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Article

Uniform Resolvent Estimates for Schrodinger
Equations in an Exterior Domain in R? and

Their Applications to Scattering Problems

Hideo Nakazawa !

Abstract

Uniform resolvent estimates for stationary Schrodinger and dis-
sipative wave equations in a two-dimensional exterior domain are
reported. The smoothing estimate for the corresponding evolution
equations and the principle of limiting amplitude for dissipative
wave equations are also obtained.

1. Introduction and Results

Recently, Mochizuki proved the uniform resolvent estimate for stationary
magnetic Schrodinger equations in RY or Q C RY (the exterior domain of a
star-shaped obstacle) with N = 3 ([15] and [16]). He also obtained smoothing
estimates for the corresponding evolution equations. Mochizuki’s proofs were
based on Hardy-type inequalities related to the radiation conditions (= referred
to as Mochizuki’s inequality).

However, the corresponding result in a two-dimensional exterior domain was
left as a problem for future study.

This paper generalizes Mochizuki’s inequality and presents uniform resolvent
estimates in the exterior domain in R?. Details of the derivations and their
proofs will be published elsewhere.

Assume that the number of dimensions N > 2. Let Q be a whole space RY
or an exterior domain of a star-shaped obstacle in RY satisfying 0 ¢ Q. Here,
Q) is star-shaped if (%, n) < 0 for any z € Q and for any unit outer-normal n of
0f2. Assume that the function u is a solution to a Schrodinger equation of the

form
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(-A+V(z) - /4;2) u(z) = f(x), ze€Q, u(x) =0, =z € 09, (1)

where V() is a real valued C'(Q) — function and x € C denotes a spectral
parameter.

Let r = || and define the operator D as

DFfu=u, + uFiku (£Sk 2 0),

where u, = (Vu, ) ((-,-) denotes the usual L*-norm).
These operators are introduced in Ikebe-Saito [3] and Mochizuki [12]. We
define the weighted L?-norm and the weighted L*-space L2 by

ul2, = / w@)u(@)Pdr, L3 = {u]|lulls < 00}

for some non-negative weight function w(x)
The weight function adopted in this paper must satisfy the following condi-

tion.
Condition 1.1. ¢ = o(r) is a non-negative L* function of v satisfying ¢, < 0.

Example 1.1. The two candidate functions are (14 7)"*7° (§ > 0) and (e +
) {log(e +7)} 7170 (6 > 0).

Assumption 1.1. We assume that |V (z)| < Cr~? and (rV(z)), < 0 for some
C > 0.

These considerations lead to the following theorem:

Theorem 1.1. Let u be a solution of (1) with radiation condition ||DFul|, <

0o. If the function V(x) satisfies Assumption 1.1, and ¢ satisfies
inf (_T(pr> >
r2rg @

+
|6 [l + llul2 e +[[DFullz S ClIfIR2. (2)

©

(ro = dist(x, 00)),

N | =

then

holds for some constant C' > 0 independent of k.
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Remark 1.1. (i) With regard to [15] and [16], this theorem is meaningful if
and only if N = 2. If N 2 3, Mochizuki’s result is sharper than our result.
(i1) If the potential function V (z) takes the form

Viz) = /2 + V(@)

1
for some constant Vo = 1 and for some function V3(x) satisfying Assumption

1.1, the usual resolvent estimate

|6 [ull¢igmy-1-5 < CllflIGipmpes (8> 0) (3)

1s eastly proved for N = 2.
(i1i) Especially, the following inequality is obtained from (2):

2 2
[l oz < |12
7]

The left-hand side of this inequality is independent of the spectral parameter k.
Therefore, we refer to this estimate as the uniform resolvent estimate. For the
optimal result under N 2 3, the reader is referred to [15] and [16].

(iv) Unlike (3), this inequality violates the dual relationship between the weight
2

functions of both sides of (2), i.e., ¢ and Ly
©

(v) For example, taking o(r) = (1+7)"'7° (§ > 0), inequality (2) gives

2 2 2 + 2 2
|57l 4y —1=5 + ullpm—s—s + [Drul[(pm—1-6 = Cl| [ 1ma+s-

Throughout the whole space Q = RY, the usual (local) resolvent estimate
(3) with C = C(k) > 0 has been established by Kuroda [7] and Agmon [1]
for V.= 0. The global version of this estimate (in which the constant C' is
independent of k) has been proven by Mochizuki [13]. The uniform resolvent
estimate and its related smoothing estimate in RY have also been demonstrated
by Yafaev [24] for the case V # 0.

To prove Theorem 1.1, we rely on Hardy-type inequalities related to radiation

conditions:
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Proposition 1.1. Assume that N 2 1, and let v be a function in C5°(2). Let
a satisfy a € (0,1] and ¢ = ¢(r) € C*(Q) be some weight function. Then the

following two inequalities hold:

N-—1|]?

(1) Uy + T , > ||v||%a, (4)
(ii) || DEV||} 2 £S6l[0][20s + [0I[2, . )
where hq(r) = _age(r)  a(a - ¢

r r

Remark 1.2. (i) Mochizuki [15], [16] established the above inequality (5) for a
specific weight function (see [15] Lemma 9).
(it) Inequalities (4) and (5) also hold under the following change of operator

Vv — Vv = Vo +im(z)v, v — V- %,

where m(z) = (mix), ma(x),--- ,mn(x)) and each m;(x) (j =1,2,--- ,N) is a
real-valued C* — function. The operator V.., appears in studies of the magnetic
Schrédinger operator. In [15] and [16], inequality (5) is established for this
operator when N = 3.

Here, we present a rationale for the proof of Theorem 1.1 rather than a
rigorous analysis (for more precise discussion, see the forthcoming paper). The
non-negative terms identified by the previous authors (see e.g., [3], [12], [13],
[14], [15], [16], [18] and [20]) are not omitted in our arguments, but are estimated
more precisely using the inequalities in Proposition 1.1. To estimate the term
||u||2_go_:, we utilize (5) with a = 1/2. To estimate the term :I:%/£||u||2ri2 (+Sk 2

0), we apply (4) with a = 1. Now, we can compensate the term

(N —1)(N —3)
4r2

which remained negative, and therefore inestimable for N = 2 in previous anal-

ysis.
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Once Theorem 1.1 is established, the smoothing estimates® for the corre-
sponding evolution equations can be deduced from [5], [15] and [16].
Let L = —A 4 V(x) be the Schrédinger operator and consider the following

equations:
iug — Lu = 0, u(0) = f € L*(Q), (6)
iur — /L +m?u =0, w(0) = f € L*(Q), (7)
up + (L + m2)u =0, u(0)=/f1€ Hl(Q), ut(0) = f2 € L*(Q), (8)
where m > 0 and H' is the completion® of C§° with respect to the norm ||V-||2,.

