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1 ABSTRACT

In this paper we include and explain in detail a computer code used to solve the molecular dynamics
simulation of an evaporating droplet. In this code we use the Gear Predictor-Corrector numerical integrator and a
truncated Lennard-Jones potential. However, the code can be used for different applications given some minor
modifications. The scope of this paper is to give researchers a working code to study molecular dynamics and
encourage other researchers to do the same. '

2 INTRODUCTION

Molecular dynamics simulations could become viable as a tool for analyzing systems on a nanoscale level.
This can primarily be attributed to the advanced design of high speed, large memory and/or parallel computers.
Molecular dynamics formulation is deterministic and consist of simultaneously solving Newton's equations of
motion for each atom, molecule or system of molecules to determine properties of the materials. Molecular
dynamic studies are limited to few topics with some success. Among these the most frequent application is to
simulate the nanoscale phase change phenomena through an atomic or molecular level analyses. One. such
application is within the metallurgical industry, an emphasis has been placed on the nanoscale phase change
behavior of metals because of their relevance in many diverse nanoscale processes, such as metal powder production
via nucleation from a supersaturated vapor, chemical vapor deposition processes, and the crystallization of various
polymers. Pound (1952) observed the nucleation of various types of vapors and approximated that the critical nuclei
consisted of only between 80 and 100 atoms. Attention has also been focused on the need for understanding the
kinetics of nucleating vapor (Reiss, 1952 and Michaels, 1969). Statistical theory predicts a deviation in the
behavior of droplets this small from macroscopic or continuum analyses. Hill e al (1963) confirmed this notion in
his study of nucleating metal vapors by noting that the surface tension could be in substantial error since drops of
critical size have such small radii of curvature. Nucleation phenomena are small in spatial extent in that the critical

radii of the nuclei have been found to be of the order 109 m (Lothe and Pound, 1969). Furthermore, the time
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required for formation of critical nuclei has been documented to be of the order 10-10 § (Mandell et al, 1976).
Molecular Dynamics studies of nucleation are extended to molecular clusters undergoing phase changes with a new
interaction potential by Santikara and Bartell (1997), and the crystallization of metastable fluids by Pickering and
Snook (1997). Recently, molecular dynamics simulations have been used to investigate the molecular mechanism
that governs many heat transfer processes such as the evaporation, condensation and melting at liquid surfaces
(Chokappa and Clancy, 1988, Rey et al 1992, Yasuoka et al, 1994, Matsumoto et al, 1994, 1996, Kotake and
Aoki, 1996, Tsuruta, Takana, Tamashima and Masuoka, 1996.) The evaporation of droplets studies are needed at
supercritical conditions as it relates to combustion in cryogenic rocket motors on a microscale basis as described by
Kaltz et al (1994). The subcritical evaporation of droplet is modeled by Long et al (1997), and the computed
evaporation rate compared with the Knudsen aerosol theory. A molecular dynamics simulation is employed by
Bhansali, Bayazitoglu and Maruyama (1998) to investigate the interfacial phenomena and to determine properties of
an evaporating sodium droplet. The Lennard-Jones potential (Bhansali et all, 1996) and oscillatory pair potential
based on Levesque et all (1985)’s data is studied (Bhansali and Bayazitoglu, 1996). To simulate such a problem the
computational code will be presented in the following section.

Molecular dynamics simulations consist of four major phases: 1) the construction of an adequate potential that
governs the intermolecular forces acting between the individual particles, 2) the initialization of the simulation and
run parameters, 3) the calculation of the molecular trajectories and velocities of each particle during simulation, and
4) the analysis of the trajectories and velocities to determine the physical properties of the system.

On a different note, molecular dynamics studies have not exploded as fast as one would have originally
expected. Most of the publications related to our current phase change problem have started to resemble each other
very closely. It seems that this is due to the fact that writing the computer code for solving the problem is such a
time consuming and daunting task that most people consider it a milestone alone when getting their code to run.

The computer codes, together with the capabilities of current and future computer technology, have the
potential of solving new problems and quantifying the experiments of nano and micro-scale size. We would like to
see some more collaboration in the form of making previously produced and.tested computer codes available to
other researchers such that they can eliminate the pain and agony of trying to write their own code from scratch.
This will give people a jump start, so that they can spend their time expanding the current research or even uncover
complete new areas of application. One good example is the book “Molecular Dynamics Simulation” by Haile
(1992). Surely many people have put his detailed explanations of the intricacies of the problems involved in writing
a molecular dynamics code to good use.

In this paper we will present our analysis of an evaporating droplet along with the code written to solve the
problem. We hope other researchers will take this code and use it to their advantage. With some alterations. this code
can be used to simulate processes such as conduction in thin films or fluid flow in nano channels.

3 MOLECULAR DYNAMICS SIMULATION CODE

In simulation for the intermolecular forces the well-known Lennard-Jones 12-6 potential, @ is used,

o(ry)= 45[("/ Ti )12 ~(ofey )6] )

where rjj is the separation distance between atoms i and j, O the first zero of the potential is the equilibrium

separation parameter (A), and € is the potential well depth (J). This potential was selected because of its
simplicity, but it could easily be replaced with another potential in the code as long as it represents the physical
behavior of the medium (e.g. Bhansali and Bayazitoglu, 1996).

Although the code is initially written to investigate thermal characteristics of an isolated evaporating liquid
droplet at various temperatures, it can also be used for other nano-scale problems. A microcanonical ensemble was
employed in which the number of particles, the volume, and the total energy of the system were the constrained
constants (Rowley, 1994). )

The fce structure is used for simulations in this code. Each atom was arbitrarily assigned a velocity in each

coordinate direction (vi*k)via a random number generator and then scaled to the set point temperature, T;,
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where subscript i corresponds to a particular atom, subscript k represents the coordinate direction. The instantaneous
temperatures are time averaged during the simulation until the steady state is reached. The instantaneous temperature
of the system T;ctdetermined from the equipartition principle.

. |
Toct -m%{}"& Vik ®

where N is the number of atoms.

The velocities and the temperatures in the simulation were normalized with respect to the standard parameters
used in typical soft-sphere models presented in Table 1 and are denoted as such with the * superscript (Thompson ez
al, 1984, Allen and Tildesley, 1987).

able 1. Reduced rameters

Quantity Parameter
Length x*=xlo
r¥=rlo
Pressure P* = (PO’3/8)
Temperature ’ T*= (k gT /e) , kg=1.381xexp(-23) J/K
Velocity ) V*=(v/ 1/:-:/ wm)
Timestep At* = (At/ o/wm/e )
 Density p*=No*IV
Potential ¢ = i
Ne

Since no dissipative external forces exist and since the potential was assumed pairwise additive, the force F;,
(N) on each particle i could then be related to the potential in the following manner

_ %,
F = -§V¢(rij)= m—g" @

where V denotes the gradient and wm, (kg) is the mass of the atom, molecule or cluster. F; is the position vector

(Armstrong), and t is the time, (sec). A 5th order Gear predictor-corrector numerical integrator algorithm was used to
solve the Newton’s equations of motion for each atom. This algorithm was found to have better energy
conservation characteristics to the other algorithms considered previously such as the Verlet or Beeman algorithms
(Swope et all, 1982, Haile, 1994, Amini and Fincham, 1990).

The simulation was governed by the temperature control scheme employed in the simulation. An equilibration
period was specified at each set point temperature (T"l;) during which the velocity was scaled according to equation

2).

Thermal equilibration was monitored by using a nearest neighbor routine that tracked the number of vapor
atoms with respect to time. Each atom was classified as vapor, liquid, or surface depending on the number of atoms
that are within a sphere of radius 1.5 0 centered at that particular atom. An atom was considered vapor if it had 1-2
neighbors, interfacial if it had 3-7 neighbors, and liquid if it had 8 or more neighbor atoms (Maruyama et al, 1994).
Thermal equilibrium had been reached when the number of vapor atoms had become relatively constant.
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The velocity scaling was then terminated and the system was allowed to proceed in a state of constant total
energy during which the trajectories and velocities were accumulated for the subsequent determination of the
physical properties. The set point temperature was then reset and thermal equilibrium was achieved at the new
desired state.

For a system of N atoms, there are N(N-1)/2 possible force interactions and the calculation of these
interactions is extremely time-consuming. To calculate the force on each atom, for systems in which atoms are
subjected to short range forces, a Verlet neighbor list routine was implemented to reduce the computation time
(Verlet, 1967, Amold and Mauser, 1990, Chialvo and Debenedetti, 1991). Hence, a truncated potential was used
such that the force for separation distances greater than a critical cutoff distance, r¢, (A), equals zero, indicating that
outside the critical radius atoms have a negligible contribution to the total force on a given atom.. Then for each
atom, the routine maintains a list of neighboring atoms that lie within a distance r (A) of that particular atom

where typically r, =r¢ + 0.3 0. The neighbor list for each particle was automatically updated based on a maximum
particle displacement criterion as reported by Verlet.

In Fig 1 we present the flow chart of the code. The code is written in FORTRAN77 and the main and the
subroutines are individually explained.

18



FILEOPEN.f
Read input variables

INIT.f
Initialize Parameters

CHECK.f
Update Neighborlist

./

PREDICT. £
Predict Position,
Velocity, Acceleration

MAIN. STEP. f h FORCE. f
MDS Code Start Time Stepping Update Force on Each
Particle
V.

AVG.t
Average Potential and
Kinetic Energy

OUTPUT.
Write Output Data to

TEMCON.
Velocity Scaling w/r
Temperatures

PROF.
Calculate Pressure and
Density Profiles

/)
FILECLOSE. f
Close All Files
Figure 1.

CORRECTOR. £
Correct Postion,
Velocity, Acceleration

e/

7

SAVE.f
Save Current
Configuration

( LOG. f

Update Number of
Neighboring Atoms
\__ /

~

(  SHELL.f
Redefine Position of

Inclusion Shell
Y .

( RADDIST.f )

Obtain Radial
Distribution Function
\. S

PERIODIC.f )

Apply Periodic

Boundary Conditions
/

Executed only once

Executed in each time loop

Executed in each time loop and
in each averaging loop

Flowchart

19




‘unsbsa ‘bsTaa‘xTn‘awry ‘615 ‘27d’ Towu + ‘STNITN’SUTI’ TUTI‘AWTI‘BTs 3sTTI/Inox’'a1d’ 1d +

