3 10w = gelidoll 231353t
A dye’} stacking gels S e EQF 20mAE AU ES HAISHA A
separating gelS E33l= Foloi= 30mAE AFES WHIAIA 1A17F Bk A7)
35S F33 U3 comassie blueZ M35}t

el Y ekS Bradford method (Bio-Rad protein assay kit)E AF§-5}o]
595mmoll A FH TS FAEIY SAsI ow, ¥+ @ld A& Bovine serum

albumin (BSA)2 A}&-3}51 T

)

3. Oligonucleotides %! PCR

2 Ao A AFE-3F oligonucleotide:= Table 2 #|A]= 31t} mdhFl, mdhF2,
mdhR1, mdhR2:= mixed primer=4 F-#2¢l mdh genes =Y 371 $3]
AFEE 9tk mdhF3, mdhR3, random primers AF£3o] mdh genes FZE Y3}V
2

AT S LA EE primerE Al &8kl

o,

i AH&E 2t mdhF4E= mdh geneol BamH | ¢12]3-$1= mdhR4:= Hind 1l

o

4. 71494 249 24

229¥ A= Plasmid  miniprep  kit(Qiagen, Germany)E  Ah&-3}o]
%319 31, Macrogen(Korea)oll 2] 5] 3to] A AA3ttt A7 A A7} ofu] Al
xJ91-& BLASTN, BLASTP, TBLASTN program2 ©]&-3ko] 3415} t},

5. thdtelA mdh 2o Wl

E e pET-21ac] F24Y¥ mdh FHAE E. coli BL21(DE3)°lA
A 7171 918 LB wiA|ell4 OD600%ke] 0.6-0.7°0] Hwj7kA] 37°CellA &
v kskelth wieFE M= 0.1mM isoprophyl-p-D-thiogalactoside(IPTG) = - %3}
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2}

37°ColA 3A1ZF ok wjokdt th2 20,000xgel A 15E-FoF AANEEEE o
FEA @2 AE I e oz ARt 47k AEE 20mM
phosphate buffer(pH 7.0)= # &8ttt AEFAE NS 4°ColA =

4! sodium dodecyl sulfate(SDS) = &3l 3151 17, 20,000xgol 4] 1585 <t 442
FTARtE ZALYHA A Zhzhe] @A Bradford WHe o] &5k
AeFslslal, Alek(Bio-Rad, USA)S ©]l&3k3lth 0.1%<2 SDS7F x3heE  10%
acrylamide gelol A1 SDS-PAGEZS 3lo] A¥=E #<latgin).

02_’,){
0|

m. 23 4 13
1. Purification of mannitol dehydrogenase

C. magnoliae HH-012] mannitol dehydrogenaseS A A|3}7] $sto] vkl S

AaEg ko] crude extract® 33 tE Crude extractel]l AF ZR2ERNIS
AP ste] TS e FAdEE JFAHI F4& Fdseith

Ultrafiltration 2}  71%X1% DEAE-Sepharose FF column chromatography&
Ttk 1 A3 Table 33 o] E<==co] Al71¥ mannitol dehydrogenase
245 dehdl= 29 €5 5 Atk

Zsk mannitol  dehydrogenase”t =%=E  gRIst’]  $lste]  SDS-PAGEE
st 1 Ad gole ngEFAES of&d Ao A3 mannitol

dehydrogenaseS -2 = SISt} (Figure 1)

2. Substrate and coenzyme specificity of mannitol dehydrogenase
2429 7143 ZaEA So]4S Table 4o uERY ok AEd sdze
HFo|glom FaAFEE NADPHZE 2 WHgA S it whde| Fructose 6-
phosphate £} fructose 1-phosphatecl= & AEAdo] YeRA] ott) o] st AxtE
o}

o

F3 4 &A= NADPH-dependent mannitol dehydrogenased & & <

¥2

3. Peptide sequence of mannitol dehydrogenase

Edman degradation WH-3-= Abg3stst ofu|icil A FREA7IE AFE-SEe] mannitol



W x
dehydrogenase®] N-terminal sequencings 33%t ZA ¥} amino acid sequence Ala-
wo
AL .

Fol AT
Mannitol dehydrogenase®] %ol tjst J&FS SHst7] 98] enzyme assays
st Ay} 35CoA WA S

Lys-Asn-Phe-Ser-Asn-Val-Glu-Tyr
&tof
e

4. The effect of temperature on the mannitol dehydrogenase activity

[e]
MELEE O

PN
I
T ‘]_

7Yz} 20-80C &
248 et (Figure 2)
5. Effect of pH on the mannitol dehydrogenase activity
Mannitol dehydrogenase2] 2 pHE <olx”7] $3le] 50mMe] acetate(pH 4-5),
50mM potassium phosphate(pH 6-8), 50mM Tris-HCI(pH 7-9), 50mM glycine-NaOH(pH 9-
10)9] ¢F&Now aATYS FAATt. 2 A} pH  7-7.5004
a4 S YER T (Figure 3)
6. Isolation of the mannitol dehydrogenase clone
C. magnoliae HH-01Z%E chromosomal DNAS ®stsion #Eld
chromosomal DNA®l #|3+& 291 BamH 1> *]2] &} partial digestionS <=3 &} ¢}
N-terminal sequencing®} internal sequencingS SalA 92> ofu|wil HEAEAS
3l A Table 20 YERY} Qe primers AlFERlom o]F o] g3t PCRE
Fysttt. 1 Ay 5720pe] FE4<Q mdh FHAE S 5 A%l o] AHE
o2 slA thA]l primers AlZE Sw PCRS s 23 mdh genes
At A= plasmidi= pD-mdhe} gYg skl om 852bp, 283749
ATk FEE obuAl AP peptide sequencingdt
Fed otvxAl AEE FIiA EAEE
SDS-PAGE°l 9] =74 € 31 KDa%

cloning &
ob]izato 7 FA E o]
At Akl ok (Figure 4)
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7. Construction of an expression vector
e 9@ e 71450l s T primers AFE3te] pD-mdhE g O ®
alo] PCRE F3eF3tl. 2% PCR product® BamH 13} Hind 1S #2]3F &
BamH I-Hind 11l siteES 7}A]= pET-21 vectorel| ligationS =33} © ™ pET-mdhE
A& 4 QA th(Figure 5) pET-mdh7} XE8t¥|o] 1= E. coli BL21(DE3)°l IPTG
inductions 3t o oz WHE A FF mannitol dehydrogenases =

4= 3131t} (Figure 6)
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Table 1. Bacterial strains and plasmids used in this study.

Bacterial strains

Relevant characteristics

Bacterial strains
Candida magnoliae HH-10
E. coli BL21(DE3)

E. coli TOP10F’
Plasmids
pD-mdhp
pD-mdh
pET-mdh

F ompT hsdSg(rs'mg’) gal dcm(DE3)

F’(lac Tn10(TerR)) mer & D(mer- hsd RMS -mer BC) 80lac Z& m15 4 lac X74 deoR,

recAL, ara D139 A (ara-leu)7697 gal U gal K rps L end AL nup G

Ap*, Km*, partial mdh
Ap*, Km*, mdh

Ap+, T7 lac promoter, C-terminal His-tag, mdh

Table 2. Oligonucleotides used and their sequences

Oligonucleotide

Sequence

mdhF1
mdhF2
mdhF3
mdhF4
mdhR1
mdhR2
mdhR3
mdhR4

GCNAARAAYTTYTCNAAYGTN
GTNGCNTCNATHTCNGGNTCN
ggATGGCTAAGAACTTCTCCAACGTC
GGATCCAATGGCTAAGAACTTCTC
DATNCCNGCRTTNGCNACNAC
NGARTTDATRTANCCNGGNGA

g9 TTAGGGAAGCGTGTAGCCACCGT
AAGCTTTTAGGGAAGCGTGTAGC
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Table 3. Puficiation of mannitol dehydrogenase

Purification step Total Total Specific ~ Purification  Yield
protein  activity activity  (fold) (%)
(mg) (V) (Umg™)

Crude extract 430 114.2 0.27 0 100

Protamine sulfate precipitation 326 111 0.34 1.3 97

Ammonium sulfate precipitation 177 100.4 0.57 2.1 88

1%t DEAE-Sepharose Fast flow 31.7 46.6 15 5.4 23

2" DEAE-Sepharose Fast flow 6.8 16.3 2.4 8.9 14

Table 4. Substrate and coenzyme specificity of mannitol dehydrogenase

Substrate Coenzyme Relative activity(%)
Fructose NADPH 100
NADH 3
Fructose 6-phosphate NADPH 11
NADH 0
Fructose 1-phosphate NADPH 2
NADH 0
Glucose NADPH 0
NADH 0




200kDa

116kDa

66kDa

o

45kDa

31kDa

-
w
-

~

Figure 1. SDS-PAGE of purified mannitol dehydrogenase from C. magnoliae. Protein from
each purification step was subjected to SDS-PAGE in a 12% polyacrylamide gel and stained
with coomassie blue. Lane : 1, size marker ; 2, crude extract ; 3, protamine sulfate
precipitation ; 4, ammonium sulfate precipitation ; 5, ion exchange chromatography ; 6, re-
ion exchange chromatography. Left molecular size markers ; markers are Myosin(200 kDa),
A -galactosidase (116 kDa), BSA (97.4 kDa), Serum albumin(66.2kDa), Ovalbumin(45kDa),
Crabonic anhydrase(31 kDa).
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Relative activity (%)
a
[—]

0 1 1 1 1 L 1
10 20 30 40 S0 60 70 80 90

Temperature (C)

Figure 2. The effect of temperature on the mannitol dehydrogenase activity, expressed as
relative to the maximum activity(100%) at the optimum temperature.

