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2. BHMOEBEHEEELEYED

IRTSER DAL PO S B SOG & BALE TSI KBIT 5 2 &3 TE 5, MFLFET
EATEE DT, B IERE E 1KFA AL (70 ) OR0 &) (Brensted-Lowry 07E3)
bLCRBETRORD L0 (Lewis DEH) 12 L HRIST, KISHEMRT 5 %k OB{LK

T B L2, 2Kk L, BMEESSSIEETFORLY LV 2L LIRS TH D, 0 &
D EINDBELEM > TERNRMEEEZITOED (e IFEMELTHES) LR TED,
7o72 U A A AN ER Y T I2iX, BOGR ) 2 S92 53 BE U CERI 05T (=185 0> &)
TiThE, ETOBENINEORKAZBL TEZ S L) ICTRERIIR LRV, ZD X7k
RIXH NV I=FFEH (galvanic cell) &MEFEND, AR, HAN=m@Eilz I [Eil) &EL,

wEHL O E /) (electromotive force; emf) [XERILIE LIS DB ) ORETH 5, BEHEIEK
iz G ARG TR i 5 - E L (equilibrium constant) &, Z O EEE) /1 D
DODRIETH D, BENN E1X T2 [(BXTWALMIGHRELAD EL LIZERS DD OFF
ETHY , ZHISEDES )% (thermodynamics) % i3 5 Z & ERILTHDH, ZHITH L,
BREN )13 > THZEDORIED (AIROFFRINIZ) FEBRICEORE DK S THEITT 50003, K
SRR (kinetics) (Zd& > TRE D, )

BIMOIIES) emf % E 25 7%, Bl TH 7= Daniel Bil% BUHE 5, Daniel it %
M TRT &

Zn | ZnSO4(aq.) || CuSO4(aq.) | Cu (1)

L%, REICEMOKEEN 2 EMAER (BERD) 26> THET 8%, Wz R U
(T2 ZFHD Y — P (T 20ENHD, Leh->T, LY IEMICERETHIE

Cu | Zn | ZnSO4(aq.) || CuSO4(aq.) | Cu ()*
Pt | Zn | ZnSO4(aq.) || CuSO4(ag.) | Cu | Pt (1)**

En, ZoBEMAXT, —AHB () IXBEMECHND R H (BE-EMEARZRE), VD
MAAUZET2 H54E (phase) BHIS I RETH D, £7o. ZA#R ( H)i*u?#ﬂﬁfgé
BRI O R m a2 RS, —MRIC, B 5EMERE LR (%) oI XK EMN] 2 &
FEIZAL D BN TEAET D, T, ﬁﬁﬁﬁ@é%ﬁ/@%@fbx%ﬁ/c LoTHRRS
ZETAELD, TABRTEINDIEEIL., ZORMEMNEEFERM L TIRT/IE L LR
Th b,

ADD XD BEMXELTHEETLLLEE, £2 i20®&@%@®mme)#%é 1
Sk, EMoE ﬁfi%kﬁﬁ(::fiZnﬂZﬁWQ@ L AROEMmTITE TS (2
ZTIECu H+2e = Cu) BDEIDHEEZREN, LDLVEOTHD, EMOEmET /) —
K (anode) . HAIDEMEZ 7V — K (cathode) EHXL* 1D T, ZDLXEMDEMRT
A LTCET e 1IIMTEIKZE > THRIOBM~BET 52 L1025, WOz X, Eif
XEHANR LD EICHL D, fRE LT, REMRIGIE

Zn+Cu®* — Zn*"+Cu )

LB, O 1oL EDHIE, BEMOEENEN DB, EMXOLMOERIKTT S
FROEROEMEZNNEST HETHD, Thbb, ﬁu%ﬁ®%ﬁ m (—RICITEar



LTW5) ZEM, T (—IZITREaZ2 L TnW5) 2600 EMICEn TN+ 5,
ZDOXHIZLTHIE LT Daniel EOEENITIBBLXF 11V ERDE, b L, sEENEML
%

Cu | CuSO4(aq.) || ZnSO4(aq.) | Zn (3)

LA ENE R BT, AEMIGIE Znt +Cu — Zn+Cul i a0, L) X DI Liso
TCEENX -1.1V & n, s, BMOEENZIET S & SIS B ZEFHE, NEEGT
(A4 =X R) NIRRT, JERBICERDITNAZVONEBTH L, EOE
W) emf 1T, BHICERPFE LRI TV RWE EOIHEFMEE V. Th D,

T, BEFEMIEQIC & > TSN EDREE . 1tiéthmmm B DNERR DS B A7
BT 2 (Zha, JOSQIE 2B THD ] ERBT D), TOBEBREIT 2F TH
D, FIX7 7 77 —&E% (HALCmol") &FEEML, %%$§e=mqu%q&7fﬁFu
TEHNa=6.02X10" [mol '] DIETH 5, BHOEE . TRbbEMICKT 5 HAMOBENIT
emf (HLAL V) 72D T, WT)L“C%/\NL_JZ I ZOBENIZET HAHIIWE O 2F -emf & 72

Do ZDITFILF =D IZHLY L %5ﬁﬁk®ﬁ$ (TbbX 7 A3 ¥ —21t AG)
WZFYS % (AG=—2F~emf)
— iz, &5 WZBWT, ZOEMOEK)E (aA+bB+cCH+... = pP+gQ+rR+..) N

n%%ﬁﬁﬁx%wtﬁﬁ#aﬁ®&% BRSO X T XXX =208 AG T,
AG = —nF-emf 4)

L%, AR TRS (REMKS) 1Z0T 2 Mo EBISOMAE DR THY SL> T
%, b LEEMEED 2MOLEBSSICER L, ThZNEERICDY T, LTil~7
LY EDIc LR THELEEENRE (emf>0) THIUE., ZOREIED AG 11 TH
). ZORIGTHEMICR. S (Thbb [Ei) & LTEVES*2) ZEeRnbhnd, bL
Ly Expnndiud, BEAOEY FIEEER D S b, BEALNEL S,
BIETEAT L S0, AG LRS! & B O & A TEE S b s,

agabag -

AG = AG°+RT In——— (5)
a,agac

Z I T, AGC IHFHEX 7 X v X =2, ax (TLFHE X OfF &, R ITRMAERK, T I3HExT
HETHD, X@)E NG eMHrbbEs 2 LT, EldE N & ISWE L OVERY OIEED
B4R