Theorem 1.2. Assume that N 2 2, V(z) satisfies Assumption 1.1 and V 2 0.
Let the weight function ¢ satisfy

Lorer
27 v =

for some C' > 0. Then for the function defined by
_()07"
h =
(r) =1/~
the following inequalities hold:

(2) If uw is a solution of (6) or (7), then

+ oo
/0 ||hu<t>||’izdt\ < ClIf|-.

(ii) If u is a solution of (8), then

+oo
| I olar| < ciin
0

where B = H* x L?.

Remark 1.3. Under the condition V = 0, the Schréidinger operator L has a
self-adjoint extension (the Friedrichs extension; see [15] and [16] for details).

2In general, if the solution becomes smoother than the initial data for some differ-
ential equation, we say that a smoothing effect occurs. The inequality which means
this effect is called the smoothing estimate.

3The space so that the Cauchy sequence converges with respect to this norm.
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Finally, consider the initial boundary value problem for the dissipative wave

equation of the form

wee — Aw + b(x)w, = f(x)e™ ™, (z,t) € QA xR,
(9)

w}tZO:thﬁ:O:O’ .CCEQ, w:O, (x’t)eaﬂxR

and its stationary equation
(—A —irb(z) — /-4;2) u(x) = f(z), = €Q, u=0, x¢€odQ, (10)

where f € L%ﬁ and the function b(x) satisfies

©

(B) [b(x)] < bo(r)r™

for some ¢ satisfying Condition 1.1 and for some by € [0,1/3).

The uniform resolvent estimate for (10) is proven identically to Theorem 1.1:

Theorem 1.3. Assume N 2 2 and inequality (B) above. Assume also that the

function ¢ satisfies

. TYr 1 + bO .
f — _— = Q)).
Tlgm ( ” ) > 301 = 3bo) (ro = dist(x,0))

Then if (10) is solved with radiation condition ||Diful|2 < oo, the following

inequality holds

|5 ull + [[ull2 ex + [ D7 ullf + ” {—(z,n)} lu"dS < C|If[I72  (11)
[
where n denotes the unit outer normal to the boundary OS2.

By using this theorem, the following theorem (on the principle of limiting
amplitude for dissipative wave equations) is proved as an extension of Mizohata-
Mochizuki’s result [11].

Theorem 1.4. Under the conditions of Theorem 1.3, and given solution w of

(9) and u of (10), we have

lw(,)e™ —u()|% =0 (t = +o0).
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Remark 1.4. (i) Mizohata-Mochizuki [11] treated the case Q = R® and non-
negative b(x) satisfying b(x) < Cr~2 forr 2 R > 0 without imposing a smallness
condition. In Theorem 1.4, the decay condition at infinity is relaxed in Q@ C RY
with N > 2 and |b(z)| < bo(147)727° if we select o = (1 +7r)"17% (§ > 0).

(i1) Under the conditions of Theorem 1.3, the principle of limiting absorption
for the operator pencil L(k) = —A — ixb(x) — k* follows; namely,

lim L(k)"'feLl

Sk—=+0

for any f € Lfﬂg@_l ([18]). Moreover, the scattering states also exists ([13],

[19], [20]).

For the proof of Theorem 1.4, we can follow the argument by Roach-Zhang
[22]. If it states in more detail, some energy estimates for (10) are derived from
inequality (11). These estimates are useful to prove Theorem 1.4. In the final
stage of the proof, we adopt the argument in [11].

Other results about the dissipative wave equations (9) with f = 0 are treated
in references [17], [4] and [6].

The remainder of this section is devoted to relevant terms and their back-
grounds.

Given a (possibly unbounded) operator L, if the operator L —¢ has a bounded
inverse for some ¢ € C, the resolvent of L is defined by (L —¢)~'. For the eigen-
value problem (L — &)u = f, it is important to obtain the estimate |£]||u|]w, =
C| f||w, for weight functions wy and ws in mathematical scattering theory. This
problem is equivalent to estimating |€[|| (L — &)™ fllw, < C||f||w,, which we
call the resolvent estimate. Widely used weight functions for the Helmholtz
equation, where L = —A, are wy = (14+7r)"'7% wy = wy' = (1 4+ r)'*° for
some 6 > 0. See [7], [14] or [24].

The radiation condition proposed by Sommerfeld [23] and Rellich [21] is a
class of boundary conditions at infinity that guarantees the unique solutions to

the Helmholtz equation (see also [14]).

If the operator depends on the spectral parameter £ € C as A(§) = Z fjAj
j=0
for some operators A;, A(&) is called an operator pencil (see for example, ref-



(8)

erence [9]). An example is the quadratic operator pencil L(x) in Remark 1.4

(i4).

2. Proof of Proposition 1.1 and Related Inequalities
In this section, we prove Proposition 1.1 and the related inequalities derived
by the same methods.

[Proof of Proposition 1.1.] (i) By direct calculation, we obtain

—1 vl?
0 £ olu+ v—a-—
r
N-1 | . —1
= o¢lv. + 5V _v,<%|v|2§)+%lvl2+a(ar—2)¢|vﬂ

Integrating both sides of this inequality in 2, we obtain the desired results (4).
(i1) By a similar procedure, we also obtain

V12

0 < ¢‘D;—Lv—a—
T

2 r —1
= ¢|DFv* -V (#WP%) F %Ii%¢|’0’2 + %M? + MM?

r2

Integrating both sides in €2 yields the desired results (5). O

Remark 2.1. (i) As mentioned in Remark 1.2(1), Mochizuki proved inequality
(5) in [15] and [16] by an alternative method.
(ii) The above proofs generalize the direct proof of the usual Hardy inequality

[ < (25) [ etwrran, (2

provided in the footnote of the textbook by Mizohata [10].
We can generalize Mizohata’s proof as follows.

Lemma 2.1. Assume N > 1 and f = f(r), g = g(r) € C*. Then for any
v € C§°, it holds that
10l15 < [lorllF2,

where

¢ = —NT_ Lo~ (Fo)r — &
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[Proof.] Direct computations give

0 < |fvr —gv|* = f207 — 2fguv + g*v°

N—1
= fPl-V- (fgvzé) +— fgv? + (fg)rv® + g*v”.

