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Study on a non-diluted insulating spin glass
Fe,Mn,_ ,Ti0, : Susceptibility
ABSTRACT

Since the pioneering studies by Cannella and Mydosh, and by Edwards
and Anderson, many experimental and theoretical ihvestigations have been
done on spin glasses which are formed in spin systems in which
ferromagnetic and antiferromagnetic exchange interactions are randomly
distributed. Experimentally the low [ield susceptibility shows a sharp cusp
at a low temperature Ts, indicating that the local spins are frozen randomly
in direction. On the other hand, the specific heat does not exhibit any
evidence for a phase transition at T, and no long-range order has been
observed by neutron scattering measurement. These features have been
observed widely in dilute magnetic alloys in which the long-range RKKY
interaction dominates and also in insulating compounds in which the
nearest-neighbor exchange interaction does.

The most fundamental question in properties of spin glasses is whether
the spin glass freezing is a thermodynamic phase transition, or not. Many
theoretical investigations have been done on Ising spin systems by using the
mean-field approximation, on the assumption that the freezing is a phase
transition. But the magnetic behavior of spin glasses experimentally
examined does not always agree with that obtained by the mean-field
approximation. The competition between exchange interactions in metallic
spin glasses or diluted insulating ones is rather complex. In order to
understand the physics of spin glasses, a non-diluted insulating spin glass is
more suitable to be investigated, because the nature of the exchange
_interaction is well-known in it. But in such spin glasses ever examined,
there exists not only the competition between the exchange interactions but

also the other competition, such as that between the spin anisotropies.
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A non-diluted insulating compound Fe,Mn,_,TiO; is expected to be an
ideal Ising spin glass in which only the competition between the exchange
interactions exists. Both FeTiO; and MnTiO; are antiferromagnets having
easy-axis aisotropy along the hexagonal c-axis. Within the c-layer, spins are
ferromagnetically coupled in FeTiO;, and antiferromagnetically in MnTiO;.
In the mixture Fe,Mn, ,TiO;, therefore, the ferromagnetic and
antiferromagnetic interactions compete with each other within the c-layer,

and the spin glass behavior is expected to appear at low temperatures.

Single crystals of Fe,Mn;_,TiO3 were investigated by magnetization and
ac susceptibility measurements. As a result, in Feg 5pMng 59TiO; Ising-like
spin glass behavior appears below Tg=21.1K, and we report experimental
results about Feg 5oMng 50Ti03.

The zero-field cooled magnetization Mzgc, Which is measured in magnetic
field of 20e along the c-axis (H//c) after zero-field cooling, shows a sharp
cusp at Tg=21.1K. While the [lield cooled magnetization Mgc is nearly
independent of temperature below T,  Comparing the temperature
dependence of magnetization measured in H//c with that done in Huic,
Feg soMng 50Ti03 is considered as an Ising-like spin glass.

With increasing applied field H, the cusp is broadened, and the
temperature Tg(H), where the irreversibility appears between Mzpc and Mg,
decreases. The H dependence of T,(H) is described by

H=All-TgH/T (0] = 426 X 10411 - T,(H)/T,(0)]149 (1)
This relation coinsides with the de Almeida-Thouless line (a=1.5) calculated

by using the mean-field approximation.
Below Ts, the long-time relaxation phenomenon was observed. The time

dependences of the thermoremanent magnetization Mgy and the growth of



BIEAERRIE 2 €0 77 A Fe Mn,__ Ti0; DWHENEIC L 15

the isothermal remanent magnetization Mpy in applied [field were
investigated. It is found that Mgy and Mpy Obey the power law quite well,
Mgm(l) = A0 (2)
Migu(l) = Mg - At® ' (3)
where M, is an adjustable parameter. Eq.(3) indicates that the value of
Mgm reaches My after infinit time, that is, My is the value of Mgy in the
thermodynamic equilibrium state. The value of Mgy agrees with that of Mgc
_within experimental accuracy. This result suggests that the field cooled state
is close to the thefmodynanﬁc equilibrium state. This conclusion is obtained,
for the first time, from the relaxation measurement. The exponent n and the
prefactor A of Eqs.(2) and (3), depend on both temperature and applied field.

As temperatures increase, n increases exponentially, while A decreases

linearly and is exirapolated to zero at near TE(H). The temberawre
dependences of n and A for another spin glass Rb,(Mn,Cr)Cl; for which the
relaxation is [itted to the power law decay, are similar to those for
Feg 5oMng 59TiO3, though the authors have not touched upon them.
Therefore, our findings about the temperature dependences of n and A are
considered to be common at least for non-diluted ivnsulating spin glasses.