‘DOTU‘OAT ‘odT ‘Aeut ’baey ‘deaT ’sds ‘unsaus ‘¥q) 3ndIno TTed ‘oju‘dazu’ Towu’doTu’ Aeut ' Juxdy ‘6aey ‘A3UT ‘D33UT +
uayl (0-ba- (uady‘daxt)pou)3T ‘d3uT‘BT3UT ‘@3UT ‘qUF ‘D33 ‘sdd ‘WnsaUa ‘SIP‘IP‘Xq) ITUT TTed
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| o}
I1 pus 2UTINOIQNS UOTITPUOD [PTITUT BY3 I03J STIED o]
(MM 'UNSITA'SA'A'UMSDSA 'DSTA TOWU ‘WNSBUI) BAR TTRD == e s e = e e e e e e e o}
usayl (0-ba- (Baex’'dsxr)pou)y3T 0 = uyqx
uadoaTTy TTed
TANAIT = OAT (07D (AUT'ABIT)POW) JT T T oo o e e e e e el 2
*as{e3y* = oat butijewzoy 103 saTTI e3ep uado o
................................................................. 5
‘anxy = ody (Q-ba- (djutr‘daat)pou)3T
‘astey’ = ody (00G) x1306u’sTapau /z3jp1/ uOWWOD
19Px’ (005) 16 /3pa/ uouwwod
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| o} day o
Indino 10309A A3TOOTSA STOIJUOD = OAT o s )
Indano 10328A uotritsod sToxjuod = ody ) : pdie’gdre’gdie’ tdre’gdre /3091105/ UOUMIOD
asTej IO 3nil axe STEOTBOT Iay3laym oayd > (xeuwu) zo‘ (xeuru) A3/ (xewu) X2 +
.................................................................. R) ! (Xeuu) zq (xewu) AqQ ‘ (xewu) Xq +
anuTIIU0d 0Tt ! (xewu) zdoe '’ (Xewu) ADDe ‘ (Xewu)xdde /Ieab;/ uouwwod
(IUNXTX'TA'STN ‘M ‘UM 'STA' TA'WNSITA ’ + (xeuru) Jutod’ (qeuxew) ISTT /ZXD0TQ/ UOUMIOD
‘aa’juodn’‘sjepdn’/HTS‘3ISTTI‘INDI‘ Towu + (xeuru) 0zx’ (xewu) oAz’ (xewu)oxx /IYD0Tq/ UOUMIOD
‘ooTu’Aeutr’‘daar ‘o011 ‘quy ‘o33 ‘sda’‘sap’‘yq)dais Tred X'A'C3IST’'TAST /dBUO/ UOCWWOD
SoTu’l = J0TT QTT Op
.................................................................. ) a3epdn‘oat‘ody Teotbot
OH = UOHQ U ’ ’ ’ ‘ ‘
dooT [ed07 3yl Pa[Ted ST SIYL ‘SUOTILAINBTIUOD IUSBIAND ITaY3l ) , , , , , NJ >unxw zq mn xq +
WwoIjy S3WTl DOTU I03] paaow aze swoly - ,d23is, auranoiqns TIeD > pdtre’gdre’zdre  1dre’odre‘zooe ‘' Aode ‘xddoe uOTSTO21d aTqnop
e e e o o e e e e e e e e e e e e > (€'Xeuwu) IX ' (g ‘XewU) A’ (g 'Xewu)x uolstdaid alqnop
.................................................................. ) UM‘STA’TA‘UNSITA +
SITNDITON TAOW > ‘STN'SUTI’TUTI‘BWTL'BTS'0Z1 04T 0OX1 +
.................................................................. ) ‘3ISTTI’3INdx’Td’'qUy ‘D33 ‘sde’s3Ip’aIp ‘g uorstoaxd argnop
DOTU,SIP+3UWTI = BWT 9p1’
[Hxs3p P P 16 uotstoaxd aTqnop
(6)3so1o sTepau’ijobu 1abajurt
doaIT («'6)33Tam uot3duny 3dUeISTP [erpex = Jgy O
,3Iep-sawrl, =311} ‘6)uado
(.3%p F.melie) Juxdy ‘Baey x3baiut
dexu’y = deit QT op w‘unsbsa‘DsTaa’aa‘aTn’11d ‘unssus uotrstoaad arqnop
= ps3jndaxa st doo exauab sdais auwrt o zaqquu = daiu 2
----mmmm---w-w-------..----m-m ............... ..u.-w.---.mm ............ > (Z/(T-Xeuwu) (xewu) (IST’ (Z/ (T-XeWU) (Xeuu) I3sT Iaba3jut
. : UOTIBTNUWIS BY3l JO 2wty ajepdn o) Juyx‘3uddn’jutod‘olu‘dagu’ Towu ‘doTu’ Aeut +
e e o e e > ‘3ISTT’L'daaT A3UT‘D33UT dIUT ‘BTIUT ‘SIUT ‘DOTT'T I8623UT
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| o)
do0T FHL J0 4oL 5 (00G«XeWU=qeuxew ‘ggg=xeuu)rajsuered
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| jo} .
anuT3uod ot qeuxeuw’xeuru Isbsjut
Am\.ﬁﬂﬁxm.ﬂmﬁﬁuﬂao.ﬂiAﬁ~‘ﬂvxv A.AN.hmmv.~mvau‘ﬂh} ilﬂt”’k!kIﬁ’#d'ilC’iiii«..ﬂlCilikCk&.iiii#tifililﬁiﬁ«.#*«.liﬂﬂ@iu
Towu’t = T QT op °
2100 T+d3UT4O0TULIPZTA0 " TWTI'0TAO TaTA (4 (27 LIE), ‘€T)33ITIM Xdod NIVHW >
T+daut/deau’Towu’T (, (LI€)., '€1)23TIM 2
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 2 th,frt«&iﬂ«nkik#kli’i##«ﬂif«ﬁtuii«i«k&«i«k«klk«t«ll«c«#««.«u«U
SUOTITPUOD TPTITUT JUTIJ el
awrl ut butddails 3jaels 2
.................................................................. ° NOILdIDSIAd NVIO0dd ¢

(TX‘um‘unsbsa’sTa’Ta‘unsita‘a3epdn’ jJusdn +

20



1U2I01JJ200 Surfeds =
uonisod Wole JO IANBALISP pIIY) =
(Tvoq-T)ubs =
(/L €Z-218€"1) ULISUOD UBWZI[OY UBJIAS =
apnyuSewr wopues =
Arepunoq otpouad ay) 03 21nonNs [RISAIO
3y} Jo apIsIno ayy uo sajonsed ay) WOIJ DUBISIP [ENIUL =
(yures ay Jo apmyt3uoy o) Je[runs) 3jFue wopues =
(s[ouy/1 €£79Z70'9) Joquinu s,01pe3oAy =

Ja02
2q‘Aq‘xq
sq

Aq

q

aseq
Sue
ue

wyjuo3[e Joyorpard-read oy jo syuesuod = pdje‘gdiezdre (die‘pde

parenbs sjuawaocedstp [euonelos ay) [[e jo wms =

Ote

(ADBALISP PU0IJS) UWIOJE JO UOMBIS[IIIE =2ZI08*£308* XI0R

parepdn st 3s1] Joqu31ou SN JO JAqUINU JYi S[[9) =
JWN[OA UT S[[3D Jfun =

[eIsA10 ul S[[99 J1un =

pasoduir sjonuod aimeradurdl Jo # =
paINoaxa st doof [e1oual sown # =

Pass wopuel =

Ioyourered Sununod =

SWOJe JO JaquInu =

uone[nuUIs ay) ut saponted Jo Jequinu =
paInoaxa st dooj [eo0] sawin # =
SUOIOBIIIUI JOJ SIOIIIAISH] =

SUONORISIUL JOJ SIOJIDAISI] =

Pa[[eo ST aunnol Joqy3iau uajo moy =

o pajuud st eIRp UAYJO MOY =

suop st saradoud jo Surfessae usyyo moy =
Iaunod =

indino st A3190[3A 3y ey Kouanbaiy =
[onuos amjeradwa) jo Aouanbaiy =

ndino are s103924 uonrsod ayi jeyy Asusnbayy =
indino st s1oqysiau Jo # 18yl Aouanbaiy =
indino are T » 9 1eys Kouanbaij =
Joyourered Surjaqe| woe =

: S[esy

juodn
[oAU
unu
o
daiu
wpiu
s[opJu
[owu
Xewu
ooqu
fis
as|
Aeup
yuidy
Saey
|
AUl
mut
dur
3pur
qug
wr

: ST3aiu]

VIONd

‘Sa[qeLIeA Y] SezZIenIUl
i *9p02 oy jo Suruurdaq ayi 1 2ouo weidoid ureur ayy Aq paj[ed St aunNOIqNS SIYL

LINI dufjnoiqng

pua
dois

v-- AlTewiou paysturjy uweiboad --, (,',)d3TIM
9SOTO3TTI TIeBD

A{Tewrou pajeutuial

weiboxd ay3l 3Ieyl Ajrisa pue ,3SO[D3[TJ, SUTINOIQNS 03 TTE€D

3nutTIuod

(E'T)A(Z'TIA(T'TIA (£°2T)33TaM
Towu’t = T 999 op

anutT3uod

(E'T)IX'(Z' X (T'T)X (4'ZT)@3TIM
[OWu'tr = T LLL OP
BWIA'STN'STA'TOWU (,‘ZT)33TIM

jTpus
(WM’STA'TA'WNSITA‘SUTY ' TUTY ‘BUTI‘BTS +
‘Inox’td’Towu‘oAT ‘odt ‘daat ‘quy ‘sda ‘)q) Joad TTed

(000Z=23UT )"9pPO> 2Y3l JO pua 3y 31e adU0 PaTIed ST JOud

uay3l (0 ba- (ajut‘daat)pou) 3t
3T pus

(A'suty‘Towu’dait)uodowasl [T1ed

‘#anjeradwel uUTRIIID B 3@ 3IRIQTITTINDS 03 WdISAS 8yl SMOTTe STYL
‘ainjeradwsl Y3ITm SITITOOTA 8YJ S3IDDII0D NODWIL 2UTINOIQGNS

uayl ((23urar-daxr) "pue’ (0*ba- (033utr‘daxt)pou) )3t

3T pus
(X'TM UM ‘STAUNSITA'IA'A +

21



((fn) x (runu) — f&% =9seq
:SB pauyjap st Arepunoq drpouad
3y} 01 Arepunoq 9pIsino ay) UO WIOJE UB W01} OUBISIP [BHIUT ‘SWOIE IZI[BNIUI O,

[OAU X [0

X [0

9 = [0AU 2JOYM ~ ‘([0AU) X (In) = [A

a19yMm [A JO YiBus] & SulARY 5QNJ B SB SWN[OA [ONUOD SULJIP M U3y}
(tunu) x (n) = [eISAIO B JO Y1SU3] Y} 0§

p=1unu a1ym mﬁcsav.v ST [B3SAIO JIUN B U SWOJE JO JaquInu

ayl oS * chscv 01 [enba st [B1SA15 B UI S[[39 JUN JO JaquInu 9y} SISA[eue SIy3 Jo4

(z/n ‘ot /) & (z/1n “z/n “0) * (0 ‘z/m ‘Z/m) £ (0 ‘0 “0)
:9q [[IM [[90 B U SWIOJE { JO SIBUIPIOOD [BNIUL YL <= (0‘0'0)O I

v =(50) X9 +(sZ1°0) X8 =(5°0)
X (8908} 9y} 18 SWOle Jo 1aquinu) + ($Z1°Q) X (SIAUI0D Y} UO SWOIE JO JAQUINN])

:SMO[[O] SE paje[no[ed
3q UEd [[32 JIUN B JOJ SWIOJE JO JAQUINU 3y} ‘0§ "SIGND 7 0} UOUILIOD I8 $308)
a4} JO JOIUAD 3Y] 1B SWIOJE § PUB SIGND § O} UOWILIOD SIB SIIUIOD Y] UO SWIONE §

SIAJONIIS JIqI) PaIdiua)) 908 Uo paseq paguelre are suroje jo suonisod [eniuy

1511 Joq3rau 3y Sunepdn aproap 03 pasn = J1epdn
: STe3T80]
UIOJE JO SSBW = wm
aun 1940 A3I19u9 dnBuny Jo wins = wnsbsa
uonejoI [B10) =  CIA'ZTIATIA
X0q JO 1Su3] [BUOISUSWIPUOU = S[A
(ur) xoq uone[nuIs 3y} Jo Ydua| = A
[eutA a8eIoA®R 0) pasn = WINSIA
uone[suel) [810} = EA‘TATA
18u3] [eISAID UOISUSWIIPUOU = s[n
uonoauod A319u3 [enuajod adues Suol = In
oqdua] [eIsk1o = n
aImesaduIs) [RUOISUSWIPUOU = sun
(31) aamyeradwe) [enUl = wn
3WI) [BUOTISUSWIPUOU = sun
(souessip uoneredoas [ensjod) JsjoweIp UOISI[0D = g1s
WJSIP[aA,, UT pasn [[ays [edtrayds iy Jo yipim = [ep4
daysowiry yxau ayj a10yaq 101,
UM are jey) swioe Surpnpout ,Indl1, ueyy Jagre[ aoueisIp = Is1p
PAISPISUOD T8 SIII0J YOIYMm UT OUBISIP [BIpRl = naI
JPuBI NOLLONNA., :Iojesauad 1aqnu winpuel = Jpuelr
woje Jad parenbs syuswaoeldsip [euoneios jo wns = el
(,ut,) Y3uay xoq ays Jrey snurw dponred jo uonisod = AR
uonoawod aInssaid aguer Suof = ad
LT6SIPIE = id
(z‘Ax) wmuswouw Je[nSue = £0°z0‘10
uonouNny uONNQLISIp [BIpes = 13
douip pmbi sy £[uo sseduroous o3 pasn xoq

[01U0D 3y UIYIIM XOq B 3Uljap 0} pasn :1ajouwrered uLaiuad aoef = o5
) (f 1Z-3L7'8) A319u2 wnwurw = sda
A81aus [enuajod ageione = wnsaua
ssew jun Jad woje Jad £819ua onjoury s8eroAe = b €]
dais aurn ssejuorsuaup = sip
(09s) days awn = P
uonisod wole Jo IANBALIP YUNOJ = 25'A9'%0

22



(Mxz0-4x10)-(ENDA=(EDA
(3x10-1%x€0)-(TDA=(TDA
(axg0-1x70)-U‘DA =('DA

101104 JO [DAOWIL

1=t 1=! 1=!

i O - K G ¢
0 0 7o W0 o 1O

'S PaIR[N[e) 3Te SANIN0[3A Je[nFue afeIaAy

1=

[a'naxa-(znaxi]X =¢€0
outu
1=t

[€nax-aDAaxa] <
{owu
1=t

[(@naxa-(enaxa]{

jowy

(46

10

uwoj SuIMO[[O} 2} UI S3xe Z ‘A ‘X INOge UONEIOI Je[n3ue LM UBD am Uy
z I/ z
Z (DX =T ‘=—(zDx=4 ‘—-(Dx="
(€D =@ -
:3WN[OA [ONUOD Y] JO JAUID 3y} WOIJ WOJE UE JO IdDUEISIP 3y} JO siuauodwod ay ],
FEDA+L@TDA+IANDA="A
: u1o1e ue Jo KIDO[OA

A Dx+ [(TDx+ (DX

. wiole ue jo uonisod

[owu

-(EDA=(EDA

tEA
O @ A=@DA - (DA = (1D
¢ -(74 =(7‘1 ¢ —(14 =(1‘1
A COUA=(CTDA A THDA=UDA
: uone[SUBT I3)JE SANI0[IA &
[owu [owu
*K1aanoadsal ¢
, EA CA
[owu (o8 €1 M
¢ are woje / suone[suen- z ‘A ‘x age1aay ‘os (g1 = pue
A € >_§._ EA