Integrating both-sides of this equation by parts, we obtain the desired result. [

[An elementary proof of (12).] Choosing f = 1 and g = ar™' for some a, we
can easily verify that ¢ = —a {a — (N — 2)} = 2. Thus, choosing a = (N —2)/2,
we retrieve the usual Hardy inequality (12). O

As another application, consider the two—dimensional Hardy inequality:
Corollary 2.1. Assume N = 2. Then for any v € C§°, the following inequali-
ties hold:

[v(x)®

4
o L= W/QW(%)FCZ% (13)

Q

@ P
/QrQ {log(Rr)}d §4/Q| -(2)|dz, (14)

where ) denotes the exterior domain of R*, § > 0 is some constant, ro =

dist(x,09), R is a number satisfying Rr > 1.

Remark 2.2. Inequalities (13) and (14) are presented in Leis [8] and Dan-
Shibata [2], respectively.

Here, these proofs are simplified along with the proof of Lemma 2.2.
rooi ot Coro 1. 00s1n r)=r1r" an r) = =r wit
Proof of Corollary 2.1.] Choosing 5/2 and g g “1-8/2 with

2
d > 0, we have ¢(r) = 6—7‘_2_5. Noting r = ro, (13) follows.

4
. _ . 1 — 1
Choosing as f(r) =1 and g(r) = 2rlog(Rr)’ we find o(r) = 4r2{log(Rr)}?

which yields (14). O

Acknowledgments. The author would like to thank the referees and editor

for their useful advice.
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RIETIE, TTIREIO B0 7075 L EERLAZVFIHLZY T 5B
—ODEERFEELZERDNLIFEWRELEL TB <,

SFIREIO BATHNE, 1 —T7 > T YEREE G FHNERICBEL T, ZhiEho
BREEEZ DR SODTH AN, I—T 7 VEENIZBIT LM 7% 5T 0
ALE L, —HEARZVIDLWIEREL LT v, L2l I—T 37 ¥ O%EN
JEREIZ B D EMOK . BlB (X, Y, Z:) Ofiix. UNEMTHAHELTH, 47
TOREIZCL > TELZLZEOMAEDLDEE LS, BlZIX, i HFHDOET2, £
PEANENPORES 01 Y 7 A MO — BN L6, T FEaERohl—T73vT7 >
EEFOREIZE > T, TNTNORGOMHEIZERL L, BIL, 5 FIRE)O B AT
FIORGOMIE. =T 27 VEERNICBT A5 TORBIZE>TEDLIOTH
bo REFOHE HIZBWT, 5 TREIO BATHIE NIV =T YO, 55T Ok
W3 2 EMER S CTd B LRtah L7225, Z AU HL 7 2 8220 70 o5 TR % 75
RLCWADTRARL, T2 7 =77 VEEICEEL, BANICH -T2 7
VRO E L TR SN FHEEZERL TWEDTH %,

CoZliE, BITHOBAKNZER @S CTE 2L, 3.3 HX 3.4 HTRLA
L7zer R e DENEAT LI NS, BITWIOKGTOMENIZbLo>TLE ) &
W) SIS T D, e R ey DIHIZH —T VT VIBEAD ST OEEDOHITIC
KETZ, LWVH) ZEICEEZLRTNELRL2VWESEHI L TH S,

OB TIREZFH T 5 Gaussian 2 ED Y 7 by 7 #FH L ThH Tk
RRODLGEIIE, AT T TR E NI L & FOGTFEERT T O
=TT VEET—ELTHHTALILEENWTHA ),
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4. =TT EBRTHELhEAERODFREERRANDE#

HEi T, K ) — MZBUIT B TF—<D—2Th o 20 FIEHO B 175 % &
BN CTIUHME b > TIERT A HiE%2 l_72H, REIClE, AfzE — b=
DHOKELT—<E LT, =T V7 VEETERENTRTFT VXY VI A
F—IZBT 2750V (FrEBANY 7 24750) 26, 0 FNEETRRER SR 7 »
PXNIANF T LT F 2 BN A kR RE, TNETHERTE
7o E . BEICHERRDHEZ L CW 2RI LT, EFDPMBICE LORDH
BEARMICEERCHET 2 HE2 B NTELDOTH LA, OB ik
. EEZEOF )V FNEE ST I WEHTTH L, W=7 7 VEETRAR SN
T2RT Y XVIANF BT 1750 V ORGT B O R CREaR S e
KTV X VIRV F—ICHT 5175 F O, ERAEZ GO ThHE L
EoTHBEVOT, U TV OILE N —FT 7 VEEFRIZE 2 TERD
151, AT F O Z & %5 TWNEZEFRRIZL 2 DEBOITHE R LT 5,

4.1. BHEZZBICE- LB

DY OBERBENT 2175 ) LT, I 0 TOMERTZOREICBIT 5
TERZ KD LB T, O Gaussian &\ ) 3 FHLEEO YV 7 b7 = 751
ELIETFH SN S, Gaussian T, FIEZESL TERICAH 7Y a v 2fiET 5 2
NI =TT VEEFIRICE A NERERD D L o NERERIR
LB NERERDDLZEL—IETRREV ) 28I RoTW0D, LA L, A4
REepFehbdl, BREOFERPHET SN,

Aff7E /) — FOFHT LA L )12, BEIZB VT, FZPEK L 72 Franck-
Condon T DIER 7' 1 7 F 2 %R Line-shape function OER 7' 10 77 L 2%, 7
TIRE O G175 & FATH 2 AJ1EHE LTRLEL LTWAD T, SH%KL 457
F12xF L €. Franck-Condon [K % Line-shape function #5153 572912, Il
D H %0 FiRE)O BAth & FATHl 2 KO D707 T AL TN,

B—T T VEEERRIC K B TERIE. Gaussian T O & g T 5 B
WCHHT 52 EDRBETRRTH L, 2T, FNODMHEDI S5 THHBIEFIRDOT]
EBP O E FATH ZIER T 5 T2 ML L. 707 7 A 2ElL7zwvweE R
TWw/z,
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4.2. ViT5HL 5 F 1152 1EKT 25 iE

Kifge /) — bE2HORX (5) T, SNEHON —7 27 Y EMEIEIZ L > TR
:&%éht%;»h TYORT VX VIRV E =G, RO L) IHT
NEE TR T AL EER D

H = %XTNRY+%XTVX' (77)
= %XTA[X+%RTFU{ (78)

z iz,
%XTVXZER?WR (79)