RT _alalay

emf = emf®——In———— (6)

nF  ajaga.
NEORB, ZNABMEENICHET S Nemst DL A TND, = 2T emf® ILEMOLE
HERLE ) & MR, BHSOSICREET 2 H 50 2MEDIHREN 1 O L EZORENITHY | AG®
=-nF-emf° OFEZRNH5H, WE, BHSIEFEEIRE (AG=0T 7205 emf=0) IZELIZE
O K(O) D, T 7o B RHER O BEHER T P ER K \ZHY T 5, L7223 > T,
AG® = —nF-emf® = -RTInK (7

(2 &> TRALETTAUE O AT E S K ITARERLE ) emf© IZBES T b D, Lo, BRfbET



O O M1, B MRS & 13 R 0 | ERER K £ b LARES emf OKE S (37
PHLINPLEHICELL DY LT 5EE ) THEESIT O, BRSNS I EREL, W
NICHE L, EERT —F_R— 205 BB TSUSIC R 53 B L3R 02 O (K
FUv 1o iR AT LT

AG® = X u° (rm — 2 1% e (3)

IC RV IEEX 7 X 2L F =21 AG® 72 b NTIRYER B T) em/*ZFHH TE 2,

L7 )= Rl Y — RO, £Z TEI > TOA{LRRISOFEICE S Lo T, BILK
JERLZ > TWAHEMET / — R, BIEKIEDEZ > TWAHEMRE B Y — KT 5, Bk
FIS%aT /) — RS, BuoBISE Y — RIS EFESZ E b D, EBHMOSE TIZ, 7/ —
REEMm, 7Y — REEMEMFERZ ENEN, —F, BROMTIET / — RiZBE, 5 Y —
RIERICHD | FEEOETH LD LY, 7/ — R, 7Y — NOMERHEREIN D,

*2 2 A OIS & éﬁﬁ@AGﬁﬁ’ﬁéiﬁ’mﬁAbﬁé’eﬁﬁmﬁ%mT%é
W, BEIGD AG BIEOHE . BUSTHFBEINIITEE T, SMTEREZE > Tz L¥—%
B2 508855, ﬁ””%(%m)%%m@@ﬁm(ﬁ%)>:ﬂ:%kéoit\tk
ZAZHRERSA /KA BRI 2 1208 L= & & . T OFRE CIEEHRE (Zn+ Cu® — Zn™ + Cu)
DD, ZOGEA. &KIED AG XA NEFITINBEIFEIZEID Hd7ewn, 20X 9 7%,
Wh s TER] ROSTIE, B e 20 2HMOEBMMISHE Z 25000 TERK) ST
Do, TFRAX—EZAMCHATHZ LI TE RN, Kb AG I3BUC2 5,
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—i%IC, BAeZMoRE (BRRE) ZIXSAEEEONTEMICIE, 2R84 T T0D,
WESFENL (inner potential) &1L, FE o+l T BHOKRIERH S ([0
TSy ERRT D) OEMEBWT S, Ll xiE. 2D 2 008RCEEOHEA REICIE
PN A DIt L IR DB AN, KA 5 FEIcE L5, BEEMEZFAZGIX. 2
N2 OOWEDOHFEREOZE, WL TE8IT S BTN O R A X —0ZEITHKT
HZERTHMIEA D, ALFEENRR D0, it L2BREICEM OB SE, T7hbbik
FREDO/NS W EN D, EFEEBOREYE~, 7oV IZRAF—RELL LD LD
BIBENEZY, TOBBREICHNLT IEMENELDLIOTHDH, pBIEEKRE nBEE
KEEA L KBEm T, AR ma2 5 FmoNHEMENEL, ZERHAL T
¥ VT OB TS, T O XKD I EAR R A B D EALEDFIEIX, RIS ERRF Lo
RENCIR S 7256 T2, EfR (Eik) LK (BfK) ORmICHENMEITELTWD,
RS AR IR ZRIET D2 2 2B ko, BIELZER, RE X LEFC X
A DB Z V) RO NEREAL om (M Id metal D ) & IS DO WNEBENL ¢s (S 13 solution
DE) ITiFE (MAS¢=¢M7¢S> BAEL D, 7277 L, KEKITEFEEETIIRVOT, 20
& EOBMOBHBEIMLFLOE CEEMMIR) ZMb e LTI 5, MBRHI/KERIZHRK
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Cu’ +2e = Cu 9)

E\\H(‘)Wﬁ/
V)

W5 ThHAH, 2MDeEA 4 Fe*' & 3fMoskA 4
v Fe R E TR A EmMARE LRSS, A4
IARTEMETH V|, BB EMENT

Fe*' +e = Fe' (10)

259, Wi X, B VA e BNVE U Em-E
%ﬁﬁﬁfm\ﬁmw%ﬁmamﬂ RS s ecke N Soiution W/ Bleckode
WB, TOLSIT. D1 OB LRSI I N e
T B B BRI OBAE MASY 75>ﬁaézm | etse oy
W5h & X ZFOHRBMNIGE F OEM-ERERTOE - J
PERER S LS, T7bb, B MASY 13 E9) E{%—@%@%ﬁ@ﬁﬁ@%ﬁ%
R0 PRELE L5 L0ThHD, B TR Ly e
BRI EBEMBIS DN EE S 256 (Wb HIRKEN
B BA) o, 9 I R T R AL b e 0
FLHAAEL TS, 2T, *u&mﬁE#%%HﬁA_owfﬁﬁ%ﬁﬁmioo
BB R OB E MASY 1L, TOREEE D, T OENMNIRESOSA T2 AT K7
2%, A> 0 DA LH DL L, A< 0 DB AL HHTEASH, HERTZ LI, BAMRER
ISDEERIEICH D, Thb b~ 7 BICKIGHE Z > TR WEB-EFR R mICB N TS,
HOEREEDBEMEVA O NFIETDH L THD, b LSRR FETYA %25 E<HIETE
W, FEE2 35 L, RElcs0WTESRFENE (LTS Z#ITSE5 2 &N TE
5, Flo. KHZRLETH R, BHMOEES) emf 1, 2 DO EMm—AEMIR S HIZ %n%n
BT HWICRZR D MASg DT U AT ENTWD Z EIXR G bbb, LEER- T,
W A R DTN 75 MASY 2 B2 T X AUSM s LRI S 9 L ZE X 5DIXEATH B,
EALAEZWET D & & TmE, BAERO 2 OB A, BAAAEZY 720 2 SiZZEh
T T s, ez B1ICRT Lo, —HoRMZREOENMAELFD T2V E
AR M (2, il OBEEE M, & FUaNE G O EBMRE K S ICH# S5, 2O EiX, B
DEM—EMEAEOENALZMEL LD ETE LFTH 9 =208 LWEM M, & BRI
NORLFEPUMERICIELIENDZ EEEWRT D, fﬁb%ﬁﬁﬁwmf%é® L.
Il b 2 oDBEAEMASY & MASY DETH S, Lz AUE, B 1 THIELTH S0,
2 O0EMm (M, M) BLUE %E%ﬁf%ﬁéﬂé @@t*ﬁaﬁfaw L CH—
D FEMG—FE M R 2 R B B ZE TRV, E7e. 2 2SR, U — R & OB flER S
7L BB LS DG OBALE ¢ bbb o> T D, Lo T, B1DOENE
T CHAROND emf IT—RIZRA L 725,
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emf = MASY —Y2ASp+ T, (11)