120

.
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— =}
T T

Relative activity (%0)
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1 1

[
=
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Figure 3. The effect of pH on the mannitol dehydrogenase activity, expressed as relative the
maximum activity(100%) at the optimum pH. Mannitol dehydrogenase activity was assayed

at various pH values at 30 C.
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ATGGCTAAGAACTTCTCCAACGTCGAGTACCCCGCCCCGCCTCCGGCCCACACCAAGAACGAGTCGCTGCAGGTCCTTGA
MAKNFSNVEYPAPPPAHTIEKNESTLOQQVLD

CCTCTTCAAGCTGAATGGCAAGGTTGCCAGCATCACTGGCTCGTCCAGCGGTATTGGCTACGCGCTGGCTGAGGCCTTCG
L FKLNGHKVYASITGS S SS G I GYALAEATFA

CGCAGGTCGGCGCTGACGTCGCTATCTGGTACAACAGCCACGACGCTACTGGCAAGGCTGAGGCCCTCGCCAAGAAGTAC
Q VGEGADVYV AT WYNSHDATGIKAEALATI KKY
GGCGTCAAGGTCAAGGCCTACAAGGCGAACGTGAGCAGCTCTGACGCCGTGAAGCAGACGATCGAGCAGCAGATCAAGGA
GV KV KAY KANY SSSDAY KQTIE®QQTILI KD
CTTCGGCCACCTCGACATTGTCGTGGCGAACGCCGGCATTCCCTGGACGAAGGGTGCCTACATCGACCAGGACGACGACA
F66HLDIVYANAGIPWTKGAYTDQDDTDEK

AGCACTTCGACCAGGTCGTTGACGTCGATCTGAAGGGTGTTGGATACGTCGCGAAGCACGCTGGCCGTCACTTCCGCGAG
HFDaQVYDVDLIEKSGVY GYVAKHAGERHTFRE
CGCTTCGAGAAGGAGGGCAAGAAGGGTGCCCTTGTGTTCACGGCCTCCATGTCTGGCCACATTGTGAACGTGCCCCAGTT
R FEKEGHKHKGALVYFTASMSGHTILIVYVNYPQF
CCAGGCCACGTACAACGCGGCCAAGGCTGGTGTGCGCCACTTCGCGAAGTCGCTGGCCGTCGAGTTCGCGCCGTTCGCTC
Q AT Y NAAKAGY RHFAKSTLAYETFAPFAR
GCGTGAACTCTGTGTCGCCGGGCTACATCAACACGGAGATCTCGGACTTCGTGCCCCAGGAGACGCAGAACAAGTGGTGG
VNS VS PGEY T NTETILTSDFVPQET@NIE KWW

TCGCTCGTGCCCCTTGGCCGCGGCGGAGAGACGCGCCGAGCTCGTTGGCGCCTACCTGTTCCTTGCATCTGACGCCGGCTC
s LY PLGRGGETAELVY GGAYLFLASDATGS

GTACGCCACTGGTACGGACATCATTGTTGACGGTGGCTACACGCTTCCCTAA
YyAaTG6GTDI I VDGGYTL P =

Figure 4. Nucleotide and deduced amino acid sequence of mannitol dehydrogenase mdh gene
from Candida magnoliae. The stop codon is indicated by an asterisk(*). Amino acids

matching ones identified amino acid sequence analysis are underlined.
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T2 3 4

5.4kb

Figure 5. Characterization of recombinant plasmid pET-mdh. Lane : 1, DNA size marker
(A/BstE 1) ; 2, pET-mdh treated with BamH | and Hind Il ; 3, pET vector treated with
BamH I and Hind 111 ; 4, PCR product of mdh gene.

1 2 3 45

Figure 6. SDS-PAGE analysis of total cell protein. Lane : 1, E. coli BL21(DE3)(pET-mdh)
total protein without IPTG induction ; 2, 3, 4, E. coli BL21(DE3)(pET-mdh) total cell protein
after ImM IPTG induction ; 5, purified mannitol dehydrogenase of Candida magnoliae HH-
01

13



rﬂ.’;
ogh
et

IV. Acknowledgements

o] -tz 2005 = el=rojThstil StEdru] A el el o] Fox A4l

V. F3Ed

Baek H, Song KH, Park SM, Kim SY, and Hyun HH (2003) Role of glucose in the
bioconversion of fructose into mannitol by Candida magnoliae. Biotech. Lett. 25:761-765.
Boutelie J, Hult K, Gatenbeck S (1983) Mannitol dehydrogenase from industrial waste
mycelium of Penicillium chrysogenum. Purification, properties and possible use in cofactor
regenerating systems in vitro. Eur. J. Appl. Microbiol. Biotechnol. 17:7-12

Hattori K, Suzuki T (1974) Large scale production of erythritol and its conversion to D-
mannitol production by n-alkane-grown Candida zeylanoides. Agr. Biol. Chem. 38:1203-
1208

Hendriksen HV, Mathiasen TE, Alder-Nissen J, Frisvad JC, Emborg C. (1998) Production of
mannitol production by Penicillium strains. J. Chem. Technol. Biotechnol. 43:223-228
Korakli M, Schwarz E, Wolf G, Hammes WP (2000) Production of mannitol by
Lactobacillus sanfranciscensis. Adv. Food. Sci. 22:1-4

Saha BC, Nakamura LK (2003) Production of mannitol and lactic acid by fermentation with
Lactobacillus intermedius NRRL B-3693. Biotechnol. Bioeng. 82:862-871

Saha BC (2004) Purification and Characterzation of a novel mannitol dehydrogenase from
Lactobacillus intermedius. Biotechnol. Prog. 20:537-542

Smiley KL, Cadmus MC, Liepins P (1967) Biosynthesis of D-mannitol from D-glucose by
Aspergillus candidus. Biotechnol. Bioeng. 9:365-374

Soetaert W, Vanooren PT, and Vandamme EJ (1999) Production of mannitol by fermentation.

Method in Biotechnol. 10:261-275

14



Characterization, Cloning and expression of mannitol dehydrogenase by Candida magnoliae HH-01

Wisniak J, Simon R (1979) Hydrogenation of glucose, fructose, and their mixtures. Ind. Eng.
Chem. Prod. Res Dev. 18:50-57
Yun JW, Kim DH (1998) A comparative study of mannitol production by two lactic acid

bacteria. J Ferment Bioeng. 85:203-208

15



J. Basic Sci., HUFS, 21 (2006), pp. 1-25.

CKLS MODEL WITH CRRA UTILITY
EXPLAINS EQUITY PREMIUM PUZZLE

YOUNGSOO CHOI!

ABSTRACT. The equity premium puzzle states that, for plausible values
of the risk aversion coefficient « (for example, 1 < a < 5), the equity
premium, that is, the expected rate of return earned by a risky asset
in excess of the rate of return to a relatively riskfree asset such as a
U.S. government bond, is too large, given the observed small variance.
The puzzle is resolved under the conventional time- and state-separable
preference utility function, for example, the constant relative risk aver-
sion utility function with risk aversion coefficient satisfying 3 < a < 5,
by assuming that the log growth rate in per capita consumption follows
the restricted Chan, Karolyi, Longstaff, and Sanders model with the
volatility elasticity parameter v living around 1.07.

1. INTRODUCTION

A key idea of contemporary finance, public finance, and business-cycle
theory is that consumption today and consumption in some future period
are treated as different goods. The model based on this idea has had some
remarkable successes when confronted with empirical data, particularly in
the real business-cycle theory. However, when confronted with financial
market data on stock returns, several tests of these models have led to their
rejection.

To illustrate how the consumption capital asset pricing model (CCAPM)
is quantitatively rejected with stock market data, Mehra and Prescott (1985)
employed a variation of Lucas’s (1978) pure exchange economy model and

Key words and phrases. CKLS model, CRRA utility, equity premium puzzle.
Department of Mathematics, Hankuk University of Foreign Studies.!
This research was supported by the research fund of Hankuk University of Foreign
Studies, 2005.
1



2 Youngsoo Choi

postulated that the representative agent maximizes the time- and state-
separable preference utility function, for example, the constant relative risk
aversion (CRRA) utility function, over aggregate consumption and the
growth rate of the endowment process follows a Markov process. They
chose the parameters of the growth rate of endowment process to match the
sample mean, variance, and first-order autocorrelation of the annual growth
rate in per capita consumption.

The equity premium puzzle, founded and dubbed by Mehra and Prescott,
states that, for plausible values of the risk aversion coefficient « (for exam-
ple, 1 < a < 5), the equity premium®, that is, the expected rate of return
earned by a risky asset in excess of the rate of return to a relatively riskfree
asset such as a U.S. government bond, is too large, given the observed small
variance. Also, they found that these results were essentially unchanged for
very different consumption processes (for example, the growth rate in per
capita consumption is independently and identically distributed (i.i.d.) and
lognormal.?) This is our starting point for resolving the equity premium
puzzle, since the normality assumption for the log growth rate in per capita
consumption is rejected and the log rate of consumption is also serially
correlated.

The puzzle is also observed by Hansen and Singleton (1982), Ferson
(1983), and Grossman, Melino, and Shiller (1987). They tested Euler equa-
tions on asset returns and the marginal rate of substitution obtained from
the CRRA utility function and then rejected them. An alternative perspec-
tive on the puzzle is observed by Hansen and Jagannathan (1991) and says
that the stock market Sharp ratio puts a lower bound on the volatility of
the stochastic discounting factor obtained from time- and state-separable
preferences and thus the discounting factor has to be extremely volatile,
while the riskfree rate is steady and the observed volatility of the growth
rate of consumption is small.

