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Abstract

In this thesis, systems of nematic liquid crystals confined between patterned sub-
strates have been studied using molecular computer simulation. The aim of this
work, done in parallel with experimentalists in Leeds, has been to investigate the

use of chemical patterning as a novel method for controlling liquid crystal alignment.

In the first part of this thesis, the study of confined systems of liquid crystalline
particles has been addressed. Using the hard needle wall and hard gaussian overlap
potentials, homeotropic and planar alignment of model molecules on the substrates
has been induced. We have then extended the study of confined liquid crystals sys-
tems from the use of unpattemed symmetric susbtrates systems to hybrid anchored
systems and, finally, to a system involving one patterned substrate. The results
from this initial study show that surface anchoring can be controlled by chang-
ing the surface intcraction parameter and that, by varying the surface interaction
parameter across a model substrate, a pattern can be imposed on the confining

surfaces.

In the second part of this thesis, the substrate model developed‘ in our initial stripe
systems is used to simulate liquid crystal films confined between two identical pat-
terned substrates. This is achieved through a comprehensive investigation of stripe
patterned systems. In this, we show that, by varying key parameters like the stripe
width, the surface interaction parameters and the film thickness, surface patterning
can be used to control the polar anchoring angle and set the azimuthal anchoring,.
Our results show that a full range of tilt angles can be obtained by changing these

key parameters.

Following this work on striped systems, we extend our study to 2D patterned sub-
strates (i.e. square and rectangle patterns). Here, the results show that by changing
two key parameters, the surface interaction parameter and the shape of the pattern,

it is possible to gain more complete control of the bulk tilt angle as the latter varies



monotonically as the key parameters are changed.

We close the thesis with brief descriptions of some other substrate patternings that
have been considered in this thesis work. These include circle and displaced/rotated
stripe systems. We then draw some conclusions and comment on possible directions

for future work.
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Chapter 1

Introduction

Conventional liquid crystal (LC) devices rely on the control of the LC molecules at
a surface to control the orientation of the LC molecules in the bulk of the device.
This is usually achieved by chemical and mechanical treatments of a substrate.
There are a number of reasons why being able to pattern the alignment of LCs is
advantagcous. Firstly there are a number of technological applications that have
been devised. For example, bistable systems, which can exhibit two or more stable
optical states and only require power to switch between them, resulting in devices
with improved battery life. Secondly, a number of theory'i)apers—have—been—pub—-A
lished which sﬁggest a large range of potential new behaviours for these systems,

but these still need to be tested experimentally.

Currently there are a number of techniques for producing patterned alignment in
LC devices. Multirubbing, Photoalignment and patterned Self-Assembled monolay-
ers‘(SAMs). All of these methods have advantages and disadvantages, but SAMs
are arguably the most flexible since the interactions between the LC molecules and
the substrates can be readily studied by changing the functional SAM end groups.
Also the technique of microcontact printing of SAMs can produce patterns on a
nanometre scale, which is not accessible to the mechanical and optical alignment

techniques. The alignment of LCs on the nanoscale is unexplored at present.

Chemical patterning has potential to create new alignment conditions for nematic

LCs and, thus, new functions of LCDs can be envisaged. In this thesis, we investi-



gate, by Monte-Carlo simulation, the effect of novel substrate chemical patterning
on LC anchoring. For this, the hard gaussian overlap (HGO) model is used to
simulate the LC molecules and we explore their behaviour when confined between

various patterned substrates.

1.1 Aim

The work presented in this thesis addresses the study of confined liquid crystal by
means of molecular simulations. The aims of this study were initially defined as

follows:

e To investigate, by computer simulation, the use of novel substrate patterning

approches in the control of liquid crystal anchoring.
e To develop a model able to retrieve the behaviour of real systems
e To study, in detail, the effect of different parameters on the System
e To investigate how the written patterh penetrates the LC
. To see if a tilt can be induced and controlled using patterning

e To check if the polar and azimuthal anchoring coefficients can be controlled

independently using patterning.

e To compare the results obtained from our simulations with the experimental

results obtained by our collaborators at Leeds

1.2 Organisation of the thesis

The remainder of this thesis is arranged as follows.

In chapter 2, some background information about LCs is given. Specifically, we
briefly describe the different types of LCs and the different phases they can form.
This chapter also contains a short description of some applications followed by a
more detailed literature review regarding the influence of surfaces on LC systems.

Finally, this chapter ends with summary of key results obtained by our collaborators.



Chapter 3‘comprises a description of the relevant Monte Carlo (MC) simulation
techniques used in this thesis and a comprehensive literature review of simulations
perfdrmed on LC systems. This includes bulk and confined behaviour, studied with

models ranging from atomistic resolution to mesoscopic descriptions.

Chapter 4 combines a detailed description of the proposed model for simulating
confined LC films with some preliminary results obtained with this initial model.
Specifically, the behaviour of unpatterned confined systems (symmetric and hybrid
systems) is investigated. Finally, initial results on a one-patterned-surface system

are given.

Chapter 5 presents series of sets of results obtained for nematic LC systems confined
between two stripe patterned substrates. The effects of key systems parameters on

the system behaviour are thus analysed and discussed.

In chapter 6, results for nematic LC systems confined between rectangle patterned
susbstrates are presented. The effect of the surface interaction parameter and the
rectangle shape ratio L,/L, are investigated. Here, comparisons with stripe pat-
terned systems and squarc patterned systems are provided in order to provide a

-comprehensive picture of the effect of this class of patterning on LC film alignment.

Finally, chapter 7 brings together the main results and conclusions of this the-
sis, suggestions for future areas of work are considered and some other patterned

systems considered in our thesis work are listed.



Chapter 2

The influence of surfaces on liquid

crystal systems

Why do certain surfaces align LCs and others not ? Work on surface-induced
alignment has been performed by numerous researchers, having been pioneered
by Lehmann, Grandjean, Mauguin, Chatelain and others. This chapter gives an
overview of this topic, starting with an account of the advantages and drawbacks of
different methods and techniques of surface alignment. Following this, we concen-
trate on methods based on self-assembled monolayers (SAMs). This chapter ends
with a summary of results from Jonathan Bramble of Leeds University who has
been undertaking an experimental PhD into the area of patterned SAMs to control

LC alignment.

2.1 Liquid crystalline phase

We usually distinguish three states of matter : solid, liquid and gas, probably be-
cause they are part of our everyday life. Nevertheless, a fourth one, named “liquid
crystal” also exists which may not be as well known but is very useful for a number
of different applications. Liquid crystals (Fliessende Krystalle) were first named
by Lehmann in 1889 [1]. In his original article, Lehmann described liquid crystals
* (LCs) as being solid bodies (but non-crystalline) which are able to flow like lig--
uids (but not as easily). The first recognition of LC phase is usually attributed
to Reinitzer (1888) [1,2], who detected a substance (cholesteryl benzoate) which

4



was weakly fluid but had crystalline properties. The term LC is actually used to
denote a number of different states of matter in which the degree of order varies
from being almost perfect (long range positional and orientational order found in
crystals) to almost disordered (isotropic phase). A number of alternative terms are
sometimes used to talk about LCs including mesomorphic phase (3], mesophase or
paracrystalline phase [2].