Ubokyiz, H— ﬁﬁ@wﬁ¢%®%®ibﬂ%ﬁw LsL, &0 7o i E MASe
DEALHE mtﬁﬁaﬁ®ﬁm WCZEDFEERMT DX RERMTIRIEITES, T72bbK{
(ADTMASY 0 3o D2 —FEICTHEIRTLRTH D, bE LV Io 13— EHEE L D05,



b LITEMm M, & BARHE O T I Mtk o 5 Z

B E T, TIULERTE D, FESRMED S &
X, AN D OBRINBLEL, TR b BN S Fm
AT S PDOEMBE HIAEN TS, TOEMI 2
Tyl LToBR HEE (i) IZ/eoidEh T, Homsy
MAS (Z ZTix MaASy) RELLAAVWRED Z & T ‘
b, TDOXDREEREMRE LT, ERIEFE T Hsoltion [=F

(ag+=1) —nul

137k & EM (Pt-Pt black | Hy(gas), H'(ag.)) °HF 8 AV Lo io

\\\ \‘}////

Potentiometer

1+ Contact (Pt")

[ F—

_1— CuSOy solution

| 1 —FElectrode (Cu)

i (Hg,Clo-He | Cl(aq.)) . SR-HEALERAH (AgCl-ag

H gas (1 atm) | %0 ¢ [T Liquid junction

|Cl(aq.)) 72& %S, ZnbOEMm ([SHEM) = 1do
L LS oFETIENENLL T OEEMKL (B
ﬁl{j%fﬁﬂﬁr‘[;) 75) MzA ¢ 75_’5%&)“(1/‘ O 2 )lLﬁ&fﬂﬂ({g(& Cu *}j%/x{ L7 Cu]
Cu”'(aq.) TR 0 7 M2 fiRt i 7 i O FEAL
2H +2¢ = H, (12) 7 MiASe & AL 5 HI T, EmEN
HeCl+2e = 2Hg +2C1 (13) B o & RIET 7280 OTEHARRL
AgCl+e = Ag+Cl (14)

KEBBDO I D, ap-=1, ppy=latm DL D% & < (THEHEKFEEME VD,

LLED X oz, RO B 5 Ma%EMm (Fi o B MAS 9) WIStk > 2 HE A <M2A¢
N—1) ZHAHAEOECEREZMELL, BT L emf@’ﬁm%@wﬁ) 5 MIAS ¢0>Nt%°ab\
Wb, Ak, TEMEN (electrode potential) | & |3 — o> B Mz—aE Mg S i D BN MAS
BRI AGELS (BB, Zhr TEWEN) LR L ThaEREEL SV, VA 3%
HTERNOT, YLEME SREMEZMEAGOE THE LT emf ZEEIZYEEMDE
MR E L ERL, TREKAIE VA OBEZMB T DY —LE LTH->TWEDTH
%, Liiio>T, BHEN E ORMAREZO LD LY bl LA, 0%, +AbbEAY
GO RKNBRICE®RN DD, e 21 E>0E0bE0n->TMAS >0 LITR52, L
L. EDN 405V B L=8a, MASS & +05 VAL LTIV A5,

& 2 | IR SR K IR I Z AR 2 125 LT & & OERRENL Ecp o & R HEKFEMR &AL A5 DY
THELTWDETThD, ZhaxBEmATcE L

Pt-Pt black | Hy(gas, 1 atm), H'(aq., ay-=1) || Cu®*(aq.) | Cu | Pt (15)

L 72 % (Pt-Pt black iEI/\EEf/T'?‘ZDﬁ%kﬁPt mR), bbb, BENDEET HHEIX
VTSR BRI T D YEEMBOBMEZND ERDENTWD, —RIZEENKG

Ox +ne = Red (Ox : BE{LIR, Red : &EILIK) (16)
D BN Eox/rea (£, B

Pt-Pt black | Hy(gas, 1 atm), H'(aq., ay+ = 1) || Ox, Red | Pt (17)
DREHITHY L, LBUSISIRNCRAT L) & DIZ LT

(n/2)H, + Ox = nH'+ Red (18)
L%, ZOBEMOEEITHIET D Nernst 2



RT  aj.a
— o H* Red
emf = emf°— Fl o
n Phu, Gox

(19)

Thb, BEHEKEEMCIEag=1. pp,=latm TH Y, X HIZ emf & emf° % ZINZE I Eoxred
B E O E 0 rea ([CHEARE AU, BMENICEIT D Nernst & 72 5,
o RT . a,,
EOx/Red =E Ox/Red_ElnaLo):i (20)

Eox/rea 132 FEMSIS(16) DFREBMAENL & W, SO0 2 T X TOFAFEOIE &
W1 DEEDOEMENTH D, BMENMOENIL V(R R) TH DM AEHEKFEM (standard
hydrogen electrode; SHE) Z W THIE L7 TH D Z L A WRT 5728, Vs. SHE & EH
X725 72>, SHE (%, UL LIX NHE (normal hydrogen electrode) & HFEFEIiD, I r AL

RO ER- ML ER EE R 2 fif > 7235512 1%, V vs. SCE (SCE |3 £aF1 7 1 A /L& R saturated calomel
electrode MHE) <° V vs. Ag-AgClin3.33 M KCl D L 512, WTHIZ L TH S IE MO HENE %
T 5, ZREmPRZIT, AEINDHE T’ﬁa§1¢0)1 HRRDD, T ZMAICHE T
HZEIXTED, ol 2R, NERICIREE 3.33 M O KCl KR % il - 72 4R (L EREAR DO 7B
FREEALIL +0.206 V vs. SHE (298K) TH D, L7 > T, Vs Ag-AgClin3.33 MKCl % V vs.
SHE |23t A 2 DIT1E 40206 V & i L vy,

Fli 2 OB S 5TT HEAEEMEN E° vs. SHE OfEIZFEE /2 CIcE & - TH#Eisn
TW5 (K1), ECHITRIEASCE A OISO L LD, T7hbb, ED E° iz bk