This observed puzzle is a quantitative puzzle; the CAPM is consistent
with the recognized notion of risk that, on average, stocks should return
more than bonds, but, the quantitative predictions based on theory are an

1They updated the estimation in Mehra and Prescott (2003) and reported that the
average annual real return on the U.S. stock market over investment period 1889-2000
had been about 8.06%, the return on a relatively riskfree security was a paltry 1.14%,
and thus the difference between these two returns was 6.92%

2This approach is done in Abel (1988).
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order of magnitude different from what has been historically documented.
Hence it is of importance whether the CCAPM passes any quantitative
assessment, for instance, to gauge the welfare implications of alternative
stabilization policies.

For this reason, the equity premium puzzle has been in the center of
research of finance and economics for more than two decades. Several gen-
eralizations of key features of the Mehra and Prescott (1985) model has
been proposed to resolve the gap between observations and theory. These
include alternative assumptions on preference®, modified probability dis-
tributions to admit rare but disastrous events?, incomplete markets®, and

market imperfections®.

The procedure of this paper to resolve the equity premium puzzle is fol-
lowing: First, we analyze the time series properties for the log value of the
growth rate of consumption. The Jarque-Bera test shows that the normality
assumption for the log rate series is rejected and the Ljung-Box test sug-
gests that this series is autocorrelated. Second, for simplicity of the model
and taking into account the time-varying volatility dependent on the level of
log rate of consumption, we impose the restricted Chan, Karolyi, Longstaff,
and Sanders (CKLS, 1992) model with given volatility elasticity parameter
~ for the log growth rate series in lieu of assuming the normality in Abel
(1988). For example, the CKLS model includes the Vasicek model when
7 = 0 and the CIR(Cox, Ingersoll, and Ross) model” when v = 1/2. The
forecast power for the level of the log rate changes, gauged by R?, has a
similar value from 30.8% to 34.3% for the most value v lying in (0.5,1.5),

3Epstein and Zin (1991) have presented the generalized expected utility function in-
stead of the conventional time- and state- separable utility one. Constantinides (1990)
has incorporated habit formation: utility is affected not only by current consumption but
also by past consumption. Campbell and Cochrane (1999) have incorporated the pos-
sibility of recession as a state variable so that risk aversion varies in a highly nonlinear
manner. Also see, Abel (1990), Bansal and Yaron (2000), and Boldrin, Chrisiano, and
Fisher (2001).

4See, Rietz (1988) and Mehra and Prescott (1988).

SFor example, Constantinides and Duffie (1996), and Heaton and Lucas (1997, 2000).

For example, Aiyagari and Gertler (1991), Alvarez and Jermann (2000), Basak and
Cuoco (1998), and Constantinides, Donaldson and Mehra (2002).

"Similarly, Campbell and Cochrane (1999) assume that the log surplus consumption
ratio s; follows a heteroskedastic AR(1) process, where the volatility is characterized by
the square root of the function of s; and the normal shock from the log consumption
growth rate.
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however, the forecast power for the volatility of the log rate changes is of
large variations ranging from 4.9% to 36.2%. This combined information
of two forecast powers implies that the restricted CKLS model with v ly-
ing in the neighborhood of 1.07 will improve the explanation power for the
equity premium puzzle. Third, under the conventional CRRA utility func-
tion, we show that the stochastic discounting factors for computation of the
equity and riskfree gross rate also follow the restricted CKLS model with
the same v value and mean-reverting speed. This result combined with the
continuous time version of continuously compounded (c.c) growth rate of
consumption provides us with the analytic approximation formula for the
equity and riskfree gross rate.

Given the risk aversion coefficient satisfying 3 < a < 5 and the volatility
elasticity parameter v = 1.07, the riskfree and equity premium rate under
our model are matched with the historically documented average return rate
on the U.S. stock market over the investment period 1889-2000, 8.06%, and
the return rate on a relatively riskfree security over the same investment
period, 1.14%, and are plotted in Figure 1(a)-Figure 1(b). From these
figures, it can be observed that the riskfree rate rate is linearly increasing
as a function of the risk aversion coefficient « for the CIR and CKLS model,
but is a quadratic function of a for the lognormal model. Also, the equity
premium rate is too small for the lognormal or CIR model in comparison
to the CKLS model with the volatility elasticity v = 1.07. The riskfree
rate with respect to the volatility elasticity parameter 7 is plotted in Figure
1(c). It shows that, in general, the riskfree rate is almost linearly increasing
as « increases from 3 to 25, but the riskfree rate is steeply increasing as a
function of « lying in the interval (1, 3) and it’s steepness is more significant
as the v is from 1 to 1.1. The behavior of the equity premium rate with
respect to the volatility elasticity parameter 7 is plotted in Figure 1(d). It
can be seen that the steady level, at which the equity premium rate does not
change although o increases from 4 to 25, is increasing as 7 is increasing
from 1 to 1.1. This phenomena makes it possible to explain the equity
premium puzzle by increasing 7. Furthermore, the equity premium rate is
steeply increasing as « increases from 1 to 4.

The remainder of the paper is organized as follows. Section 2 reviews the
CCAPM with the conventional time- and state-separable preference utility
function, Section 3 derives an approximation formula for the riskfree and
equity gross rate under the CKLS model assumption for the log rate of
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FIGURE 1. Riskfree and Equity Premium Rate are plot-
ted for different models of the log growth rate of consumption.
(a) Riskfree rate is linearly increasing as a function of the risk
aversion coefficient « for the CIR and CKLS model, but is a
quadratic function of « for the lognormal model. (b) Equity
premium rate is too small for the lognormal or CIR model in
comparison to the CKLS model with the volatility elasticity
~v = 1.07. (c) Riskfree rate is almost linearly increasing as «
increases from 1 to 25. (d) Equity premium rate is increasing
as vy is increasing from 1 to 1.1, also steeply increasing as «
increases from 1 to 4 and then does not change although «
increases from 4 to 25 (this phenomena holds for most ~)
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consumption, and Section 4 shows the implementation procedure with the
observed consumption data. We draw conclusions in Section 5.

2. REviEw oF CCAPM

Identical agents maximize the constant relative risk aversion (CRRA)
utility function over aggregate consumption

Eo [Zﬁtu(@)

where C} is the per capita consumption of all nondurables and services and
the parameter 3 is the subjective time discounter factor, which describes
how impatient households are to consume. For the quantitative economic
intuition about what the returns on equity and debt should be, we employ
the notation: E[-] is the expectation operator conditional upon information
available at time . The CRRA utility functions are given by

L 0<B<1 (1)

S a#l
u(Cy) = (2)
In CY, a=1,

where the parameter e measures the curvature of the utility function. Thus,
for high values of «, agents are unwilling to substitute aggregate consump-
tion over time.

Basic Pricing Equation

We assume that the investor can freely buy or sell as much of the security
whose payoff at time ¢+ 1, y;,1, which is a random variable, as he wishes at
a price p;. As the intertemporal choice problem of a typical investor at time
t, this problem is about how much he will buy or sell and then formulated
as follows:

meax [u(Cy) + E¢[ fu(Ciyq)]] st
Ci = C? — PGy
Ciy1 = CYy + Y,

where C? is the original consumption level at time ¢, if the investor bought
none of the assets and ¢; is the amount of the asset he chooses to buy.
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The first order condition (FOC)® for this optimal consumption and port-
folio choice is given by

ptul(ct) = Et[ﬁul(ctﬂ)ytﬂ] (3)
" _ u'(Cit1)
pe=Ey [571/(@) Z/t+1] ) (4)

where equation (3) expresses the standard marginal condition for an op-
timum: pyu'(Cy) is the loss in utility if the consumer buys another unit
of asset; E;[ Bu/(Cyy1)yey1] is the increase in (discounted, expected) utility
obtained from the payoff corresponding to an additional unit of the asset
and equation (4) also expresses that given the payoff y; 1 and the investor’s
consumption choice Cy, Cyy1, it tells you what market price p; to expect.

Stochastic Discount Factor / Riskfree & Equity Gross Rate

Defining the stochastic discount factor m;., by

_ AU (C)
mip =3 u’(C’t) ) (5)

the basic pricing formula (4) can simply be expressed as

P = Et[mt+1yt+1 ]7

which implies that the correlation between the random components of m and
y generates asset-specific risk corrections. For the CRRA utility function
' (C') = C~?, the discounting factor m;y; becomes

O —
_— —6( ;;) |

For equity, the one period payoff is the next period price plus dividend,
Yir1 = Pra1 + div1, (B) can be rewritten as

1
1= o Ei[mii1yes1 ] = Bme1 Ry ], (6)
t

8Versions of this expression can be found in Rubinstein (1976), Lucas (1978) and
Breeden (1979), among others. Excellent textbook treatments can be founded in Chapter
1 of Cochrane (2001)
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where an equity return is obtained by dividing the payoff y;,; by the price
p¢ as follows

_ Y1 P T di
§+1 = = : (7)
bt Dt
For the riskfree one-period bonds, investing one dollar into a riskfree secu-
rity, the gross rate of return on the riskfree security is given by

1= Et[mtJrlR{Jrl] = R{+1 Ei[mii1]
1 (8)

= Rl =—"
teL Ei[mg ]

For the CRRA utility function case, the expected gross riskfree rate R{ 1
is determined by the distribution of growth rate of consumption z;,; =
Ct—i—l/Ct- That iS,

1
: (9)
g Et[xt+1]
Furthermore, under the exchange economy the equilibrium consumption

process { Cy } is the dividend process { d; }. It follows as an iteration of the
recursive relationship that equation (6) can be rearranged as

pe = PBE; |:(pt+1 + dt+1>(cétl) 1

o (10)
A3 Ct ]

s=t+1

f
Ry =

which second equation implies that p; is homogeneous of degree one in d;.
Thus, the first equation of (10) implies that the stationary price w satisfies

