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1. INTRODUCTION

This Final Report summarizes the scientific results obtained during our project
:_;;E: entit!led "Phase Transitions on Clean and Adsorbate Covered Surfaces.”

& 2. SUMMARY OF EXPERIMENTAL WORK
; o

L ——=> The experimental studies are divided among three categories: (1) Surface
)1':;";'; Phases of Se Adsorbed on Ni(001); (2) Au(110) (!x2) Order-Disorder Transition; (3}
N Experimental Methods for Study of Surface Phase Transitions. These are presented in
:.':E'é' order. Intergretation of the experimenta! results re!ied heavily upon tne theoretical
f.g?»: work described in Section 3.
i‘.". /\lfﬁl\ium“-} 23 R
- 2.1. Phas
;,;‘ The thermodynamic phase diagram for sub-monolayers of Se adsorbed on a
W
Ni(001) substrate has been determined and the characteristics of the phase
5‘ . transitions in the vicinity of the phase boundaries have been studied. Reflection
;‘; Electron Diffraction, Auger Electron Spectroscopy and Therma! Desorption

Spectroscopy were the major experimental techniques employed. The major results
y @ . of this study are:

1. The phase diagram has been determined for Se coverages in therange 0 ¢ ©<0S
monolayers and for substrate temperatures between 350 K and 650 K.

N

jf}:;:; 2. The experimental and theoreticai analysis are most consistent with all

'1::2 transitions being continuous.

W

;;.: 3. Results are compared with model calculations to ceduce the magnitude of the
‘::‘;3 Se-Se Interaction energies.

o

BN

ol 4. The Se/Ni(001) phase diagram is shown to be a possible realization of the

-‘;?.‘ Ashkin-Teller model.

514::

":'::. S.  Se adsorption to coverages of about one-monolayer and above leads to formation

of bulk NiSey compounds.
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A cetailed presentation of the above results is made in Technica! Repcrts *10 2nd
#11. One PhD. thesis, "Thermodynamic Phase Diagram of Selenium Adsorsed on

the Ni(001) Surface,” by J.S. Ochab was completed. The thesis abstract is included in
the Appendix.

New Low Energy Electron Diffraction instrumentation ceveloped 2s 2 part of this
project was used to study the order-disorder phase transition which occurs on the
(1x2) reconstructed surface of clean Au(110). The major results of these
experiments are:

. The Au(110)(1x2) phase transition was shown to be a realization of the simple

Ising Universality Class. The critical exponents a, B, y and v were determined
rom the experimental data and agree with predicted values.

2. Evidence for finite size effects due to surface imperfections was obtained.
These effects suppress the critical temperature 695 K by about 45 K and are
consistent with theoretical predictions.

3. Amethod for extracting the critical exponent of the specific heat from a

diffraction measurement proposed by Bartelt, Einstein and Roelofs was tested
and shown to be valid.

These results are presented in detail in Technical Reports #12 and 14. One Ph.D.
thesis, "An Investigation of the Au(110)(1x2) Order-Disorder Phase Transition,” by
D.E. Clark was completed as part of this study.

2.3. Experimental Methods for Study of Surface Phase Transitions
Considerable attention was given to the proper experimental and analysis
methods necessary to use Low-Energy Electron Diffraction (LEED) as a too! to study

phase transitions on surfaces. Major resuits include:

1. The limitations that non-structural parameters and multiple scattering place on
the accuracy of iattice constant determination were analyzed.
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" 2. The uncertainties introduced in extraction of critical exponents frem LEED data
B by non-critical effects such as thermal diffuse scattering were z2nalyzec.

”:;?"' 3. Some artifacts introduced by multipie scattéring were studied and 2 methca o
nii correct for them was developed.

3‘: 4. A new, high coherence LEED system was ceveloped but was found to be t00

* mechanically unstable to take full advantage of the highly coherent primary
et electron beam.

;t‘j These resuits are described in Technical Reports #3,9, 11 and 13.