E-E5Td TIE, TNICEENDIER 1 OBRBENER 1 (F72bb pH=0) OKFEA A X
DHBNERILAIE 2D ZE AR LTERY  TOMMEARE WIZERIEITIRE <2 %,

R FHEAEB - BOCTOBEHERMEN (25 °C)
Electrodes Reactions E°/Vvs.SHE Electrodes Reactions E°/V vs.SHE
Acidic solutions Acidic solutions (contd.)
Li"|Li Li*+e = Li -3.045 Hg™, Hg,™ | Pt 2Hg™ +2e = Hg,™ +0.92
K*|K K'+e = K -2.925 Br, Br, | Pt Br, +2¢ = 2Br +1.0652
Cs"|Cs Cs'+e = Cs -2.923 0,,H,0|Pt 0, +4H" +4e = 2H,0 +1.229
Ba™ | Ba Ba™ +2¢ = Ba -2.906 Mn** | MnO, | Pt MnO, +4H" + 2e
Ca™|Ca Ca™ +2¢ = Ca —2.866 = Mn™ + 2H,0 +1.23
Na*|Na Na*+e¢ = Na 2714 Cr,0,>,Cr’" | Pt Cr,0,” + 14H" + 6¢
Mg* | Mg Mg™ +2e = Mg 2363 =2Cr** + TH,0 +1.33
AP Al Al +3e = Al -1.662 CI', Cl, | Pt Cl,+2e = 2CI +1.3595
Mn**|Mn Mn** +2e = Mn -1.180 Pb* | PbO, | Pt PbO, + 4H" + 2e
Zn**|Zn Zn* +2e = Zn -0.7628 = Pb™ + 2H,0 +1.468
Fe™ | Fe Fe™ +2e = Fe —0.4402 Ce*, Ce™ | Pt Ce" +e = Ce™ +1.61
cd*|cd Cd™* +2e = Cd -0.4029 Co™, Co™ | Pt Co™ +e = Co™ +1.808
Sn**| Sn Sn™ +2e = Sn -0.136 S,04, SO,> | Pt S,04 +2¢ = 2S0,” +2.01
Pb™ | Pb Pb* +2e = Pb —0.126 Basic solutions
Fe* | Fe Fe™* +3e = Fe -0.036
Ca(OH), | Ca|Pt Ca(OH), + 2

D, D, |Pt 2D +2 = D, ~0.0034 a(OH), | Ca a(OH); + Cz+20H’ s
H*, H,|Pt 2H'+2e = H, 0 , o

I T HPO,”, H,PO, | Pt HPO,” +2¢
Sn™*, Sn™"| Pt Sn™ +2e = Sn +0.15 - ~

o " . = H,PO, +30H  -1.565
Cu™, Cu’|Pt Cu”+e = Cu +0.153 200 | Zn 700> + 2.0 + %
S.04, S,05 | Pt S,0. +2e = 25,0, +0.17 ? ? > .

2 2 = Zn +40H -1.215
Cu™*|Cu Cu™ +2e = Cu +0.337 2 e .
, _ SO,”, SO, | Pt SO, + H,0 + 2¢
I,L]|Pt L+2e = 2I +0.5355 = SO+ 20H 093
Fe(CN)", Fe(CN);" |Pt  Fe(CN),> +e = Fe(CN)" 0.69 - ’
FZE Fiﬁ [P:’( )i | FZE A Zj —+Fee2* e(CN)s Io e H,0, H, | Pt 2H,0+2 = H,+20H 082806
A *iA Ar 4o _ A +0'7991 Ni(OH), | Ni Ni(OH), + 2¢ = Ni+20H -0.72
th | Hg th e = %—1 0854 PbCO, | Pb PbCO, +2¢ = Pb+CO,>  —0.509

g 1M g =8 : HO, , OH | Pt HO, +H,0+2 = 30H  +0.878




E° BTN OB ORBI NERTRIELEZEZTH IV, HWIZAD E° HEE b OfRbi%
TR T, ZNICE ENDTERE 1 OREITTIRDKFEHN X (53 1atm) LV HFRVIEITCAHIE 720 |
ZOHEIHEN R ZWVIZEBE LT T, B, EXEFOLE TIX, EMEMAEWI L&
[& (noble) |. &\ Z &% [HL (less-noble) | & FRILTHZ LAREL,
£ 12X, Daniel B (X(1) DS O EMRDIEAEBEMREBEN L Emt 20 =—0.76 V vs.
SHE B X W E°cptcu =+0.34 Vvs. SHE Th 5, EFICLIIE, ZhHI1XE!

Pt-Pt black | Hy(gas, 1 atm), H'(aq., aw-=1) || Zn*"(aq., az-=1) | Zn | Pt (21)
Pt-Pt black | Hy(gas, 1 atm), H'(aq., an-=1) || Cu**(aq., ace~=1) | Cu| Pt (22)

DEENN, TNEN 076 VEIRN+034V THHZ L LAZFETH D, EMMXE RIL5 L
Db X 92, Daniel BHOKES 1.1 V iX, RQHOLEL Wiz SE -5 (EE DX
—E°u ) & R(QDBEMEESINCORNE L XD, WROEENICRD, 20X I, £
B2 00 PBEMMIGEMAEDETOL B MOBEGRNREEINT I, A O EM
O VAT FERRFENT. Eren 3 £ Y Engn & AV T

emf = —Eien + Eignt (23)

LEREEND, Ak, WIMEMESERTERVES, EEO MO I T 5 PR
BIEIL, RQ)DEEBHICL 5RTEOLHTND,

—J7 AEE O 2 5O E MG A G DY, BEIED AG BIEIZR DG %, BRI
(B k> CHEITSEH L2 EXTHEY, MESNDT /—F (BL) KIS0 F
BMEN % (Ea)eqe 7Y — N GRIE) SISO THIEMEN (Ec)eg & THUT. FHEHMIIT

Ve = AG/nF = (Er)eq— (Ec)eq (24)

I ZTEEENT RO EBRDMITEZ 570, 728 20E, pH = 0 ORFEIC 2 KD H4%E
fEfAL, 7/ — RKTI1lam OEFEHRAE QH,0=0,+4H" +4e), 7Y — KT 1atm OKFE
A QH +2e=Hy) Z{TOH LD LT %A (En)eg = E°0ym0 = 1.23 V vs. SHE, (Ec)eq = E°Hy/i0
=0Vuvs.SHE 72D T, V, =123V & 72 %, EXIMRITEBNT, IEDOAG #F v LT 57
WIZHE R Z OFEIE V, %, PERREIE EFEA TN D *?,