Dt+1 diy1 14w diyr
=0E/ | (=— +1 . = 1= e e
v dt =0k {(dt+1 " ) dy Hl} v { wody xtH}
Comparing this above equation with equation (6), Rf, , can be expressed as

e 1+wdt+1 1+w

T T d T w Tiq1. (11)

A simple algebra shows that the expected return on equity can be calculated
as follows
Et[ Tii1 ]

6Et[~’ct+1 ] (12

Et[ f+1] =
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Growth rate of consumption s i.i.d and lognormal

We assume that the growth rate of consumption x4y = Cyyq/Cy is i.id
and lognormal, that is,

lnxt+1 = lnCt+1 - ll'lCt ~ N(szo-?:)?

where p, = E[Inz] and 02 = Var(lnz). Then, it follows as an application
of the lognormality of x, | into riskfree gross rate equation (9):

1

Rf = Rfﬂ = 3 exp(—aps + 10202) (13)
= IR =-Inp+au, — %ofaz
Similarly, using the lognormality of x4 and z,;{, we have
R exp (e + %103)
B exp[(1 — a)p, + 5(1 — a)?0?] (14)
= IhR'=—-IpB+aoau, — %@zai + ao?
Thus, the equity premium is
r¢ —rf =InE,[ R, ] —InR/,, = ac? (15)

Growth rate of consumption is continuously compounded

We assume that the continuous time version of continuously compounded
(c.c.) growth rate of consumption is given by { 7 }o<;. Then the conditional
expectation of growth rate of consumption is

n—oo

g, {exp(/ttﬂrsds)},

where h = 1/n is the length of subinterval [t + (i — 1) /n, t +i/n], and hence
is like the zero-coupon bond price with 1 period maturity under the physical
measure, provided that the instantaneous short rate is { —r; }o<:.

B[] = Et[ lim ﬁexp(rtHh : h)} »
i=1 16
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Similarly, we have

Elz;:7] = E {exp(/ttﬂ(l — a)ryds) ]
B20 ] = B, [exp( / T ds)] |

which implies that the conditional expectation of x;;l;f‘ (w3, respectively) is

like the the zero-coupon bond price with 1 period maturity under the phys-
ical measure, provided that the instantaneous short rate is { (o — 1)rs o<

({ ary Yo<t, respectively).

(17)

3. THE CKLS MODEL FOR {7}

Instead of the assumption that the growth rate of consumption is i.i.d
and lognormal, we assume that the c.c. growth rate of consumption {r; }
follows a stochastic process of the form?

dry = (a — bry)dt + or] dW,; (18)

where a, b, o, and v are constants and dW; is the increment of a standard
Brownian motion. The drift term a —br; captures the tendency for the rates
to revert to a long-run equilibrium level. The magnitude of the parameter
b measures the speed with which r; reverts to its long-run value, a/b. The
constant « in the volatility term or; parameterizes the extent to which c.c.
growth rate of consumption changes depend on the level of the growth rate
of consumption.

Zero-coupon Bond Price

Treating the c.c. growth rate of consumption as the instantaneous short
rate, the time-¢ price of a zero-coupon bond maturing at time t + 7', P, 1,

9In the econometric approaches such as Brennan and Schwartz (1982), Grossman,
Melinio, and Shiller (1987), Longstaff (1989, 1990), and Chan, Karolyi, Longstaff, and
Sanders (1992), it is known that the most successful models in capturing the dynamics
of the short-term interest rate are those that allow the volatility of interest rate changes
to be highly sensitive to the level of the riskfree rate.
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is given by
t+T
P.r =E, {exp(—/ T ds)] . (19)
t

The trapezoidal rule is employed to approximate the price P; 7, so that
the integral part can be written as

2
where the interval [ ¢, ¢+ 7] is partitioned into ty =t < t; < --- < t, =t+T
with t, =t + kh, h = %, and r, = r,. For simplicity of expression, we
write E;, by Ej for £ =0,1,...,n — 1. It follows as an application of the
tree property of conditional expectation that

t+T
P =EoE; B, [exp(—/ rs ds)].
t

t+T 1 1
/ T’SdS%h|:§7’0—|—7’1—|—...+7nn1+_Tn:|7
t

In the first theorem we prove the zero-coupon bond price under the Va-
sicek model (when v = 0).

Theorem 1. Provided that v = 0, the time-t price of a zero-coupon bond
maturing at time T', Py, s given by

t+T
Pr=E {exp(—/ Ts ds)]
t
0%/2 — ab

= exp (—rtB(t,T) - Z—bBQ(t,T) + T(T — B(t, T))),

(20)

vT

where B(t,T) = =5

In the second theorem we prove the approximation formula of zero-coupon
bond price under the general CKLS model.

Theorem 2. For the general v, the time-t price of a zero-coupon bond
maturing at time T', P, r, s given by

a
In(Pyr) ~ =1, B(t,T) = +(T = B(t,T))
02 2 2 2
T (" 4+ @T) [B (t,T) — E(T — B(t’T))]
i T
- % @ |—B*(t,T)(1 +2bT) — 2B(t,T) (2T + %) 4972 4+ 67} 7

(21)
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where B(t,T) = 1_6b_bT and gy = (27 — 1) 022 42472 (0 — bry).

Riskfree €& Equity Gross Rate / Equity Premium

As an application of equation (16) and (21) with the short rate process
d(—Tt) = [—a — b<—Tt)]dt + (—1)1+’YU(—7}/)7th,

we have

t+1
nEz1] =InE, [exp(/ rsds)}
. ) (22)

9 g
(r;"+aq) fe1 — 02

o

= r,B(t,1) + %(1 - B(L1) -

CI1fB,2,
where

o= B0, 1)~ 51— B(, )

3 6
fpo=—DB*(t,1)(1+2b) —2B(t,1)(2 + g) 2+,

and q; = 77}2(7_1) (27 — 1) 0 + 2r(a — bry)].
Similarly, with the short rate process
d((a —1)r) = [(a — L)a —bla — V)ry]dt + (o — 1) 7o ((a — 1)ry) " dWs,

we have

t+1
InE,[z; (] = InE, [exp(—/ (o= 1)ry ds) ]
t

_ (a—1)n Bt 1)~ 2= Ve

(o — 1)20-7

— m [((Oé — D)ry)* + Q2} fB1—

(1-B(t,1))

0'2(a — 1)2(177)

8b2

@/B2;

(23)
where ¢ = yr20™Y [(2v—1) 0+ 27, (o —1)*(a — bry)] and the same fz
and fpo in equation (22) are used.

Finally, with the short rate process
d(ozrt) = [aa - b(ozrt)} dt + ozlf'ya(ozrt)vth,
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we have

t+1
InEfz, ] =InE, [exp(—/ ozrsds)]
t

= —arB(t,1) — 21— B(t,1)) (24)
0.2a2(17'y) 02(}2(177)
AT [(O”"t)27 + 93} fB1— T q3/B.2,

where g3 = yri0Y [(2y = 1) + 27,0*(a — bry)] and the same fp; and
fB.2 in equation (22) are used. Thus, we have the expected riskfree rate r/:

rf=InRf = —InE[Bz.%] = —Inp — Equation (24).

Also, the expected equity premium rate r¢ — rf can be written as
r“—rl =In R —In R = nE[z1 ] — mE (2] + In B[z, ]
= Equation (22) — Equation (23) + Equation (24)

= _Z_ZfB’l [+ q1) — (= 1?5 [((a = D)r)® + o] + a®T [(ar)? + g3] |

0.2

) fe2 @ — (a— 1)277) gy + o277 a] -

4. IMPLEMENTATION OF OUR MODEL WITH DATA

In this section, we introduce the data used in our empirical work, analyze
the time series properties for the log value of growth rate of consumption,
find the appropriate parameters of the CKLS model by using the General-
ized Method of Moments (GMM), and finally show that the equity premium
puzzle is resolved by our model.

Data Sources

The important variable in our model is the per capita consumption of all
nondurables and services C. To measure this variable, we use quarterly ag-
gregate data consisting of personal consumption expenditure - nondurables,
denoted by GCNQ), personal consumption expenditure - services, denoted
by GCSQ, and population of total, Inc. Armed forces overseas, denoted by
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GPOP, from the third quarter of 1959 until the first quarter of 1996. The
per capital consumption at time t is defined by

~ GCNQ, + GCSQ,

Ce GPOP,

Time Series Properties of Data
The main variable in our analysis is the log value of growth rate in per
capita consumption r, that is,
Ttr1 = In Tir1 = In CtJrl —1In Ct
To test the normality assumption of r;, which is assumed in the most

literature documenting the equity premium puzzle, the basic statistics and
it’s related tests for r; are reported in Table 1.

Mean  Std  Jarque-Bera Test Ljung-Box Test
0.0051 0.0049 9.46(0.009)* 47.278(4.986e-09, 5)*

TABLE 1. Summary statistics: This table reports the ba-
sic statistics, the normality assumption with the Jarque-Bera
test statistic, and the serial correlation assumption with the
Ljung-Box test statistic for the log value of growth rate of
consumption r;, which is from the third quarter of 1959 to
the first quarter of 1996 (147 observations). *( ) represents
p-value and *( , ) represents (p-value, degree of freedom)

The normality assumption for r; using the Jarque-Bera test statistic is re-
jected, since the test statistics has a value of 9.46 with the p-value 0.009. The
Ljung-Box statistic gives Q(5) = 47.3 for r; with the p-value 4.986 x 1072,
suggesting that the log value of the growth rate in per capita consumption
is serially correlated.