1=1 1=t

AN.C>N =ZA " Q.C\/N = [A 9Je suonoaip- z ‘K ‘x uf uone[suen [e10L

jowu jowu

*S3N0J0[A 3} WOIJ Uone[suen
Buraowas Aq pa[eos Sre SINIO0[AA U} WNJUSUWIOW JeUT] [€10} 013Z ULEIQO O
Te] 3 m

PA-TM =(un
()50 99 = (ZU)A
(®uts 99 = (('WA

F(EMA+LCTWA+TI WA= A

3p03 3y Ut SMo[[o] se passaidxa aq 01 3urod are A11d0[aA Jo sjuauodwod sy,
0'1=,5q+ ,(es000q) + (e Ew.onv\z = ~_>_ ¢ £3190[3A Jo apmyuSew ay ],
nOﬁ— - : v =5q

9[8ue wopury = ¢

0’1 S99 S [-=opmiuSewl wopuel =2oq
01 Jo spmiufew e Sutaey K00[aA [eOIUL UB O) poudisse st wole Yoeq

TITGT 307 735

*0 0} 193dsal Yiim pazI{eUOISUIWIPUOU aTe £3Y) 119s aJe suofiisod [eniur Ayl Joy

23



snotaaxd

‘uoTIeTNOTED SNOTA®Id BUTNUTIUOD, (4 'x)d3TaM

anuUT3UOD

(€'T)A(Z'T)A'(T'T)A (00T=PuUd’, ‘TI)peaI
Towu’t = 1 106 OP
3NUTIUOD

(€'T)X'(ZT)X'(T'T)X (00T=PUS’y'TT)pedI
Towu’t = T 006 OP
BWT1‘STN’STA’TOWU (QQT=PUd’y ‘1) pEdI

$1STX® 3T JT UOTIRTNUTS
anuUT3IUOD 03 ,3ep-aid, S[TJ WOIJ eIPP UT peal

(TT) 471NS3¥ SNOIATEd aVIY

Aeutl (4 '0QT)peaz
Jurdy (4 ‘0T)PE31
Baey («‘QT)peEaI
233 (+'0T)pPEEX
qul («‘0T)pPE2I
wupIu (x‘'07)pedx
23U («‘0T)PE3I
BT3utr («'0T)PE3Z
233UT («‘0T)PE3Z
23UT (& ‘0T)PE2X
AJUT (£‘0T)PERIX
daut («’0T)peE22
ooTu («‘0T)peax
daxu (4'QT)pPeE232
P («'0T)pedI

A («'0T)pPE3Z
TUTl («‘0T)PEAZ
oAU («‘0T)PE32
TUunu (4 ‘01)PeE3I

1z-awz g = sds
01-aopz € = BTs
ue/g-466°22 = WM

£€zazzot9 = ue
€2-AT8E°T = 9
(0°1-)sooe = 1d

106

006

(00G)IJ0obu’sTapiu /Zjpi/ UOWWOD
19px’ (005)I6 /3PI/ UOUWWOD
day o

pdie‘gdie’zdre’1die’gdie /308110D/ UOWWOD
(xeuru)zd ‘ (Xeuru) AD ‘ (xewu) X2 +
‘ (Xewu) zq’ (Xewu) AQ‘ (Xewu) Xq +
' (xewu) zode ' (Xeuu) Aooe ’ (Xeuu) Xddoe /Ieab/ uowwod
X‘'A'(2ST'TIST /BUO/ UOUWOD

ajepdn Ted1HOT

12pa1 ‘16 uotstoaid aTqnop
sTepau’i1jobu I9633UT
4q¥ °

z2'Kd‘'x0'zq ' AQ’Xq +
‘pdre’gdre’zdre’1dre’odre‘zo0e ' Adde ‘XdDoR UOTSTO8xd aTqnop
wm ‘unsbsa
CEIA'ZIA'TIASTA'TA'UNSITA'EA'ZA'TA'STR'ITN
‘IN‘SUTI‘TUTI‘BWTII'BTS/ISTTI'INdI’Jpuet’ZRI €I
‘za‘ta'ard’td’‘gco’‘zo’10'quy ‘o33 ‘sda ‘unsaua
‘Ya’'s3Ip‘Ip‘3l00‘sq’‘yq‘oq‘aseq’bue‘ue’‘gre uolstoaad arqnop
(g'xewu) IX’ (€ ‘Xewu)A’ (g ‘Xewu)x uorsidaad arqnop
(Z/ (T-Xewu) yxewu) (3ST‘ (2/ (T-Xewu) (Xewu) 13T I3b6a3jur
juodn’ToAu’ TUNU ‘DU ‘daau ‘wpau’ Towu ' ooTu’ Aeut +
‘quady ‘Baey ‘3’ ’Aj3uT ‘d33uT‘daur’/HTIUuT‘s3uT‘wT’T I13633jut
(g9g=xeuu) za3a3uexed
Xewu 13683ut
suou 3ToTTdwr

+ 4+ 4

T T L LT T L LT TR IR AT

2
(Tx‘wm‘unsbsa‘sTA’ TA‘unsata ‘a3epdn ‘ Juddn +
‘STN’ITN‘SUT]’TUTY ‘BWTI'BTS AIsTT2’Indx’x1d 1d +
‘oau’‘daxu’ Touwu 'doTu’ Aeut ‘Juxdy ‘BAaex ‘A3UT ‘D33UT +
‘dqut‘6TIUT ‘@3uT’'quU] ‘033 ‘sda‘unsaua ‘s3Ip ‘IP‘NJ)ITUT SUTINOIQNS
o]

Cll!ic.c.l&.Il.II&.i.'"lik.’C«.#Iﬂ’l".’l”lll’.ﬂ”’iliil’l'ﬂ’i#iiﬁi’lkﬂllu

3
—— " Yim PIzZI[RUOISUIWIPUOU JIB SANIJ0[IA Uy} puy
wm
Norwm
—3 =10 ‘selojej Juleds
L3e
wm
ay1 91LIM UBD M ‘08 T =¥ :a1merodura) Jo SULIS) ur Us)ILIM 3q OS[e ued Y9
Le

[owu ; T = Yo = woe 19d A31oua dnaury
1=1

{EDA+ (TDA+ NC,C\/N = DFY = ssew jun 1od A312u9 dnouLY [E10L

jowiu

24



€In- (')A = (£°T)A
Zan-(z'T)A = (Z'D)A
TIA-(T'T)A = (T'T)a

TIxZ0-Z2410 = €A
€I4T0-TI4EO0 = ZIA
TAxE€O0-EIXTO = TIA
TA«G 0-(€°T)X = €
TAxG 0-(2'T)X = 2
TA«S 0-(T'T)% = 12

Towu‘tl = T 09T op

0te/fo = €O

0te/zo = go

ote/10 = 10
3NUTIUOS

((T'T)A4ZI-(T'T)A4TI)+E0 = €O
((E'TIALTI-(T'T)ALEI)+Z0 = ZO
((Z'T)AxEI-(E'T)ALZI)+T0 = 10O
Zea+Qte = Qte

CI€X + ZXWZX + TIuTI = TR
TALG0-(E'T)X = g

TA«G 0-(2'T)x = 21

TALS 0-(T'T)X = 12X

Towu‘y = T 0ST oPp
0°0 = ¢©
0°0 = ¢o
0°0 = 10
0°0 = 0t®e

anuTIUOD
EA-(E€'T)A = (£'T)A
Za-(z'T)Aa = (Z2'T)A
TA-(T'T)A = (T'T)a
owu’t = T 0pT Op
Towu/gA = €A

Towu/za = ZA
Towu/TA = 1A
aNUTIUOd
(E'T)A+EA = €4
(Z'T)a+ga = za
(T'T)A+TA = 1A
Towu’'t = T Q€T Op
0°0 = €4
0°0 = za
0°0 = TA

aNUTIUOD
sq = (g'T)A
(Bue)S00,dq = (Z2'T)A
(Bue)uTts«dq = (T'T)A

(2qs5q-0°1)3absp = sq
(wpIu) JpURILZ-0°"T = 2q
0°ZsTds (wpxu) jpuex = Bue

0s1

owu’y = T ONH op

(p°0T3'XZ'9P°013'XZT'9P°073)I2WIO] et
3NUTIUOD  9TT
(€'T) X (Z2'T)TIX/ (T 'T)TX (PET'PE)DITIM
Touru’t = T 9T ©Op

anuUTIUOd  GTT

(€'T)% = (£'T)1X
(z'1)x = (2'1)1X
(T'T)%x = (T'T)1X
BIS/(€'T)X = (€'T)x

BIs/(z'TIX = (T'T)x
BIs/(T'T)x = (T'T)X
owu’t = T GIT op

anuUTIU0d Q1T
aseq+ (p/0° T+Y)aT0 = (€'p+UT)X

aseq+ (§/0° €+f) 40 = (Z'p+WT)X
aseq+ (§/0° €+T) 40 = (T'p+WT)X
aseq+ (§/0" €+X) + TN = (E€'E+UT)X
9seq+ (p/0" €+L) 4 TN = (Z'E+UT)X

aseq+ (§/0°T+T)aT0 = (T'g+uT)X

aseq+(p/0° €+3) TN = (€'Z+UT)X
3seq+ (570 T+L) 40 = (Z'Z+WT)X
3Seq+(p/0° €+T) 4T0 = (T'Z+UT)X
aseq+(p/0° T+3) TN = (€'T+UT)X

aseq+ (/0 T+L)«IN = (Z'T+WT)X
aseq+(p/0"T+T)«TN = (T’'T+UT)X
P (Zws TUNUL T+TUNUL C43) = wT
T-Tunu’Q = 3 QIT OpP
T-tunu‘g = C 0IT op
T-Tunu‘g = T OTT ©OP
(TN« TUNU-TA) 4 G°0 = 3Seq

Brs/1A = STA
Bts/n = sIn
10AU/TA = TN
CexTUNULp = TOWU
aNUTIUO0D Q0T

Z6T 02308

25



doap pinbry jo uomsod sjepdn 03 pasn serourered = sx1
doo| [e1suad sy Jo UOHNDAXS 9Y) JOJ JAUNOD = dan
dooj [e20] Y3 Jo UONNOAX3 3} JOJ JAIUNOD = 20[1

“ders awuy) yoea Joj
sowm O weigoud urew £q pa[[ed SI 1] "SI[NII[OUI JAOW O} PISN ST SUNNOIQNS STYL

ddLS dunnoiqng  Tp

pua
urnlax

3NUTIUOD IG6
0 = (T)a3obu
‘0 = (1)ab
00€°T = T 166 op
T - (19PI+Z)/STA = sTapau
GZ0'0 = T’px

P c——e e ——— e ——— e B L T ppupm e —— o)
‘unjy " 3IsTp ‘pex 103 o]

swezed Ajtoads pue 8zTTeTITUT o

e m e e e ———a B, e e m-——- B e e ——eeaea [P R - ]

sda/TuTi,dq = sull
(S Qe (sda/um) 4BTS) /3P = SIP

nnnnnnnnnnnnnnnnnnnnnnnnnnnnn B e T . §
S3TqeTIEPA TPUOTSUSWTIPUON 2
|||||||||||||||||||||||||| B ety S S
(("€Cax3NOIL"€) /T - ("6423INDIN"6)/"T) « +
("€xxSTA/TOWU) 4 Tdy g = XN
(("6+xINDAx"6)/"T - ("E€xxIN2IL"€)/5°0) « +
("CexSTAL"€)/TOWULTdy 96 = 2Td
|||||||||||||||||||||||||||||||| B e R |
SI030®] UOT3D31I00 3buex-HBuoT o]
|||||||||||||||||||||||||||||||||||||||||||||||||||| L E I )

8¢ = 3IsTTa
G'€ = 3Indx
caniyc = ajepdn

||||||||||||||||||||||| By
auUTINOI IO0QUBTSN 3IBTI3A b

a8yl 103 siasjawezed A3roads >

llllll el it it R i e e R

3NUTIUOD (T2
(%) C3st
() T3sT

"

-
1
Aakat
"

‘0 = umsbsa

‘0 = unsaua

3aNUTUOD 002
*ZT/°1 = pdie
Z/°1 = gdte
‘1 = zdte
‘v/t€ = 1dre
"0Z1/°61 = odie
WSEMuCOO G6T1
‘0 = (1)22
0 = (T)Ad
0 = (T)x%2
‘0 = (1)zq
‘0 = (T)Aq
0 = (T)xq
Q0 = AﬂvNUUM
'0 = (1)Adoe
0 = (T)xdde
Towu’r = T GgT op Z61
uy3tiobTe Iesn 103 siajawered 3ZT[eTITUI O

0°0 = aury
,"UOTIBTNOTRD MBU BUTIILIS, («'s)33TIM

aNUTIUOD
S 0xx(Sd3/WM) 380D, (E'T)A = (£'T)A
S O0xx(SdB/WM)  JB004 (2 T)A = (Z2'T)A
G 0xx(SAB/WM) L3302, (T T)A = (T'T)A
Towu’t = T Q8T Op
((M3xWM) /TUTILNGL0 " €)3IDSP = 3300
Touru/ya = X3
dNUTIUOD
Cex(E'T)A + Zaa(Z'T)A + Zux (T'T)A + X2 = X3
. Touwu’t = T QLT ©O
0°0 = X3