P\

I AMRELE L VIKWELELNTRWEGERIIE D e ZOHAE. 2ARKOBEMOER
THEE (KRE) TEEN»PNDTET T, BALESTSKONIE Z SR, BEEE T ZBM., E
A_HE (=arg oY) BDIENIBELIEBICHYTA2ERND LIENDZT TH D,

]

4. BR_EE

EHRIRFE & 2 BIRIE DSV T 5y Tl & ZIWCHFEET D015 D W0IdA A< 33
TOHOBERPEETZ EOHFEICHLRE T (BH0) ThoH, Ll BAZEVASS N ET TN D,
TR L EMBENE Z o TV 2 BB MR T, ROUIBEEFETTH (B8 Th o,
MASO X % 1V DA — & — 7278 BIGPERA U T 5 R IO E 813 1 nm F2EE &/ &z
W, TOBHOBSIT 10" Vem ' EIHEFICREL 25, BR-BEERAIICETDI 0L H 7k
R& 7B &2 OHIENESILFORETH 5,



®)(#  Hydrated positive ion (a)
S+ .

9 (Hydrated cation)

o Unhydrated negative ion

(Unhydrated anion)

@ Water molecules,
dipole molecules

%_
Charged

H/ AN metal

o+ g_ (electrode)

3 (a) BB EIAET HEX

AR CTOA A (BT K1 (B AART) y
DOELH| ZFLiR T A7 fEbil b O ES ~HEHE (electric
double layer) & % \MIHIZ “HB L TN EATH 5., 7 N
3%, BN AICHEL TWHES MAS<0) oER H %
S+ S
OIS

E@%?»E?&éoE@%ﬁmmﬁbfwé@@mﬂbt e 2
KG3FC, ZAUIKF#E (hydration sheath) & FEZILD, £ D
BB (50 SIOKTIA A (B8 TREBA 4 A Z
LT, ZOLIRAKRA A rOfLESLRCHET, &

Solution

Vo o elm

Outer Helmholtz
ntial plane (OHP)

a)
=}
=
o

SN~V ARV 1E (outer Helmholtz plane; OHP) & I 9 -

INs, bR RET A TIX, 2O OHP Hi4I2if S 5 7e Z Disance o
BT, BREREOCN L KX S28% L FANBHTH 7 ~

Do ZOXOIZ, ZHEEOBMRMOBENENVIZHEE-TVND Potential asymptotically

\ approach to zero

ZEmb TTEE EWHOSENEERE, TOX ) RIRRE  Flecuode Lineak potential
k.~ DT Y L AR, EOREERIRRA 2
THVABBRECEVIETE L, P LBEMBRET VTR g g sy momi
OHP L i 70 B 72 1F TILEME MmO EBMIZFZERICHR S ma o sHENEmEE O 2
NF LW S DOIBRIATIA A AT IV 7 IR 5 ;iﬁikﬁiﬁﬁﬁg;;
TW5 (B4), ZoEae. BMAITERNS OHEEE & BT, (JD:) k%@);%‘%@"?éfiﬁj\ﬁ‘ﬁ ?37:)
ROIBMIZ, Z0HP - D L& LT, WREMICIER L

7 DERLTAEN D, 2B, BB LR, EWMAEICHELTHWALES MA%>0) 1XE1 4
Y OHP Mk d 5, 7272 L, —RICEA A ok 2 KFANEZE B 2o T, 20
L& OHP MR T D2 A A3 TKFN) A0 E I NIEFHITL D,

B 32T, EmEmEICHEM L TN A A DX 91T, HHFDOA A4 1% OHP %
Bz CEMICESEEMT L2 08HD, ZOLI AT ITEE, BAAUHDNIEA A
PREORERGAA L TH D, BBICHEML CTLET DA 4Oz bRl HENEE~
JV ARV T (inner Helmholtz plane; IHP) &9, IHP LA A 0E THRFEEFE (specific
adsorption) L TCW5 | ERBELSND, FFRWEOHGIT, fHEMAEFEHLIV D LAL AV
DALFRIEEIZ S &SN Tn 5D,




5. BB KRG
5. 1 Butler-Volmer XM EH

(©) / N

(a)

Energy

Energy
Ox+e [
Red

EEBES TS0 BRYRAET a6% \ T || aovcreras
STVB L & BENERY — MR N Wy
MNDEHREZME Y DIXTEFTHDH, — _ . \‘ AGT, —(1-0FAQ
07 EEIRIR SV 7 RIS AL D BRI _ o Fenction coordinate Reaction coordinate
AF v OBE (kB BIhEmS,

KIS L b IETh, WERE) H TR P

(mass transfer) D—RETH D03, ) E] AP

WP . AR U — RHR, Distance from electrode
%6wiﬁmﬂﬂw&1d:%é2ﬁ E5 B EBESOEE A & (@) EARVES L

D ENZE L B OMIC 1om1®(@%zt AOTFNX—HfR (b)) (TBELIZAT v
BRI D 2o, ThACK L, B TV

BRI 2B > CTERVHENDHAE. ZOERE 2 SHOEBEMNET Db ETlR~/-F
72 MASg (L%, HEIC A & EL) 121X, ED X I RBERHHDIES 5,

TER—E MR A 2 B > TEIA LD T ALF N E & 672 9 B RO &2 34
bo DX ILFERISE — T, BMES EMES, Thbb, B (%< O%4 OHP)
W20 o TE AL SHE & B O R O E 1B H8) (electron transfer) & & 1o i T D, fHH D=
1 & BUG

Ox+e = Red (Ox : BR{LIK, Red : &ETiK) (25)

%%Ziéo%ﬁﬁEiM$ﬁE&®ﬁ EMAET RV — AG E L b 725, — I L
RIS OHA . MEE 5 72 LT AGHZ/NEL L, IGHEEZ@EmDD Z ENTE S, B
ﬁkkwf%_®miﬁbf BRI DS & DRSS M7 NSO IC BT 508, £
Wz, EBALZE A ZHIHT5Z L TH, HHEIb RV —2Z{LEIELH T LN TE S,
WE, IRIREE (Ox+e) MDOKIRTE (Red) IZED =R LX—iifizE x5 (B5), E5(a)
I, BALZE AGDTRVWERE L2 E EOT R A F—HR T, 2D L & DMIRHE & FKIRIE) B 4
IEMAE = R X — 1T ZNEN AGY BL W AGY, ThHhb, ZORROL &, EWATHICH
HEACIRDIRIE % coon BIER T %2 A4 L 37UE, NEHMA (RSO E) ORISHEE veld

of
L= kiCo, (26)

v = Acg, €Xp

ERD, ke XIS E BRI LT GEORICEEER THLH, Zuixt L, B5(b) =T &
D IRENLFE AP NEM-EIE A E AL T 256, Bl LR OBREK Ox ~DEFH
I ORELZT L, WE, BEMARSEMRILETE, =R/ — o 1A SR ERED

SERBERI N D AT o 1ol T DALEIZH D &5, 2D L & WEIRRED D = 3 L ¥ — iR
DA EIZE DI, oFAY 2T Ry OIEHL= RV F =R 0EIZ2 5 (’5(c)).