To determine the autoregressive moving-average order, the sample auto-
correlation functions (ACF) and partial autocorrelation functions (PACF)
of the log value of growth rate in per capita consumption r; are reported
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FIGURE 2. ACF and PACF of r;: Sample autocorrelation
functions and partial autocorrelation functions of the log
value of growth rate in per capita consumption r;,. In each
plot, the two horizontal lines denote two standard-error limits
of the sample ACF and PACF.

in Figure 2. There are some significant serial correlations at the 5% level
for r;. It is seen that the series has significant ACF at lags 1,2, and 3 and
significant PACF at lags 1, 3, 5, and 6. Based on the sample ACF, the
following AR(3) model is identified for the series:

rp=5x 1072+ 0.26557_1 + 0.09017,_o + 0.21747r,_5 + ay,

where standard errors of the estimates are 8 x 107%,0.0809,0.0842, and
0.0812, respectively and {a; } is assumed to be a white noise series with
mean zero and variance o2 = (0.0044)%. The deduced variance
(0.0044)?
1 —0.2655%2 — 0.09012 — 0.21742

has a similar variance 0.00492 in Table 1.

= 0.00472

Parameter Estimates using GMM
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For simplicity of the model and considering the time-varying volatility de-
pendent on the level of log rate of consumption r;, we employ the restricted
CKLS model for r;. It’s Euler scheme of the continuous-time version of r;
in (18) is needed for parameters estimation and can be written as

T+ A :aA+(1 —bA)Tt‘I—O'Tth_i_A, Zt+ A N(O,A)

The error term u; ;A = o7} 2;. A satisfies the following conditional expecta-

tions:
Et[u ] = O

L, [Ut+A] = o’ A,

Using instruments Z; = (1 rt), we have unconditional moment conditions

Eluga] = 0

[Ttut+A] =0

E[uj A — 0 rt Al =0
Elr(ufin —0*r{’A)] = 0

Table 2 reports the parameter estimates, associated standard deviation
errors, and R? information about how well the CKLS model with the given
~ value is able to forecast the future level and volatility of the log value
of growth rate in per capita consumption. The RJZ statistics are computed
as the proportion of the total variation of the actual rate changes (j = 1)
or squared rate changes (j = 2) that can be explained by the respective
conditional expected values for each v value.

The estimated parameters a,b have very similar values as the volatility
elasticity parameter v changes from 0.5 to 1.5. However, the estimated
parameter o is rapidly increasing as v changes from 0.5 to 1.5, since the
volatility in the CKLS model depends on the yth power of the log value of
growth rate in per capita consumption. The x? tests of the over-identified
restrictions imposed by the null hypothesis (a, b, 0?) = (0,0,0) are rejected
for most « values, except in {0.8,0.9,1.0 }.

The forecast power for the level of the log rate changes, gauged by R?, has
a similar value from 30.8% to 34.3% for the most 7 value and has a slowly
moving bell-shape feature starting 32.2% at v = 0.8, increasing and then
having a maximum value 34.33% at v = 1.1, and decreasing and finally
having a minimum value 30.1% at v = 1.5. But, the forecast power for
the volatility of the log rate changes, gauged by R3, is of large variations
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ranging from 4.9% to 36.2% and has a quickly moving bell-shape feature
starting 4.9% at v = 0.5, increasing and then having maximum value 36.2%
at v = 1.0, and decreasing and finally having a minimum value 5.9% at
v = 1.5.

Equity Premium Puzzle Is Resolved

From the forecast power for the level and volatility of the log rate changes,
we will take the volatility elasticity parameter v = 1.07, which has a nearby
value of the maximum value in both R? and R3.

Given the risk aversion coefficient satisfying 3 < a < 5 and the volatility
elasticity parameter v = 1.07, the riskfree 7/ and equity premium rate
r¢ — r/ under our model are matched with the historically documented
average return rate, 8.06%, on the U.S. stock market over investment period
1889-2000 and the return rate, 1.14%, on a relatively riskfree security over
the same investment period, and are plotted in Figure 1(a)-Figure 1(b). We
can observe that the riskfree rate rate is linearly increasing as a function
of the risk aversion coefficient « for the CIR and CKLS model, but is a
quadratic function of « for the lognormal model. Also, the equity premium
rate is too small for the lognormal or CIR model in comparison to the CKLS
model with the volatility elasticity v = 1.07. The riskfree rate with respect
to the volatility elasticity parameter 7 is plotted in Figure 1(c). It shows
that, in general, the riskfree rate is almost linearly increasing as « increases
from 3 to 25, but the riskfree rate is steeply increasing as a function of «
living in the interval (1,3) and it’s steepness is more significant as the - is
from 1 to 1.1. The behavior of the equity premium rate with respect to the
volatility elasticity parameter v is plotted in Figure 1(d). It can be seen
that the steady level, at which the equity premium rate does not change
although « increases from 4 to 25, is increasing as v is increasing from 1
to 1.1. This phenomena makes it possible to explain the equity premium
puzzle by increasing . Furthermore, the equity premium rate is steeply
increasing as « increases from 1 to 4.
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APPENDIX

In this section, we will prove Theorem 1 and Theorem 2 stated in sec-
tion 3. First, to find the general form from the sequential application of
conditional expectations, we need a lemma'® about the following sequence.

Lemma Al. If the sequence {a,} is described by a; =1, and
a, =2+ (1—=>0bh)a,—1 for n>1,
then a, can be explicitly written as

2

bh
~Z 1
o |

—bh)" M1 — 7) —1].

Ay =

For computation of a conditional expectation on the lognormal distribu-
tion, we need another lemma.

Lemma A2. Suppose that ¢ is a standard normal distribution, i.e., ¢ ~

N(0,1). Then we have
E[e’g*/ﬂ’] — 3T

To approximate 7,1 by the information of rj, recall that the discrete
model based on the Euler scheme is given by
The1 — Tk =~ (a — brg)h + or] AWy (h),

where AWy.(h) = W,,,, —W,, . First, approximating r,, by this Euler scheme
and then applying lemma A2 to E,_;, we have

Ens {exp(— / L ds)}

= exp <—h[% A+ o] — hrn_1>

h
X B, 1 [GXP(—g[TnA + (a—brp_1)h + UTZ_IAWn_l(h)]):|
ah®* h

= exp (—h[% +ry+--- _|_7~n_2} — 7 _ 5(3 _ bh)?”n_l)

h3 2
X exp ( 80 rfﬂ_l)

108ubstituting a,_1 by a function of a,_, and Bh and then repeating this process, we
have this result
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Continuing this procedure with the notation AFj = exp(%airizk) for
k=1,...,n, we have

Ens {exp(_ /t o ds) /AF1]

h2
= exp <—h[% + 7 Taog] — hry — %>

X E,_ o [exp(—g(?) —bh)[rp_2+ (a —brp_o)h+or] AW, o(h) ])]

h2
= exp (—h[% i Taog] — %[1 + (3 —bh)]>

h h302 2 2y
X exp —57‘“_2[2 + (1 —bh)(3 —bh)] + 5 (3—="0h)r;’,

Keeping this procedure with the sequence {ay} in lemma A1, we have the
general formula

En—k

T k-1
eXp(— / Ts ds)/ H AF;
t i=1

o ah? 4
= exp —h[g +ry+---+ T'nfk71:| — h?”n,k — 7 Zai
=1

h
X E,_r {exp(—§ak[rn_k + (a—brp_p)h+or) AW, _i(h) ])}

2
= exp (—h[% + 7 —+ .- +rn—k—l} — %Zal)

h Wo® , o,
X exp —Ern—kakﬂ -+ ?akrn_k
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Finally, we have the result

exp(— / " rods) /ijAE

=1

h2 n—1
= exp (—h@ _ ai>

=1

Eo

ah? < h h3o2
= exp (—— Z a; — 57”0[1 + an(l - bh)] + Tair?)

To see the convergence result as n approaches +o0o, we need several sim-
ple computations. Recall that the number e is defined as the limit of the
sequence:

Iin
lim (14+—) =
Jm () =e
Applying this above result to lemma A1, we have three lemmas.

Lemma A3. The term 2[1+ a,(1 — bh)] converges to

g[l—e_bT],

as the number of sub-intervals in [t,t + T'|, n, approaches to oc.

Lemma A4. The partial sum Y | a; is
2 bh (1 —bh)" — 1
D)V TG A T S
o T ) T
Thus, the limit of %2 Yo a;is

[1—e*bT}.

Sl

1
b2

Lemma A5. If the parameter vy is 0, then the adjusting factor In ([[;_, AF;)
15 written as

n

3.2 2 _ _ 2n _ — n
hio ZQ?I%[(l—%)l (1— bh) _2(1_@)1 -y,
=1

8 2 2b 2 b ’
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and its limit is

0_2

Ay

2

(1= +2(1— )] + 2T

With the notation B(t,T) = =5 ~ applying lemma A3 - lemma A5 to
the result (20), we have the same result for the Vasicek model (y = 0).

From the process of obtaining (20), it is not easy to compute explicitly
E,_k-1] AF;], but it is not hard to approximate E,_,_1[ AF} ] by
Varo (h’l AFk) )

exp (Eo[lnAFk]—l— 5

with the tool of the Itd’s formula. Recall that AF) = e><p(h38"2 2r27 ).
Applying the It6’s formula to the function f(x) = x%7, we have

d(r}") = qdt + 2yor)" " AW,
where ¢ = (2y — 1)o?ri07Y
expectation is

+ 29r27 Y(a — bry). Thus, the conditional

h’a? , 2y
and combining the definition nh = T" with this result, we obtain

n

ZEo[lnAFk] [} + (T Zak—%ha Zk’ak

k=1

Similarly, the conditional variance is

n 1 n n
> Varg(In AF;) = 1—606727«3 s { (T—6)) ap—h> kzaﬁ] :
k=1 k=1 k=1

but, it is bounded by M h for some positive number M. As a result, the limit

of > °p_, Varg(In AFy) is zero. This result explains why the approximation
price for a zero-coupon bond is less than the true price.