{RUOTSUBWTIPUOU 3q MOU [TTIM S8T3ITOOTaA

THYNLYHIIWIL FHL LSNCav

anuT3lUod

081

0Lt

26



(€ 'Xewu) Ix’ (g XPWU)A’ (g Xewu)x’ (g Xewu)wi uorsidosxd arqnop

(g/(T-xewu) ,.xeuru) (ST’ (Z/ (T-XeWU) (XPwWU) T3IST I36a3ut
quyx’juodn‘jutod +

‘sxu’‘Towu’doTu‘Aeutr‘3IsTT’/('sxT‘daIT’'D0TT‘T 13H33UT

(006 «XPWU=qeuxew’'ggg=xewu) Is33wered

qeuxeuw’xewu 13633uTt

auou 3toTTdUt

[ T T L L oy e
ol

(IUNTIX‘TA'STN'TWM ‘WM 'STA ' TA'WNSITA +
‘an’3quodn’slepdn’HTS ISTTI‘INOI’ TowWU +
‘ooTu’'Aeutr‘daxT‘do0TT‘qu3 ‘033 ‘sda‘sip‘yq)dais aurinoIqns
>

B T L L T ey

-days awm I1xau ayj e
SaNID0[3A pue suonisod Sy 193L0D 01 J0JOB] UOMIILIOD B SB SOUIJIP SIY1 3s() ¢
_ *da1s Jo1o1paid 9y} WO UoHEIS[IIIE
DUR UONBIS[00B SIY) USIMISQ DUASLIP Yl Puli MO PUOISS S UOIMIN
woyj uoneId[adde 3yl enfeayg * suonisod pajoipaid Juisn 3210§ Ay ua_smﬁu ‘'z
‘dais

awn 1xau ay) Je sannuenb paisap jo sanfea ays 101paid 01 suoisedxa JojAel as()

—

:SyIom poaul 3yl Aem 3y, ‘suonisod 3y JO SIANBALID

Junoj pue pIryl ‘SUONEI[ad0E ‘sanIdo[aa ‘suonisod jo sonjea oy 1oipard o1
LDIATd 2unnoIqns [[B9 am ‘IS "3Wayds J01091109-10301paid Iean) Lels am ‘uay]
| ( MDFHD sunnoIqns )* O¢°0 Yim san[ea

asoy) aredwoo udy) pue uontenSryuos JUSLIND Y WOl SIUSWde[dsIp oy IJe[no[ed
am SIY) Yooyd o -d3ueyo o0y Jurod SI uleWOp I0I0f ‘SPIOM ISYIO U] PAISPISUOD
Suraq wole sy Sunoergur swole jo laquinu 3yl 1o3ye o1 3urod st 1l ‘asnedeg
‘Jjou 10 payepdn aq 01 speau Isif JoqySiou Yl JAYIBYM YOO am [[e JO ISII

1817 J0q31au a3 Sunepdn apiosp 0) pasn = siepdn

! S[EOT80]

uonouN} UOHNQLISIP [BIPRI = 13
JWINJOA [0JIUOD 3Y) JO J31UID 3y} 03 10adsal yim

121u29 Jjo st dosp pinbrf oy Jeyl dUBISIP =  £SX‘ZSX‘[SX

aunnoI 3210 Ul pasn =

UIOJE JO SSBW =

%0q Jo y13ua| [BUOISUSWIPUOU =

X0q Jo Y13u3] [euorsuswipou [eo0idioar =

(w) xoq uone[nuis ay) Jo Yidua| =

K1190[2A [BUOISUSWIPUOU =

(soueistp uoneredas [enajod) IaSUWRIP UOISI[[0D =
doip pmnbry 10§ x0q [0JUOS JO YISUI| =

m
wm
s|A
1A
A
3
31s
Ios

151] JoqyStou unepdn ur pasn ajqeleA AWWNp = 0Z3‘0K1‘0XI

dajsauin 1xau ay) a10jaq ,,INdI, UMM
3Je Jey) swole Surpn[oul ,1ndJ, ey} 193re[ dUBISIP =
JISIP[3A,, UT pasn [[ays [earayds ayl Jo Yipim =
PAI3PISUOD A8 SI0I0J YOIy U SOUBISID [BIpel =
uonouNj UONNQLISIp [BIpel =
Iayeurered Sununod Joqydau =

doup pinbij ay £juo ssedwoous o) pasn x0q [ORUOD Y}
UIylim Xoq e aurjap 0 pasn :1ajourered uriajuad aoej =
(f 12-9L7°8) A310ud WnuIturwl =
ssew Jrun Jod woe 1ad A810ua onaury afersae =
(TvsIP)eS0=
dais awr ssapuoIsuUAWIp =
da)s auIn ssafuorsuawip ay} Jo Jey =
(l/f €Z-918€ 1) UBISUOD UBWZ)jOg UBJIS =

Iounod =

(4orourered Sununos soqusiau) Isi| 01 pate[al =
doup pinbyj jo uontsod Sunepdn ur pasn ssjowered =
Ioourered Sununod =

sioqu3ieu =

SWOJe JO Joquinu =

uonenuis ay) ut saonted jo Jsqunu =

painoaxa st dooj [eo0[ sauln) # =

snipel  IST{J, 3y} UIYIlm SWIOJE JO Jaquuunu =
swole Jjoqu3iau aanoesdur Joj 1ajewered Surppe =
1811 JoquBrau ayy 1oy Jequinu Buprui| =
SUONORISIUT JOJ SIOJOAISI] =

SUOTIORIAUI JOJ SIOIIIAISI[ =

Pa][ed ST aunnol Joqydrau u3jo moy =

s10qy8rau [[e Jo I81| =

I9unod =

11
Iop1
nas

18

qu

plts
sde
Yo
bsip
SIp
ap
1q

: ey

uy

urod

SXu

S[opu

quu

[owru
Xeuru
20[u
IsT[u

flu

qeuxew

fs
ns|

Aeu|

87
[

27



pus
uanilax
anuUTIuUOd Q¢
31 pus
(STA' (€' T)X'(Z'T)x ' (T'T)x)oTpoTIad TTED
usyl ((0°3T°(€/T)X) 207 (0°3T (Z2'T)X) 0" (07T (T T)X)) IT

€sX - (€°'T)x = (€'T)X

Zsx - (g'1)x = (2'1)X

IsX - (T'T)Xx = (T'1)X
Towu’y = T 00€ ©OP

*30UeISTP 193U J3O
ay3 uo peseq pe3a2Tdwod ST woje yoea jo Burtuorirsodar syi ‘os

STA«G'(Q - SXU/ESX = €SX
STAG'(Q - SXU/ZSX = ZSX
STA4G'(Q - SXU/[SX = [SX

*2UNTOA
10I3uU0D 9yl 3O I23U3d 8yl 03 3Id3dsdI Y3ITM I93Usd 33O ST
dozp ay3a 3ey3 z ‘A ‘x ‘93BUTPIOOD YdEd UT 3DURISIP dYl 83ed0T

3NUTIUOD 062

(C'T) A (L7 T)A+YD = 32
! 06Z op
T 067 op
0°0 = X3

[}

€T =
' Towu ‘T

2NUTIUOD (FZ

SXT+SXU=SXU
SXTy (€'T)X+{SX=(SX
SXT, (Z'71)X+ZSX=¢SX
SXT, (T'T)X+1SX=15X

r391doap 3yl 3JoO sseuw
jo 133uU3d 8yl auriap 03 sdiay srTyL °‘de3s awrl Yydes 3e Xoq 233
syl apTsSul T[eJ swole 3eym jo Te303 buruuni e Spracid S3UTT YL

(1S 0+ ((STAxS 0-(€'T)x)Sqep-12s‘0Qs 0)uBISpP)IUTPT. +
(167 0+((STAxS 0-(Z'T)X)Sqep-125‘0ds 0)uUBTISP)IUTPT. +
(TS 0+((STAxS"0-(T'T)X)sSqep-12s'0dS 0)UBTSP) IUTPT =SXT

Towu ‘=T Q0yZ OP
G 0+STAxD3II=TOS
0=sXu

0°0=¢gsx

0°0=CsSX

0°0=1s8X

-qa7dozp pInbIT 8yl uo A[aT0S paseq 'PaxTj ST SSew Jo I33uadd
mau 3yl 3eyl os
suop ST STyl ‘doap pInbry ay3 Aruo ssedwodus 03 Pasn ST YITyM

(8]

o

x0q TOIJUOD 3YI UTYITM b
XOq B SaUTjap 3Byl pasn sT ‘D37 ‘Is3lswered Buriajusd ¥de) ¥ b

(doxT/D20TT'X'STA’A'TOWU ‘WJ ‘SIP)I03D9II0D TTeD

‘pasn ST YOLOIWHOD 2
*P923091100 aq pPINOoYs swoTiTsod a3yl JO SIATIBRATISP IdPIO D
19yBTY pue S2T3TO0T3A’SUOTITSOod UOTIBRTNO[ED 8DI0F I331IV D

(x‘23epdn‘nM‘sTA'TA'BA +

‘BTS‘3STTI’INDI’ Towu ' doTu’Aeut ‘daaT ‘o071 quy ‘wy)ad103 TTed

. *SUOTIBTNOTED 2dI03 8yl UT pasn aq TITM 3ey3l
wo3e yoes jo uoritsod ayl jo anfea pa3dTpaid ayi aaey aM 'MON

(x’A‘TOWU’s3p)3d0Tpaad [1e2

Butaepdn spaauist] Ioquybiau
19734 2yl 3JT ¥O8yd 03 T[Ted aen

, *Z/s3Ip = Z3Ip
2/S3IPaSIP = bsIP
STA/0°T = T1A

(00G)I30buU’sTapIU /ZIPI/ UOUWOD
19px’' (00G) 36 /3IpI/ UOUWOD

(xewu) jutod‘ (qeuxew) ISTT /ZYD0TQq/ UOWWOD
(Xewu)ozX '’ (Xewu)OoAI’ (Xewu)oxx /I¥D0Tq/ UOWWOD
X‘A‘(3ST'TIST /8UO/ UOWWOD

ajepdn tedt1boT

19pa‘ab uotstoaxd arqnop
sTapau’1jobu 18b33jut

td‘sn
'ESX/ZSXTSX T UM
'STA'TTA'TA'UNSITA'9A'BTS [0S '021'0A1 0%
/3STTI’3IND1’quy ‘D33 ‘sda ‘3 ‘zIp’'bsip’sip’Yq uorstoaid arqnop

+
+
+

4aqd 2

Jay o

28



Swoe Jo Jaquinu = jowu
Iounod = I

: TINIVIONTAON

-d9.LS aunnoiqns ayy ut paffed st ‘das
1xau ayy Joj parorpaid are suonisod 3y JO SIANBALISP 19pIO JoY31Y pue SUOINEBIS3IR
‘S3NIO0[AA ‘suonIsod "WYILo3[y Jean jo das 1811y Y3 I dUNNOIQNS SIYL

LO1q3ayd upnoiqnsg vy

pua
uInlax

3T pus
quodn ‘o071 ‘daaT (4'pZ)33ATIM
1+3uddn=3uddn
uayl (a@3lepdn) 3IT
o€°Q0 = INdI - 3IST[1 )
((3ndx - 3sTTI) 36 xudstp) = @3epdn
("ZenXwudsTP40 €)3IbSP, 07 = xwdsip

anuTIuUod Q¢

(xwdsTp’ ((T)0zI - (g'T)X)sqep)ixewp = Xxwdsip
(xudsTp’ ((T)0Ax - (Z'T)X)sqep)ixewp = xwdsip
(xwdsTp’ ((T)OXI - (T'T)X)sqep)ixewp = xwudsip

fowu‘t = 1T 0¢ opP

0°0 = xudstp

ajepdn 1eotbot

(xewu)ozI'’ (Xewu)oAX’ (Xewu)oxI /TXD0Tq/ UOWWOD
(¢ 'xewu)x uotrstdoaxd argqnop
0z1'0A1’0xI‘3STTI’'INdx 'xudsTp uorstdOa1d a1qnop
quodn’ Towu‘daxtT ‘o071 ‘T I3633ut