AG* = AG%:+ aFA¢ (27)
Lo T, 208 EDORISEE vild, Q26D AGH % AGH TEE N2 TEHT 52 LT



~(AG®! + aF Ag) ~aFA¢
fRT = kaOx CXPT (28)

v, = Acg, €xXp

L7 D, BOSIHEE ve [THALRERH], BALEFESH 72 0 ORIGT HEILIK Ox OYE E72 D T, 1 mol
B2 DEKEF Z vl UITHEMEREH -V OFEILER (I Y — NER) . T 72bbh Y
— NERBE i ICEXRIL52 N TED (IRATFD “c” IX cathodic DE),
—0FA¢

i, = Fv, = Fkc, exp (29)

SOk IC, BEALE LS EEIC BT RS & b7 5 i (Faraday L B0 H)
M Z D IR $Héﬁ‘5 ClE. WICDICED TEIRIER B,
[RIAE D i 0> Wi m (RQRHDEMEX) ORIGEE v, &7 /) — FEREE i, 1X

(1-)FAp

i, = Fvy = Fk,Cp €X RT

(30)

L%, Wk, BRER TSR EE L TWDRNEZREL L 9, T7hbb, ESH &
FRIDOINEENE L (ve=v,) . WD ZAIULT / — NEREBE L Y — REGE LN

L (G.=1i). RAZFOL EHROBHREENEaODRNTHD, ZTOLEDOEBRBREL i
(=ic=i) & L., B AP & EBIENFE Ageg TR, ROBURVBHELND,

—aFA 1-a)FA
iO = kaCOx expiqbeq = FkbCRed exp% (31)

Z D g IXHE I EE  (exchange current density) & FEEIL, k0 k OB THDL Z LB
2D X DT, ML EMES ORI E A B LTEEE L 72 D, o 1. ROSOFEFE (3
b b EEITTA Ox/Red OFEEH) RWEDAHR LT, B ESCEDOEREIREBIZE>TYH
j(%<mﬁ Zhblzo TELT 5,
. FEMREE MR SR 2 A o TIERDERDIEAL TV DIRPLTIL, B i #i, &> T
Iﬂ}:Jq KoT, 7/ —FEREIEIL, Y —REREZAICE D&, EROBREE i 1L

i=1-i

(1-a)FAp
RT

_ Fle,, exp—2EA0 (32)

= FkyCg.q€XP RT

k%ﬁ?%éo::?A¢i%$%ﬁ®iﬁi$M&ﬁﬁ%ﬁ@é EALAETH D, N(B2)IE
BRSSO BFA, 2 MM OBENMZE MAS) (Tx U TR ﬁmfé(#ﬁb%mm
@&W@ioﬁﬁﬁ TR %) T EERMMIICELTNDN, ZoFETIEIMR, ot
b ERTEARVMETH BT BALE AP ZRITEATND 2D TH D, FHx BNIETE 5001
%&%Awﬁzm%@w®ﬁf%oto%_f _®A¢% WAHTEALAE Adeg & F Z ﬂ%@ﬁ
Borm (= A0 - Apey) IZHITTEZD, ZDOEZITEEE (overpotential) & FEITAL, M
BAEME D) = L CHIETE D,

N = Ap—Afyg = E-Eq (33)
T I T ElFZMEM 2 FVCTIE L7 3% biE T X Ox/Red OFHrEMEN TH D,



BI)MH Ap=Ageg +n THYH, ZHEXGC)ITMRAL, EHIZXGC)OREFREME 21X

. (1 - a)F(A¢e + n) _aF(A¢e + 77)
i = Fk,Cpq€Xp RT & — Fk;c,, exp —RTq
(I-a)FAg (1-a)Fn —-aFA¢ —-aFn
=| Fk = —| Fk =
|: bCred EXP RT €xp RT Cox €XP RT €xp RT
. (I-a)Fn -oFn
= i [exp T (34)

BE5H, ZORGHTTEHEN D OTI NG U TEROBERELE (/b5 EkD b
N ET7— R ~< —
FOEREE) M ED X H I T 2 E g3 2 H AT, Butler-Volmer = & FEIENL TV 5,

5. 2 Butler-Volmer X D& @& EH M SEBEE T

BT CEH L7~ Butler-Volmer =%, 7/ —

i>0
R iy & H Y — NERBE i 2% = s i
Iﬁb)%fgéo ia‘ iC‘ fg%()“ﬁl%@%ﬁ:&:&;?’:éE Anodic current density, i, //

TR D FEIRE L i = iy — i Z AR LI DA

6 THDH, MELENDHEKE & HIT L ITHKRL,

i (ZEADT 5, n B EICHYREW (BRI

Exchange current density, iy

Y
>
2™~ Net current density,

L i=iy—ic

A < Aeq li.m <0 —_

AP > Adeg lie. 1> 0]

72 Exchange current density, iy

I n>0.10V) HE. i OHITEHR T,

7

4
/ Cathodic current density, —i,
4

. (I-a)Fn i~
i =i expiRT 35) ~ —
(ia < 1ic)
= g AL -
LI D. <010V OBEITHIT, iy DIADHE 6 Butler-Volmer D7 / — R&EWMIE i, B L O
HTE2, J1 Y — REWHE i (8#) 72 b NCTIEROEIRE
Ei=ip— i DMMELE N (FAQ—Aey) (THT DHE
. . —aFn
i = —iyexp— (36) 1t

Zi#ub %, Butler-Volmer D @i LT EL & FEA TW D, KT — & 2K (35)°R(36)I2E -
T#Hm T8, 7oy PLRTWE S ICWI O E LD 2L 03db D, RGBHDFEE, RO X
27D,

2303RT 2.303RT
-——logi, +

(1-o)F (1-a)F

n= logi (37

. T
- Ini, + ni
(1-a)F (1-a)F

KBOWZHOWT L, BB OHHE [i| ITOWTRBRICEZ D ENTESL, 7% & log
i| DR AR L= b 0T, Tafel 70 v b EMFER TS, BRES (<-0.10V 35 LU >
0.10 V O#Sy) % Tafel gl & L, Z O OU/FPEE D6 log ig° ol (n B SIS D
BAETnofl) AL ENTED, B, BEOBEXLFE T, Tafel X (n=a+blog
lil; a, b 13ZEH) % Butler-Volmer D mim BT E L TH A TW D23, FEEAYIZIE Tafel
DIE> WINTH D, Tafel OBMRITEMSIGIZ & b 7 o TEMBEMIR I H 2 Y > THin
LN LM EE (BMEN) OBME — [ofihit) < BB & bMFENnS — 2
FEEBAEMIC e DB RICAE L TV D,