R 3. SUMMARY OF THEORETICAL WORK

: , The theoretical work falls into four categories: (1) stepped surfaces, (2)

“E?‘, renormalization group calculations, (3’ effects of finite size on phase transitions in
two dimensicns and (4) ané]ysis of phase diagrams for specific experimentai

é’ ‘ systems.

g

i 3.1 Ineoretical Analysis of Stepped Surfaces

3’2 ' A theoretical analysis of some effects of stepped surfaces on ordering was

:‘.:: carried out. The major results are twofold. A way to determine the sign of the

?‘::;: | change in binding energy at terrace edge sites directly from experimental resuits
;'5;.; (Low Energy Electron Diffraction data) was deveioped, explored and applied to

:!Zi" 0/stepped W(110). The method used included Monte Carlo simulation. Detailed

_:;;;:: results are contained in Technical Reports #1, 2, and 4 and publications #7, 8, 9 and
132';%. 17. Secondly a classification of which phase transitions on stepped surfaces are
:,:E:» allowed to be continuous (second order) was made. This study employed the Landau-
-_ Lifshitz rules. The main results are that the symmetry breaking due to the steps

. "Y., reduces the number of possible continuous transitons, and most of them are on the
"3:' Ising universality class. Details are given in Technical Report #5 and publication
’;‘; #13. This work constituted the Master's thesis of B.E. Clements. The thesis abstract

W, is included in the Appendix.
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Some calculaticns using the renormalization group methoc for first-orcer

"'ﬁ transitions and specific models of surface systems were carried out. Details 2re
i:: given in Technical Reports #5, 6, 7 and 8 and publications #10 and 4.

;I

b,

N Finite Size Effects ~

E%} Results were obtained on the shape dependence of the finite size specific heat
::'E correction term in the two-dimension2! Ising mocel critical region. It was shown

' analytically that the curious unexplained effects are cdue to a one-cimenciona! array
E:.:; of comain walls. Details are given in Technical Report #16 and cublications #!5 and
;I': 16. Inaddition a review of the theory of finite size effects (and our resuits on

*g stepped surfaces) was writtén, see Publication #17. Finally, using the recently

§ developed principle of conformal invariance, calculations of scattering ineshapes in
;‘Q‘. fully finite 2D regions (at bulk criticality) of various shapes were made. This

- represents a significant extension of the theory of finite size effects to include

‘E . scattering functions. See Technical Report #17 and publications #18 a2nd 9.

sz

- 3.4 Analysis of Experimental Work

:E:' : In conjunction with our experimental colleagues, analysis of results for

‘.':',' Se/Ni(100), Au(110) and No/Ni(110) was made. The first two have aiready been

." described under Section 2. The last involved understanding the observed phase

j:j‘ diagram of No/Ni(110), which apparently includes a phase that is formed cue to an

:‘ instability to dislocations. See Technical Report *18 and publication #12.
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Appendix One: List of Publications

1. “"Limitations to the Accuracy of Surface Crystal Structure Determinations Using

; Low-Energy Electron Diffraction,” W.N. Unerti and SR. McKag, in Proceeqings of 2
. Conference on Determination of Surface Structure f d. PM Marcus ancr.
>, Jona, (Plenum Press, New York, 193%) p. 26t.
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W 5. "Specific Heat Anomaiy of Au(i10) (1x2) Studied by Low-Energy ciecron
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6. "Continuous Phase Transitions in Two Dimensional Systems,” W.N. Unert! (A
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o Sci., 103, 542 (1981). ‘
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o : Fiagg, Surface Sci., 103, 552 (1981).
i
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w» Proceedin?s of the Conference on Ordering in Two Dimensions, SK. Sirhe, ec,,
. North-HolTand (1980).
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}:..' - 10. "Direct Calculation of the Derivatives of the Free Energy for Ising Mocels Dy 3
N Modified Kadanoff's Variational Method,” P.H. Kleban and Chin-Kun Hu, J. Cornp.
'::;; Phys. 43, 289 (1981).
3 11. "Phase Diagram of lsin%Models with Random Sublattice Vacancies,” P.H. Kleban
o and Chin-Kun Hu, Phys. Rev. B 25, 6760 (1982).
‘ 12. “Evidence for the Commensurate Solid-Fiuid-Incommensurate Solid Phase
e Sequence: N, Adsorbed on Ni(110),” P.H. Kleban, M. Grunze, W. N. Unertl and F. Rys,