The ac susceptibility has been measured in a frequency range between
20Hz and 66.5kHz. The temperature Tg(f) showing cusp increases with
increasing frequency £, which indicates that there exists wide distribution in
relaxation times T=#-!. The f dependence of Ty(f ) is described by both the
Fulcher law and the power law within this frequency range. Even if we take
into account the result of the Mossbauer measurement ( T (f=107Hz)=28K ),
still both laws are equally well fitted. In order to determine which law is

better, measurements by other technique with large f is required.
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—%, FCRETORIL My 13, EREBOREGEANT, FMELE L iHESH
TW5,

FCORIE & ZTCRIBICHS £ A REE Tt £ 6 6 AR OBAEOTIRE TH 5 0
PERSNTV S, — RIS, Mpe SRMELEETS, ABEMTHSEZ Lrb, FORED
B T OIS S TR BV RIE T b 3 L EZ BTV, D&Y, Mype EEIRISHE
Ik Mype PIEIC—F L, ROLIICKRDTILNTE S,



BRIET

:Mrev(H’T)_FMirr(H’T’tﬂoo) (232)

Tz, FCRBICHZABC D> TG E LS &, BIRBRL Mgy 13, HBHEM,
Eﬁﬁ%ﬂﬁ@b,%@”,Mmﬁﬁﬂhﬁt)@%%ﬁﬁﬁ&&%ﬂ%kkﬁ&#éo
Migy> BEE Mgy PEEFIEILOBIER, S ERRBBITHOWTIFTAbRTWS, Bic
Mgy PEFBRICET 2ERERNVESERIN TN D, Mgy PEMBRSIRE S R &
LT, EBREED 5K 3R ATV B,

O Mpgy() =M, —S In¢ (2.33)

Mgy PREFIZALDS In¢ (ZHED L 9 #4RIE, AuFe I3V T, Guy ™ BEINICHER L7
(K2—8), £0t%, CuMn, AgMn, ThGd *Y R X OFEMEASCENT, B
ENBORATHD (K2—-9 ), FRES MA@, BE, WBICKEFEL, SOLZENH
5, A—T#IAKRD LR TS,
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power law. Only the latter accounts for the data over the 12 de-
cades explored in CuMn 4.6 at.% (see also the dashed line in the T ({K)
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BH, DD, BEGEEIMERD yypc H,T,t=0) ZREBLZTHE RS20 (1),
(B, T,t=0)=0), L#L, ZRZEBOHEE LRTHER 0, BESREREICRE L
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W%Kiofqﬂﬂﬂﬁmfémf,T=50K&TE1—5nyﬂ)ax7~wLﬁ
log [nppy) ] — &7y FLEERERE, K4-22108F. 95

WS BRRABELRD, T, REAENESES 2L TT,DIESITTY, npy 31
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Mirmit= Mo~-At"
F T=50K o N
. o)
ol B:° o Ji0
O:A
[ =4 = © .
o
Qo5 ° ) 45
o

L - ]

o

o}

% 3 10 5 20°
H kQe)
4—21 n, ADHEGEKGFH
I T 1 T T
MirM(t =M, — AL
T=50K
b4
colr e
1 L 1 1
0015 07 Y 06 08 10
T = 1-5/Tg(H) -
X 4—22 nirm ORESGIKFN
15 T T T T
Mirmit) = Mo—A 1"

- T-50K -
10F -
b
a | 4

<
Sk .
O 1 1 1 L
0 02 04 06 Jos 0
T=1-5/TH  1h0-215K
4—23 AIRMOREBIKEN
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REMERE 2 > 75 2 Fe , Mn, _, TiO, D#REERRIEIC L 2B
BENCEINT 52 EERLTWS,

—77, Apyb, FRECEEZ XAy =V LT Ay —7t&7ny b+5L, 4~ 23
R LS, ERECERNCO TV, LT, SMELZESE, T,(0) =215 K
(v =0.767) EETHEE > T3, HOBE TORELTHR > TWRVWDT, Aign(H) D
2REVWREDLOBRERVED D0, RITT2Z&IETERY, L2, 45808 1ERLEKC
WAEZ Ehb, ALIrOHBEHE®RIFET2b0LEbI 5, |