Starting from the most disordered phase (isotropic phase) and either compressing
or cooling the system into the most ordered phase (crystal), a typical LC will form
an initial intermediate phase with orientational order (nematic phase) and then,
by compressing more, a phase with partial positional order (smectic phase). To
illustrate this further, it is useful to consider the phase behaviour of the substance
cholesteryl myristate [4]. This substance exhibits its solid phase at room tempera-
ture. On heating to 71°C, a phase transition occurs: the solid melts and a liquid
is obtained. Nevertheless, this liquid phase is quite cloudy. If the temperature is
raised further to 85°C, the previously cloudy liquid becomes clear like water. The
cloudy liquid represents a state between the solid and the conventional liquid phase
and is, in fact, LC (Fig. 2.1). It is a fluid and so takes the shape of its container,
but the fact that it is cloudy indicates that it differs from an isotropic liquid.

" CHOLESTERYL MYRISTATE

5

solid | liquid crystal ;  liquid
71°C . 85°C temperature

Figure 2.1: Phase diagram of cholesteryl myristate. A gas phase is not shown

because the molecule decomposes at high temperature [4].

The molecules in the solid state are constrained to be in a certain position. We can
say that the crystalline solid phase possesses long range positional order. In this
phase, the molecules also often orient themselves with respect to each other. We
say, then, that the solid phase also possesses long range orientational order [4]. If
we increase the temperature and the solid melts to give an isotropic liquid, both of
these types of order are lost simultaneously. However, if the solid melts to give an

LC phase, the positional order might be lost but the orientational order is main-
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are rod-shape molecules (Fig. 2.5), also known as calamitic LCs, which are able to
manifest many different phases. The other well-known type of mesogen is discotic
LC phases [4,6]: Typical discotic, nematic and smectic mesogens are represented

in Fig. 2.6.

(a) ) (c)

Figure 2.6: Mesogen leading to a (a)discotic (b)nematic or (c)smectic phases [7].

2.1.3 LC Phases

The simplest LC phase is the nematic phase (Fig.. 2.7 a, Fig. 2.8). The simplest
type of object which can exhibit a nematic phasc is the rigid rod [5] Two other
common phases formed by calamitic LCs are the smectic A and smectic C phases
(Fig. 2.7 b, Fig. 2.9). As shown in Fig. 2.7, thesc phases not only have
orientational order but also some positional order. In the smectic A, the layering

.is. normal to the director, whereas, in the smectic C, the molecules are tilted in the
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generate light : this is -called an active display, the most common example being
the Light-Emitting Diode (LED). The second approach does not generate light, but
controls the amount of light that passes through or is reflected by the display. This
is called a passive display [4]. The most important passive display is the LCD. Pas-
sive and active displays need electrical power to work. Nevertheless, because passive
displays are able to use the ambient light, they can have lower power requirements.

This is one of the main advantages of these devices.

Twisted Nematic mode (TN)

The most popular LCD is the twisted nematic device, which was developed in 1971
by Schadt and Helfrich. The TN LCD consists of a layer of LC material sandwiched
between two glass plates. The inner glass surfaces are treated so as to make the
LC material lie nearly parallel to the surfaces. Nevertheless, the LC material at
one surface is made to lie perpendicular to the other : the director of the nematic
LC twists through an angle of 90°. On the outer surfaces of the glass plates are
placed polarisers with orthogonal orientations. In the “off state”, the incoming
light is therefore linearly polarised before entering the cell. This polarisation is
then rotated by the twisted optic axis of the LC, allowing the light to pass through
the second polariser. In the “on state”, when the LC material is aligned by an
applied electric field, the twisted director arrangement is disrupted. Consequently,
the light transmitted through the first polarizer is not rotated and so is extinguished
by the second polariser (Fig. 2.12). Fig. 2.13 shows the transmission of an LCD
as a function of applied voltage. This shows that the transmission level remains
constant until a threshold voltage V;;, is reached. Then, the transmission decreases

monotonically to zero.

2.2.2 Other applications

Other application of LCs include their use in polymer display liquid crystals, where
small droplets of LC are formed in a polymer film. Polymer dispersed liquid crystal
sheets can be formed into big panels which, upon application of an electric field,
can be made opaque or transparent (see Fig. 2.14). Chiral nematic materials are of

great technological importance because of their ability to selectively reflect light of

12
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Trassmeszn
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Figure 2.13: LCD transmission (brightness) as a function of applied voltage [11].

a wavelength equal to that of the pitch length. As a consequenbe, the chiral nematic
materials can be used as thermometers which reflect different colours at different
temperatures, if the pitch is suitable. LCs are now also being used for applications
in photonics and organic electronics. These uses exploit the LCs ability to adopt
complex dielectric structures which can either be switched able or locked in place

(using photopolymerisation).

2.3 Surface effects and anchoring of LCs

The interaction between LC fluids and solid surfaces has attracted much interest. If
LCs are confined between surfaces, a range of different phenomena can be observed.
The most obvious of these relate to perturbations to the liquid crystalline structure

close to the surface (i.e for z< &, where § is a surface correlation length). Beyond
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Ra

Figure 2.18: Example of the isomerisation of an azobenzene.

[20].

Figure 2.19: [2+42]-cycloaddition reaction of a cinnamate moiety.

[20].

obtained. The best crosslinkable material reported so far is the coumarin side-chain

polymer [19].

Photodegradation

This third technique by which polarized light can be used to produce LC-aligning
substrates, is centred on selective degradation of PI type of polymers. In this case,
UV light degrades the molecules that are aligned along the polarization direction
(Fig. 2.20). Consequently, after the exposure, the chains of the polymer are not
isotropically distributed anymore, tending instead to align in a preferred direction.
This technique suffers from some disadvantages such as the creation of clectric

charges during the photochemical reaction. More significantly, if the material is

18



over exposed, the bonds that are directed in the preferred direction can break due

to an “overdose” [19,20]. The use of substrates made using this technique also

Before UV exposure ' After UV exposure
PI chain configuration (random) randomization of photo-p

B

Figure 2.20: Schematic mechanism of polyimide degradation.

[20].

seems to affect the performance of LCDs. For example, it has been found that the

polar anchoring energy is 10 times lower than that of rubbed PI [19).

Discussion

To summarise, three different techniques can be used to give photoalignment :
" trans/cis isomerization, crosslinking (or dimerization process) and photodegrada-
tion. The long term stability of azo-containing alignment material is poor because
of its photochemical sensitivity to visible light. The anisotropic degradation of PI
shows poor thermal stability. The polar anchoring of PI has also been found to be
affected by this decomposition.

On the other hand, PI has been developed to give a full range of pretilt angles
from 0° to 90° and the photosensitivity of the material can be changed by molecular
design. As mentioned before, the best crosslinkable material is the coumarin side-
chain polymer. This material is extremély photosensitive to polarized UV but shows

excellent thermal and photochemical stability after alignment.

19



2.5 New technique : Self-Assembled Monolayers
(SAMs)

SAMs are used in a number of different applications such as corrosion prevention,
lithographic resists and biomolecular recognition. Patferned SAMs are SAMs which
have a specific spatial distribution. When used appropriately as substrates for LC
adsorption, this can lead to different preferred anchoring arrangements in neigh-
bouring substrate regions. The interaction between a SAM-coated substrate and

the adsorbed molecules depends on the chemical natures of both species.

2.5.1 Historical development of SAMs

At the end of the 19th century, people started to study organic films. In the 1890s,
Pockels [22] studied monolayers at the air water interface and in the 1920s Langmuir
[23] made monolayers of amphiphilic molecules on water. In the 1930s, Blodgett [24]
studied the deposition of long chained carboxylic acids on solid surfaces and in
1946, the first SAM was observed. Zisman reported the spontaneous absorption of
alkyamine on a platinum substrate. In 1983, Nuzzo and Allara [25] worked on the
thiol/gold SAM formation.