Phys. Rev. Létters S1, 582 (1983).

fih 13. “Landau-Lifshitz Analysis for Stepped Surfaces,” P.H. Kleban and B.E. Clements,
) Surface Sci. 138, 211(1584).

14, "Phenomenolo?ical Renormalization Group Approach to Phase Transitions,” P.H.

K!eban and Chin-Kun Hu, Annual Report of the institute of Physics, Acagemia
- Sinica 13 (1983).

1S. "Domain Walls and Shape Dependence of Finite Size Corrections to the Two

Dimensional Ising Model Critical Region,” P.H. Kleban ana G. Akinci, Phys. Rev. 8
28, 1466 (1983).
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Tgpp‘{gg,;x%gslfleban, G. Akinct, R. Hentschke, and K. R. Brownstein, J. Phys. A
, 43 :

"Effects of Finite Size and Shape ¢n Scatterin? and Thermegdynamic Quantities at
Two Dimensional Ising Critical Points,” P.H. Kieban, G. Akinci, R. Hentschke and
K. R. Brownstein, Surface Science 166, 159 (1986).

™,

i e, " ! g A e AR DT AT
N T L R \‘z‘x‘?s‘g‘\‘..ﬁw. ‘f\‘ﬂi‘ah‘%\'ar AR (i St T N N




R Appendix Two: List of Seminars and Talks
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A. W.N. Unertl

Y oy, 1. "How Accurate is LEED,” 26th Nationa! Symposium, American Vacuum Society,
.!" , New York, October 1979.

]

:1}‘,' 2. 'On the Accuracy of LEED Structure Determinations,” W.N. Unertl, Bull. Am. Phys.
Vi Society 25 (1980) 327.

1 3. “Limitations to the Accuracy of Surface Crystal Structure Determinaticns using
R Low=-Energy Electron Diffraction,” Conf. on Determination of Surface Structure
e by LEED, Yorktown Heights, NY, 20 June 1980.

'.ig:;q,

4. "Status of Our Ability to Determine Surface Structure,” Fritz-Haber-!nstitute,
Berlin, Germany, September, 1982.

;, S. "How Accurate is Low-Energy clectron Diffraction,” University of Munich,
3 Munich, W. Germany, June, 1983.

L
k. 6. "Physics in Flatland: Phase Transitions on Surfaces,” University of Verment,
4 April, 1934

-~ 7. “"Surface Phase Transitions,” University of Osnabruck, W. Germany, June, i984.

b 8. "Surface Phases of Se on Ni(100)," Fritz-Haber-Institute, W. Beriin, Germany,
o June, 1984
Dt 9. "The Askin-Teller Mode! and the Ordered Phases on Se/Ni(100)," First
ﬁ:%:: : International Cenference on the Structure of Surfaces, Berkeiey, August, 1984.
o
”3;::2', 10. "Some Recent Experimental Studies of Surface Phase Transitions,” Brookhaven
W National Laboratory, October, 1984.
A 11. “Critica! Phenomena in Two Dimensions,” Eastman-Kodak Corp. Research Center,
s : Rochester, NY, October, 1685.

‘f::-

" 12. “Experimental Artifacts in LEED Studies of Phase Transitions,” 32nd National

i 1 Symposium, American Vacuum Society, Houston, TX, November, 1985.

o 13. "Phase Transitions on Surfaces: Models of Two Dimensionail Systems,” Colorado
>, School of Mines, March, 1986.