(g9g=xewu) z1a3j3weied

xewu I13683UT

suou 1312TTdWT

*32103 03 b
11eo> A1aa® 21033q @3epdn 318S 03 pPaT[ed ST auUTINOIQNS STY3 >
©P330NI1SUOORI 29 O3 SPIAU ISTT 3I2TIBA dY3 I3Y3IdYM S3PTO3p 5

clCi#iiﬁliil#diiiiiﬁl«itﬁ««Iia!ii#ilﬁic¢««¢¢u;1ac;#;c*ui«c«iiict#iU
2

(quodn’x ‘@3epdn’3sTTI’3INdI’ Towu ‘daIT ‘D0 T)¥0dYd SuTInoaIqns
b}

i#ﬂlit’il!%ii’l!’Iﬂl.li#ﬂﬁiilﬂiﬂlllli«.t#kﬂ&ﬁ’lﬂiﬁl’dﬂi*’!llﬂ*tllllo

1811 10q319u ay) Sunepdn apidap 01 pasn = aepdn
: S[ET80]
aponred jo 10193A uonisod Jo 9jeuIplood = 'K
1511 Joqy3rou Sunepdn ur pasn sjqeLrea Awrwnp = 0zI‘0AI‘'OXI
darsawn 1Xau 3y} 210§9q ,INd1I,,
uIyIim aIe 18y swole Surpnjour ,1ndl,, uey) Jadre| aduLISIp = 11
PAI9PISUOD 3B SI0I0J YOIy U OUBISIP [RIpRl = noI
, parepdn
3q 0} Spaau 10qySIau JAYIAYM SUIULIAIAP O} Pasn Juawade|dsip = xudsip
: S/esy
patepdn st 1s1f J0qyS1au sauln Jo IaquInu ay) s[[a) = yuodn
SUIOJE JO Jaqunu = [owu
uonenwis ay) ut saponued jo requinu = xeuu
dooj [e1auad ay) Jo UONNIIX3 Y 10 JAHUNOD = dont
doof [e20[ 3y} JO UOIINJ3X3 3} IO JANUNOD = 20[1
Iaunod = 1
: ST38AT
TINIVIONTINON

Og'€=0¢0+I="1 pue OG¢g="1

‘sasodind Jno 10 '] UO 9210 3y SunEN[BAS U PAIAPISUOD

Apadoxd aq [[nis pue °I sso1d ued swole [ ey os 1 uey 1a8ref Apysys st aouelsIp

1s1] oyl -sdais awn p A12a3 pajepdn st 31 pue ‘sdals W IANNDISUOD [BIIASS

19A0 pasn 1sI[ JoquSteu aules YL i WO UO 32J0f 3Y) 01 AINQLIUOD 1By} Swoe

350y} SayIUapl ISI[ 3yl 0s ‘I Jo 1 ddumsip B unpm i jey swole Suuoqysiou

JO ISI[ B Sulejulewl poylaw 3yl ‘I WOR YJed I0j puy 'O G’ SB PAIdd[Es sem

20uRISIP JJOINO ApnIs SIy) U "0 §'Z = I JoYJe 013z 0] 350[3 AI19A $138 [enuaiod (9°Z1)
[ ‘osneoag ‘pasn st [enuajod pajeounn e APUSIDLJ 210W IPOD AY) UNI 0L,

"dd LS ‘aunnoiqns ayi Aq paj[ed st

“Is1] 10qy31au Ja[13A 3y} jo suonipuod Funepdn ay1 }23yd 01 pasn St AUNNOIQNS SIY,

MOdHD duinoiqng €y

29



LISID[2A,, UI Pasn [[ays [20LAYdS ay) JO YIpiM = [9ps

PAIapISUOD AT $9010 YIMYMm UI J0UBISIP [BIpel = nal
SUIOIE OM) U39M]I3q OUBISIP JIN[0sqe = sqel
SUIOJE OM] U39M]3q 20UBISIp 3In[osqe [ed01dioal = 1qel
Jf,, U0 suaxa 1, aponred jeqy 2010y = fizpfiky f1xg
aporged ay) uo Sa0J0f [RI0Y = [ZJIAJIX]
Jarowrered Sununod Joqydieu = quj
aonued ay) uo §3010) = wy
{ wole uo $119xX9 I WoOje Jey) 32I0) = fuy
uonodunj UONNGLSIp [elpel = 18
: S[ed
(1arowered 3ununod Joqy3tau) ISi[ O pale[al = wrod
Iorourered Sununod = s[opau
sioqySreu = quu
swioje: Jo Joquinu = [owu
uone[nwis ay) ur sa[onred jo Jequinu = Xewu
paInoaxa st dooj [eJ0] SaWl # = s0[u
snIped ,ISIf, 9Yi UTYIM SUIOe JO JoquIunu = 11U
suroje Joqydiou aanoe1aut Joj 1eurered Suippe = fru
1811 Joqy3rau 2y Joy Jaquinu Suprwy| = qeuxew
pa[[eo St aunnol Joqysiau usjo moy = Keu|
s1oquSrau [[e JOIsI| = 87
aunnoIqns 3210, Ul 19JUN0OJ = qeul
ST, uryiim swoje JoqySau log Jajourered Jununod = pual
ST, Iy swoe JoquSiau oy Jorewered ununod = 8aql
- I3)UN0d = f
doof [e1ouag ay) Jo UONINDAXI 3Y) JOJ JIAUNOD = dan
doof [800[ 343 JO UONNIIXI Y} JOf JAUNOD = J0[1
I91Unod = 1
: SIa8a0]
: TANIVTONTANON

‘gA.LS 2unnoiqus ay) ut pa[[ed st IOYOd "Aianippe
asimired pa[ed OS[e SI UoIym SUONNQINUOD APOQ Om} PAJe[OS! JO WINS € SI SUIOe
N Suowe £S1oud UONOBISNUL 3Y) JBY) SWNSSE I "UIOE IBJ UO 3010 Je[nda[ouLIaiu
oy soEMmoEd gOYOd WPUO3[Y IeaD oy jo dais aerpouudul dyl ST SIYL

ADYOA 3unnoiqns

124

pua
uIniax
anuTiuUod (00T

(T)2o410 + (T)2q = (1)29
(T) A2, 12 + (T)Aq = (1)4q
(T)X9.T0 + (T)xq = (1)xq

(T)20422 + (T)2q«1D0 + (T)2zdd0e = (T)zdoe

(1) K04z2 + (T)AQeT2 + (T)A0dE = (T1)Add®

(T)X04Z2 + (T)XQsId + (T)XD0® = (T)Xdoe

(T)224€0 + (T)2qxZD + (T)200E,TO + (£'T)A = (g£'T)A
(T)Koxgd + (T)AQezd + (T)ADDELTID + (Z'T)A = (2'T)A
(TIXD4€D + (T)XQeZd + (T)XIDBLTD + (T'T)A = (T'T)A
(T)Z04p2 + (T)204€0 + (T)2ZD0B4ZO+ (€ T)ALTO+(E'TIX = (£'TIX
(T)AoxpD + (T)AQuED + (T)ADDRBLZOI+(Z'T)ALTO+(Z'T)X = (2'T)X
(T)XOxPD + (T)XQeED + (T)XD0RLZO+(T'T)ALTO+(T'T)IX = (T'T)X

fowu’t = T 00T op

‘sataas IoTAel bButpuedxa Aq paurelqo 3Ie SeNTRA P33DTP3ad

po'€2'Zd

‘P/S3IPLED = O

“E/SIPXT2 €2

*T/SIPXTO = TO

s3ap = 10
(Xewu)zd’ (xewu) AD‘ (xewu) XD +
/ (Xewu) z2q’ (Xeuu) AQ’ (Xewu) Xq +

‘ (Xewu) zooe‘ (Xewu) AdDDe / (Xeuwu)xdde /Ieab/ uouwod

‘1222'Ao'x0’2q'Aq’'xq‘zooe’ Aooexd0e UOTSTOaxd ITqnop

(€'xeWU)X’ (¢ ‘XPWU)A’SIP UOTSTOaxd aTqnop
Towu‘t xabajurt

(g9g=xeuu) 1a33weied

xewu Iabsjurt

auou 3ToTTdWT

‘uotaienTea® 20103 03 I0Tid senyea pa3dTpaid ajernoyed

o]

o

’c###iﬁ%lkk«k«i#iaCu#q#ﬁtﬂtt!iﬂl'kk!’«iﬁlilcki«c!*k«tc«#i##ikkt«icu

(x'A’Towu’s3p)30Tpa1d aurinoiqns

o]

o]

ﬂi«tl«ﬁuui#titkii«c‘iii!it#kﬁ«#iiqCkiﬁktiiiciii#kl!l**ti{ki«k&fiiﬂu

ajonued jo 103094 uonisod Jo 91eUIpI0d = KX
spotued jo A11o0[eA = A

dais awn ssajuoisuaUIIp = s1p

uonisod wole JO SANBALISP YUNOJ = 22'K9xd
siaourered oW SSQ[UOISUBWIP = $I'EI‘TI'[D

uonisod Woje Jo IANBALIDP PIIY) = 2q‘Aq‘xq

(SATIEALISP PUOJ3S) WOJE JO UOMBII[II0. = 2008* K208 X008

30



Towu’r = T 0§ OP
:aponred yoBA UO 3010 [B101 3Y) R[NO[ED

sioqubTau pue ‘305103 ‘[ETITA dY3 0132 5
__ABJV
anuTuod 0T nm _ N
0 = (£'T)u3 (gp = (¢'Muyp

I

| 0 = (z'T)uwl . . €

| ‘0 o= (T'T)ug fi, sqe f1/ sqe
v Touwu’t = T Q0T Op . A uv .:—. _ A.. ) . A .mv ft

(gp = (zT'uyp

fip = (1(*Dw
$30103 3yl 013z 5 ré! 11 .cﬁ AM . .v %@

: [ uo suAxa 1 3010 3y} JO suauodwod z ‘K ‘X
STA/°T = 114

sqe sqe sqe
I I
93epdn T[ed160T 1 ﬁ.l 1 N - ﬁ = E.—.wﬁ
o) Io) 37 “op :
Aoom:uom:.wawvucm\mwvu\ UOWWod 9 0
1P’ (00G) B /3PI/ UOUWWOD -
(xeuwu)jutod’ (qeuxew)ISTT /ZXO0Tq/ UOWWOD = st [ uo §119X3 [ WOle JeY) 3010 Y3 UY}
(Xewu)ozI' (Xewu)oAI’ (Xewu)oxl /I¥201q/ Uuoumod 0 "
sqey .Ba.m
19pax‘1b6 uorstoaad aTqnop _ 34 = _._e
s{apau’1jobu 13633UT 0 o y=
day o
9 4]
sqei’1qe1’sTA UOTSTOa1d 3TQNOP ‘mo[aq uorssaidxa ay) Aq uaAId st yorym
A’ CTM TTAY TA’ [TA‘OA 9IS 218 ‘BTS ‘02 N [enuaiod (9'Z[) SSUO[-PIBUUIT SO M $3010) Te[nosjouLIaul 3Y) Qﬁswﬁu oL
~ﬁﬂnﬁﬂuu\oaﬁfﬂﬁbdxu\_”H.xnd.xu\umz.ﬂ + _ firsen
"inoz’(1z3'123 CTA3/TA3/ (T3 Tx3'qui’[1j uorsToaxd a1qnop £+ A+ N = A 4)
(€'xeur)x’ (€'XeuU)u3 UOTST3Id 2TANOP -KjaAnoadsal SWOlE 0Mm) USaMmIq SIOUBISIP Z ‘K *X 3Y) ATe €171 ‘[
(Xewu)quu '’ (g/ (T-Xewu) (xewu) (T’ qutod’ fouu + SWIOJE OM] U99Mm1aq SIJUBISIP 3y} puij pinoys
/50Tu’3STTU’ABUT 'ISTT qeul "pual '5aql’('dait doTt T I3693u% U0 ‘$9010J AE[NO[ed O, aunnoIqns wolj Awod suonisod 3y ‘mo
(006 «XPWU=qeuxew’ggg=xewu) 1333wered 3 918 [N0] L "LOIqH¥d 2uhnoiq } o W N
qeuxew’xeuwu I135623Ut
suou 3ToTTdWT 1511 JoqS1au ay) Sunepdn 9p1oap 01 pasn = aepdn
1 fau 3y sunep !
aIndatow 2 : gﬂ
yoes uo 951037 3yl 23IL[NOTEDd 03 PITTB2 ST FDHOJ autinoigqns >
ﬁl."li'Qi”’lli.’.'ﬁl’!ﬁl’.d"ﬁfﬂiﬂ’il’liii’!’*i’il&i'l&’l!Ci"’l'l ucmﬂSOHOUHO.h:mqu:" :3
(x'37epdn nM‘STA'TA'3ABTS’ + ((euotsuawrrpuou) [ WIOle UO SU9X3 [ WOje 18yl 3010f = fim
3STTI/INDI‘ [owu ‘d0TuU ‘Aeutr’daaT’D071°quUj ‘W3)dd>I03 Sul3noiqns X0q Jo —twco— _mco_mcoEmv:oc = S[A
CCll.’ilCﬁ’."l’iﬂ#ﬂ’ﬂ‘*l#'l,i”I’ilCICQC.’CC.’CC”"*.I&*CI’&"CC'C.C xoncﬁozﬂm—ho—.—N=°~m=OE~vo=—NOOhQH00k“ ——>
(ur) xoq uope[nUIS 3Y1 JO YIBud| = A
[enusiod sauof-preuus] [eUOISUSWIPUOU = f1a
L Nuy + (T Dy + NC,CEW\( = [ woje uo 3010§ [B10) &= K1150[9A [BUOISUSUIPUOU = A
=1 (9-)vsqer = 9Is
(e Duyp{ = (gNuy (g-)vsqes = s
| t e (aouristp uoneredas [enajod) 1s1owep UOISI[[00 = 8is
| 1=t 1=t _ 151 JoqySiou Sunepdn ur pasn d[qerrea Awwnp =  0Z1‘0AI'0XI
| .AN._.,CE%N = (7D .Q._.,CE,GW = (1‘Duy Z pue ‘A*X Ul SWOIE OM] U9Mm13q douelstp =  (1z1f1kx(ixs

joau Jowu $10103A uonisod = 1ZI KX

31



uayl (pual-ar-beqf) 37

(T'1)wy =
(e'1)x =
(z'1)x =
(t'nx =

™3
Tz1
TA uayl (3INdI°3T°sqex) 3t
X1 :