There are many ways to form monolayers on surfaces. SAMs are obtained by
immersing a surface in a solution whose molecules have strong chemical affinity
with that surface [26]. The most studied SAMs are those formed at metal surfaces
by surfactants with electron-rich head groups and n-alkyl tails. A typical SAM
system (Fig. 2.21) can be obtained by immersing a gold-covered substrate into an
alkanethiol solution. The molecules used to form SAMs are commonly composed of
three parts :

- A group binding with the surface. There are different systems used for the
binding: thiof/semiconductor; carboxylic acid/oxide; but the most widely used is
thiol/Au. The binding is achieved by chemisorption (in which the enthalpies of
interaction are high: greater than 10 kcal/mol) or physisorption (in which the
enthalpies of interaction are low) [26].

- A central chain of chosen length.

- An end group which determines most of the behaviour of the SAM.

20
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Figure 2.25: Schematic illustration of the procedure for casting PDMS replicas from

a master having relief structures on its surface. [32].

Nevertheless, this technique suffers some problems due to deformation or distortion
of the microstructure of the PDMS surface. These deformations are known as
pairing, sagging and shrinking (Fig. 2.26). To overcome some of these problems,
stiffer materials have been developed. These materials are also based on PDMS
but are harder and result in more accurate patterning, but they introduce new
problems like non-conformal contact with the substrate. To solve these problems,
hybrid stamps have been created, in which a thin hard PDMS (hPDMS) layer is
covered with a soft PDMS layer followed by a hard back plate [33].

When generating a patterned SAM, the stamp is initially inked with thé first
alkanethiol solution and dried before being put into contact with the substrate.
- The thiol diffuses out of the PDMS and forms a SAM in the areas of contact. On
submerging the partially coated substrate in a second alkanethiol solution, the thiol
of this second solution forms another SAM in the regions that were not in contact

with the stamp. This is know as “backfilling”.

2.6 Liquid crystals on patterned substrates

Patterning substrates on the micron-scale is now routine surface scicnce. Some

of these methods present no major obstacles to significantly reducing the features

24



e

b)
.
Z e Substrale

/tszuzb/s!r'az//. lrveversls
ca. 0.99w
—————
N S—— PDMS
PDOMS “U—L—
xrn_ym —_— [ W
master master
- -

Figure 2.26: Schematic illustration of possible deformations and ditortions of mi-

crostructures in the surfaces of PDMS stamps. a)Pairing, b)sagging, c)shrinking

32].

towards the nano-scale. However, for obvious reasons, almost nothing is known
experimentally about liquid crystal (LC) anchoring on patterned substrates when
the pattern scale falls below the wavelength of light. Whereas conventional uni-
axial alignment is sufficient for many applications, more sophisticated, patterned
alignment offers the prospect of improving the optical performance of devices, for-
instance with respect to the viewing angle. Patterned LC alignment raises various
questions, such as “Can tilt be induced and controlled using patterning?”; and “Can
patterning give independént control over the two anchoring coefficients?”. Kumar
et al. [34] showed that substrate morphology at sub-pm scales is of great impor-
tance in determining LC alignment. Specifically, they concluded that anisotropy in
surface morphology of a substrate on a submicron length scale can pléy a defining
r’ole in determining the resulting anchoring behaviour.

Some displays being developed for the hand-held device market require two
optically-distinct stable states (i.e. bistability). The ZBD (Zenithal Bistable De-
vice) [35] achieves this by using a blazed grating which has stable “continuous”
and “defect” states. In recent years, much attention has been given to using pat-
terns to achieve bistable switching in LC devices, due to its potential to combine

high display resolution with significantly decreased power consumption. Kim et

25



al. [36-38] presented a general approach to establishing in-plane alignment bistabil-
ity by exploiting the orientational frustration induced by a checkerboard pattern.
Lee et al. [39] subsequently demonstrated a continuous variation in LC pretilt using
a checkerboard pattern comprising regions with orthogonally etched grooves. Bech-
told and Oliveira [40] also experimentally investigated the equilibrium configuration
of the director for a submicron patterned substrate. Here, alternating homeotropic
and random planar stripes were generated by selectively irradiating a SAM with
UV. James et al. [41,42] also studied striped patterns in their modelling of an LCOS
" (Liquid Crystal on Silicon) device. Here, the patterning was achieved using high-
resolution linear electrodes with rewritable input voltages. It is apparent, then,
that a range of patterning approaches-topological, electrical, chemical, ...- are now

being considered for achieving bistability in LCD applications.

~

2.7 Results from our collaborators

The simulation results presented in the later chapters of this thesis were generated as
part of a collaboration project with J. Bramble, S. Evans and J. Henderson of Leeds
University. Here, we show typical examples of the experimental results obtained be
our collaborators for nematic LCs confined between one patterned SAM and one

uniform SAM homeotropic substrates.

2.7.1 Stamps

Fig. 2.27 shows a selection of the stamps used by our collaborators in Leeds. These
stamps are immersed in an ethanol solution 12 hours prior to use to prevent con-

tamination of the printed surface by short chained PDMS.

2.7.2 Circle patterns

Arrays of circles were formed by printing‘a CF; SAM to leave circular voids which
were backfilled with a COOH SAM. The sizes of the circles determine the nature
of the LC disclinations that form as a result of the patterned surface. If the circles

are 20pum in diameter, it is possible for multiple domains to form within each circle

26



( ) JH/ @

+( ) JH+ .,

SC

8

*

) )F/

)F

2*35

SC

+(

) JH+ .,



%

) G=

) )1

) GO

8

@

) )/

5

) G=/

)H



) GO/

74

). 8@ @ = (© )GV
8 76 8@ @5 3 H.
!
+0G
I I +)G
b ) G)
(
[
+2-
2.

)

%



(

) G)/

@

) GG
) G)



) GG/

5

GO



57

G)

%



3 R>GS 3
#
K K K

K

GLK GK (
% ( . # +

+<(
/
7S U V@S:W: ;PW:F;; XPD @ 777 &A
MJ
(o
/
#$ %, "&'()*$H#H)F+)" +G 0,
/
G )
% (
/
0O 3
+ , d\ J XY +G G,
GB
4
N2> 3 |
3 |

R>>S /

e ) d f

GG



NG6P;

FFO

VO 6

$<Je <2< f< %

+G >

+G;?

+G D,

+G H,



=M

XNO>3 O

)*

+XNOY |

4



%

R)

GD

+(

G),






%

%

0 3 6
69
@44A

OF

GH



57 3, . $ . - 2 # -
57 7 # ,
# ; # H# R>DS
#
OIHD ( Z R>FS # #
;@ 3
#
# ; @
5 # #
R>HS

Gl



R>1S

57 7 8 ,
% # :
!
Ol1>1
R?=S
+
, @
2
57 75
% |
E
R?0S
( : : : (
OIF) W ' E R?)S + 3 P
A B * W T E



>+

-67

) F?2 +

-67

-67

%

>0

( R??