\ 3 14. "Critical Exponent a for the Au(110) (1x2) Order-disorder Transition,” March
Meeting Am. Phys. Soc., Las Vegas, April, 1986.
o

ol B. P.H. Kieban

l. }

el 1. "Chemisorption on Stepped Surfaces,” institute of Theoretical Physics,

e University of Washington, Seattle, July 1980.

Ll 2. "Diffraction Gratings, Surfaces, and Chemisorption,” for the undergraduate

R physics club at Boston University, October 1930.

3. "Chemisorption on Stepped Surfaces,” Statistical Mechanics Meeting, Rutgers
— University, December 1980.
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“Specific Heat Maxima in Finite Systems,” APS, Phoenix, March 1981,

“Criterion for First Order Phase Transitions,” and "Chemisorpticn cn Stepped
Surfaces,” Physics Dept., Brown University, iMay 1981.

“Criterion for First Order Phase Transitions,” Statistical Mechanics Meeting,
Rutgers University, May 1981.

“Chemisorption on Stepped Surfaces,” International Conference cn Phase
Transitions on Surfaces, University of Maine, August 1931.

“Criterion for First Order Phase Transitions,” NES-APS, University of Maine,
October 1981.

“Criterion for First Order Phase Transitions,” Physics Department, M.I.T,,
October 1981.

“Criterion for First Orcer Phase Transitions,” Physics Department, University of
Rhode Island, December 1981.

“Divergence of the Susceptibility at a First-Order Phase Transition," Statis*ical
Mechanics Meeting, Rutgers, December 1981.

“Criterion for First Order Phase Transitions,” APS Meeting, Dallas, March iG82.

“Landau-Lifshitz Analysis for Stepped Surfaces,” Statistical Mechanics Meeting,
Rutgers, May 1982 (this talk was co-authored and presented by B. Clements).

"Some Examples of Statistical Mechanics in Chemisorption Systems,” Fritz-
Haber-Institut, Berlin, West Germany, July 1982.

Poster presentation on “Criterion for First Order Phase Transitions,” Conference
on Statistical Mechanics of Adsorption, Trieste, italy, July 1932.

I?g%% deadline tatk on "No/Ni(110),” AVS Meeting, Baltimare, Maryland, November

Talk on "NoNi(110),” APS Meeting, Los Angeles, March 1983.

{glal%on "Shape Effects in 2D Ising Models,” Statistical Mechanics Meeting, May

{n?gtute fur Physikalische Chemie, Universitat Munchen, July 1983 (Invited
alk).

IUPAP Conference on Thermodynamics and Statistical Mechanics, Edinburgh, July
1983 (Contributed talk).

International Summer School in Surface Science, Milwaukee, August, 1983
(invited Talk); American Vacuum Society, Boston, October 1983.

Physics Department, Dalhousie University, Halifax, March 1984 (invited taik).
American Physical Society, Detroit, March 1984 (Contributed talk).
Physics Department, University of Maryland, April 1984 (Invited taik).

MR g SR T Ty VR R T R A
‘si:w,‘ép.,f,‘?,; At e b e e R b o S i e e

FARIY

U

#,

FIOCTRIK] ®, ¥ 3 J T
g e "-"n?ﬂ,‘-'.:"tt*‘-!"«‘n?‘l"-;.‘gi-'.a." T BT

X P T
Sl




v " 4 WU TISr U TR TR R VAT Y WU T WO TS T ML LT T S T Y ey W

e
25. Statistical Mechanics Meeting, Rutgers University, Decemter 1684 (Contributed