S50FMT D Mgy (¢) > Mygyy (¢) 25 THEFERGIL, RO R E Fcff > TWv5, —J5, Chamberlin
5AEM LT % AgMn + Sb 1388 b 72 < stretched exponential IZff > TW 5 (M2—11),
COEHIE, BREEEAELATNSS LOBEL LT, KNOL) B ERELOAS,
1, ERBEROENTH S, 50 FMTICE T 5 EMI 5O RIER X~ 300sec
S ¢t 2~16000 sec THHDICHL, AgMn + Sb TiE, 1sec< £<1000sec TH5H, - T,
AgMn + SbiIC oW T OEIBIR, 50 FMT Kok, D LIEMIEBELT, %
R, BMBETL COrLOBMBAR LB L bicksd, N (49) TRINZEFFOX
ERICHEOIBEFL, ¢ DOTHHLTLEY, #-T, 50 FMTL OB BAKIE, thoB
BIICHES & E3HIcEZA BN D,
2k, REOECTH D, 2 CUHOMEAEERE, FHERESSE AgMn+ Sb Tt RKKY
FEAEM, ERERMEARESO 50 FMT CllBEBEHEERTH 5, #->T, REHEEIEAR
DFEVD, BMBRCHDA TWEEEZXLRS, BMEAVEMOREIFICHKY L0 HFER
X, EEEREERESTEON TS, —F, stretched exponential % S GOFEFIRGKICTY
T» bRT-DIFFEEN Z & T, stretched exponential IZHE - TEFL TWL &9 FEHRIL,
FHREAL TIRMS ATV B2, BRSATWADI AgMn (+Sb), CuMno 2 M8
FTHD, LrL, £D—FT, MEEEREEREMR Eugy Srog S DREFIRH stretched
exponential ILFED & 5B L WEHTAEE LT W5, waic, Hic, A&, MRILEROE
W TR, OERGEFET S L Ebh 5, AgMn (+8b), CuMn, Bug,SrosS
X, ELIEHRRTHD L) mbBROT, Z0Z &0, BRMRRCERL TS L LE
Zbh3,

BANIRAR DS stretched exponential IZHE IWBE I E L <RI hX, ERIERLHE 5 H
BoE LB L OBRSBREIC RS b0 L Bbh b,

(2) %2 W H B =
RRERER 1, OEEEKEECOWTHRD DT, 1, PRER, Bk f % 20 Hz
7225 66.5 k Hz £ TORPEATEILE ¥ TT - 7o, REHIIN 2 5 Ktk » peak to peak 13,
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*4—6
1 Fe,Mn_ Ti0, ‘ Tg (f)

x=0.50 f (Hz) | Telf) (K

5 20 | 21.7
? 40 | 21.9
N 80 | 22.1
| 200 | 22.3
400 | 22.4

800 | 22.6

2k | 229

4k | 232

’ 2T ° 665k | 24.0

K 4—24 x=0.50 BT DB ERER

6.4 Oe ICFHEI L TRIE &7 - 7c. _

Y2 PRABBURGEM 2K 4—24 1R+, 2L, T=50KiZBWT, g, PRKEE%
normalize LT®» 5, fBENGEAICE, x,, BEVIZFERLTWS, fFA#EAT 5o
NT, DRATRBEY, 2, PE—7 ERTRE T,(f) & &RAIcbTFrcTFhTns, f
ETSf) L OBRER4-6I1TRT, ‘

FET(f) LDBRIEHOVWTE, ZThETRESNA TV, UTFIORT 3B BHRRIC
DWTHRET 212 72,

_ 5 , ‘
— — (A Arrh 1 (4.19)
f fo exp ] P Tg (f)jl rrhenius law
f: f exp —-— Ea :| Fulcher law ( 4.20 )
° | (T, (D= T,)
f=f* {_Tg—(f)*_:] - power law (4.21)
Tg (f) - T*

Y, 1/T,(f) &log (f) »7ry b&H4—251T7F, 1L A SEBHIITHE RIS
ATWBZEDD, K (4.19 ) O Arrthenius law HE->TWBAEEMY D 5, KA 5 E, [k,
foPiEZERD B L,

E,/k =1850 (K) (4.22 a)
fo= 2.3%X10%® (Hz) (4.22 b)
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BRIEMRIA 2 £ 75 R Fey, Mn, _, TiO, DEBERRIE < & 5 Bi%

T 1

FexMn,_TiO, f=foexpl-Ea/ KkTg(f)]
0.0SO# X =0.50 —

2.045

1/ Tgtf) (K™

I S 1 —l T
% 107 10° iod 10°
K4—25 1/Tg(f) —log(f)