DAL B LIS DFNBEFRIZE 2 NERDIS 2570 % F L EWTz,
%2%%QET£LLtﬁ<)’ﬁﬂéFﬁﬂt@Ewi F A5 H 50 0
O FEEKOWHEBABE L 5 FOELHE Y OREO HHEZBRWZ ETOs T
NEMBEETRT Y v VI A NVF—ZFR LTwb—J, L (78) IZHN S F’
1H0E. (79 DAL T A L )2, Bl SN O HEHEX O —7 ¥ 7 Y INHE
BPHAHRETRT Yy VI ANF -2 KB L 2R LALE T, Tne i+
WNEMEECRIT L2BICEN LT TH L, L) HTHD,

=T 2T Y BRLEERE & AR AR U

R=BX (80)
TEBREINLDOT, . (78) 1F, DO LHIZEINS
1-T . 1 T T 47
HZEXJWX+5XE3FBX. (81)
o T, =77 VEEFRRIZLDTTEBDOTY V X
V=B"F'B (82)

EWVWH Tl D, 2T, AT B OHFTHIDEEISKO 5N D THNUL
@ﬁ:;ofVﬁ%JW#ﬁbgﬂf\ﬁ@%é%&wwﬁéé#\ﬁﬂBﬁs
IEFITHTIE RO T, FHIEMEHEICIEEST 2 v,

2T, R@DIZBWT, T, £

X=M12:Q, (83)
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ATV, BEORATr—VvEEZLE, K@D XKD LIRS :
H= %QlTquL%QlTM_%BTF’BM_% Q,. (84)
WIS, ARE2HIIHBEITH TH LD T, TNEMaLd 5, Bl b6,
A=U,"M B "F BM > U, (85)

E ) BRI E G E T A EITHI U & AATH A DBFET 2D T, 2O U, &
AXRDLDOTHb, HL, 2ORIF. 52D FATHIDPKRAN L DOT—RT 5
ERAAETERVEYICEZ S, LAL, 2o, @2 I12Eh, ko ki
FHLETEZEDPUETH LD THALIITAS !

A=U,"M VM U, (86)
CORER, X8 DI NPT T
Q,=U.Q (87)
V) 1TIREIIZE - T
1.7 1 .
H=§Q Q+§Q AQ (88)

b, 22T, () DA EKRDLEEIZ, BABEMEOEHANZ MVOK
EWHFETHITALHICL T, BANZ PVOFIXRZ PV LIELENS Uy O
FIDONEF 2 IREV O R EVIHICHERD D ET L, T§HE, TZTTDOQ DIKTG
BIZ3N THLH2DT, wED 6 MOEAHEMAREID 2 F) 30 FEEKODLTH
AP AEEE) & R EE) SIRB A L VO IR THALZH ST TH D . — Wiz e li
WHEEZ SN D,
ST, (85 ICE LT,
L'=BM U, (89)

EATH) L T 1, 31X (85) 1d.

A=(L)"F'L’ (90)
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b, 22T, L' OWILIE BN —6) x N Thbhb, TOREWIFTFERTET
ERDEHIZ D

3N—-6 3N—6

= > > (N Fl Ly
k=1 =1
3N—6 3N—6

= ) > FulLiulLy (91)

k=1 =1

(3N)
A8

22, Ay DAHIBIZ BN) 2T 7201, RITBA 3N THAHZ L &2l $
L7 ThHoH, LT ATV WHMTHITHY ., BN -5) < i < NH>
(BN —5) < j < NIZHLTIZ, ¥ultEXxTEHRTLION, KTy v LT
INVE=DN =TT VEETHZONLHEOBERBATOEZEZ T THY |
ZOHEDRPTH 5720 ZOIEBUSHED & R OD D ASY D Agn_s), 3v-s)
75 Asnsy ECORNMAERIIY IR GEdAEsE. JFATHTH L2050
ETE¥U), o T. 205 %y MLT (BN —6) x (3N —6) OxFAITHIIC
LCOMSMEIIAE D2V, HIb, ROLIHIIZEINRD !

3N—6 3N—6
AV =30 D0 Falia Ly, (92)

k=1 =1
2T AGY AN oo T HBO Ly, & L WS ET B8 L
DRED 6FID T v P INTHRERMRIZIEIRELZ G RV, ZORKD6
& Ay PLATHNZ. By PENT LX), L LIEE BTN 572D
TVL" LR LET 281295, §46E, 2092 27 MIVTEET S &

A(3N—6) — L//T Fl LII (93)

Elbe TITEELRIEIE TV LY BPIEFHITHTHDLENV) HTHDH, Blb,
75 L OEATHI N ES I GTEWRETH Do o T, 1K (93) 29T 5 7% 5 1F,
ZFOHRDOFTH FIZRDEHIICLTROE Z ENTREE I 5

FI — (LIIT>—1 A(3N—6) L//_l. (94)

UET, =737 VEBEFRRIZEAZNERDITHV 6, 4 TFHNFRIZE
5L IIERBDOITH] F! %K 5 TEIRENTz, 175 F L4 22 HOR (26) Tie
U722 N D FATHNL, BMEBEICEZI TR LD THAED, wihd, B —
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T VT R X B MEIRE R A RO B T, T Aot ER) & bR )
DHHEICLS 6 02DF— FORHEAI/NSVOTHNIE, 6 E2EHT S
FEPLE FRRETH Do HoTs H—T 27 VIEEIZ X 2 HEER KL kb 2 &
ATV, FOREFE, REBHO/NZIWERS D 6 DOIREIFAIE O IZH W E ) H
N, CORFEEFHTELNE)DOIIEE D, Bz DL, I—TT >
JERECOREIRBI B % RO 5 TEPER THIUE, RIEOHTFELHEN THDHEE
AT ETH b,
COHEHZHIIHTz> T, RIETRRB L HEE, EBORTAELZITH LT
FEOTEL,
[Fi& 1]
1) EHIT A0 F2HRTA2EFICHLEFESZMHIT. MATHI Z1ER T %,
2) M #5155 M~z 75 % F T % .
3) =TT VEBEFERIZLDNEBDITIIV (N T 21751) % Gaussian
EMNLE) M, E, BT FMEELREICLoTh =TT ¥
JEREFIRIZ L DI BBV BERT 5o