( !

s R?G ?>S
?DS
+-67,
0.) F?
R?FS
; @
& 4 R?DS
( ! R?HS



-5
\JG
Y>O0
5
02S8Yy= 72
029y
( ! RDG D>S
H#.*J?
/
oll= W
02SM

02SYG

# S
4 , BJ/T 02S
w ' E RD=S J)
#
T E )

RDOS
/| 4PM02SMP

RD)S -
#.4%07?
G*
( ! RD?S W 'E 9 -5
02S®
02S® 3 P RS

>)

RD



-5 023%G ?
( ! RD>S
02067 "
02S,> 4
02S,
Q 8" Q8,;
P E +
OlIlF 2 W RDFS
2 029G
02S:G % ! -pP!
I
-p !
P :E
/ (
JY + $ $4,
=U % J; ;J( , M
J M..jo1;J3(
+ VvV VvV $4,
S
+ I
O % [ C: 77* 0 + %4, G I
3 3 67S R
-pP! 2 W
n _Pl
-67 - I
( ! 3 R?DS :

>G



% (#9%

$% #
( G ?/ 2 -P
028G -67
2 W RDFS -P! -67
# 7 RDIS
57 74 ,
3 $ I
# p 1
@ 4
/ + %
+
# 1
0IGO 1 # i1 # i1
+ ( G F, /
% g 6b
o J >= 9
NF

>>



D/

>?



+ \ $4,

J;J@

v (
AP

+ J(

+

J

|:R

W
%

(" R; V. )+M>(V

B +P"',
G 1J( + N

ytch; )ydio.)

2% FO
2%IF& 7

>D

+(
I RFOS
+G 0=,
+ V
+G 00,
+ b



RF)S P E RFGS

# (0% 1 *[

+G 0G
B2 !
J6,J( + J + 4.3 +G 0>,
$ @3 "+ $4.3S +G 02,
[ VO7!E F7! 0Jg48B +G 0D,
[ WY: O'F; 0CY: O!'F;
2
% 2 (<AS$
XJo 2 (B2H +G OF,
2 2
? 6 G 0G
( G I ( G 0=
PE
PE

>F



74
75
=== =0= 7 75 74
P
( G111/ 2 P :E RF>S
% (#% $#
$% #
( G 0=/ 2 P :E
PE
9 .. PE+ 9
?0 0y, P E RFGS
# 1
OIHF RF)S
PE
# ; @
" ; @
NJ= G) 0O FO NOO H

>H



3RF?S

P :E
19 RFDS 19
(
E
19 PE
> 19]0 0)? "
E RF>S
E
& A B E
I %
, @ 5
RFFS
E !
+575, RFHS
RFHS 575 02S> (
-5 RDG:DDS
02S 6
RDG:;DDS

> |



?8

Ooll>

0>)?

%

RH=;H)S OIHI 2 !
B> ? : +
|
RH=S ( oll>
/
A :? b46QB
+( G 00, 8= 8=4
, RHOS
! , +$
; +(
$ Ol
(
YH?=
" $
$ RH)S

RHGS ;

ol +

F?

GH

%



@J0===
@J0)? E RH>S
3 *
; J
#
J= J) ;
RH?S
( G 00/ 5
3* RHOS
575 3, ,
#
/
ROGS

?0



5757 , 0 2

RHD HFS
3 RS ;o]
! 7
02S,B/ 029)=
02BY
)::: E ( ! RHIS ; -5
3 * -5
02sQ ) G > 2 F | 07 FH Y,
% 028,
! /&
ROG I=S /
J +=, +G OH,
%
3 #
RI=S

?)



9
" 2
RI= 10S IR1)S
RI=S
H# -
!
7 4 RIG;I?S
& | RIDS !
- @ % @ +-@%, RIFS
*
RIHS

?G

RI



( + JG F?M ,
#
#
% 0=M, % " #
! /
# + Y?M,
# 5
RIl 0==
# * - R0O=0S "
# RIHS
+ L
+
RIHS @ &
+ : !
I #

E R0=) 0=GS "

S P

- e %  +-@%, +
; +752, :

+75%2, - ;



R0=GS

-pP -@%
5757 ,
olibD 2z R0O=>S PE
!
PE $
#
5 & R0=?S P E
P E
J $4 J A B
; A B

5 & R0O=D 0=FS "

??



%

%

RO=HS

RO=IS
R0O0O= 000S
R0O0)S

! &

RO0OGS "

?D

PE

PE

PE

PE



R0O0>S

?F

RI)S

;@
R0O0?S

R0O0?S

RIHS

ROODS



57575

0)>S

ROOFS

PE

ROOHS

I RO)=S

R0)0S

?H

8=6

8

8
8
8 =>
#
+& 8 3E (,

3*

5

23*

1 22%

RO))]



26 2W&6 @

ROOI 0)= 0)) 0)>S 3 * - R0O)? 0)DS

+

8 R0O)) 0)?S
[ ;

R0O=0S (

21



574

%

G) ?

-@ %



47

RDFS

ROGS

%

, @
+-P,
!
|
#
R? 0)FS

DO

@

%

+-@ %



47

0=HS

RO)HS

RO)FS #
#
: +-@%, RIFS
.
= 5 6
&34 U ] 5 $ 8
+ N, 6] /
2 M O
& 6
RIFS

D)

7 #

7TH#9

%Y (



+_@%1

0/

10!1

@ %

\JG

7F +

+3

2%

+

RIFS

HO1(

DG

JHD>

/

P
01

J#

2o



A -

+

1]6]: +7] ]G

> ) 5
H% 1 (
! 1
VV. A g
N+OO/£% N); 4Y
+ % 1 (
(
+ G \
2 |
o= RIFS
( > )+, ( > )+,
> G 111
, \ J= +



( > G/
111%1(

?=M

4757

76

74

@

% 5<,5Z

B RG\

=S G\

75

/>

D?

75

796

74

?+



1
( > 3IN1%1
]11
111
+( > >4
111 1114 !
%
4757 / , $
2
53 ),

DD



D =
3 ! )
] 11
1
( > MM1%1
!
!
5
111
]11
+( > ?2+
]11 ]114
]11

DF

000
Yooo

1/Uj

g~

U X ]

%



47575

111(

G:)2

111

00

111

+( >

\JO ?

DH

+(

> )+,



+( >

47574

%

6
)
> FA1%1
>+ (
!
8

DI

+(

,J O



X Z Uj-=.)

474

%

> H/ 5



4747

> /11%1(

,5b -K

]11

H
1
+
( > 00
+ NJ= G,
+( > 0)+ ,,

FO

0o

oo ©

NJ

GF,



(

111
) ) ' ) 6

1
> 0F11% 1 . 1,4
+( > 00+ ,, ( > 0)+ ,
111 1

RIFS J? -P'
? 0
R)=S
! !, 7. (V; .-
RO)IS R)=S
! ! #

oo
OUggU

F)



+@J0===,

> 00/

5

FG

KO 7

R0O=)S

%



(

>

> 0)A1%1

,G 4

JG
> 0G+ |,

111

F>

/Y 3 G\

111
NJ=]GD !



Dyl 11 y

> 0GBV 1% 1
J GN ® ?

( > 0G+1 -

6 JOo ?

F?



> 0p11L1(

( > 0>+ |
1111
NJ= GH11
X\Jo ?

111

/J0 ?

&]

GV

X\



47

> 07?7/

>U 75

FF

>U 74



= H
=)
1
=)
= D
N B =3 - 3
111,
3-B
-B
-B
1
= B =3 - 3
1
> 0D/ @

111%1 H%1(

HO= GG !