WEEN /Sy (Inf<10 mV) & &E 2R
GF%%“C%&JZ 9, Z DA, Butler-Volmer =%
Taylor JEFH L T ¥l & (expx=1-+)
T5Z & TrER/D,

g (o)
RT RT

1

_i Fn 1 1 1 1 1
- (;QT (38) -02 -0.1 0 0.1 02
Overpotential,n / V
ZOREHESEHT ERAE[ED, B 7 Tafel BRI &2 BB H#ROT 7
n RT F(n=1) LEMMBEAKREZEFIH LI B Lo D
7 = F = Pwys 39 e
0

Thebb, EHEEMIPDOTAIN/NIWIGE, Ohm OEANCE7Z S O A mIZHEHA TE 5 2
LR LTWD, Hn/i (=pws) 1ZEM-EMIET I CTOEMBEEL (Faraday K & H 0
) T AR MmO L) [ZFEY L, Wit (polarization resistance) & 2 W ME M H)
JXPT (charge transfer resistance) & FEIXIVD, pwysidd & U CTREEIE L i 1ITIKGFTH 2 &
o, —fO TSRS & RAUX RV, T80 pusid. HOEREE (b D5 EMBISHE
) CEMRZBEET L0 EOREOWEE B#E) ) NUENOBRERD,

Current density, i / yA cm™2 1 i io: very large
(@) D=6t ;b -0
(iii) / 9i ’ .
44 (ii) K’/ nonpolarizable fo: medium
24 /
04 03 02 01 PG~
= = i i A o1 02 03 04 ideally polarizable
,/\ 21 Overpotential,n / V ip: very small
/ 41 9
l/ (iii) —G’X ' %E Pm/s — *®
@) -
T e ————— -
n

H8 (a) 3 ODHERLAZWEREE (i) ip=1 mA ecm 2, (ii) ip= 10" mA cm2, (iii)
ip=10"°mA cm?) (2% % Butler-Volmer EX D /3B Hi#R (n=1, a.=0.5) & (b)
Z ORI B LI OIERE (F () ORI & 1T ER > TV D)

BT E i\ K> T, mxti O (OBl NED X HITHBEELZ T HNRTHL
9o ig MIFHITK X 2AUT pays 1T T RIS X | M8 BB O AR TN AT 0 )it | S8 R A
IZHES<, LI > THRIEZ R 2 B AG 1L FEE NN THRFDENLIE Adeg & DB IR,
O X 9 7 R & Sy fME  (non-polarizable) DS & MRS, MO S, TR 5 i A
RO 72 < INEWEE. pws IFERKIZAR D, 20 L &L, RIS/ S 2B R 2 ) -
THATZTET TEALE AP 1T Agg MORELTND, ATEZEZNIENEZD A RESLTH,
BRALFROSTIEFE AR S0, 20K 9 225t % /et (polarizable) 5t & &KBLT
Do Pmss N dolE. BATBEISUGHE DL e KE SO L H D, B8ITiyD
KAMZ XD BHIARDOTZIR OENEHEXR LTS O TH D, BIREMIZHE D X 5 72 B
RIE, REDIESIE T TR LRV, BUAZAYD —ETLZELTNDHZ ENEEND
e Thbd, Flo, BMREDZ X VX =TT N A ZZHWLEME S, e/~ E 0
ZENHEETH D, pusDREITNTZEDS, RMERFIZZRVLFXF =20 AT 570D TH D,



5 3 BRERPOMERBLEBRIG

BARLUGIE 2 DO, T 720 bR & MK D R T DR
—RIETH Y | RIS ET X, S & IR E Vo
M CTWE (SOSCAE) B ENT 2 BN b 5, 7o & 21,
HEN DT (Zn®" +2e — Zn) TIE. Zn®" A AU BRI
D S ASEE SRR T IUTHETT Le . E72. KB Fe' +e
— Fe¥" O XS ICEMM LIEFLFREOBHE . F 1 Aot “°f
BIZT TR, AR LEZ F& A A v~ biifiEL T Distance, x
B EONETDUNERDD, b L., ERLE F&' 140D mo @EKISIC L - L2
R E EF 0T IUE DV 2 2 2 R gk ;“giﬁif>ﬁf§§ﬂi
AT 57255, LiniaT, BiPOWEsE (( 00 S s o5l
I BE) 13, EISEE L & BICERLFSICBWTE §) oE#

R E % b,

BRI P DA A BEEERIC L PEEL (diffusion) | % (convection) . FE%KE) (electrophoretic
migration) D 3 2Md H A, BT LHIZITRIEONRITI LIXF, Z 0 OEMIRITEAR
MICIEA TUN D (stagnant), Z OEA TZHEIKIE Nernst OJLHUJE  (diffusion layer) & FE(XAL,
Z DJE S TR OB ORLERLREME R EIHKAFT 228, KIEROBHE 10°~107 em (21378 5

(BER_HBEELRRLRWESID), £/, EfEOZ L TR, BOEREA S L TERR
BEZESO TR EXUKEIOFLG /NI, L7edo> T, IHHENOMEBENXE D4

WY P L TV 5D,

v&\%iwtw\ﬁﬁ4ﬁyMHﬁ%ﬁéhfﬁEMﬁﬁic e
Hﬂ‘ZﬁJ Vo F‘Jiﬁi (M”*+ne - M) &2 L9, HIEETT //equation

TR AT B SFR C ﬂaﬁi‘%ﬁf\O) M" OHEFRIE o TH D /
ERE LT, Lﬁ)bé@[‘f—'ﬁ 2%, WEE N RE AR
QAN RRS: - PN I AN }iﬁl‘?%’%{ M @Ti@n"% ety g et
AU, EBBETEHO M™ R o XA WVOIRIE o ([ZHA_TERT
?éo:@k% Fé5®TﬁEW®M“EEi\l9_m¢

Diffusion layer Convection layer

Concentration, ¢

0 -
¢ u;z ﬁé@ (L, D5 @ffﬁzzwa—iﬂmx w10 s MM“@

%E@m%mm #ﬁmﬁ %Lf;<ﬂ%ﬂkmw®&m%om£é%%
HTIEDIIE, BEWICL DN Y — REREE i, 1L

i, D(c° -C..)
< = J — x=7
nF o (40)