,Tlews ool 3sT7, doas (qeuxew'ba-3sTtiu) 3IT

3T pus
sIoqubtau sey 1 wole IEYI AI3Yd 2 (Ta’Bts’Towu’Aeuy ‘dait) 3sTppex [led
- (Crzx’CtAx’C1xa) T19ys T1Te2
U Aol T Bet (£T22'(TAZ’(TXI’1STTU’(TU'qu3)BOT TTRD
: : - q! uayl((p-ba* (dotu’oorT)pouw) *pue (0 ba’ (Aeur‘daxt)pouw) )3t
T-Towu’t = T 00Z °op - 1STAavy 5
0 = IsTTU ‘TTEHS ‘907 saurinoxqns Burired Aq 3ISTT Ioqubrau ajepdn am usayl ]
€ = (3sTrU)asT]
*3UOP 2JIB SUOT3IRINOTED 8D0I03F dwes 3yl uayl (suoratsod ) T + 3STTU = 3ISTIU
pa3otpaxd asn aM urtebe 3Ing) °‘UOTIRINBTIIUOD 3JUSIIND 3Y3I )

JAVS 2,uop am ‘paijepdn aq O3 padU 10U S0P 3ISTT Ioqubrau  II

usyl (3ISTTI° 37" sqe

1) 3t

sqex/1 = tqex

asTe (Ctzxelt1zx + (TAX,(TAT + (TXI1,(1XX)31bsp = sqex
STA (TTA4LTZX)qUTUD - (TZX = (12X
T + 3STTu = (Toun)3utod STA« (TTA«LTAT)qUTUP - (TAX = (TAX
STA« (TTALLTXI)3UTUP - [TXX = (TxXX
anuUTIUo0D 00T (¢'0)yx - 121 = (121
(z'0)x - thx = (1A
123 = (g'T)wy (T'C)x - 3 = (1%
A3 = (Z'T)wg
X3 = (T'T)uy Towu‘i+1 = ( 66 OP
anuTIU0D 66 (e'tug = 123
(z'T)ug = 143
3T pus (T'T)wy = 1X3
(g'T)x = 121
31 pu2 (z't)x = 1h1
(T'T)x = 1%
Crzy - (e'0)wy = (g'C)ug
CrAy - (z'Clwy = (z'l)ug T + 3IsTTU = (T)3urod
Ctxy - (T'0O)wy = (T'0)ug T-Towu’tr = T 00T OP
frzy + 123 = 123
(143 + TA1 = 143 0 = 3sTIU
fIx3 + X3 = 1X3
Cryaelrza = (123 (x'Towu’wy)ases [1ed
CT3.LTA1 = (TA3
Cr3afixa = [1x3 uayl (a3epdn) 3T

TeaTqe,lTm = (13
Ctm + im = M
fta + aa = 3

(S0 - 9IS)49IS«8F = [TM

90103J TeUOTSU3WTPUON

("T - 94S).93S4p = (TA
tetiusjod TPUOTSUBWIPUON

71S,7IS47IS = 91S
TxxTqex = TIS

2

o]

pPaTIed ST FAYS surinoigns
‘uoTIeINBTIUOD JUSBIIND BYJ aABS 03 "3IsTT Ioquybtau ay3l
10NI3ISUODSI puUe UOTIRINBTIUOD IUBIIND 3yl 2aes am paaepdn aq
03 spaau 3IsTT Ioquybtau

2yl JI °XDOFHD 2UTINOIQNs JO 3ITNSA2I Y3 3Ie YOOT am [[e JO 13IsiT]

‘o = M
‘0 = daA

aNUTIUOD
0 = (T)quu

0S

vovoovuovuou

32



Xewu xabajut
auou 3ToTTdur

C’l.iillIl*’l*ii#"ﬂ#.’ﬂllli.CICC#C«.I’*’«.’IlﬁCili!«.’#ﬂi’ti#’ill*lio
o]

(x‘Towu’wj)aAesS JuTINOINS
2
'C,’CI...C'”’ICﬂ'i.."lii"fﬁ”llﬂi”'ﬂI'IC"C"K"Q”’.’*l"ﬁ’ﬂliu

ajonred jo 101594 uonrsod Jo ajeUIpI00d = ZAx
1811 JoqySrau Sunepdn ut pasn sjqeLreA Awwnp = 0ZI'0AI'0XI
arorued ay) uo sao10) = uly

: STesy
SuIOJe JO Jaquinu = [ouwru
uone[nuIrs 3y ur sajoned jo Joquinu = Xewu
I9)Un0d = 1

: SI33a10]

. TINLVIONTNON

HOY04d

ocosossm ur pa[[ea st If "Sun{oayd aInnj 10§ UONEINSIJUOD JUSLIND JY) SIARS
JAVS upnoiqns 9y

pua
uInlyax

(GT)3ewroy 8LT
3T pus

3aNUTIUOD 986

0 = 3struU
TE/TM o= M

3T pus
aNUTIUOD (07
3T pus
123 = (g'T)ug

TAy = (2'T)ug
X3 = (T'T)ug

2NuUTIUOD 661
3T pus
(rzy - (¢'0)wy = (g'0)ug
Ay - (z'0)wy = (z'0)wg
f1x3 - (T'0O)wy = (1'C)ug
frz3 + 123 = 123
(1A3 + 143 = 143
1x3 + X3 = X3
fr3.Cr21 = (123
(1340141 = (143
C13aftxa = [1x3
TeaTqei lm = (13
ftm + m = nm
CTA + @A = BA
. (G°0- 91S)49IS«By = (1M
("T - 9IS)49IS«p = [TA
2IS4ZAS4ZIS = 9IS
Tes1qeI = 73S
uayl (INdI°3T°sqer)It
3T pud
(TA'B1s‘Towu’Keut ‘daxt)IsTppeI 1D
(CTzx’'CTAX’(TXI) TTI8YS TTed

(Crzx’(rAx’Crx1’3sTTU’(TU'qQUI)BOT TTED
usyl ((0°ba-(o0Tu’s07T)pou) pue’ (0 ba- (Aeuy’‘dsit)pou))3T

sqex/1 = 1qex

(T)quu (B8LT’66)23Tam
Towu’t = T 986 ©P

aNUTIUOD
3NUTIU0D

L86
886

(3stru) Cru + (L)quu = (()quu
(IsTTU) CTU + (T)qUU = (T)quu
(qeuf)asty = €
T + 3ISTIU = 3ISTTU
T-(1+7)3utod’ (1)3utod = qeul gge op
T-Towu’t = T [86 OP

uayl ((0-ba- (20Tu’20T77)pow)  pue* (g ba (Aeur’dair)pou) )3T

sa1ot3iied HButrioqybisu O Iaqunu 33ETNOTED 2

(€rzx,(121 + [TAZ,(TAT + (TxI1,(TxX)32bsSp = sqelx
STA (TTA4LT2I)quTUp - (7121 = (721

STA« (TTALTAT)qUTUP - (TAX = (1A

STA (TTALLTXT)UTUP - (TIxI = (Txx

(€'C)x - 121 = (121

(z'0)x - 1h1 = (14a

(T°6)x - X2 = (1x1

T + 3STTU = 3ISTTU

(qeul)3sTr =

pual‘baql = qeul 61 op
(€'T)wy = 123
(z'T)uy = 143

33



TINLVIONTANON

‘so[nos[oul Jo uoneindiyuod ays ajepdn 0) Pasn Uy} aJe san[eA

asay L, ‘suonisod ay} JO SIAIBALIAP J3pIO JaYSIy pue SaNId0[A ‘suonisod 1931103
01 paj[ed ST YO LOTAYOD 2UNNoIqns ‘pIje[nd[ed I8 $30I0§ Je[NIJ[OULIAUT S

YOLOTWAQD uhnoaqns 6y

pua
uiniax

T + (TT3ysu)xzobu = (TTaYsu)zxjobu
Gg'0 + T8pa/f1x = 1T3YsU
S 0xs (£TZ2I4[T21 + (TATLLTAT + (TXI,(TXI) = (12

(00G)130Bu’sTapIu /ZIPI/ UOUWOD
18P’ (006)I6 /3pPI/ UOWWOD

(rzx'CtAx’Ctxx’(1x’1apa‘16 uorsTdaxd aIqnop
130Bu’TTaYSuU’sTapIu 13693uT
suou 3TOTTdWT

#'iiiﬁti#uctilctt*t#’t«i*k«#iiilikl#lckiﬁ#ﬁ«'t««*ﬁ«ktkc*«uutt#t«««u
ol

(Crzx’CtAx’(TxI)[TaYys aurinoiqns
o]

iccﬁccaiﬂ«q.c..L.;iiﬁ*#;««.«tti«t;ttl«##«.«.««k«««.«##«.ﬁica«ﬁ«.itatiiigti.'u

Z pue ‘A‘x :.m SUIOIE OM] U9am13q doueisip = [1z1 IAr(rx1

[ pue 1 swOlE U99M]Iaq SOURISID IN[OSqE = (11
WJSIP[9A,, T Pasn [[ays [eouayds ays Jo yipim = [epd
uonOUNy UOHNQLASIP [BIpEl = 13

S

S[[oys jo Jequinu = [[eysu 9

1ojowered Sununod = S[epiu 2

: SI3330]

TINLVIONGNON

TTAHS 2uhnoiqns gy

pus

uinlax

2/(1°T+(LT2-qu3’0Q0 T)ubTIsp)uTPT = (3ISTTU)LTU

G Oxx (UNPZILUMPZI + UMPAILWNPAI + WNPXILWNPXI) = ftx

unpzx ‘unpAx ‘unpxl‘(11‘quy uorstoaxd aqnop
(z/ (T-Xewu) (xewu) (TU‘3sSTIU 13H33UT
(g9g=xeuu) I333wered

xewu 1abaijut

suou 3ToTTdWT

«ctiiit«ul&utu#u«kkiit!«liil’«itikl!ﬁk’iCuit*u«tac«¢¢i¢¢l¢iﬂilluuiu
o}

(WNPz I ‘WNpPAT ‘umpxl ‘3sTiu’{tu’‘quy)bol Aurinoiqns
o]

!k.&.CC«.C.CC.C.‘i"V*#i&i#kl’k’ﬂ'lliill##*i*ﬁilik.fiﬂ’lﬁﬁi"il”iﬂ’#"llu

SUIOJE OM) U99Mm])aq JouelSIp =  wnpzr‘wnpArunpxi

{ pue 1 sSwole US3IM1SQ OURISIP AN[OSqE = (ux
Ioyourered Sununod JoqySiau = quj
: IS
uone[nuIs ayj ut saponsed Jo requinu = xeulu
snrpel ,ISI,, 9y} UM SWO. JO Joquiunu = 11U
swoje JoqySiou aanoesaqur Joj 1aswered Suippe = (tu
: SI95310]
NI