%; talk).
'_ 26. ;tknlwfr;'can Physical Society Meeting, Baltimore, March 1685 (2 Contributed
R alks).
:m 27. Physics Department, M.1.7., April 1685 (invited taik).
O o
\ .»'; 28. Physics Department, University of Maryland, May 1985 (invitec taik).
SN
:35‘. 29. International Union of Pure and Applied Chemistry Meeting, Manchester, UK,
el September 1985 (Invited tailk).
2* 30. NORDITA, Copenhagen, September 1985 (Invited talk).
hek
:-,: 31. Institute for Physical Science and Technology, University of Maryland, April
=y 1686 (invited taik).
i
¥

o>

~ 3O R R N T AT SR WA T
St & J‘. ,\ R

N “, . -«
; q,l‘qi‘.!.‘.ﬂ.‘t\'l“h e SO S A ) .08 8




W PRV ESS AN Sy oyt Er T RS R TRe TR T TR T TR S T s e

Appendix Three: Abstracts of Theses

[ 'l
e
A P

-l ar
»
.

PO
.

‘s
P ]

Y,
e

I8 0 :F
'1‘::" §

-
i

R i )
.
>

4

.

K-
ol
-

4

. vy
\' 'z" REORTURN "’S{: :;:'-h

A AR Ly S )



W

rwrew

OHOM SNoIAaJd 3YY Ul SUOIID3JJadw) 3de LJns AQ Pasned 51333
s vy 03 anp A1qissod S1 3duIIIP SIYY Teca6l “1e 3@ ouezndwe))
3 059 Jo anjea pajsodas Aisnoaaid ayy ueyy Jabel Ajjued Jiubis sy
PuR 3 9% £69 90 03 PUNO) SeM UOJJISURL) 3Y) JO) 3snJesa0Wa) [2313145 ayy
'$123)J9 |RUBWNIISY) pue ‘Bujaalieds
NP teursayy ..8:%:3% Absaua Joyoey Buisanieos ayy 's30a))
J311eMm-34qaQ Joj 3peus aJam SUOIIIALND "J03333ap dnD Aepese] pasnjlade
Ue ylim painseaw mn,.; Ay1suaju paydeassIp 3L (A3 Z9) vorisod B6esg ay;
18 wnwixew e Sey ajtjoJ0 SIYL M 019 PUe % ZLb Uaam)aq saunesadwd) Jo)
SUCJI2313 (JU3PIJUL ,SP) A3 08 - A2 Ob JOJ P3PJOD3J 3JaM WIRAQ PaIILJ}fIp
(3~ '0) 33 Jo sarjoud ABuau3l ajensqns BuikjJapun ayy WwoJj uoided)ip
03 anp ainanns (1x1) e 01 Buipes| sseaddesip pue A1SPoUNIUOD Saseasdap
Sweaq pade)Ip (33131e(Jadns) Jap.Jo-jieY auY JO AYISUBIUN 3Y) ‘Pasea syl
S) 3JMRJA0WIY 3Y) SY  U0IIYBIP [100) 3Wd Ul ANNdip01Iad auy Jo Burignop
e AQ pagiudsap aunidnns adesuns e sey (zxy) (01 1)y pajanssuolay
‘SP000 > 121> £000

*TrVvTrer e ey 2 T el W L o

405 1°0% 0'0 3G 03 punoj Sem pue {eSE6L ‘sj0(20Y PUR ‘UIAISUII “J131seg)
Sa1Isuaiul pajedbaul Jo poytaw ayy Buisn paurwsAlap Sem ¥ JuIUOdXd
18213192 Ayaeded jeay ayL ‘'ecgel ‘1€ @ ouezndwe) Aq payJodas anjea
Y3 Yum JuawaaJbe poob ul sy sIYL I1/(31-1) = 2 2J9um 5900 > 2> S100
Sainjesadwal padnpas Joj 1°0% 1°§ 3q 03 punoy sem pue 21 aunjesadway
129119 3yy Jeau yibua uojjepassnd 4} JOo aduapuadap ausnjedadway
U} SaqLIIS3p A JUAUDDXA [BDIID YL A pue D SuaUodXd [BI13D
ayy Buiuiwaaiap Aq sserd Buis) auy vy aq 03 umoys sem uol3tsued) SIWy Jo
SS12 AJIBSIBAIUN By 'UOIIIRIHJIQ U033 A6Jau3 Mmo7 Buysn pajebiysanu
Sem 30BLINS (ZX1) (OLI)NY PaIONIISUOIAS ‘URalD By} WD UDIISURN
as5eyd JapJosip-JapJo 3|QISJaAL 3YY JO JOIARYSQ [BONID YL