BOBFER 55, = I ThBETHE, 1,=10 % (sec) &Y, ZHITYEH Tiie
W, - T, f & T, (f) & ORI, Arrhenius law TixFbE7R\W, i SG, CuMn K
BWTY, Arrhenius law QS TiE®H 5 &, 7,~10 " (sec) 251 5 DT, Arrhenius
law @S2 &R Sh TV s

&Iz, Fulcher law, power law IZHE5 0> E 5 TH 505, R (4.20) (4.21) 12X, T,
T*MBEERTWD, ZDT,, TF i
d7, (f) _ T, (f) =T, 4T, (f)

(T (1)) = dinf VE k& 41nf L)
— T
p@ﬂﬂ)zdmnﬂﬂZYUﬂ r ~AMTUﬂ (4.24)

dln f zv T* 41n f

T, ()= T(f) +5 47, (f)

TEHSNDT, 2 DPORETES L, Souletie & Tholence ™ ZIEMH L TV 5, #5613,
COBEETRoT, M4—26056, £4—7 R THERES L, BEOHET, 50 FMT
IZONWT, F, 2 k7 uy b LIEERER 4— 27 KR T, 00T 21772 o 72 CuMn D &7,
PDYS57 (MA—26) LiERARY, M4—271F, »RIEAFPETEO2VTVS, fE->T, 50
FMT X, 50RTHETT,, T* 2RET DD, RAJEETH S, 4k, 50 FMT 25,
CuMn iZHART, T, (f) ORBBIREHEGNE L, €T, T, (f) ORI NEWIeD EE
Zbhb,
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3.30 3.35 In(Tg) 3,40
_g_l:l_ Mn 4.6 % 08 T T T ¥ T ™ 0.04
FeyMnxTiO;
—2 i X = 0.50 3 )
06} a: ¥ 1003
o: P .
-3 - “TL -
' & 4 e
04 i . =002
* L]
-4 °
- © -
o
02F R ool
-5 °
26.5 N ° i
Plots of ¥ =I[AT,(//An(NIY2 and of 0 N ! L 1 1 1
T*®=T"(Aln Tl(ﬂ/Alnf) vs Ty for CuMn 4.6 at. % in the restrict- 18 20 22 24 0
ed 10~} to 10~ *-s range (lower and right-hand-side scales). T_g(f) (K)

Toand T° are_deduced from the intercept of a straight
line going through the #(T) and #(T) data, respectively. The ex-

ponent o is deduced from the siope of 2 (In7,) dependence (upper S . Ea
and left-hand-side scales) where & =In[A T,(/')/A Infl. A—=27 &, P& Tg(f) &0
EIFE

Ma—26 &, 2%

®4—7

r 35) :
To , To, Ea/k . T R ’t'* , Z))  Best values for the parameters 79, To (Fulcher), 1*,T* (power law)

Fulcher: r=7oexpE,/k(T,— T) Power: t=7*IT/(T-T")}*

System Reference Ty 7o EJ/K ' * 1w
Ising 3d, 64% 64x 64 10 1 0.118 2.69 1.22 33x10-2 7.2
Eug ¢Sro ¢S 1 1.33 8.6x10~? 5.1 1.48 52x10~1 9.4
PiMngy, 9 7.48 3.2x10°6 3.4 11 3.9x10°° 4.2
AuFegy, 8 21.5 8.2x10~6 15.7 219 0.6x10-1 10.2
CuMn, gy 27,14 269 4x10-8 11.75 27.45 7.7x10-1 5.5
Mn aluminosilicate 6 2.76 4.4x10-12 8 3.00 10-M 8.9
Polyethyleneisophtalamide 11 410 6.8x10-3% 1600 460 5% 10-6 8.3

%z, #(4.20) Fulcher law &L TiE, 1/ (T, (f) — To)—log (f), R (4.21)
power law XL Tix, log [T, (f)/ (T,(f) = T*)] —log (f) ® 7w v P EMRLIZD
BEHECT,y, TF %REL, Fry bLifERER4—48, 29ITFT, EbLNFuy
P, BEERMTDHD, 77700,

‘ : #4-8
RN 2RECL VBB ERDD L, R

M4-28,29 5 ANtk To, To, Ea/k, T, T*, 21

4—8 Dk Hickhd, I L, F4— Fulcher law power law
7 LW B BIC ro= fo), o = To (K) | To(sec)| Ea/k(K)] T* (K) | T*(sec)| zv
[ — 0— > — - =
: 18.0 |46x10"] 79 | 20.0 |83xi0% 11