151 JoquSrau oy ut swole jo 1equinu 3y Aepdn 01 IDYOA £q pa[[ed ST DOT

90T 2unnoiqng L'y

pua
uiniax

anuTIuod 00T
(€'T)X=(1)02I
(z'1)%=(1)0k1
(T'T)x=(1)0XI
Towu‘t = T Q0T op

(Xewu)0zI‘ (Xewu)OAI  (Xewu)OoxI/IYD0Tq/ UOuWOoD

(€ ‘xewu)x’ (¢ 'xeuu)wy uolstoaxd aigqnop
oz1‘oA1‘ox1 uorstosad afqnop

Touu’t Iabajurt

(g9g=xeuru) 1a33wered

34



1Ae = (T1)Add® (g9g=xeuu) 193swered
IXe = (T)xdoe ) xewu xabajut

auou 3ITOTTdWT
(€'T)A+ESA=ESA

(Z'T)A+ZSA=ZSA ‘UOTIBNTRA® 8D010] I93Je S3N[EA PIaID3II0D 33eTNOTEed b)
AH \..Hv>4.ﬁm>ﬂﬂm> fiilﬂ'.!COK.’CCi’l*”"‘..*"lﬂ""iﬁiﬁlC'C’lIil””"l‘l.ﬂﬁ”ﬂ””ﬁu
. b
‘uoT3jersuell [elol ) (daxT‘00TT'X’'STA ‘A’ TOWU‘WI‘SIP) 103091100 BUTINOIQNS
)
N‘HMOUQ\VU + Aﬂs‘.ﬂv\r = Amxﬂv> C’ﬂ'.’.’ﬂlii’*t.’l'ﬁ”ﬁ”l.l’ﬁ'ICC’C.I”CIi’ﬁi"i""i’l'CC"’C‘“"U
A1100,00 + (Z2'T)A = (Z2'T)A
XII0D4AD + (T'T)A = (T'T)A
| ©$9T3TO0[2A 103 SanTea paidalio b)
F3root 3 tea e 2 wasAs ay) Jo L1d0jaA = ESA‘TSA‘ISA
21100,X32 + (€'T)X = (€'T1)X X0q JO Yi3ua| [BUOISUIWIPUOU = . S[A
AII004X3D + (Z2'T)X = (2'T)X _
X1105.x95 + (1'1)X = (1'1)X sronred jo A1100[eA = A
sponred ay uo s3210§ = wy
*suoratsod 103 saniea palidaiiod o} QOaw awm ssauoisuaWIp = SIp
(1)2zo0® - TZB = 21100 (1eydie) saunnoiqns
¥ (1)Aooe - 1TAe = A1100 401001103, Ut s19jourered UONIALIO0I = AD
(1)x00® - IX® = XIIO0D (oeydie) aunnoigns
‘wy3TIOBTe 10309100 - I0301paid IedH 10j I03DE] I03D3II0D > 10109102, Ut s1ajourered UORdILIOD = X320
(geydpe) sunnoiqns
M M o W uw i 401091109, uf sJarewered UORIALIOD = 2
(T'1)uj = Txe (zeydre) sunnoigns
, 101031100, uf s19)aurered uondALIOd = qQd
MO pUOD3S S ,UOIMBN WOIJ Pa3e[NI[ed SUOTIRISTADDY uonisod WIOJE JO SANPALISP YUNOY = 25'k2'%0
touu’t = T 00Z OP 9010J,,
Ul 9210] paren[eAd Yy AQ usAIS 1ey) pue
vU\NUCVQHM = 22 - Q . — .bh 0
¢5/zo.gdle = QO pue uoneIa[399e pajdIpald usamiaq dUALYIP = Z1102°A1105*9.1102
19/zo«1dT® = 4D s1ajowered auIn SSa[UOISUSWID = el %N b)
72,0dT® = X3D uontsod woje Jo SANBALISP pIIY) = 2q‘Aq‘xq
“p/SIPLED = PO (sunnoiqns
*€/83IPxT0 = €2 101031100, ut pasn) aponred 3y Uo $3210J = 1Ze‘1ke‘xe
ersmme L8 wiyiuose J01o1paid-1ead oy JO sjuBISUOD = pdre‘cde zdie 1dre‘ode
(9ANRALISP PU0I3S) WOTE JO UONRII[IIIR = Zo0e*KooE*x008
ds3s 1032213010 JO SIUBTDTIFA0D > . o
pdre'¢dre’gzdie’1dre’odie /329110D/ UOWWOD )
(xeuwu)zd ' (xewu) mnt (xewu) x> . + SWOJe JOo Jaquinu = [outu
f(xeuwu) zq’ (Xewu) AQ’ (Xewu) Xq + _
‘ (xewu)zooe '’ (xewu) Adoe’ (Xewu)xdoe /Ieadb/ uowwod uonie[nuwis ay ut mo—uﬁ.—da Jo Isquinu = Xeuu
(¢ 'xeuru)wj uorsioaid aTqnop Qoo_ _Eocow Y1 JO UonNd3Xa 3y}l Joj Jaunod = mu.:
ESA'ZSA'TSA * doo [e20] aY3 JO UONNIIXI Y} JOJ ISIUNOD = Jo[t
‘STA'AD‘X8D‘0D'QD ‘2D 'AD'XD’'21100'A110D + [ B0 241} n i 10} 191 = t
‘XII0D'HpD'ED'ZOTD'2q ' Aq’'Xq‘TzR ' TAR ' IX® + Jaunod = !
‘pdre’ gdie’zdre’ 1die’pdre’zooe ' Adde ‘xddR UOTsTOa1d alqnop “wmauﬂﬂ

(g'xewu)x’ (¢ ‘Xewu)A’sip uorsidaxd arqnop
daat'o0TT’Towu’t I3Ha3juT

35



A1190[3A [BUOISUSUIIPUOU = . QA

aronred jo A1100[9A = A

A813us enustod afereae = wnsaua
: : S[eay

SuIoje JO Joquinu = [owu

uonenus ayy ur saforred jo Jequinu = Xeuu

Iajunod = 1
: SI53aI]
TANLVIONTNON

*pajajduwros st doof [eoo] Jaye wesdord
urews ay} uf pajres 1 ‘A81auo snoury pue [enusjod s5eIsAe S1B[NO[EI 0 Pasn ST DAY

DAV unnoaqng.  [[°p

pua
uIniax

3T pus
STA - 2 = 2

uayl (sya-316°z) jr9sST8
STA + 2 = 2

udyl (0°0°31°2)3T

3T pus
StA - K = K

uayl (sia-316°A) j18ST®
sTa + A = K

usyl (0°0°3TA) 3T

3T pus
STA - X = X

usyl (sSTa"31b-x) jrasye
STA + X = X

usyl (0°0°3T°%)37

z'A'X’'sTa uotstoaxd argqnop

o]

R T I I L T I I

(Fox  wey A< (FxyI T
(Fpx w0 >(FxJ1 1

1A - (FDx
A+ (FDx

:suonipuod Juim[joj ayj Japun parjdde aze suonipuod K1punoq d1pousq

apored Jo 101934 uomisod Jo a1euIpIod = Z‘AX
X0q Jo y13U3] [EUOISUAUIPUOU =  S[A

: S]esy
TINIVIONTWON

“JOLOTAAOD pue JHLS seunnoiqns
10q Aq pajled st 1] ‘suonipuod Arpunoq sipourad saridde sunnoiqns smy],

J1dOoIydd dunnoaqns  OI°y

pus
uaniax

aNUTIUOD (8Z
T0 0« TOWU/ESA-(E ' T)A=(E'T)A
TO Qs TOWU/ZSA-(Z'T)A=(Z'T)A
T0"0xTOWU/TSA-(T'T)A=(T'T)A
fowu’t = T 08Z OP

paaowax Arlenpelb ST uorjeTSURI] TRIOL 2
2NUTIUOD 002
(STA'(g'T)X‘(2'T)X’ (T 'T)%X)dTpoTIad TTBD

ZII0D,DD + (T)2zd =

suou 3T1oTTdWT

*S3TuUn sSsarfeuorsuswip ur ,siA, ST Axepunoq ayi 3o 2
yabual ayL " (0‘0’'0Q) 3e Buraq wa31SAS 33RUTIPIOCOD BY3 IO o}
uthTIO 3Y3I Y3ITM XOoq OTgnd ul a1dT3xed o3 oqd Arddy ]

o]

el

P T L Tl T )

(sta‘z’'A’x)otpotaad sutrinoiqns

(
K13100,00 + (T)Ad = (1)AD
XIIODxDD + (T)XD = (T)X%D
*suotatsod 3yl JO SIATIBATIIP YIINOJ 3yl I0J] Sanjea paildailod 2
213100400 + (T)2q = (T)zZq
Ax1100,090 + (T)AQ = (1)4Aq
X2I00,Q0 + (T)Xq = (1)Xq

‘suoTatsod ayl JO SBATIRPATISP PITY] 3aYyl I0J saniea

pa3da110) b

T2zZe = (T1)zdo®

36



xewu 19633uT auop st santadoid jo BuiSelsae uayjo moy = Saey

auou 3TOTTdUT 19JUN0d = _.
c’cca.cc«cti;;cccuucccccc.¢ccc¢Cﬁccﬁ-uc..uu:..&...;«cu«;;.«.aiuc«q;«ccccuu QOO——NhOEOMO—.—u.«oCOCﬂOO%QOSu.—O.«.—O:—:OO" thm
2 IUNOd = 1
(X'TM WM 'STA‘UNSITA ‘3A ‘A‘umsbsa + .
‘bstaa’‘aTn’awrl'H1s’a7d’ [owu ‘' doTU + . ﬁuﬂuﬂ.ﬂ
‘OAT ‘OdT ' Aeut ’baey ‘daxt’sds ‘unsaud ‘yq) Indino surInoIqns %qaﬁ.%

o]

c«.titccc¢tt¢t¢t«.¢.c¢ttittlccq.IIitt.ﬂiCcclckﬂicuuiﬁﬁﬁli'lﬁlkicci’culu

“weSoxd urew 3y ur paffed St It

ndino 101034 A1100[aA S[0NU0D = 0Al -aupnoiqns sty Aq 1ndino ase saruadoid a3esaae pue SAIBI5US ‘SANIOO[3A ‘SUONISO]
ndino 103024 uonisod s[onuod = odj
3UnNoI 210§ Ul Pasn = am 1NdLNO 2upnoiqns Iy
wIoje JO sseul = wm
awn J9A0 A319ud d1oUNY JO WNS = wnsbsa
X0q JO Y13u2| [pUOISUSWIPUOU = s[A pus
[eunA a8eIaAe O) pasn = wnsJiA uinisz
£813u2 onauny s8e1oAe 01 pasn = bsjaa bsTaA + unsbsa = unsbsa
£1100[9A [RUOTSUSUIIPUOU = A M + WNSITA = WNSITA
uonoauoo A810us [enuajod s3ues Suo| = In 34 + UNSUS .= UNSaus
amjesadwa) afeisae = Saedun snuTiuo> 0T
a1njerodwa) 91njOsqe [BUOISUSWIPUOU = dun Taa(E/TIA + "Zas(T'T)A + "Zau(T'T)A + DSTAA = bsTaa
SWn [BUOISUSWIPUOY = awn rowu’t = 1 601 op
WJSIPOA,, UL Pasn [[2ys [eduayds ay) JO yipim = [3pJ : "0 = bstaa
SWOJB OM] U39M]3q JJUEISIP [eIpel = snipes
1B 0M) 124 ddueIsIp [eIp! p (¢‘xewu)r uotstoaxd aTquop
nssaid = ssaid
al = M unsITA ‘unsbsa 'bsTaAa‘aa‘unsaus uotstoaxd a1qnop
amssald a8eioae = Saeaid Towu’t I9623UT
uonoaL109 aunssad afues Suoj = ad (g9g=xeuu) Is33uered
H Xeuwu I3ba3ut
uonouny uoningLAsIp [elpel = 13 auou 3ToTydut
K313u3 [€10) 3FeIoAE = 1019
. _ DAY autanoiqns >
(£ 12-3L7'8) AB1aus wnwiuiw = sda Aq pajelnored aie ABIsua OTIBUTY pue [eriualod sbeiaay >
%&h”COMﬂM&COﬁOQOMNHQ>@" m>“qu fiﬁl#..CCCCCCi#ﬂi.'l*l«.i"ll.«.i’l’filF"I@Iﬁ’i"i.ﬂl’i*.‘"&’ﬁlﬁ‘ﬁiiu
£810us [enuajod a8erone = wnsaua >
. (MM ‘WNSITA'SA’A‘UNSDsSA‘bDsTaa’ Towu ‘unsaua) bae aurinoiqns
K810ua onaury 28e1oae = gaeys : 5
mwMEﬁmczhomEOMNhoahwhocoo_ﬂocmxummhu>“" x” Ki«.*il’C’C’l!i’lcili’.«.’l"&lfﬂ’!ll’ii«.lﬁ"Cﬂ«.Ikli*fi"ﬁi’l’l.’*«.llku
Ioyourered SuiSerone = wousp
(31/f €7-218¢€" 1) WeISUOD UBWZ)[Of UBJAIS = Aq
- S
Iopowered Sununod = s[opiu .
swoje Jo Joquinu = jouu aunNOI 92I0J Ul Pasn = nm
uone[nwis ayy ut sa[onsed jo soquinu = Xewu auin JaA0 A812ud onauIY JO Wns = wnsbsa
paINdaxa st dooj [eo0[ s # = Jo[u [eulA 28eIaAR 0] pasn = WnSIIA

pa[ed St aunnos Joqysiau udjo moy = Keu| £819u2 onouny afe1aAe 0} pasn = bsiaa

37



uotie[nwis ayy ut saponred Jo Joquinu = Xeuwu

~NHQO.H¢m.Oc«AWQO\EBV;mﬂW¢wEﬂu +
Jaunoo = [ (L (L72T3'%XZ'€ 0TI'XZ € 0TI 'XZ'€°84'X2 '€ 8d),'9T)931TIm
dooj [esouad ay Jo uonnaXa 3y} J0j JAIUNOI = dant
1aunoo = ! (9T) SAILYAIONd SNOANVINVLSNI I0dIA0
B 1 oIy
TANLVIONTAON 3TpuUs

{NUTJIUOD 0SS
(€'T=C'G 0uu(sdajum) /(L T)A) (. (£°0TdE), LZ)03TIM
ouru ’ = T O
aI9y  aunjeraduis) ! ! cwnmmﬁwﬁwﬁ