Applying lemma A5 into the first part of right hand side of the sum of
conditional expectations and a similar computation yield an approximation
value for the time-t price of a zero-coupon bond maturing at time ¢t + 7" for
the general ~.
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5. CONCLUSION

The equity premium puzzle states that, for plausible values of the risk
aversion coefficient o (for example, 1 < o < 5), the equity premium, that
is, the expected rate of return earned by a risky asset in excess of the rate
of return to a relatively riskfree asset such as a U.S. government bond, is
too large, given the observed small variance. In this paper the puzzle is
resolved under the conventional time- and state-separable preference util-
ity function (for example, the constant relative risk aversion utility function
with risk aversion coefficient satisfying 3 < a < 5), by assuming that the log
growth rate in per capita consumption follows the restricted Chan, Karolyi,
Longstaff, and Sanders model with the volatility elasticity parameter ~ liv-
ing around 1.07.

In future research, we will derive an analytic approximation formula for
the zero-coupon bond price based on the continuous time version of the
CKLS model. Furthermore, we will test whether the nonlinear constant
elasticity of variance process for the log growth rate in per capita consump-
tion also resolves the equity premium puzzle.
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CKLS model with CRRA utility

07 a b o? x? Test R3 R3
(std) (std) (std) < p-value >

0.5 0.0036 0.6646  0.0027 10.044  0.3431 0.0487
(0.0005) (0.0737) (0.0005) < 0.0015 >

0.8  0.0032 0.6434  0.0702 0.0399  0.3216 0.2396
(0.0006) (0.0741) (0.0130) < 0.8417 >

0.9 0.0032 0.6465 0.1822 0.2475  0.3246 0.3071
(0.0006) (0.0740) (0.0345) < 0.6189 >

1.0 0.0033 0.6537  0.4525 1.4562  0.3319 0.3623
(0.0006) (0.0739) (0.0872) < 0.2275 >

1.05 0.0033  0.6593  0.6831 3.3187  0.3376 0.3621
(0.0006) (0.0738) (0.1332) < 0.0685 >

1.07 0.0034 0.6615  0.7938 45101 0.3400 0.3518
(0.0006) (0.0738) (0.1561) < 0.0337 >

1.1 0.0034 0.6643  0.9736 6.9008  0.3428 0.3232
(0.0006) (0.0738) (0.1958) < 0.0086 >

1.2 0.0037 0.6592 15855  18.7295  0.3376 0.1665
(0.0005) (0.0741) (0.3894) < 0.0000 >

1.3 0.0038 0.6424  2.5087 27.632  0.3206 0.0817
(0.0005) (0.0742) (0.7808) < 0.0000 >

14 0.0038 0.6331 4.9303 31.262  0.3114 0.0625
(0.0005) (0.0741) (1.7439) < 0.0000 >

15 0.0038 0.6295 10.719 32,972 0.3078 0.0590
(0.0005) (0.0741) (4.0653) < 0.0000 >

TABLE 2. Estimates of CKLS Models for r;: The estima-
tion horizon for ry, the log value of growth rate of consump-
tion, is from the third quarter of 1959 to the first quarter
of 1996 (147 observations). The parameters are estimated
by the Generalized Method of Moments with standard devia-
tions in parentheses and t-statistics in < >. The RJQ- statistics
are computed as the proportion of the total variation of the
actual rate changes (j = 1) and their volatility (squared rate
changes) (j = 2) explained by the respective predictive values
for each ~ value. The x? tests evaluate over-identified restric-
tions imposed by the null hypothesis (a,b,o?) = (0,0,0) and
are reported with p-values and degree of freedom 1.
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Abstract

The analytic solution for the time stationary non-monotonic double layers in a
plasma with negative ions is presented. This solution is the analytic extension
of the monotonic double layer and the solitary hole. We have derived the
modified Korteweg-de Vries (mK-dV) equation in plasmas, taking account of
negative ion effects. The effects of negative ion and density on the properties of

the non-monotonic double layer are discussed.



1. Introduction

Nonlinear double layers (DLs) are of interest in many areas of plasma
physics, e.g., auroral and solar physics, intense beam production, plasma
processing, and laser fusion[1-12]. Often the observed nonlinear double layer
exhibits a potential spatial profile having a potential depression on the low side.
Such a non-monotonic double layer (NDL) is actually a localized region of three
sheets of alternating charge sign and thus includes subregions of oppositely
directed non-monotonic electric fields[1-7]. It is increasingly clear that even the
straightforward non-monotonic double layer (NDL) structure can evidence
complex nonlinear characteristics, as exhibited many ways in both simulations
and experiments.

The S3-3 and Viking satellites have shown the presence of DLs in the

auroral plasma [4.6,13,14]. Space research has revealed the existence of the
negative ions. In the ionosphere the negative ions may be of the type O~ or
O,, as reported [15]. Also, negative ion plasmas are found in the lower

atmosphere D layer [16], and in F region of the ionosphere [17] from artificial

production by injecting SF, vapor. Several authors have theoretically [18-19]

and experimentally [2,6,18-22] investigated the various aspects of a plasma with
negative ions. Satellite observations have also shown that two electron
components are common in the auroral regions [2,13,14]. In a potential structure
of ion acoustic type, the Viking satellite have found NDL rather than solitary
waves or monotonic double layer (MDL). Therefore, a consideration of NDL add
interest to a theoretical works. During the past few years, much attention has
been paid by physicists to the investigation of propagating double layer in a
multi-species plasma having electrons, positive ions, and a significant
concentration of negative ions.

Despite the by-now extensive theoretical works for the nonlinear solitary

waves [23-26] in a plasma with negative ions, theoretical work on NDL has not



been studied to the author’s knowledge in a plasma with negative ions.

In this paper, we present the propagating self-consistent analytic NDL
solution, which includes MDL and solitary hole, associated with a set of
nonlinear eigenvalue conditions in a plasma with negative ions. The modified
Korteweg-de Vries (mK-dV) equation is derived by the usual reductive
perturbation method from the basic equations, taking account of negative ion

effects.
2. Basic Equations

The basic equations, governing the motion for possible ion—acoustic waves In
cold collisionless plasma consisting of both positive and negative ions are

considered as follows:

For positive ions

(n),+(n,v) =0, (1)
(V) +vlv) == b,
(2)

For negative ions

(n),+(n,v), =0, (3)

(vi) + v(v) = (%)% : (4)

and the Poission equation

b =n,tn—n, (5)

e J 1



where the subscript 7,7 and e stand for positive ion, negative ion and electron,
respectively, and K=m j/ m; denotes the negative ion to positive ion mass ratio.
The physical quantities appearing in these equations are normalized as the
densities n,; , n; and 1, by equilibrium electron density 2, , time by the
inverse of the characteristic ion plasma frequency w;,l- = (ml-/41m 06’2)1/ 2, the
velocities V; and V; by the ion-acoustic speed C.,= (Te/ m 1’)1/ 2, the distance
X by the electron Debye length Ap= (Te/lhm 062)1/ 2 and the electric
potential ¢ by 7'./e . Here 7, represents the electron thermal temperature. All
variables are considered in the X direction for one dimensional propagation.

An important <class of NDL jumps from P(x— —o00) = y; to
d(x—+o0) =y and has a potential minimum ¢(x,) =0 on the low side.

Having described a somewhat general formulation of NDLs, we now proceed to
illustrate it with a concrete example. Considering the following modified
Schamel-type electron distribution [5,7,27] (the regular Schamel distribution
function [28-30] used to describe phase space holes and monotonic double layers

cannot give rise to NDLs):

f,= \/12—]t exp[—%( sen(v) Ve — vf,)]@(e)

7 exp(—1/2(1/2)[%(1isgn(x—xm))exp[—(Bm)] o(—¢) ()

where ¢ = V" —2¢, ¢ =0 and © is the Heaviside step function. The first
component of right-hand side is the free (or untrapped) group of electrons.

They make up the bulk of the electrons. The electron drift velocity v, is

normalized to the free (or untrapped) electron thermal velocity \ 7./m,. The
second component is the reflected (or trapped) group of electrons. They

populated regions either x> x, or x<Xx, on each side of the NDL, and cannot



communicate with each other; therefore, we have introduced two separate
trapping parameters (3, and B_) that represent effective inverse temperatures
and two density normalization constants (g, and g_) for them. Here
B, and g, are positives. Electrons can have different densities depending on
the sign of (x—x,). sgn(x—x,) is the constant of motion for all the

reflected particles. It turns out that this is constant of motion plays an
important role in constructing non-monotonic potential structures [5,7,27,31-32].
Because we are solving the time stationary Vlasov equation, it follows that the

current density is uniform in space.

From the electron distribution functions given above, the corresponding density

for electrons can be found by simple velocity—-space integrations as follows

)]T(Bﬂcb)) (7)

n,(¢) = exp(— d)(l(z ¢)

where 7 and T are defined as follows

SN dV[%zq)exp(— V/2)cosh (V7))

(8a)

TB.,0) = \/%exp(&qa)erfw&qa) with B.> 0, (8b)

T(B.,9) = mexp( 5. |q>)f T expyt with <0, (80

where the erf represents the error function.