L,
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BEAERAE 2 > 75 2 Fe, Mn | _, TiO, D#RERREIC X 5 W

T

FexMn,_«TiCy

© x=0.50

T T

f = foexp[-Ea/ k(Tg(f)-To)]
To=18.0K

0.l 4
OiO 02 s 10° 10°
f (Hz)
4—28 Fulcher law
100 T T T
x . -2V
FexMn,xTi0, f=f[TeH)/(TgtH)-T5]
X = 0.50 T*= 200K

Tglf)/(Tg(f)-T*)
=

| L 1 l

10 102 10° 10
f (Hz)

4—29 power ]avs}

ELEDREL, £4—7 IRLK, o SGIZOWTKRDZfEL, 12EF Corder TH 5,
Souletie & Tholence DFEHR G, K 2—14IR L X 91T, RRERERORIE M FIEEA B
BT, f& Tg(f) & DRAFRADS, Fulcher law & power law® ¥ 6 5 IZHE S 7> 0 Y23
Dhlgv, 50 FMT I8 WTh, ZOHEARKER T, 501K/ 0, HE+52
LNTERN,

V £ &8 |
HANOHAEMERHEAT S FeTiO; & MnTiO; & DiES, Fe Mn,_ TiO; i, 2= 0.50
( 50 FMT) ®REHZ BWT, BFOX 5 RBKETR L,

O BRGTTOEREURE, T, THRATERL, MEERT 2L, »27@o58h5,
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BHEET

@ TPAFT, xgpc & xpc & PRICEDTRN, RAIFEHKIFET 5,

® T,UAFT, Mype REERIE & SICHINIT 5, 72, Mppy EFM L & LBOL, R

FREMBRNR oI5,

@ ZRWHEHMEOWE TR, ©— 2 &R TRE T, (f) »¥HEK f&FET 2,

IRODBEE, SFETREBRINTNWS SGIILBBOBHRTH 5, > T, Fe,Mn,_, Ti
0, i, PRREFERT, FRLALLIIE, SGHIAHBELTWSLELLN D, WHEEOH
EREPOFRINDMEHEH 5 —1IT5RT,

Bz, 50 FMT &, EREREOE» S, 1Y

LTI SG ThHEEALNS, HIERT, ® &
&L CRBEMRAEERA RAET 5, BN SG
Fe Mn, , TiO5i%, &% D SGHENOFKEREIC,
RELFETHLbDLEDNS,

tzre & ape & PRICENBNBIRE T, () & 2
BEHH L TRtk S 5 g, RIS IR
DOEF (H> 8000e) T, A— T Bl s% %

W,

Fey MnxTiO;

T T T T T T

40

Temperature (K)

>
el

T T T T T T T T T T
©

’ ““\

rd e

” \ -~
L4 NI

N 1

-

SG “
N
.

i 1 1 L 1 1 1 1

0 ‘l 1 1 1

1
05
Fe Concentration (X)

(=]

X5—1 Fe, Mn;__ TiO;

H=4.26 X 10* <1— d: (H)>L49 B HHIE
7, (0)

ERLTWS, ERNLRDIEE (= 1.49) DFEK (=426 X 10Y) 1%, S ETITRENT
WA AD SGOFEBRFER LT, FHGHEGE 0B ICEERBRICIFERITEY, —F, 5
RES (H< 800e¢ ) TO T,(H) %, BBCKER T, A—THRPSEITFATVS, LavL,
T, () OWEICHEREPRE SFBELA2DT, dype/dT=drype/ dT LR DIREE
ELTHRDE T, H) D0, ZOFTIAE, FENRLOTHE0E 5 ORI TE AR,

T, BB REDTROBEADPEDLENND S, 200 & 2pe £ PEICENBNBE
BT, @UT THRMBRSEZ 5L VW IRBRPEPN TN D, PRIC, THhODZLEBEXR
b, T,H) 3 A-TEBREZRL, T,HLTTRE, c#ICHTRAEVEGNT v
FRCHREL TV D EELDNS,

7. F C ARFBICRES & N 2 7R DREAL M 5 po PRERIRALT D7 Mgy (¢), 8 X O FCRfESD
5 B Y] o 12 1% O BURBIRHL ORFFIZAL Mygy (¢) 1, & b1, BEERIONERICHE ) B
R