9861 ‘Aol ($2184ud ut)
Audosoltud 30 J0320Q Jo saJbag au3 Jos syuawIINbaY ay) jo

343 Jo uawyiIng 1213Jeg Ul PAJUASALd SISAUL 3Y) JO 19RAISAY UY

Aurouoaisy pue Sa1s4ud j0 Yuswysedaq
‘$215Ayd JO J0S52)0.1d ‘1343UN N Wel{[iM ‘JOSIADY SISaY)

81D Sewoy) psemp] piaeg

NOILISNVYL 3SVHd Y3QHOSIO-H3IAYHO
(ZX1) (01 1)NV 3HL 4O NOTLYOLLS3ANI NV

| oy . M PR
s A - . S Yozl s sl PRRE T BB As) i

A
s

LA Py FLL AN
o S U

2

‘zﬂiﬁ"(j\‘t"'

&

§

4
"y

LI 1A
".,‘\';*,s'

t

EXAEN
LI

¥ L]
o

6 |
(R

AT
fyi




L 22 2 a2 e fa i d ok dad diadiobako it iientdhiai

]
:s*st&bqoiitl

i
[

[

A‘. t

+A3TTESIPATUR Pu® SUDTITSUERII BSPUd 3O SITIOMNI IVSIIND Jo
3XI3UOCD Y3 UT PeziTrue IV SITHSEI BSWYL “MOOS Inoge JoO
83xnavisdiey ® pue ISAETOUCW I93IVND-PUO JO SHRIGAOD ® Jesu
Juted TESTITIOTITNN ¥ 3¢ 389w seTIvpunog eseyd sur °SuUOT)
~TSURIY (IBPIO-PUCSPS) SNONUTIUOD UITA IUSISTSUCD Isom exe

SITITPUNOG SSOWR ‘INO POTNI ATENONSTqUEUN SF ACUUED SUOTY

o AROADAHRD
ety i@f‘?h‘*‘ﬂ EAGHOND

~JSURI3 IBPIO-3ISITF UYbnoyite ‘puv PAUTWEXS UIeq saRy seserd

{9 Y
HJ‘

A

PSOUD UPANIDG SPTIFPPUNOY SY3I JO SOTISTISIORIRYD Syl -eseud

a0k

[

POISLIOSTP ¥ (f) {JeieToucw JTPH-auO puw Iesxenb-suc useml

e
s

-9 SLPISA0D JOF SBI0Z HOTUM wseyd (ZTXZ)O PRISDPXO uwe ()
23005 3Inoqe moTeq seanzeIedwe; pue Ieivrouom Ie3lzenb-suo
Ieau ceSuIaacd 3037 sul0g YSTUM eseyd (Tx2)4d Pazepao ue (1)
:poazesqo sxe seseyd 89zyl *Adossoxaveds uoradiossp TerIsys
PuUe UOTIOLIIITP couuurao uoTIdeTFex ‘Adoosoxaseds uoxioetl
JeEny JO spoyasu TeIVSWTIFAX® PY3 SUTEN BWTI ISITF B IO3
, \ll\\\\\ POUTZIBISP USSQ SPY BOEIANS (0OT)IN SUyI UC DIGIOSPE uUNTUSTS

_ 30 sasierououqns 303 wexbHeip eseyd PITITISP BYL

(so1sduyg mmmaa....%wmo..ﬁu

30 z0300Q jo @sxbag eyl I03 sausauwexTnbey oy O

JUBITTTITNG TPTIITRG UT DRIUSSHII STSBYL SYI JO IDRIISQY UV
“Q*NE ‘TIINUN N WETTITM ‘IOSTAPY STSAYL

qeyso s uuor g
*PBQIIOSPP BI® SHTPNIS SININF 103 3ITNSI ovauns (00T) TR 3IHI NO gIgWOsAY