FH

ooog

A A
©w

07



NJ
(

> 0F/ @

> 07?7+

111% 1
j G
> 07+

H% 1 (

FI

oo

0D



> 0F

111

]11
H => J11
!
]11
U
]J11L1 !
> > 0
# RIFS
7 ) ) ) 1 ) $ 1
> OH 111
; @
( > OH+
> OH+ | ]11

! 111

> 0F,
JG

111

&J=



> 0OH/

47 7 ,
( > 01/
( > 0l
11 8% =

111

NJ=

& +(

76

oooo
A
w

GF,

> 01+

HO

111

111

-<



476

111

]11+

H)

%

%



#
#
,» Q
& , Q
5 ROG= 0GOS
ROG= 0GOS
R0G?S

HG

#

" R0G):0G>S



%

%

HD>

01

-@%



0/

>U 75

>U 754

>U 75

+

,>U 75

H, 756



%

J G

? 0+

111

+( ?
+(
6
?2) 2
?2 )+ ,]111

HD

% 1(,

HJ



G/

%

HF

% 1 (,

JG

]11

111

J11

111



J G

JG

HH

? )+

YyEO /Q 2%

1 G Uj=,U

1(+\
% 3!

+? 0,



+(

111

+];

? >+

>+

111

D,

I #
Q +( ? >+
3Z
JG
3Z)H D
P 31)F ?
$ ]
| 11X % ?
]
!
I+A""J:= >
10 IRy =
! ]!
111 &
]11

HI



? ?/

+



%

I =7 11$
7 7 / , $
At ( ?2 D+ &
]
! 4 NJ= GH, ;= >
]
It +( ?2 D+ ,, viz 2 2
I +j= 1,
 +j= 72, ]!
] ] 14( ?2 D+ ,,
]11
]11,8+ O I
111
] '&, ] 1L1¢( (
1!1&%6 NO= GD b
( H = GD ]!1%1( = 7
'l
7 75 / , ’
%



D -<
*C D -<
*CDh -<
*CDh -<9
- -B- = e . - . N ]
3] % 1 (
= *CDh -<
*CDh -<
’ *CDh -<
-3
1
= -3
= =B - =< -3 - 3 .. .
+ 1112
-9
-3
1
-3
: =8 - =< =3 = 3 <- B

+,011%1(

? D/ *



1G

111% 1



]11

H/

NJ=

Gl

]11

]11

2=M

?2=M 2



I/

111

00

111

2.0)

111

]11

2 0F11



%

(
1D
( D 4
“JD -<4
( * D 9
“CD25-<9
( *CcD
* D






(

c

2 0)/



( 2 0G (
I 1
(
%
+M, G= >=%= D= F
+M, I= H= F= D= >= G
?2 0/ 7
7 7 ) ) ! $ $ '
I +( ?0),
I
G=M *(
- ’/
!
I 1
G=M,
!
2 0G+ , ? 0G+
)=M -
?2 0G+ ,

? 0)+ ,,

? 0G
+0=M O-0



; Q.; "
5 ! G=M -
2
-0G=M
; (
-Y>=M b, " "
+( ? 0>+ ,,
!
1 -
0

1 +( ? 0> ?2 07 ,
3Z

3! 57
?) ( ? 0D
? 0) ?=M - ?=M 2

( ? OF ; ]'1
+ M- M2,YG=M
!
7 7 / $ $ ., $ .,
# | ( ? 0)+ ? 0)+
G=M
? 0?7+ ? 0?7+ !
JG "



76

76

? 0G/

[Y=M- H=M2

76

76

76

3 3B <
+ ) '
3 3B <
+ ) .
3 3B <
+ ) .

[0=M -

I=M2



? 0>/

[2=M-

?=M2

+ M

/ID=M-

>=M2

[>=M- D=M2



=D
7
B B 3 3B < B B B B B 3 3B
)
C $ /
B B 3 3B B B B B B 3 3B
) )
$ /
HHHHHOVER
7
=D
7

+M .M

I[F=M0 G=M2



)= 9
b * o+
( ? 0D/ 51 527
I b 2 ( ? 0?7+
?)
G=M2 F=5M->F k&J>?
2 0G ( 2 0> !
2Y>=M
! + 51 ,
7 75 , :
G=M |
ROGDS
7)) @

>

K/ >

K/

i

2JG=M



2 )/

0=M -\ I=M)2M -\ H=M 2 G=M
b, 6 @ @, GG
@5 HF @5 H? @5 = A
@ , A @, F @, )=
@5 HF @,5 =N J F>

>=M -\ D=M 2 ?=M -\ ?2=M 2

@J ?D @J DG @, DF
A5 G? =zJ G & J )D
1, )F J GO J GH
@5 DI @ 5MR zJ ?>

F=M -\ G=M 2 H=M -\ )=M 2

A, 6 Y J DI @ , DE
BC @5 )> @5 0>
1, >F @, D> J HG
=ZJ >? J G= o
5

-\ F=M 2

-\ >=M 2

-\ 0=M 2



Gt LY
s255=s5s Sss
p < n
~Oac-OuT Tuo

N

s=
won
AO

111%1

? OF/

M 2

0D
C

75

%

v JOo ?

0=D



? OH/
D

= uUsu

us5u

5
M

Uus >,



? OH/

+



" +Cj3 T] E

" (
3 4]
/\1 1>
& G )
? G
- = ?2=7 = 9
2 G )? G ) ? G )?
? G/ W
- >=M D=M
!
% G
, % 5 =7
0,
( ? OH+ , ? OH+
? OH+ , (
+( ? 01,
= 0 /! /1Z %
!
!; n
&; " '
3Z, + !



%

OH+

(

3! (

? OH+

? )0+ ,

1z

00=

+ mn
(
? OH+ |
( ? 01+
? )0+ ,
! -
J)
? 0l '))_

? 01+

? )0,

(



(

, %

000

b



B 3
B

B 3
)

B 3
=/, >

00)

) ?

X\ J= ? ) 2/



(

, %

3B

<B

<B

00G

o)

\J

?

<B

3/



757

%

74 %

01

7))

32 ,G?

5 >=M - D=M 2

® - =N J >0
3! ,)F J )>
5 >=M - D=M 2

- D=M 2
G?T ?=T 2 1
31 ):T
2 ,
!
* |
? F

00>

JFT



D/

] 411G /J=?\ JGK 4]G

=ZJ G? == 7] 20 == ] >>
4w 51 )=

(@)

T ==J FO
,/-DG4 P J P4 JP\ J) ?
=N J GF == J >= 57 > = )
3l , 4c /! 44 = 1)>
= J DI == J FO 57 6

11J >0 == J >= == J >D

1)> 51 44 51 )=

Jd. > 1J=\ J) ? . ,4

52 G~? == J GF == J >0

It ,)F = 1)> J )>
5Z DI Z J6

JP. > J=2\/J) A= 2\\1J)

==J 20 == J >== ] >=
/1, OH /1,44 = J )G
== J F) J FO 5Z DI

14V G J\ J) KK 4X

== J >> == J >= ==

007?



(

o H&I>!

:;01,B

? )/

5

00D

4 Jpl #

;%UH

01

NJ



018%

+
? FI 7
747 . .
]11
? YH+
?)>+ ]11
! = ?
+( ?2 )>+
|
+( ? )D+ ,,
]11 = >
? )D+ ,,
] @
111
He G

6C "

W 1% .