4) BRI E T 5

5) Al M2 VM2 % Bl L. WAL T 2, 2ok &, EABEOKZVIE
ICHDENB LT 5. HHOSNZFEAMED SR AT ACY) #1E5,

6) ML > THHSNAEENRY FVh s, BRI U, 21EKT 5,
7) BM 21U, %38, #1% L 75 L3 5,

8) L' fTHIOHED 6 F %Ay ML, #H72IZ L 1T 2 El T 5. 72, KA
75 ACNY) DbV D 61T 65 % A v b LT Ty ACN-6 252

9) L” #1510ty L~ %3k %o

10) (LIIT)—l A(3N—6) Lll—l %g_]_%: L‘ F, fﬁ‘ﬁlj%j}‘{y)z)o
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5. KaFANBRAULHERBREZOER

KREICTlE, TN E THAL TE 70T OB MERE N O FFII KW T, FERE
KRG FCRIBEET MR EZDEREZIT ) COEKRNLFEREZRTI L
12 > T, SIOBMFEOFMEIT) TN TELDARLR LT, SHMOST
DFHEIRBFAT 21T ) BOSEI L b,

51. KOBFIBEZREY %7~ D Gaussian Input File
E—AT)LEDRDH LD, EHLTVLHTOI R VE—LERE (5T %
B L T A ETOFEMNE) ORETH DL, TNEITH T, —FKIIZIZST
BMaEEZAHT 50 K2, EBRTHFEEITRESINTWTEL, TOTFHEEE
ML I L CRHAETI ANV F - LEMEZIRET 2 LENDH L. 8% LI,
N T UATINER R EO I ANV F - EEBEICBOTEHREINLZbOTH) . ©
NP OREE TIE T A VT — D gradient 25¥ T T W72DI2, NI T V475
BIELLKRKEISZWRPRLTHE, P THELEZITHIV I 2T3ES2LH 5
B S AT Y= bDOD—DTH 5 Gaussian09 * FIH L TEHHE 1T - 725

Kmem=S0hW s

%rproc=6a

%chlk=HZ0. chlca

fp HF/B-31G(d,p) opt freq Symmetry=nones
5

start from opt-ed HZ0 structures

&

0 14

{ 0.000000 0.000000  0.0000004
0 0.342800 0.000000  O.0000004
R 120256/ 0.906913  0.0000004

—

10 : Gaussian09 O EHE %179 729 @ Input File

10 # TR L vy, Ztid, #%EHE L 72 Gaussian09 D4 > 7'y 7 7 A4
WERLEDDTHE, A Ty b T =S HORLT - /MLFOXRBNER <., 4
ODDR 7T arhLM)LoTWwh, F1HFEHDOELY 3 »id, Link0 2~ F
EIFIEN TV B E T “%” ZATEICAT. 1ATIC 1HE $2ORER T 5 02 R
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T, ZNHIEFIEARAFTH L, ZOT7 74NV TIE, E1ITICHHA AT ®EZCE L.
FE2ITHICHEH cpuEdb L, E3THICT v 7 RS Y M7 7 A VEAERT
HIERBERLTWE, Frv I RA T 7 A4V EIL, FEFHREOEE LY
BEENFTIVENXNTHNITLE77ANVTHL, 22Tl ZDOF v 7R A Vb
T7ANV%HEL T, H20.chk £ LTHAT 5 L9 1L TWw5,

E2H/RHOY D avid. V= 27T a y EIFIENTWABEG T, “47 24T
BT CREkd 5, 22Tl BEAFEET 20 FHLELEOMGR L L T2 i
TohE V) e, BTREZRRRT 2 M EHORKEEIEELZD . i
ATV arERBRTAES THL, 22 TIE, BTIREZEER KD 205
T34 < %D T, Hartree-Fock %2 FH L. ZEERE & L T6-31G(d, p) z#
HTAZEIZL TS, T2, it TREB STV 5, “opt” (X5 F D& % v i#
b5 2T OICHHETAEE T a T, RO “freq” IR EFE 217D
7D HT AT T aryThb, T2, mEOF 72 3 » “Symmetry=none”
. T T OB EAEET A LR LICEIHAZT AL 2IRETHAL 7 a v T
Hbo HTOMHEMEEER L TatELIT) & AN AT U728 & 57 % JEAE
BB L CRIEZT ) WERENH LD T, SROFTETIZIEEL2VWIIE
Lvie 2B, V=1t 72 avo#bICIELTEATZIHIATLILICR ST
W5,

EIFHORZ v avid, BEBITICh>TaxAy VEANT A EURE
REST T, RIIT Y ZBATHZCOR T 2 ERT 5, Eo T, FHRICITEFEBEKRO %2
Wt aryThb,

BAFHOX I a3, mTREX S T a v LN, HHOI25 T OEEMN
EAEUVEEE Y AN L. RICHGTONHREEOEEE AT L9107k >Twn
o ZZTIk, FIIERTERMICHERZDOT, “O” * AL, fitlJ TAE ¥
SHEER 17 L LTwWh, 72, BEOANERIZES2H L5, 1 FHORT
ELTKRERFESIC, 2FHOBETE L CHmZEr o EIc, 3FHORTE LT
KEZHE 1T RBICAR D L) IHEE L2,

5.2. 5TE#ER %9 Gaussian Output File

HIIH CT/R L 72 Gaussian Input File TR Z 1TV, ZOHKE Output File 735
SNBH, FFHEETIE, BHEREOY 2 L—F 1 =Xz BRI,
HUOBES M2 BB T2 TEF—RICEHA I TS, 2072012, V=71
BB —2HIOMEDEPIFFEI/NS S o7z, h HE S, faE L72E X
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DHPNS L BNIEHNKRE o7& 2B, Gaussian Output File (28T,
11 DX BETDBENDLH, Z2H, FOROHELLTTH S,

[tem Ya lue Threshold Converged?$
Max imum Force (0. 00029% (0. 000450 YES S
RMS Force 0.00020% (0. 000300 YESS

Max imum Displacement 0.000273 0. 0071800 YESS
RMS Uisplacement 0.000278 0. 0071200 YESS
Predicted change in Energy=-1.0339280-07%
Optimization completed.$