Mg (t) =My —At™"
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REHGAE 2 £ 75 % Fe, Mn, _ Ti0, D#BERAE C X 5558
Mgy (8) = A¢™"
R LT,

ERRoRd, EREEEIRIC, Mpgy (2) & BOPHEHEREBICEL, EME2 D2 L2E
BRLTWBh, RO My DEIE, #92 % DBENT Mpe PEIZ—HL TS, ZDZ &b
Behh <0 SG OBA RN TATIREZ, FCORBICHERICENE ZHICEREL TV S LFEHRT
x5,

BEG—EOHE, B RE L L DICEAL TV, BT npgy BIEEHCEML TV 3,
£72, FREAE, BEOEREELIC, T, ~AT TEHRHIOHRD LTS,

DX %0, A OREBERGFEZ, BEROIQIEINTHRY, L2L, ¢ " 55 EHR
RERT Rb,Mn,_, Cr, Cl, DI, REERHL TAHL L, Eb54, 50 FMT & RO
FBREVERLTVWDEOTC, ZO5EDENE, ¢t " K-> TEMTLIHECILBOBRSTHS
LEZXOND, SHBOEBOMAENPERILEEN S,

IR OPE T, T,(f) PEBEEFEVBRShIc, 202 e, SESELK
IR LOBAEEANEL AL TVD EEZLNAD, LI L, FEHEEN20Hz 225 66.5 k
Hz £ (R c cExhiE, 1.5X107°< ¢ 50X 10 2sec) DREERE T,
T,(f) & f & OBfRD:, Fulcher law 1245 ?As, power law I 5 O ORI T E 72\,

—%, Mossbauer SBEOME ( f= ¢ '~55X 10°Hz) TiE, T,(f) ~28K LAFTx
EUOBRBEPBRISHh TS, ZORRGED T, T,(f) L& oBRic N TRFEZMA 7.
T OfER, Arthenius law KHTR®HB L, f~55X10°Hz TOEAKRE I TFIB,
# - T, Arrhenius law i3, RHHEHEROBERLED SHEE TR WVE 7, ~10 *¥sec 13
BOND T TEA <, EVERSGER TR Y SR &b o/, Fulcher law &
power law Z2>WTiX, Mossbauer ZIRICIHHENPFHREE L FDLISFTT7EHM5—2 1T
Y. B, T, (f) & fEDOBFRMNRELLOERITHATES DA, f~55X10°Hz T
DHERESHTYH, HW+22 ENTERNZ ENb2S, #6-> T, Fulcher law & power
law & Tid, EHL0WL TV E0ERDZLDITIE, bo & KER f TORENARELBE
FRICE > THEEITR ) Z EVBLETH B,

S EDFEERTIX, cooling rate X, wait timebCOV\’C%lﬁLfV\&b\@T“, ZDRITON
T, SLREBNLRERYTRILELD S, %70, Mgy (¢), Mgy (t) OEMBGE, &
5% < OIREE, BERTHEEZITRD S LIk, ¥n, R34 OBEREN, Bk
DHAREIC DL DEEZ TN D,
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04k . Fulcher law

I /(Tg(f)-To)

'i'- 'b . power law
=
N 10'@_—9—9_‘&*6\9_9\&_
x e
l J. A " 1
1o’ o’ 10° 1o

f (H2)

& 5—2 Fulcher law & power law & D&
SRR 2 Tl AT, AHRER
DORPEFRERD RO T,

L4, FEBRAIEBROPER L ETR5ZL1CL>T, Fe,Mn, , TiO; PERHSDEN
M, EHLIHELLBHIL W bDEHFENS,

Bt £33
Ko ICEER, Kih THY, TTERIEELX TIVE LGHEEFEEICL» b BILE
BLEFET, o

7, ERICELT, £AZIBNEAETSVE LEEERE BERclya63E%s
TEBRLIHEY TV E LBNER A, EESUBAEA I, O OREHEL £,
AR ORIEEBIERIC b e > Tk, BT B RSA BUUKFEYHERIIERT ORERERE 5%
A, b REEREAEICKERBHEEIC 2 ) £ LT,

SUEMERRIC &7 - Tid, BAEKSE - SBRHEFETO S b2 REHEES, Mo, K
Bz e, RIBXENE, BHEREAEICLY OBHBLET,

bz, FFE2FFT5dbizY, BIRIBE, TXBErTFIVE LB AE AT L
W GHERFZEE ORI IR CRBE L £ 7.
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