STY3 JO SUOTIEOTISWT SYL "[9POW JBTTIL-UTANSY U3 §P umouy ROINITIS JO WVEOVIO ISYRE DIWYNAQOWEIEL

19pow TrUOTSUaWTP-OM3 JPTOnOT3IIRd ® JO uotaezrresz TeoTsiud ®

oq Avw wezbSerp eseyd (0071) IN/OS 2yl IPYI PIPOTOUOD ST 3T

‘. - g - - -
. ag voe WD - o s g _.J\JvIQOSI \
ok ot J= 2 LI X LY A W a0 S o a o Sy rd A - a e =
W W T k"ﬂ” “ lh1 .-Hv.ﬂ.h » ot e on‘.q-nuvf \lq.u’ ..-.!,4 AXA T - ".l'.l ) AP 'ﬂ. . :Jh.'.l” ‘i‘l\“‘il {
- - - ay - - - - ;o s TIURR K
PR P St s w.lu.ni - Gﬁi e e o~ lc ol ' .n‘v [ - ] R St L R . 2



*sasse|d

A3j1esa9agun Adoajosiue d4qnd YIjM |Ipow A-Y 3yl Jo tapow Suysy ay3
03Uy LL® $3dejuns paddajs uaadLd Y UO suojIjsursy aseyd snonui3uod
343 |L® I%Y3 3upULAIp 03 pakoydud 3Je uREoY JO SI|NSIS AYY ‘Alwid
"[(z11) * (ot1)ed(33a) pue [(111) * (001)€](234) Wio) x (0LL)eI(93q)
s9o034nS paddays Yy 403 uaaLd aae saLna nu:.u.:..-:-m..n._ ) Aq pamo e
$34N32N43S 9D1310143dns ajequospe pue SUOLIdUNS AJLSulap Idejuns paddals
30 sajdwex3y °Aujoumds dnoab adeds [w[d pue ‘qwid *1d pur suUOLIRIUI}I0
aoea4a3 (111) pue *(01L) *(00L) da'y YILym SAOR44NS 33q puv 333 paddals
UaA9 |3 03 pajidde S| poylaw SiyL pIWASIAA S| SIUMIINAIS I433e|Jadns
E1TpY a:.::sumu_. SUOLIOUNG AILSUIP D0J4NS PaddIls (PUOLSUIWED YY) N3
ULJIITIP 03 URWIIOY JO SI|NSIJ [RUOISUILP OMI Y ISN OF JUO SMO| (T
1Pyl poylaw |eJauab y °suopijsueay aseyd snonuijuod £q pIyIrIL I3 ued
IRy S3INIONAYS 991330|4adns BUULWIIIIP JOJ PIJIILLD S PISR ade SI|NJ
TILYSILT-NepuR] YL "SIIBJISGNS 03NS paddays vo suoljjsueay aswyd

{SnonUYUO3) JIPJIOSLP-JIPL0 JO UOLSSNISLP © STUISIM Jaded siyy

2861 ‘Ao
*(So3sAyd u}) Icvalds Jo Jasey
40 2a4baQ 3y3 40} SIUIURAENDIY Y3 JO Juaw LN
LR1348d UL pajuasadd S§SAYL Y3 0 JIRJISqy vy

SIUIUR | ) UEMp] pJojpRag Ag
$3Jv4uNs 03dd3L1s 0L Q317ddV

SNOILISNVYL 3SVHd Y30UO0 ANOI3S
30 A¥O3IHL ZLIHSAIT-AYONVY




G i

L

m
Ut

-

-
-

T W
=

AN
At

8

%

PENY

N

“,‘u (

KLNE

1

PRI
[ !ﬂ%‘!“glﬁag

A
Ot
!‘k:\'-!i

2 0%
wa
PO Y

FiE

00
»‘g:c*

R
NI NN