ERBLSND (DX M A3 OIEERE) ., 2 2T, SEBURKR Jp & 1AL RE R AL i
A EHT 2WEE (mol) 20T, ZHEBMBEICHET 5L nF 2F T UL LV, K
AON B BN K HIC, RRKOBEARIL =0 D& XTAL, 20 L IHURHR T e b
LEMEEIIRKNE 0D, ZOEMEEZILIRFEREL i, EFF, Zidnz (A2
REL LTV o2, BIEOEMRTHNDLG I Y — REIREEDO LRTH 5,



. nFDc®
= (41)

B10D A Y — Roafeifigtid n 28 (AI2) KRE S RIVL coo DD L, OB TEREBED i1
THIBIZ/ D Z 2B E L pmmih#r (1Y — KER) Thb,

7 ) — REMEE i, & ZORNEREE i, 12OV THEL R UiEimd T 5, EH OFEH
TREIC DT D0, RSOV T OWERBEI 2 Z & L 7= 4 R it

R
Iyl RT

THRISND,

R ex —anFn 0
- (42)

lc,L

4 BB R T OROSIZBRE T, BRIROBRLEE L SO 5O TICRINE N SR
RTNHY | DWW T A FFEME  (supporting electrolyte) & FE5,

BRILFREE — ZF|BEEALKRTU aRAYE
SRERIEIRE & DBHOLY LV AL B ) E Voltmeter

(high-impedance)

SAFR LT, T/ — RBEOA Y —REL
TENZENE < KK TH 2 KROEMNBMLET Ha s g
b5, BRAEIKE —KT2LT, 7 /—F i
KIS E DY — RSB ic o TR &5 _
S— M TR 5 2 B, L, www\fiF w

Electrode

H— OB EAE R OBEE n (A% E - (PeRiblach T

\ //‘
L
AN

[e] NS

DEAVE) O E L CEMBISHAEE S Pes — |0 “h HCl solution
TV LY, BRILERIEE BB HE, & L
_6 % 73))# ji oY 4{_3_}‘ /}: H L/ T 1: -f( = 'fl‘ E k = Reference electrode (\;’zli\ll(il’n%)electrode g:u?;re;'oilfzfgrodc

ol (£ XBREE ) OMBEERTH 2L H11 ZMER (2 2 CIIEEKEEM) ., (E
BEZV. —OLx EHLTWVLAEREIEAE R, RN 722 D ZBAREIC K HEM T AT A
i (workmg electrode; WE) & BEOY, & 9 F 5 D EM A % (counter electrode; CE) & FESS,
Fio, EFRICA > TEHEMOEMEN 2 JET DITITSHEM (reference electrode; RE) 73
Jé%&iﬁéo s 3TEEOEM (WE, CE, RE) Z W2 EXALFRE L —EMmikE Vo,
BA1SAEREZEBMR LT EDON ) — RERRDHIODENLVTH D, ZOE/LTIL WE(H
Y—FLLTHWEI L LTWD) »oMBEI (ERER) 28 L T CEIX#EiShTWnD,
SN EIRIZ &> T WE & CE DR#IC F%WW#ﬂi WE OEMEILFAY . CE O E
BALT B30 . B OEMES ONHEM I L CEblZ2mEE (BRE) ) 2 biuiXEm
&mﬂt Do E%& Sl WE%ﬁfﬁ/~bﬁm#t_ot% X, TG -7

ﬁi_O)foti LU 2D Rhits D A EALIZ XS L ﬁ@fﬁlﬂ'ﬁrﬁ)ﬁﬂbotﬁaﬂi foto“Cb\Zoo \al
DX HIZ. WE. CE, #MBEFRENS 25 HMOEIRKIL, EMEZIT-> CEIRE T 72O OB



< 3?) 5, %YJE o @ DC Power ®) DC Power © DC Power

. +| supply [= ] +| supply |- +| supply |-
BT 5 2 kic o om on
.y e e WE CE WE CE WE CE
D EEEZ I | _ || _ || . |
) — — = <o
L. EfifE (3 - o e | Lon = One | f
onet reactt? ) net reactt? \i' &> o ‘/\/
720 B EAR R G N N¢ S Redy o Redi”
N y anode cathode
W) % filE T
% 6 o #ji N WE = = =
st o B £ 5
XEALAER 2 & he 2\ | agr
Agp Ag!
L/VC;LE Fﬁ ﬁi‘ﬂf’ T : B A ¢IRdrop
*@"G 7% RE ( N RE NO ‘”“ drop RTE NO ”} drop RTE Fin electrolyte
in el‘e‘ctrolyle in ele‘ctrolyte
Z CTIIEEHEKFE - -
N 7 x=0 x=d x=0 x=d x=0 x=d
@E 4{—@ ) &: % 7%7:,_& é Distance Distance Distance

AT, RE 2 B12 (a) GlF off DA, (b) Bl on TSR Z > TOARVER, BLT (o) &

» TR on waﬁw}ifﬂt_ofu\é%é@ ﬁ’”t%®2$®$@la‘ﬁ@ BALAR
1218 L 7= B fRiR

kWE%&@Lt MR T, WG Ol 5, RMEMNEZE /NS T 5720, ff1 KCl 25
LRREBNIEIIT L < EbN D, WE, RE, BAZEH. KN L 2R 5 EEIT WE OEM
BN E & %%Lfﬁ'{}lh%{}lbéj‘ CHIET H720DREIKETH D,

121 3EfMRE LD 2 KO EM (WE & CE) OROENIA 2Nt Th D,
ZITIEWEART /—RIZLE S ELTnD, BIED off (BRIEIK) DIFH. Bl EMRIE N
132 2 O TR E R B AR T IS U720 LD BRI Aglc e » TV D (R12
@), ZHNEBAFEIKEN (2D VILHREN, RIFEN., ﬁE$U)kwoolfi%% H
BEASNBESNTWVWAEDR, ZOESIZIFEAD l nmBETHS, EFZ onlZ L TEEE D
FTH, BENPARETIHAIIIENEZ 5720y (B12(b), HE*28), %ﬁﬁﬁﬁi\z’)‘i@:
ZRPLT iﬁ;ﬁf#?é)ﬁﬁﬂﬂ?@ ALK L. W*’ﬁ‘f‘ﬁaﬁfﬁw MO BN, £,
FREDNEL ZAUE, RSV 7 I A A OFEKGKENC W 1 &, BRI OEE R I
6<omﬂ§FUR%T)ﬁ$L5(I1aw L= -> T, Z2REMEGTREIEDF u#
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