HD>0)ID 020) OF)H

01

01,]:/

! 01p #

O0F

2
( ? )>+
111 (
01>. =
> I I
NJ= GI ]11
j =
! ]11
I I
JOF=; ]11
!
? J)H+ ,, N]= GI
, @
INd= GD
NJ= GI

+(



+( ? )7+

? )F+ 2 )1+, 1
@ 01 1
# ( 2 )G
01
)=
( ?2 )G/ W 3 37 ]
747 / $
#o 111 01, % # + 2 )>+ .
11 ! = 0 %
' JG -
$ ! )
! 013 % 111
NJ= G> &
NJ%21GD
NJ= GI ( |
111 ( 2 YH+ |
= G]1l1 = G> = >
]11 +( ?)H+, ?)H+”

OO0OH



D -<
“CD -< 0
. vep .
D 76
7 7
7 7
76 D
- - 0 6 ;D ;) )
11, v $ 11, $
6 0D
* D -<
CD -<
CD -<
B CD -<
0)
0
7
=D
-3
= = 0 6
To%1(, v $ w1, $
( ? )phc! H
7 =H
76 76
=)
B B 3 3B < <B B B B B 3 3B < <B
+‘)'

221+ % \

00l



"&&3

76

‘b -<
cb <
e
o = H
76
=)
76
7 < D = - iD= =< 7 - °s
il 1 il ! $’ -;]ll ’
H
“ b <
“cb <
*CD -< 0P
“Cp -<
0)
= H
76
=)
=< <- = 67 =< 7 ) o
. S $ Tl
'
? )D/ !
B 3 <B B B ¢ © .
+ ) !

? YF/ ot@4/

*CD -<

<B



; % 1(,

? YH/ (

? )1 )

&/

/

o/

0)0

0 H

0D

0) =



1
"
=z
LMY

( ? G=/ W 51 3Z 2
5
;@ 01, R:i%J]
114 G
=0 ( ? GO ]'1
1 1
+(
!
7475
01
!
(
>:;?:
7 o/o , " ,

4 c 6 ¢c /P ( %

01,&7 !

0))



2 Gloa

NJ

Gl



(

=7P U5

? G)/ 5
D=M

0)>

Uubs

PU



2 G)/

0)?



? GG/ H.
JANJI= >\
:G:,0

<B B B

0)D

3B



NJ

B B 3 3B
+ )
; $
B B 3 3B
)
’
B B
)

? G-I G D:

= >\

/I
9P G

0)F

B 3
+ )
-
B 3
+ )
o
0== B
+ )

<B



F

JF (IPF

+ )
7
76
=)
B 0== 8
B B
? G?/,
?1$F

<B

76

76

76

0)H

<B



%

? G>+

KX

0)l

( ?2 GG ? G> ?
B A
, ? G>+ ,, "
? H
(
!
|
A9 E o oG
B A ED
Bl “a
AF :,B A S, %J2 :,B A
BA ., C@
B! N >0

AH :,B Kk (o8B

EA

EL ., EC

>=M -

E A
D=M: 2
l O0X=FT1T0 D

G?



76

ROGHS

( ?2 GD/

5

0G

#
& ROGFS

J



( ? GF/ 5 NJ= >

( ? GF
[
000000
C
7 a >
000000
76
74
C
7
. 74
. 76
.67 .57 7 57 67
C
( 2 GHUL % ( +
. E 71500 = 0 #&\ 01V M )0120G- / 01 M
710 =01
111% (
5 717 4 >#Z O

0GO



v,
NN

lole N
NNN

67

47

57

057

o047

GlI11

?

(

0G)



? >EI1

o047

057

0GG

57

a7

67



= 01(
+=0)1 M Q1D G@

111

1118%

111

767

%

(

713 ©0(
?2 GHL11%

111

0G>

(



%

% !

>?2T %

0G?



%

)*

0GD



#
+

/
67
0 ,0!

!
HD> ;

G) G,

+ 5

OGF

0 20!

J>! a= #

% %

)*



( DO
# ( D O+,
#
D O+ ,
&
&
, NJ= GF
+( D 0O+ ,,
+ ( D 0+
!
- +

%

OGH



>U 75

- >U 75

- >U 74

JG

0G|

>U 754

>U 75



111
111

111

Hj

p)y/ 5
#

(
= D
= GF

111

111

111

%

111

GF

GH



67

67

67

67

7S
-
5660 ’ ¢ > >
W
22222
44H5wv
- v
,<_GGGG
(TR
DDJJ_FJ
V0zz22
L
4
— .
. &
LI -
GGG:,\,/ $
i o
n -
a
—
-
L ©
[a)]

%

111
111
111
0>0

>/

G+



%
)*

= GH 1

111

111% 1 (

][4 GF

)*

0>)

111



%

111

D D/

2/

67

GF

NJ=

0>G



H?™ CcRIMT
6
.E;
Md
(
S'] 5
(
X
0
( D F/
2
67 75
( D |

111

0>>

$J

00

CROMT

=T

O



( DH/ 5

67 74

%

R0O=)S

)*

0>7

111

+



(

D /11

%

0>D

0 20!



(

67

D 0]=V/1

O>F

47

0 20!

HD>



%

O 0,
% -—
:,+
IG( 10
]G , 0
0 20!G,

67 7 % ,
- 0 206G,
lGl+
+= 0
0) ®,
$ $
%
+,G1
| + = ’),
+10,
( D 00 # !
Gk +
G
I 5
&
111 + ( D 0),
- , > . :")
e , = ,G , = ?
#4116, 52 GO 3Z GG
D 0/
111

oO>H



b U b, >

-, = U 7 b5s

K P K5

D 00/ 5

0>1



( D 0)/

+ 3Z(

/Z

0?

1z

a7

67

0G



I %,
$
4
5
5
):
0=
( D 0G/ 6 37
I=T
5
e % J G,
! % )591
>- -G 4 P.-=, G4.1J-
vG "= !)7 = ]) J =
9 0!G Tt 1Z2GO0 - =)J) Do =)3))
® % =
D )/ 0o 201!, >
% J ), %
G=TOVO>=T !
]11 + ( D 07,

0?0



D

0>/ 5



k)JG=T

3Z2))T

D 02/ 111

111

5Z,>Bd z)DT

+ 1)7

52,>/d51G4>d

0?G

67

D)

3ZGFT

5Z)DT

0D



/ $ , M
4 $, MMM
5
5
):
0=
D OD/ 6 527
|
%
% !
%
&
" & & ]11
( D OF+ , D OF+ ,
!
] 1
D OF+ , D OF+

0?>



%

37

. o.
o o
VW
w>

o
ooy

D OF/

0?7?

NNN

OH

%

0 20!

0 GO!



6

D OH/

0?D



0 20! G

) G
67 75 % , 0 20
, $ $
D)o 0 206G
0 20)
D Ol %
&;
&
0 20! &
( D)=
0 201!,4
0 20)
0 206G, 5 0 20)]11
= ? ,0 % JG
J) =]a10 = ? 111
!
0 20! ( D )0
1 Z
37 0 20)
5X »>D >T
( D)o+ ,

0?F

0 20j)

111

J =
] 10> =0?

JO



0 206G + D)o ¢ D)o+,

@
D> % 0 20!
0 20! &
0 20! +
]
( n 9:M J: OZM
JG #&J>. O4=
+ D G, -
0
G&. I/
JG

0 20!G42JG? =2J3)I

0 106 =)JGF

0 JO! =)JDO

G/ 0 20
y ) 1 1 $
0 20!
( D)G %
! 0 20)
5 D)o
0 20G ( D))

0?H



., 7 b U5 T . 7 b =US5
U U5 U b us
D 0l/ 5
0O /40! 0 />015

0?1



111

0 20!G40 201!,>

oD

]11

111

D )>+

57 47 7 67

57 47 7 67

0 20)

0 20)]11



>?