3. Modified Korteweg-de Vries Equation

We now follow the reductive perturbation technique and construct a nonlinear



theory for the NDLs with small but finite amplitude. The NDL leads to a

scaling of the independent variables through the stretched variables
v = §12(x— vyt ), T = 65/ 2V0t where § is a small parameter measuring the
weakness of the dispersion, v, is the phase velocity of the wave in (x,0)

space and the phase velocity is normalized to unity for the quasi—equilibrium

plasma state.
For small amplitudes ($ << 1) and B.> 0 and B.< 0, assuming the electrons
to be in a quasi-equilibrium (n,~n;— n; with the low frequency ion acoustic

wave, we may expand the electron density as

2

572 L exp(— 0 z

gi[1+sgn(X—Xm)]—1}q)”2 —%Zr ( 5 )CD

D[ —

+ 517 3\;1? exp(_%){% [1+ sen(x—x,)]1B. + Vzd_l}q>3/2
LSy
+202 o+ ..., 9)

where 11, is some constant which depends on a boundary condition, v, is the
electron drift velocity and G(V#/2) = exp(—V4/2)+3/(V4) for v,;> 1 is a
monotonically decreasing function of vy, with G(0) = 1. The function

Zr (x) represents the real part of the derivative of the complex plasma

dispersion function and has the following expansions:

_%Zf'(X):l—2X2[1_(2X2)/3+... . IxI<1,
(10a)

—%ZI"(X):—%O(X—XO)‘I'(X—XO)Z‘F... . lx—xI<1 and x;=0.924 ,



(10b)

A class of ion acoustic solutions is obtained by demanding electron drifting

velocities in the range: v,<< 1. In this case the function of Zr'(x) and

G(x?) are give by

1 (ﬁ) _ [ W ]~
At R REECE CR
(11a)
G(?) ~1. (1)

By using reductive perturbation theory, we expand n;, n;, v;, v; and ¢ in

powers of small parameter & about the quasi-equilibrium state as follows :

n;=ny+ 60+ 6202+ (12a)
n,=ny+&nV+ 80P+ ... (12b)
v,= 6D+ 520+ (12c)
v]-=6vf-1)+62V,(-2)+..-, (12d)
o=60V +2pP+ ... . (12e)

From the above set of equations, we obtain the following the set of coupled

equations by using reductive perturbation expansion:

—wa) +n (), =0,

(13a)
V()(np))T_ I/()(HEZ))§+H 10(V§'2))§_H§‘1)(VE‘1))§+ Vgl)(ngl))gz 0, (13b)
_ VO(VE-I)),J-F(@(D)@:O, (13c)



(A — (V) + v (AD) + 9P =0, (13d)

— v (aD) 4+ n (A1), =0, (13e)
() = w(m?) 0y (v?), = nP (v + v afh) =0, (13f)
_R%(‘,ﬁl))g+(¢(1))€:0’ (13g)

Ryy(#Y), = Ryy(v?), + Rv(#D), — ¢ P =0,
(13h)

ngl)_nj(;): o, (131)

OV=T,+ @ —n? +n®

+ {1 sl 1= 1) )2

NS {‘é; [1+ sen(x— x,)1B. —l}(cp(l))3/2 +(p D)2, (13j)

From Eqs.(13a),(13c),(13¢) and (13g), it follows n'V=(n o/ VO -
‘,51):((1)(1)/%)_*_1’ UEI):_((D(I)/RV%)U,'O and V}l):_(¢(l)/RI/b)+1
under the boundary conditions 2,, V=0, vy, W=1 at lg}> and ¢V =0.

Here the phase velocity Vv, can be expressed as

v(1—r) = (1+%) (14)

where r=n ;;/n ;4 so that n ;= 1/(1—r).

We obtain the following modified K-dV equation for the non-monotonic
double layers from the above set of equations, eqs. (13)-(14), after a certain

amount of algebra:

1 aq)(l) 1 a?:q)(l)

V== o T e o




— aig [ (1— azs)2+6as(1—a25)(%)1/2

+{4cmi_l)_fﬁgxf%)—Jﬂai{%)yz+3(%%f],

(15)
where M represents the velocity of non-monotonic double layers and E >0 .

Here we have defined

—_ GwtVw)® Ve =y, _ uw
Yy = 1 ,as—m>0, KZ—T>O (16)

And E, a, and K are related to our system parameters as follows:

(ne—%>=4§l@(l—ai)2, (17a)

Lﬂ{%gi[l—ksgn(x— Xm)]—l} =12V y K?a (1—a?), (17b)

S, = M—4K*(3a*—1), (17¢)
2 8. . I S 4

=1+ 2s, (17¢)

For convenience, we have defined the following nonlinear coefficients S, and

%=(£ﬂ—nQ (18h)

The propagation equation of the non-monotonic electron double layer can also

be obtained similarly by using the non-monotonic electron hole double layer



boundary conditions: it is given simply letting v — —| w [ <0.

4, The Stationary NDL Solution and Discussion

Using the new transformation X = § — Mt , one can easily obtain the following

the Sagdeev potential from eq. (15) after a certain amount of algebra:

100 = — V(o) (192)

where
V(9) = Ao+ B.o"*+ Cp*+D. 07" + Ep?,

(19b)

Here A,B.,C, D, and E are given as follows:

A=2vyK(1—-2a%?%= %qfﬁpu , (20a)

B, =+12VyKa(1-2)=+ww Gy, — Ve, (20b)

C = 1K@~ D =% (v, +v —4/u Volu | (20¢)

D, = FNEFE = F gy —Vodu . (20d)

E= 6K (20e)
y

A general double layer solution may be found by considering the following

nonlinear eigenvalue conditions [5,8,27,31-32]:
(i) To impose charge neutrality at X = o we require that the right hand
side of eq. (19a) should vanish at the boundaries ¢ = vy, ¥ .

(ii) Existence of the double layer requires that the Sagdeev potential be

_10_



identically zero at ¢ =0, y,,y , so that the electric field equals zero outside
the double layer.

(iii) An additional condition on the Sagdeev potential is V(¢) <0 for
0<d<y,, 0<p<wp.

Here it is important note that the Sagdeev potential should be a double
valued function of ¢ for 0< ¢ < min(y,,y) in order to obtain the
non—-monotonic double layer solution, while the monotonic double layer solution
and the solitary hole solution require the single valuedness of Sagdeev
potential.

The corresponding non-monotonic double layers solution of eq.(19) in a

plasmas with a negative ions at the low potential side, is given by

0 (%, 1) = wi{a,+ tanh K(t— Mr) }2. (21)

where %, is given by the equation ¢ (%,— M7,0) =0 and the inverse scale

length is given by K = \/ {M— 51}/{4(3a25— 1) } . Here it should be note that
the velocity of NDLs can be M> S, or M<S, depending on parameter a :

our NDL velocity is M> S, for a25>1/ 3 and for a25<1/ 3 the NDL velocity

is M<S,. For the constant inverse scale length K, NDL velocity M is

decreased as mass of the heavier negative ions is increased (Fig.l1), and is
decreased as density of the negative ions is increased (Fig. 2) in a plasma. It
was shown by figures. In the case of small amplitude, our theoretical expansion
was shown that the inverse scale length proportional to the propagating velocity.
The result agrees qualitatively with the result of computational works [31-32].
Knowing the general solution, we can now the examine the various boundary
conditions, which satisfy self-consistently all the relations to give rise to the
corresponding DL and solitary hole solutions. If we were to set

y,=0o0r y =0 in eq.(16), then we would obtain the monotonic double layer

_11_



solution (especially a,= *1): one can show that this is the nonlinear version of
slow ion acoustic wave, by considering the small amplitude limit of our system.
In this case our Sagdeev potential is a single valued function of ¢ and satisfies

the MDL eigenvalue condition. By looking at eq.(17), we see that the boundary
condition n,=1/2 can satisfies A= B.,=0 which is one of the existence
conditions for the MDL solution. Similarly, the condition a,=0( or w,=1wv)
corresponds to the solitary ion hole solution. But now for the more general
condition la <1 give rise to the double valued Sagdeev potential and the
above solution eq.(21) represents the NDL, which accompanies an ion hole at
the low potential side: in this case we should have the boundary condition
n,#1/2. Therefore, we may call a, as the asymmetry parameter. From
eq.(21), we see that the existence of the NDL, with a potential depression at the
low potential side, requires n,> 1/2 in order to have a positive curvature at
®=0. It should also be note that the condition la,J > 1 corresponds the case of
monotonic electron double layer solution: in this case we have the different
definitions for vy and a,, which are obtained by changing Vv into —Vy in
eq.(16). : the roles of electrons and ions are interchanged compared with earlier
NDL.

In conclusion, we have presented the modified K-dV theory of non—-monotonic
double layers in a plasma with negative ions. We emphasize that the present
result will provide us with useful physical understanding of the properties of
various nonlinear double layers in a plasma with negative ions. In addition, this
simple model on NDL will provides us with an important view in understanding
the recent space observations and simulations results of different kind of ion

holes in a plasma with negative ions.

_12_
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Figure Captions

Figure 1. The inverse scale length ( K) versus propagating velocity ( M) for

different values of the ratio ( £) of the negative ion to positive ion

mass and a constant value of the asymmetry parameter (&%= 2/3).

Figure 2. The inverse scale length ( K') versus propagating velocity ( M) for

different values of the negative ion density (7 ;) a constant value of

9 _
the asymmetry parameter ( a<= 2/3).
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Nonlinear propagating double layers and solitary holes

in weakly relativistic magnetized plasma

Tae-Han Kim?, Ho-Yeun Kim? and Seung-Shik Kim?3

ABSTRACT : A theoretical investigation is carried out for understanding the properties of Nonlinear propagating
nonlinear double layers in weakly relativistic magnetized plasma. By using the Sagdeev's pseudo-potential method,
we have found that the nonlinear propagating double layer solution and that there is relation among the amplitude,
the inverse scale length, the relativistic effects and the effects of obliqueness. It is shown that the double layer is

nonlinear extension of the solitary hole having negative trapping parameter in weakly relativistic magnetized plasma.