-- Stationary point found.$

11 : Gaussian Output File (234 5 fi# O P H I 72 D EHR 55

ORI ZIIMEDITHOI, HEAIZK 11 OFEED “Converged?” & & 55D 4
ONETYES L and, ThsreHEINIZLIlR D, £Z T, Outout
File T, 4 D& T “YES” & o2z L. €O L ) RICEHARSI N7
BEDOFRSH L L CRESI NG FOBEHRE 25, TNLD LENIZL. 5
T O EERIIME D BTSN DEH, TNefEE LTSHL IR 5% \w,

fECad DI EMNHESNIBRIC, K120 X ) BT OMEEHRS D Sz,
2. =TT VEBICBITAHEEROH 130 L) I E T,

_________________-__________l
ot imized Parameters L4
| (Angstroms and Degrees] &

e e o o et o __________________________&

i

e
s

I Mame Dafimtion Va lue Uerivative Info.
________________________________________________________________________________4
I R1 Ki1,2) [1.894%5 -DE/DX = 0, D002

| RZ R(Z2.3) 0.9433 -0E/DX = -0, 0003

I Al Al1,2.3) 1059668 -0E/DX = 0.0

12 © Gaussian Output File (2B W TEDEF O N2 22T S 72K 5 F O
1 (5 FNERRIC & 5 2F0R)

]
&
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Input orientation: 5
_____________________________________________________________________ A
Center Atomic Atomic Coordinates (Angstroms)s
Nurber Nurber Twvpe X Y l4
————————————————————————————————————————————————————————————————————— b

I I 0 0. 000000 0. 000000 0. 0000008
? A i 0. 347900 0. 000000 0.000000s
3 ] 0 1. 205567 0.906913 0.0000008
_____________________________________________________________________ ‘E"

13 : Gaussian Output File (2B W T2 O N2 RIS T SN2 KT Ol
(=7 T VERIC X B FR)

FIZ, M40 &), =T V7 VEERRIZE TR (N T VATH)
&L ZO T FWEHERREERIC i%ﬁm@(%)itﬂﬁéhto KT D6 HT
BN DT, TOXHIZZODFIRIZE B NERDPG 2 51505, FHTHH
VUM R B e, TWNEREIZEZNERIIBNIEINDE LR I—T2 7 U
BEIRICE B NEBIZT PN END . D7D, 57 FHEREFIRIC & 5 T15%E
BafowgaI12d, iEiCMBICER L2 HEPEIZIO2OTH S,

B SITHEEPLELOR, M4 DA —T 37 YEREFIRIZL 5 T8
E T FORETHENIZDLS>TLE) DT, EO LD RELE :j’:?b‘“(@ﬁﬁ’(“a'?)%ﬁ’
o ENSIETBLRITNEE LW, £\ HTH 5L, Gaussian Input File
DF T arritlh$ 5, “Symmetry=none” &Gk L &2 & | “Standard
orientation” &\ ¥ A4 PNVEZXON —T T VERED —REICFERINLD T, F

IO L BB0 D0 —T 27 VHERELERI X 2 TEROMEIL, “Standard
orientation” & ¥ 4 PWVEXEINTL A —T T VEETIEZR <, 13 ® “Input
orientaton” & ¥ 4 NVEHEZX EINT A —T T VERIIBITANEBOETH %,

COHD A ICHEIRE B OFHEHERICD M THB {, Gaussian Input File
DA T ayT, “freq” IHEL TLTW/2D T Gaussian DV 7 ;7 7 NER
THERE M ZFE L T2 ENE, 15 2R ITHERTH 5,
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Force constants in Cartesian coordinates: &
I Z d 4 B &
0. G364520+00s
0, 1714560-01  0.5612410-014
0, 0000000+00 0, 000000000 -0, 1077530-03
=0.6Z17000+00 0. 4161160=01 O.0000000=00 O.7IG1310+004
-0.2790700-01 -0.5508410-01 0.0000000+00 0.1366530+00 0.6359100+008
0,0000000+00  0,0000000+00 0.10632390-03  0.0000000+00 0.0000000+00s
=0, 147910001 -0,9876110-01  0.0000000+00 -0.9442970-01 -0, 1087460+00+
0, 1075740-01 -0.1039970-0Z 0. 0000000+00 -0.1782640+00 -0.5808260+004
D.ﬂﬂ:ﬂﬂéﬂ]*ﬂﬂ D.DIII[B];D*{[I D-M'IE#ED-E: I:I-IIIEIIIEEI*III 0. 0000000 +00s
i
0, 5%33540-044
0, 0000000+00 0, 1091210+004
0.0000000+00 0 875070+00 0. 5&]8860+008
=0, 1686750-03 0.0000000+00 O.0000000+00 0.1642810-038
Force n:cmstantstin internal u:%urdinates: * .
f

1 0.6364520+004

7 =0.6783498D-02 0.6245480+004

3 0.3085510-07 0.3068120-01 0.1785310+00+

0 30 =-d G O = O O e S Pl e

14 : Gaussian Output File [IZBWTH SN2 h — T 7 VIEEERRIZL S
TIEB L 7 TN ZIRIC X 5 T H. HATIE atomic units TH 2 51

TWwWh,

1 i 34

A & A
Frequarncies == [1769.77E88 41468, 8203 4264 02214
Ped. macges == 1.0831 1.0448 [ .E33e
Frc consts - 1.9887 10, 5860 1160474
IR Inten -- 1045804 16,3096 b7 84604
Raman &ctiv -- 5.4024 74 5620 a5 _ 42008
Degolar (P) == 0.5222 0. 16ag 0.74894
Depolar () -- 0.6861 0.2803 0.85644

15 : Gaussian Output File (2B W T SN HEIRE K. £ 3ITHOfE
BENLTHD, B, em™ ! THZHNTWD,
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5.3. Gaussian Output File D@3 FEBEENT T T T2 AT —42 &
U TIT > - R EIREN HE R

FD2ODHTIX, RO Y 7 M7 =7 Gaussian09 ZFIH L T, €DFIHEOD
AN TTEERDFERDS FERA LTINS N, RIHTIE, RKWF%E 7 — hOAE
DWINIR > TRHELZRHT 5. b, K17 LE, EEOERTT 7 F L4 TO
REMEREMOV T r 2 TOT 7 Ty M ERRGIT 720, EEOIER T T
TILTOTI My e, HIREDOERBTIRT,

Kifse ) — bORE BT —~D—213, WHEDD 275 FIREID B 175 % ¢
WS 27077082 THY) ., BIrilalEdZepTasiiud, K (35 »
55 FIREIO GITHI b1 61, EH I X o T I/EK & 1172 Franck-Condon
Kl -f-%° Line-shape function % EOFIHE X 1T T LA WHEE 2 D . B HH%ED
NI L TCOEMNGEREE R VED EEZ TS (BRERKZITEZRKD S
D THIIEX. Gaussian09 THRKOOLN LD T, TNXITEZZEZTNHDTITHR
LT%W)o, LT, 5 FIREO BATH 2 KO 5 DI, 57T OREEERSATT
RCTHDLDT, ZODIHFHMBEEOHFEZFHL TWEIUETH 5,