@

+,0 20IN>

D)o/ 6 0 20!
% G,

0DO



(

NN

G>. ./ >. /P ]

,G , ,G J =? > :,O
0! DY&JG?1)1 51G>3 1, > N VI>=
G > 6F = JGO ,>= 3z,>>@5= VJIG>
,>- G/ :,B 9d = : BH :=
JG = :,)? :,= ;B K J
Q! DY&JGB1G451,45 > ,)> > ,0? VJO?
w5z, >W, G0 1,>/ Dh&J)D572,4>51G44
D >/ 0 J 0!
0
)
)
, $
=)
=)
s
D))/ 111
0 20!
(

0D)



;. ., b S U5 -; ., b UGB

1
C
o
C

bsaU b

D )G/ 5 5 0 /40!
0 ,/AROS

0DG



+KPD.0)

D)>/ 6 0 20!

OD>



w
@

¥ Y 4

=LDC

D)?/ 6 0 20)

0D?



57

0 20!
(
| : 0 20
%
0 20!
( D)'? # | ( D)?+’
0 20>
6
4
&0)=:=
Z'é O====
(
cvQ
o
FS 6
4
$ $
( D )D/ . ]
0 20!
DO .

0DD



675

Z.C. #

&
0 20!
0 20!
&
+
&
0 20!
&

0 20!

%
%

0 20%

ODF

?T

)*

%

( D )D

0O 20!

%

D )D,



%

%

01p!=;

ODH

01 %



( F 0o/ 5 01J
>Sl+4= *Jg, ]/ J = G , ) )

ODI



F) 5
*cbV NJ=

>

\J

OF

01J



F G/
*JV

5

NI >

G

OFO

01



0F)

01



OFG

01]



*M 0!
F),

*JV

D/

) O*!

*D

% 0Q G!O =

OF>

*

/

* JV

%



( F F/ *JH#")
0*U)&".G
>SIOF

OF?



%

(

75

F 00+ ,,

OFD



F I/l 5

OFF

01

NJ



( F 00+

%

+-@%,

(

)*

F 00+

(

F 00+ ,

OFH

%

%



%

%

%

-@ %

%

OFI

% !

%
%

& 0 20!

%



75 )

0)

0>
0D
OH

( F 0)
F O

>? mO
?=mo0
DI m)
D? mG
DG mG
DH mG

+3%



(

53
F 0G
E &

OHO

3*



OH)



F 00/

5

OHG

NJ



(

=

F0)/

$' W'l

@

41:

OH>

91:



ROS = # $ 2 !
>/>D);>F) OHHI
R)S P % P 2 0 % !
6 - OIF>
RGS P ( #
01))
R>S 2 1 0 # 8 ! \ o+ e
- oll=
R?S 2 P P l # ! 2
RDS 2 1 13 - # !
! 7 2 OllF
RFS E 7 P
% JH.=?.=H
# =0
RHS % %
/.. "
RIS P W % - 1 # !
5 ;W OIHH
R0O=S 5 CO0 # ! \' K !
$ 2 )==0

OH?

# OH/)FG



RO0OS % +% 6 , #* %

YH.=?.=H /.. . c.> 4

RO)S 3 3 5 ;P = % YH.
/.

ROGS E 1 5 Q

! ?>/G10;>?20 O0II10

R0>S 3 @ ! * | *
00/>:>;>O) ):::

R0?S * 5 5
0 # 8 ! )FI/FHI;FIG

RODS 1 5 3 P 5 #
/ F K & !
IH;I1/OHI;)=F OIlIllI

ROFS * 3 % # 7 5 @ I 5

0O# 81 )I/0=0?;0=)> )==)

ROHS * 5 5 3 @ ! 5 C 2

\ !
0 # 8! ))/?0?;?0F OIIF

ROIS 3 '9@ 5 3 C 2
F ! S\ GG/DF;H> )===
R)=S 7 & # 5 1
)::>
R)0OS 3 @ ! 1 # % 8 7 & ! 6

" 0 # 8! )D/?F?;?H= 011l

OHD



R))S 2 | 5 + >G/>GF OHIO

R)GS C5W # * #

# 'E ( % JH.=2.=

/ ! H#
R)>S C E (
F 8 &?F/Q==F:0=)) 0IG?
R)?S 1 E #
$ # )::?

R) DS 7 C 5 2 # 2 5 % 2 ;

F?/0;DH )==>

R)FS 7 * @ #
: !
F @ ! 8 11/aD?00;0D?0? OII?
R)HS 5 * 6 - @ E 1 7 - 5
? S 0=>/GF:>H O0IID
R)IS W C P @ # $
; !
0 0)/)?HF;)?2I1G 0IID
RG=S E ! - @ E 5 * 6 1
/ !
Q K21/G=GG;G=GI O0lIll
RGOS 5 C P 3 % (

! 99 IB
! 0 DG/)==);)==> 0IIG

RG)S 8 ¢ P 3 % 5 8 I *
K GF/??=;?F? OIIH

OHF



RGGS E 3 2 /5

I = Q S >?/DIF;FOI
7
RG>S 5 C 1 - C 8 5 %
Q ! Q :
I>/=FFH=G )==7?
RG?S 1 1 5 E 6 % 2 E 3 (
& &1S &!
S G>/1?> )==G
RGDS 1 - C 3 8 1 8 - 8!

! 0 FH/G=??;G=?F )==0

RGFS 3 8 1 - C - 8! 5

0 H=/GF>;GFD )==)
RGHS 1 - C 3 8 - 8! -

&

0 HG )==G

RGIS ( C # E Z 2 5
" ! 0 H?/??2?D;??2?H )==>
R>=S - E 6 ' #
o ; 0 #

G)/IG>G;G>F )==7?

R>0S 7 1 ( ( & 5 6 * 3
: 8 I 0 # 8 3))/)=1;

JOF )==>

R>)S 7 1 1-R3 ( ( & 5 6 *
' 8 ! 0 # 8347?7=/0=?;00H
)::D

OHH



R>GS @

R>>S 3

OIlF

R>?S *

R>DS 2

R>FS $

R>HS (

R>IS -

R?=S #

R?0S

R?)S 1

R?GS 1

R?>S 1

OHI

3 % 7 3 @ 7 -
6
8 1 YO/O=HF;0=1) 012G
7 * 18 w87
( ! E 5
2 )::)
# P # @ ; 3
I D/>)D;>)I OIF)
( z 3 #
?H/FDG;FHH OIHD
E 2 2 ( 5 Z
" / 3
Q 0O F?/0H=G:;0H=D 0112
1 3 1 P 5 ;
! BR0/?00;?0H )===
+ f ! & ?0/D)F O0I>1
E ! @ & 2
8 81 8 8 ?0/)G=0;)>0F O0OIHD
W ' E 2 F *
8 I ?D/>F)I O0IF)
% 2 3 5 % 1 # # & P ' %
8 I 0 0=?/)FF OIH>
% 2 3 5 % 5
F 8
?H/>=1 O0IH?



R??S * (| E 3 3 1 2 3 2
! Q 0 ?)/)HF OIH>

R?DS * ( ! E 3 3
' I ?2?2/00F0 OIH?