1. Introduction

The formation and existence of nonlinear double layers and solitary holes in a variety of
plasmas have been important subject of investigation in plasma physics [1-11]. The concept
of the existence of these two structures is also a generic concern about the rules governing
allowable transitions between regions of two (or more) different collisionless plasmas. In
many simulations and experiments, it has been reported that the critical surface structures in
laser-produced plasmas is an important subject for laser-fusion system [12]. Satellite
measurements of a field aligned potential in the auroral region signatures that are especially
consistent with the nonlinear double layers and nonlinear solitary holes, having the
characteristic potential depression at the low potential side (or a bump on the high potential
side)[4].

In nonlinear wave studies the propagation of nonlinear double layers and solitary holes is
important as is describes the characteristics of the interaction between the waves and plasmas.

Various kinds of nonlinear waves occur in relativistic plasmas and thus relativistic

1 Manmin Research Center, Seoul.
2 Manmin Research Center and school of Material & Sci. Seoul National Unvi., Seoul.
3 Institute of Basic Sciences, Hankuk University of Foreign Studies and Manmin Research Center, Seoul
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electromagnetic waves have been studies as subjects of laser-plasma interaction [13] and
space plasma phenomena [14]. Interplanetary space and the Earth's magnetosphere
encompass a rich variety of plasma physical processes and nonlinear wave phenomena. The
S3-3 and Viking satellites have shown the presence of nonlinear double layers in the auroral
and magneto-spheric plasma [2,15-17].

In this paper, by using the Sagdeev's pseudo-potential method, we have present the
nonlinear propagating double layer solution in a magnetized plasma, taking account of
weakly relativistic effects. This solution is an analytic extension of the solitary hole having
the negative trapping parameter. Thus, we have found that there is relation among the

physical parameters.

2. Basic equations

We consider small but finite amplitude ion acoustic waves obliquely propagating in a
collisionless relativistic plasma in the presence of an external magnetic field BO which is
directed along the Z direction. The ion acoustic wave is assumed to propagate in the x-z

plane. The equations for the cold component of ions can be written as

@ 6(nv) 8(nv)

=0
ot oz @)
8V = (Vx + \V: j\7x = — % —+ Vy (2)
oz OX
o
V., 7+V — |V, = —V
T ©

oy —

vz+[v 2, 2)7, -2 @)

ot X ox Z oz z oz

where Vx= wx, Vo=, y=@—-v®/c®) ?and v=./v,” +Vv,” .
In Egs. (1)-(4), the ion velocity, the spatial coordinates, the cold ion density, the wave

potential and time are normalized by the ion acoustic velocity (Cs), po(=¢/Q), the
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equilibrium density of cold ions No, the electron temperature (T./ e) and the inverse of
ion gyro-frequency <2, respectively. Since we are interested in the propagating stationary

nonlinear double layers, we introduce the following coordinate transformation;

& =kx+ kz — Mt (5)

where M is the velocity of the moving ion acoustic waves and kx and kz are the direction

cosines along the x and z directions respectively.

Then the above equations can be written as follows:

kv + kv, = M[l—ij (6)
M N 22, @
n o& o&

M ov, _, :
n oz (8
M ov:

M ov _kz—8¢ ©)

n o& @ o&

where the boundary conditions N —>21,w:—>0 at & — cohave been used. By using
the above set of equations, one can easily obtained the following equation for the potential in

terms of the density:

1 ) 261 . n
where
[y M0
H(¢)—(1+ PR qJ (11)
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Vx(¢)=(|\:}2 J‘Oﬂ’n d¢—|\:+l\/lj (12)

Having described a somewhat general formulation of nonlinear double layer and solitary
holes, we now proceed to give a concrete example. Consider the following Schamel-type
electron distribution [18-25]:

1 1,

fa _mexp[—z(u 2¢)} for |u|>./2¢ (13)
1 1.,

fe _@exp{—zﬂ(u 2¢)} for |u[<./2¢ (14)

where the subscript f (t) represents the free (trapped) electron contribution. Here the
electron velocity U has been normalized by the electron thermal velocity +/T./m. and
[, which is the ratio of free electron temperature ( Te ) to trapped electron temperature
(Te), is parameter determining the number of trapped electrons. It has been assumed that the
velocity of nonlinear ion acoustic waves is much small than the electron thermal velocity. We
note that B =1 (B =0) represents a Maxwellian (flattopped) distribution, whereas
£ < Orepresents a vortex-like excavated trapped electron distribution corresponding to an
underpopulation of trapped electrons. Integrating the electron distributions over the velocity

space, the electron number density Me for B <O can be expressed as

n.(¢) = exp(—E){I (E., #) + T (B.9)} (15)

where Eq, 1 and T are defined as follows

U2
Es = —°

(16)

2
| (Es, ) = E [ dv [\/Vz\iiz(pexp(—vz /2) cosh(\/ud)} (17)
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T(S.9) = zexp(Bhert (JFg)  with <0 (19)
T(B.¢) = ;7 exp(-|APL " dyexpy’  with 5 <0 )

where the erf, Es and Uua represent the error function, the electron drift energy and the
electron drifting velocity, respectively. If we expand this electron density for the small
amplitude limit and keep the terms up to ¢°, it is found that the electron density is the same

forboth B >0 and £ <O andis finally given by

N(#) =1+ a(us)g +b(LB,u)?* + c(Ua) g’ (20)

The above coefficients are given as follows :

a(u,) = —% Zr’(% , (21)
4 2 _ d2

b(ﬂvud)—ﬁ(l—ﬂ—t‘d Yexp(—ua?/2), (22)

c(us) = %G(ux/z) (23)

where G(Us’/2) =exp(—us’/2) +3/(2us’) for us" > 1 is monotonically
decreasing function of u.’, with G(0) =1, The function Zr’(x) represents the real part

of the derivative of the complex plasma dispersion function and has the following

expansions:
—%Zr’(x) =1—2x7[1—(2x2)/3+...,|x| K1 (24)
—%Zr’(x)=—Xi(x—x0)+(x—x0)2 Hor [X—%| K1 and x, =0.924, (25)
0
1_ 1
—EZr (X):_2x2 [L—3/(2x*)+..., |x| 2> 1 (26)
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3. Double layer and and solitary hole solutions

Assuming a charge is neutral at equilibrium, we obtain the following equation for the

potential by introducing Sagdeev potential V (¢):

1(op) _ .

2(22) -V @
where

V(¢) =H(Ag* + Bp™ +Cgp%) (28)

and the lowest order of H (¢) = (1+ M ?). Here A, Band C are given as follows:

1] k- 1,.(us
e
8 ) 2
B_ﬁ(l—ﬂ—ud yexp(-u, /2), (30)
1f3k,° 1 )
C=3{2M2y+26(u0 /2)} (31)

The double layer solution may be found by considering the following nonlinear eigenvalue
conditions:

(i) To impose charge neutrality at X = 4-oo , we require that the right hand side of Eq.(27)
should vanish at the boundaries ¢ =0, y .

(ii) Existence of the double layer requires that the Sagdeev potential be identically zero at
¢ =0, v, so that the electric field equals zero outside the double layer.

(iii) An additional condition on the Sagdeev potential is V (#) <O for O <¢ <y,
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By solving Eq.(27) subject to our nonlinear eigenvalue conditions together with the third

condition, we get the following double layer solution;

b= % {1+ tanh Kx}’ (32)
where

K= {116 a+m y){ j (33)
ﬁ:l_ux_3°J7K2 [W (34)
1 1 3k, ? s

;:48K2(M27+G(u¢1 /2)] (35)

Here it should be noted that the first and third coefficients of the rhs of Eq. (28) must be
positive and that the second coefficient negative.

The above these relations show that
k 2
JW o< K (36)

From the above consideration, the amplitudes ¥ and the inverse scale lengths

K decrease as the relativistic effects 7 and increase as the obliqueness effects k. for a
constant propagating velocity N1 . Here we would like to mention that, in the absence of
ion streaming and propagate parallel to the magnetic field, i.e. for the non-relativistic
magnetized plasma (¥ =1, k- =1), nonlinear double layers show that \/; oc K*oc M~
This results agree with a previous published papers [7, 11].

For some choice of our physical parameters (k:, us, M and Vv./cC), we can neglect the
third term in the expansion in Eq. (28). in that case, after a certain amount of algebra, we

would obtain the following solitary hole solution:

¢ = wisech Kx}' (37)

where
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15J;Kze

NG xp(ug) < —-071 (38)

L=1—u —

Thus, the modified electron acoustic solitary hole solution makes a transition to a double
layer solution when we take into account the third term of Eq. (28); this term comes entirely
from the nonlinear coefficient C. It is important to note that both solitary hole and shock-
like structure solutions require that the trapping parameter be negative (£ <—0.71) and
are the nonlinear extensions of the ion acoustic wave [23], whose linear dispersion relation is
given by @? =1.7k’T./m: as K — Oand ¥ — O. Thus we see that there are no
possible small amplitude solutions for the case of positive trapping parameter.

Thus far, we have considered only the shock-like structures related to an ion acoustic
solitary holes. We can turn to the problem of nonlinear double layers which are related to the
electron acoustic solitary holes. Interchanging the role of ions and electrons, we can describe

the electron acoustic shock-like structures and solitary holes.
4. Conclusion

We have given the analytic evidence for the existence of the small-but-finite-amplitude
double layers, which are the nonlinear extensions of the solitary holes. in weakly relativistic
magnetized plasma for the first time. By using the Sagdeev's pseudo-potential method, we
have found that there is relation among physical parameters in weakly relativistic magnetized
plasma. We emphasize that the present result will provide us with useful physical
understanding of the properties of various nonlinear double layers in weakly magnetized
relativistic plasma. In addition, this simple model on nonlinear double layers will provides us
with an important view in understanding the recent space observations and simulations

results of different kind of nonlinear acoustic waves in a magnetized plasma.
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