T2 ) —2DOKR&E LT —~ & LTI, T FIREIO F AT 2 E9 % 70
TILEELZETHY) . — W52 LT Gaussian09 257 — 7 ¥ 7V Ji#
BFERICL B IER (N7 475 LB LT, Z2OHEHR? 545 FN
JEREERIZ X D TR EEN T 52 & Th o 72,

KGR ) — MEBIZ BT 2EZ OV 2 WO THR LD T, UF. 0 FOD
Wiz AT 5200 BN GEEMARECNICETLIESEZMA T,
Gaussian09 TH O N7KGFOREMEZLIZL T, W1 TRLED) 2T
MEEZRLLLLT =5 77 A VEERT 2. HL, K16 1EX 1 OENUZT —7
VT VHEBELBIMLCRR LT T 7 ANTH L, ZOT 7 A NVE [45F
MiET =7 774V BT THEL B, ZOMER, AT 7 AATHIHER
S N7z Gaussian Output File @ H @ “Input orientaton” & ¥ 1 FIVEFE X Sz
=TT VEBEEELFCICLTBLALENH S L1d, BEICHERmL C& 728
NThHbBH CORTIEET =577 ANVEREICL T, KifZE/ — O 3H TR
Lol it > T kB o B TAIMES Lz K171k, €0 BATHIT
5o

ORISR L 720 FIRE)O BATHIDSTE 72D T, HHevTldk, AR5/ —
NOFARTRUIE L7z — 7 27 Y EBRLEORIZ & 2 NEBOITH] (N T U ATH)
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L "EE "R T

16 : Gaussian FtHEAERIZEOSVWTIER SN, KOG FHET—5 7 74
Vo FXIFA, AR degree THZ LN TV,

= 101922+ 0. 1352 16E+01 0. Q00E+D0.

K17 : X 16 OEIEIZFE DO W TEIR I N/2KGT D B 175l. 347 9 50475 T
HY . BEATIE DR DOITDORIZH L S Th Ho HALX, FEHEEDZ
FEANDEAT I3 LTI ERIT, A AOEMANORS I3 LTt [1/A]
THzboNTWwh,

V o, 5 THNFERICE D NEROTY F ~OEMOBAR L5 HEER T R LT
W< F9. Gaussian DFIHE O, Fx v 7 KA Y M7 74 (H20.chk) %
DL EIIHREL TBW 2OT7 7 A NVENA F) =T 74V %BDT, Tz
THERANTTANNEIRY HZ L2179 ZDO72OIZIE, IRD X 9 7 Gaussian09
DAY FaFI T X\,

>formchk H20.chk H20.fchk

5L, “H20.fchk” LV ) T F A MTRABEIN/TZTF 2 v 7 HRA 2 b7 7 A4 VD
fEbN %, €212, 14 TR L7, Gaussian Output File ([ZH 1 8 720 —
T T VEBEEIRIZE D NNEBPERSN T LERDTD 5, 18 ixEh 2R
LTwad, SO EANT77ANVELTHHLT, BAO 717 J AHOLTF)
V ELTHEAAAR, BAEHTRLIZTEm TR 21T o720

ZoRER, F(88) DM 2 HICHN 2 WO W HFR (AL cm™) 1.
19DE )T ho7z, 222, EAMMEZ B CBEICEGHEORE ZNEFIZ R S



artesian Force Lonstants LG
: | 71ADEEFIE-07 E. St L
..'|'1'a.l.'|.-.|L Fi ] '1" '.l _I .
5. 21700830E-01 4, ‘I YiL | i 1 A
5.50841451E-02 -4, Il'm' ? | . 36652784E
-3, /9E04908E-17 ” F21E-04 -1, 15520803/E-16
- -s-=:~mwarm-i
180F or 1
- BE4SE-01 -2
; .1 B11893E-17 1
8. 450407 7

K18 : TFXF A MNTCitlh &N/ F 2 v 7 RA VT 7 ANDHD D —FT T VR
BERRICE A NER. BALlX atomic units THG 2 5N TWb, T—T
7 /mﬂf%ﬁf ARG TFIZIOEOBHENRHLDT, N7 O 45
&b,

4250. 4 d
4133.6 d
1764. 1 d
67. 421 d

27. 453 L
0. 87354e-044d
0. 22325e-024
0.20200e-014

94. 553 d

19 : Gaussian Output File D\ 7 ¥ % AJJ L THAEIRB £ % KD 724 Ko
HAZIE, ecm™! TH 26N Twh,



(81)

VI ELZDTHEH, 6 FEFH2LIETHI/NSWVIHIZZ > TWd, 21,
FTEEROMEN YA F AL LTEEINTZEHBTTHY ., IREZ L TWwianl L a i
IRLTWa, 72, T256 6 MOMHIZ, 7 FEhollEEE) & Bl EE) o9 A
B, REOMBEE L THN TV AEDTH Y. LS 3EOIREYH & e+
LEL2WUEDNIWETH S Z &% 2 2 THERT 50 - T, FIHEIXMEL
WEHIMIT A ENTE D, ZOMHE . 15 @ Gaussian PO #HAEIRE) FH5H
DIER LT L L, HTHEIEL > TWAH I LN bh b, Gaussain Tl 4264
cmt OED, EHEOFHETIZ4250cm™ !t > TW T, Mdem™ ! DEND 5,
F 72, Gaussain Tld 4147 cm ™' OfEDS, EHEOFIHA TIZ 4134 em™! L 2> T
T, 13em™ OEND L, —~F/NSRIEHKTH % E— FTIE, Gaussain Tl
1770 cn ™! OEDS, FEHOFHTIZ 1764 cm™ ! £ %2> TW T, 6em™t DEDNDH
bo WINHEFDOFERMROMEO S HBHET/NS KTV S, BLEEIRE T 2 17
) ETHICEBAEN TV L bIFTIREVDOT, EEHED AT —4% L., Gaussian
N CTHIEREFEP T LN LEEDOADN T = DR > TwH 2 EEZEKRLTW
%o EHIL, Gaussian DRIEMRTHLIWMET —F AT T IO T— ¥ %
FHLTWEDT, 2ObLIPREVTAELLERICEAL TE$ b izl
W (RO TIORRICEH L TRFERLTV2)o HL, T OEPSKREMNIZIE
IR 5BEFIERALZVOT, EVHRAT, FHFOERLTE ST LOMEN
REZ)ThHb,