R?FS 3 2 ! '
; ! Q 0
?H/OF>H;0F?= OIHF
R?HS 3 2 O ; (
! Q GF/OHOG;0HOD OIHH
R?IS 3 2 3 7 % F
$ G+>,/GG?;G?G OIHI
RD=S 1 W =
' I )YH/H=I OIF>
RDOS 5 - @ % #1111 * ! 6
[ Q 0
?F/0>?);0>?? O0IHD
RD)S 5 - @ % #1101 A 6
! Q GD/)I)I;)I>? O0OIHF
RDGS * (! ' 9 F ! !
10/>10);>10D OIHF
RD>S * (| 5 : F

! 1)/G)H=:G)H> OIHH

RD?S 1 W (0 2
! >0/G)GF O0ll=
RDDS 5 3 P * % P 1 ! ;o
F 1 0=>/DF?F
011D

0l=



RDFS 2 2 6 W ;

/ " F
8 I 0=D/0=)Il OIIF
RDHS 6 3 6 3 7 ;
F 8 1 00?/1=F);I=HG )==0
RDIS 3 7 - ' | DH/DHF;DIF OIHI
RF=S # W 99 " B 0
4 ! Q 0?l/IH OIDF
RFOS E 1 E 2 2 1 P
F 8 | 2D/>)0G;>)0D OIF)
RF)S * 1 P 7 # | 7 % 2
cW P E SR

! DO/O0O?F? OIHF

RFGS 1 P P E 1 E 3
: F 8 | F>/GGOD;GGOI O0IHO
RF>S 1 E 3 2 6 3 7 6 3
P :E | Q
K ?F/DDH? OIIH
RF?S 6 3 # (7 3 C C 6 P #
" P :E P '
! F0/0))G;0)GO0 Oll=
RFDS 6 3 6 3 6 3 71 E 3 2
F 8 W 0=7+ 0=,/>)G>:>)>1 0IID
RFFS 3 2 1 E 3 %
F I\ 8 "H/1>GG:I>GF O0IID
RFHS * 1 6 1 ! 3 7 %

' | H?/0FO0I;0F)D )==0

010



RFIS 3 7 % 3 2

OIH/>D?;>FF o0IlI0

RH=S 5 1 2 ! % ( W
1

0 # 8! D+G,/G?FEGFO

RHOS % E 3 (
! 0=0+H,/DHGI;DH>H oll>
RH)S W C I # |
F
>00D Oll>
RHGS 3 1 ! 3 7 %
GDG/OHO;0IG )==0
RH>S 7 E # 3 Z
Q
8 1 8 ?/0=>;000 )==>
RH?S 3 7 % 2
Q ! 8 )>/3)0;>??
RHDS 2 ! 7 - @
OIHH
RHFS 2 I '
>F/GGID;G>=G 0IIG
RHHS 8 3 2 E - @ # 11

! 1)/0?0;0?1 OIIF

0l)

OIHI

I3
I 0=0 +?, />0=G]

)==7?

0 # !
I *
GH/GF)O0
Q K
3 6 *



RHIS 3 E (12 . F *
| 00)/0==G>;0==>0 )===

RI=S 3 2 3
' ! ID/OGIO;0GIF OIll

RI0OS 3 2 #
F ' 0 #H?/0DO;0F0 )===
RI1)S * ! P P 3 2 #
| Q K
D)/DDHH;DDIG )===
RIGS 7 7 4 3 * 4] 7 6 ‘
& ; K ! >1/G?= )===
RI>S 7 7 4 3 * 4! 7 6
& ; / Z F&
! O0OG/FDHI;FF=0 )===
RI?S 3 * 41 7 7 4 7 6 %
, / ! BG/=?0F=G;0;
=?0F=G;F )==0
RIDS & ! 2 " - 6 * 1
F ! \ 8 '
0G/>F07?;>F)D )==0
RIFS * 1 2 " *
8 ! 0 GGH/O0O )==0
RIHS 3 * 3 2
K ! D?/>H )==>
RIIS - # ( 5 5
8 ! O>F/)FD )==)
RO0==S - # ( 5
; K ! F FMF? )==)

01G



R0=0S 3 * 5 - ;
K [ 0 F>/DI )::D

RO=)S ( E 2 /

R0O=GS ( E x 1 ;
| Q KDI+D 2 0,/=DOF=? )==>

R0=>S zZz Z ! " P 3 3 1
S) ; ! I Q K
?G/)>DO0;)>D? O0IID

R0=?S 1 5 & # # - 7 -
P E ! R?/F=H?;F=HI OIIF
R0O=DS 1 5 & 2 P P E # # 3

K ??/>FF;>H= OIIF

RO=FS 1 5 & 2 P P E # # 5
' ! # YI1/DO;D> OIIF
RO=HS P * % x 1
! Q RD/>G=D;>G0) OIIF
RO=IS W 2 ( E z
! KF/)?201;
)?)) OIIH
R0O0=S P 3 5 P 3
A B P E GG=/>D;?H OIIH
R0O0OOS P 3 5 3
P E'

! IG/DHO;DI) OIIH

0l>



R00)S 7 # * 1 5 "

RO0OGS 7 6 % @ 1 3 * 1 3

0;=)0F=D;l )==G

R00>S - 5 5 - 3 5 2
! Q KI/=GOF=H;0;=GOF=H;l )==>
R0O0?S * # ( 5 3
F 8 I 0))/=F>1=) )==?
ROODS * # ( 5 ;
8 ! >0H/GI);GID )==D
ROOFS C C C ! - 3 @ 8 5
;o F 8
! 0)>/=G>F=>,0,=G>F=>;00 )==D
ROOHS * 1 * 1
:>9; ' I HO/FHO;FII
olr>
ROOIS 3 8 8 ! 3
0 # I OH/>7?;>1 O011?
R0O)=S 3 8 8 ! 3
0 # ' )O/G>F;G?l O0IID
RO)0S * 1 3 1 ( % 5 *
>!! l ;>91
& 1

! HD+>,/DOG;DGD O0I11?

RO))S * 7 E 5 -

0 # I )D/0)=2:;0))> Olll

or?



RO)GS * 7 E 5 -

0 # I )F/HI;0=) )===
R0)>S * 7 E 5 -
0 # | )H/0)0?;0)G> )==0
R0)?S 1 3+ 5 -
H E ! ! 0 #

! >0G/0G?;0>> )==>

RO)DS 1 3 * 5 -

! Q R?/=>0F=G )==F
RO)FS 2 ! 5 !

! Q KG/)>GD;)>>G 0I1ID
RO)HS E 1 F
! \ 8 ‘" D/ )DI; )FG O0lI>
RO)IS - P P @ C ! * % 5
! 0 # 8 !
)G/H=G;HOO OIIF

R0OG=S 5 2 ! 2 - 5 1 P 5

&
OF/0GIH;0>=0 )==7?

ROGOS 5 5 2 1 2 - 5 @ E ! 1 P
/ &
8 | 0O# 8 $GH/??.RODOISP?.R0OD)IS
)::?
ROG)S * % E 5 4

! YH/ODHG;0DHD OIF)

0oID



ROGGS

R0OG>S

ROG?S

ROGDS

ROGFS

ROGHS

E

#
&

2 5
!
2 5
Q
@
)10/)?FD
2
x C
0

)::

5

))/1F2G;IF?1

OlF

FF+)),/>?D>p?DF

&

F

R?+D,/FO00;F0)=

(

OIlF

OolIb

0K+),/ ODG;0F= )=

)::D

OH/)G?F;)GDG