WIS, EBEDMBNE 272 R & 5T, R (89) TIERL & L7z LY 175 D
D65 %Ay b LTHER L7z L” 177510 6. X (94) 12 &k o TIES 7z N
BFRICE D IEROMEIZ. FI20 DX 9 127 o572, X120 & Gaussian DHNERT

|
% gl

0. 30549e-014

0. 30589e-014
0. 17851 gl

20 A TRLIETET, =7 V7 VEEREFIRIZE D2 TTEBOTH V %
555 FNFIRIZ & B BIEFIRDIJEBDOATY F! % 5H5E L 2R

>~

FHES N NIRRT £ 2 )R BOM 14 & BT 5 & 3 oM T—3K



(82)

LTWAEIENDbRrD, iEoT, A TRAB LZFEIX, BHTHD 2 & H
Smb ol EREIZ, 7077 ABIEL RER EN TV EREDSBD TH
WZ EEWREo T\,

ST, COHORKBE LT, SEE L5 TNERIZE DEIEFRRONERD
I F OF—=5H56, X(93)1I2L->T, (B3N —6) DIREIEZFIHE L 2R 7%,
P21 1278 L THL<,

4250. 8

4134.0
1763. 9

21 : X (93) I2H DO WT, BTFWERIC L BEEERDONTEBDOITY F! 705
HHEE (BN —6) OIREIF A G L 724 Ro HAZLIZ, ecm™! TH 26N T
W3,

21 DGRz 19 LT AL, BEALERUETHALZ EDR DD S,
o T, L' T O®RED 6 5D H v b ORhFIL, EBICHEEN LW L 2YiE-
TWhe J0A . BT EEOWE L Hiiz e L Th 2N L 550, BRI
IZHEDRLVWEW) T ETH D, o T, HAMTRB LA HEIENTH A Z
EDFERENTZES R B

5.4. HEER - ZEODEM

AIIEIZBW T, Gaussian OFIEMEEOWEE AN T 470 % AJ11E#HE LT
SEEVHEIREE 2 kDL 2 A, Gaussian P CTRIESINHE I EN TV 7 —
EETERRDLMETH o720 2O EDRRKIL, [ TOBRERB B E KD S 72
DOIIE, BT OfEE~NT T AATHIUANC, FEESTFERR L TV A ETFOEE
(JFFf=m) bLETHE2L. FEFOHEEOMED Gaussian N L EZH O 70 7 5
LATIERLZ>TWLEOTIE WAL, EHEESI NS,

AIHIC BT 2EEDMEH L2 EF2Ei&. KEFETF251.0078, BFEHET2515.995
THY,. ZNOEANMEL LTCRIELZLDTH o7z, 22T AERTZ 1 (R
5. 1.0000 £ E 2 %), BRERT % 16 (AIH. 16.000 £ E 2 %) ELH L CTilHE
LTh7ze M221k, 20L& ZOBERBFGHUOMERTH L (T, X 19 1K



(83)

TLEGTTHADH), ZOfEE. 15 @ Gaussian WEOHEIRFFHE DGR & b

4265. 6
41491
1770.5
67. 668
27. 556

0. 91345e~044
0. 22332e-024
0. 20206e-01d
54,754 A

22 : Gaussian Output File DY 7 ¥ % AJJ L CHEEIRB £ % 5K o 7248 o
BL, KZEFOFE &% 1.0000. BREFETOFEFE% 16.000 & L7z
b, BirlZ, em™! THEZHNTW5,

W5 e, SEEINPRDEDOVTWSEZ EDDbA 5L, Gaussain Tl 4264 cm™?
DS, EFEFDOFIH T 4266 cm™" & %> TW T, G2 em ™ ZFHICK
<70, 72, Gaussain Tld 4147 cm ™' OED, EHOFIHE TIE 4149 cm ™
EoTWT, Y 2em™ ZUHHICKEL ol —F/NSRIREITH S
E— F T, Gaussain TIE 1770 cm ™ OfEDS, EEHEDFHE TIE 1771 cm ™! &
ZoTWTC, Tem ™ ZHHIZKEL BoT0D I EBbh b,
JHFEE2 AL SR, EFOFEICBVWTET/NEDIZTTWRBID
B2, FADDOTPREGRMEE LR S720 2D E DB, Gaussian NER THESR
B E RO DLEIHEH SN TV B EFED, FFD 2R OFEIZB TR L7
20DEFEOPHT, ZIFRFOFTHETHHALZZLDIZEWEZDO TE RV
EHEMTZ S, HFEICBWT, 44 H, 5HTHOEZ LT NIZELI S22
TIRENEAY 10cm ™ FEAL L 728 v ) BERZRLEICH O THB 2wz, ZoFt
FAEROEZHH LT TEME LCRil L7z. Wim. BIHOEF OFHE 70
TILADERBIZ25DTHALEOFEREOES 2, COFRITIRL TS,



(84)

6. BHYIC

Kifge/ — FTlE, S FIREIO BATHICE L T, 72 2 HANOZEHE 523
IR EIN TRV, COMFEEMEIELIEDNEBREELRBEE L THERSINT
W5,

F72. FBWIgE S — b TlE, o FIRE) 2 DS TRIR 3 B R O # S & Rl al
LT &720 ARRAF UG 2 BRI HUD ) BRIZ1E, BARDOZ L edb@&+ %
Tk T 2B H Do L Lads, HEEKM (normal coordinate) & HH#EHR
% (normal frequency) %KD DERIZBWTIE, HHRDFELETFNFELZO
EWE WS EDR LI OOEMTHLI L E I I THi > TEBL LG OB S %
EDFEL KD o T CEFET, dlt) 7 2 B v & &+ 50 2 LD 4
WHIEWDPBN L. EF1FNBEID T2 2561203, KBEIEE e B4
FICHL) b K TE R SR W72oIl, BEEREICE L THZ2 5 LRPZERS
BRI DI B b HIN 2\ T 72, BRFIE O #2882 CIEM & i A &
I BIZIE, BIEEEZ S BRI L T o 2R RVOTIE AL b
HBEL TS, SNHOMBEICELTIE, BlIcE L0 AEPHIUETIT> T &
TewnwkEZTW5,
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