[entur st yorym anjessdwa) urenad e je djeIqiinbs o1 waiss ayy smoype sy L

3 S oo
wur rH.
19 31pUS
aNUTIUOD 0TS
QE (€'7=0"0TA0  TBTS. (L/T)X) (. (€°84E), ‘€T)23TIM
[¢ [ Towu’'T = T QTS op
aYMm WE A C> A C\/ uayl(odr) 3T
‘wresdouad urew (€T} (%) NOILISOd LAdLNO
ayYy Aq payled st -aumeladuIa) {Im sanI0[RA 9y} $103.100 NODWHLL aunnoiqng
‘Exx (STA/T) wTOUWU,ITd - +
‘CxxSTA/ (TOWU,BaRdUy + wousp/wnsIta) = Baesaxd
aunnoaqn . (Towuy " ¢)/Baexa, "z = Baedun
NOOWAL e s ey : IIN + (TOoWU,WOU3ap) /umsaua = bHaeds
wousp/umsbsAa,g Q0 = Baeys
. : (Baex/daxT)3e0TIP = wWousp
pua sat3zadoxd sbeasae o
uIniax
(£°83'xZ’'g"83)eWIO] €E€1 TCex (STA/ T)xTOWULITA - gyuSTA/(TOwu,dw3 + nm) = ssaxd
(TOWUL " €) /Y2y 2 = dury
It pua 30da + X3 = 30132
anuT3U0D 008 ITn + Towu/ada = 3jods
(C)x6'snTpex (g£g1‘88)23TImM DsTansg 0 = X3
(C)3e07Ip«13pPI = snipex sat3zadoxd snosuejuejsut )
stepIu’t = [ Q08 op
uayl (p-ba- (Aeut’'deat)pouw) 3T (00G) 130Bbu’‘sTapau /z3IpI/ UOUWOD
T8pP1’(005) a6 /3pa/ uowwod
Baeaaxd’bHaeds +
‘Baeya ‘baeduy + oaT’'ody TeoTBoT
‘ZTA0 " T«S Oxe (Sda/wm) (BTS,0WTI + sntpex’1spi‘i6 uorstoaad arqnop
(L (L°2T3'XZ '€ 013 X2 € 0TF X2 '€°84'%XZ €°84) ., '0€)23TIM M um’sTA +
‘unsbsa‘unsita‘bsiaa’sa‘zin’baedur +
R kT U U U PP > ‘awty‘duny ‘51s‘ssaad baraad x1d 3038 +
(0€) mmHBmmmomm SNOANYINYLSNI ILNdLNO o} ~maw~m>mam~uonw~Eswwcm~o>mxw.xw~Eocmv.xn uotstoaxd arqnop
.................................................................. 2 . (g'xeuu) x’ (¢ 'xeuu)a uorstoaxd arqnop
130bu’‘stTapau 1sbajut
ssaxd’jodas + Aeut’Towu’osotu‘baey’( ‘daat’ T nwmwuca

‘38 ‘duy + Amom xmacvuwqumuma

38



{ pue [ SWOJE UIIM]I3Q OUBISIP AN[OSqE =
s[nosjou [ Jo uonisod =
s[nosjow t jo uonsod =

PAIaPISUOD 3J $32I0J YOTYM U 0UBISIP [BIpRI =

(,Joid,) awn[oA [ONUOD JO 131U 1'I'm uonisod njosqe =
SUIOJR 0M] U99Mm)aq DUBISIP JIN[osqe =

(,Joid,) SWN[OA [ONUOD JO I3IUID 1'I'M [ woe suonisod =
(,Joxd,) { pue 1 wole UIIMIaQ DUBISIP =

(,atut,) y3uap xoq ayy jrey snutur aponred jo uonrsod =
uonnqunsip anssaid =

uonnqnsip aimssaxd 3y} JONNSUOD 01 pasn Jaowrered =
anssaid =

LT6SIPI'E =

souessip 1tun 1od [ wole Uo SI9X3 [ WOle Jeyl 32I0J =
douesip jun Jad 1 WOJE UO PIUSXI 300 [BI0) =
I1ovowered Sununod Joqydeu =

{ woje uo sUAX3 [ WOE 1By} 2010] =

(f 1Z-3L7’'8) A31ous wnuIuIw =

ftda jo jjey =

£31aua [enuatod [B10) =

(,Joid,)) uordai sy jo awn|oA =

pus [eipel ay) JO IS =

(3I/[ €Z-218€" 1) wueISUOD uBWZI[Og UBJAIS =

aqygoxd Kisuap ays Jo uone[no[ed
3Y) UL Pasn SI WOJe UB J3YIAYM SIPIOAP Yorym sojowered =
Swole Jo Jaquinu =
uone[nuwis ay) ur saponred jo Jaquinu =
(,Joid,) s[ealaiur [eIpE1 JO JaquINU =
SUOTIOBIAUI IOJ SIOIOAAISI] =
SUOIIORIAIUL JOJ SIOJDDAISI| =
I2IUN0d =
(,Joid,) [ealaiut 10 JuaWIaIOUI
[BIPEI 195100 3y} ut woje ays sade(d 1ey) 1srouwrered =
Jarowered Juijaqe| wole =
Iaunod =
doof [e1auad 3y} Jo UONNIAXI Y} I0J JAUNOD =
Joaurered Surjaqe| wole =
Jaunod =
Iaunod =

fu
ghrglrrl
gUZU U
mnal

sqel

[P yANe
qud
1id

id
d
f1s}
3
quj
iy
sda
[wda
wda
Ap
dip
Aq
HNLEN

[du
jowu
Xewu

Ipu

fist

ns|
bb |

wl

dan

—

: SI3%aU]

TINLVIONTWON

‘weidoid
urews ay} ur paf[ed St 1] "SUNnol sy ur paje[no[ed are sajyoid Kyisuap pue aInssaid

40¥d 2unnoiqng

pus
uiniax

aNUTIUOD
S (CTIA = (£'T)A
€'t = £ ozt op
fowu’t = 1 0ZT °P

(dw3/suti)3xbsp = 13s
(Towu, - g) /32 = dul

anuT3uUod
(')A (E'T)A + (Z2'T)A(T'T)A + (T'T)AL(T'T)A+Yd = X3
owu’t = T QIT oP

0 = %@

(€€) ISOTD
daaxt («'€E) @3TIM
(,2ep-uoddwal,=a713 ‘gg) uado

(¢ 'xewu)a‘dul’sutl’lis ‘e uorstdoaxd afqnop
Towu’(‘daxt’t 1abajur

(ggg=xewu) z33awexed

xeuu x3633uUT

suou 3TOoTTdwT

1484

0Tl

ﬁﬂ«ikti«««tickiauﬁcﬂ««utiktﬂﬂil«4’cullﬁil«iutc&i«ifilttk!lti#i!ﬁ«lU

(A‘suta’Towu‘daIT)UodWa] SUTINOIQNS

2

o]

iittiiﬂl!i’&k'rkuICCIlkCﬁaaictiivii«iﬂi«k’ﬁuc¢«¢«¢k¢ikukic««t##i:«0

aponted jo A1d0[eA = A

amnjeradwa) 2IN[Osqe [BUOISUSWIPUOU = dun

aInjesadwa) [BUOISUSWIPUOU = sun

Ie[eds [0nuod aInjelsdud) = 18

sseus yiun Jod woye 1ad AB19ua onoury Jderoae = bE]
- Sy

SWIO. JO JaquInu = [ouru

39



(TI1,30804 ANY TVIINILOd [-1 )
.................................................................. 5
(EIx€X + ZI4ZX + TI4TI)33bsp = sqex
STAx (TTALE€I)UTUP - €1 = €I
STA« (TTA4ZI)IUTUP - ZI = Z
STA« (TTALTI)IUTUP - [I = TI
((CT)blTa)3absp = (1x
E€Ix€I1 + ZIuTI + TI4TI = ([1)b(1x
(g'wl)x - (g'wr)x = ¢x
(Z'wl)x - (z'wr)x = zx
(T'wl)x - (T uT)x = 11
(bfx)3absp = ((1)(x
€0apglx + zCx,gCa + TLI4T(1 = Bz
(brx)3ibsp = ((1)1x
ETILETI + ZTILZTI + [TI4[TI = b1z
S°0«STA - (g'wl)x = glx
S'0«STA - (g'ul)x = zlx
S 0sSTA - (T'wl)x = T(x
S°0xSTA - (£'WI)X = €Tx
S'0¢STA - (Z'WI)X = ZIx
ST0+STA - (T'WI)X = TTI
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| o)
JONVLISIQ C-T 2
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| o)
(Cr)€3asT = wf
(ET)T3ST = wt
Z/Touwuy (T-Towu) ‘T = (1 0Tz op
SNUTJUOD (97
0 = (T)au
0'0 = (1)qad
0°0 = (1)ad
Ipu’t = T 09T op
SNUTIJIUOD (OGT
0°0 = (T)uds
0°0 = (T)s3
Towu’t = T QST op
0°0 = 1A
0°0 = do
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| o]
JUNSSIYd ANY ADY¥ENT TVIINILOd 5]
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| o)
1" = Qhﬂ
Bts/01-as'¢ = odx
STA/T = T1A
3NUTIUOD 216
31 pus
w219y 3ybta 3T proy, ‘dextr ‘, 3utad

Uy ("0 ITT(€/3)X IO 0 3T (Z )X 10°0°3T" (T '3X) X)
Towu‘T = XY ZI6 Op

It

oaT'ody 1eOTHBOT
X'A‘(3ST’'TIST /9UO/ uouNIOD
STA'UNSITA'SUT] UOTSTOaxd aTqnop

UM TTA'TA'TA'ZDA'PAZA ' TA
'0A'TUTI'BWTI'ZAS ' TAS TS ‘)S ‘BTS

'91qs'0dx g1 T1'f1'blx‘gfa‘zfa'T(a'b1
‘ﬁﬂuNmﬂn~Nﬂu.ﬁﬂu.usuu~mnmu~mu.mu\ﬁu.aun~ﬂa

+ + + 4+

‘quj ‘sda’Twds ‘ds’Ap‘dap’yq uotrstoaxd algnop

Am~xmec,x.Am.mecv>.AN\Aﬁ-xmscv«xmechﬁHu
\AN\AH-mecV.xmenvhu\Am\Aﬁ-mecv¢xmecvﬂu
‘(zpu)qad’ (apu)ad ‘(xewu)sy

' (2/ (1-xewu) yxeuu) (1S3 (Z/(T-Xewu) yxeuu) (1ds

+ 4+ + +

‘(z/(1-xeuwu) ,xewu) (13 (xeuu)wds uotsToaid aTqnop

(Ipu) 1u

+

' (Z/(T-xewu) yxewu) (IST‘ g/ (1-XPWU) yXewu) 13ST I8603UT
TIU' Touru ‘X ‘MWl dext ‘wr’ (1’1t I86233UT
(0TT=2pu’g9g=xewu) 12 3swered

Ipu’xeuu Iabajut

suou 3ToTTdwt

A e o -

(WM’STA'TA'UMSITASUTY ' TUTY ‘BWT] ‘BTS

+

~usuu\ﬂQ~HOEd.o>H.OQH~Qmuﬂ~ch~mam~xnvw0ha autinoxqns

o]

o}

«.’illkIﬁiCﬂIﬂ’C*CA.C.I«.l.c.il.’C!CC’iiﬁA.*Cl'I.lI’Cﬁ’l’#’iik*!*ll”.ﬂi'*ilo

UIOje JO SSeul =

X0q Jo [3us| [eUOISUSUIIPUOY =

x0q Jo Yi3ua| [euotsuawpou [esoidroar =

(ur) xoq uonejnwis ay3 jo yiSusl =

[eLIIA 98eI0AR 0) pasn =

[BUTA =

uonnquIsip ainssaid syl 1on1SU0I 0} pasn Jajouresed =
uonnqustp ainssaid ay) 1onsU0D 01 pasn sawered =
uonnquysip ainssaid syl 1ONNSUOI 0) pasn 19jowered =
aunssaxd Sunenopes ur pasn sejsurered =

armesadus; [euorsuswipuou =

(3D) samesaduwa) [enrur =

AUl [BUOISUSWIPUOU =

uonnqusip aInssaid ay) 19n1sU0d 01 pasn Iajewered =
swoje Joqysiau aanoeIaut Joj 1ajewered Suippe =
uonisod pug je sunjoa =

(sduestp uoneredss [enaiod) Iejowerp uosi[od =
(9-Wsqur=

pus 1511y ays jo uonrsod [erper =

4, uontsod 1ayye pue a10§aq jutod pug isiy =

M pue [)I usamiaq Aemprur pus uo juiod =

pazenbs sa[nasjout ('t jo uonrsod ainjosqe =

wm
S[A

A

IA
wnsrA
A

TpA

pA
TATA
0A

sun
un
awmn
TAS‘IAS
Is

s

8rs
9Iqs
odz
DU
b i
blrbu

40



pus
uInliax

anuTIUOd  (0ZS
Tuds + (wl)wds = (wl)wds
Tuds + (wy)wds = (wr)wda
G 0« (fT)(1ds = Twda
(Ct)fasT = wl
(CT)TasT = wt
z/Towu, (T-Towu) ‘T = (1 0ZS OP

anuTIUOd QT¢
+

Ap/uMy () U
+

f(qIXS) /5day () qad
(q2exS) /sda. () ad NI (L, (€°0T3F'XT'€2TdE) W’

€/ (ExaTAI-Exx2AX) «Tdap = AP

GT)@3Tam

Brs,dap + TYI = Z3I
BTss ((T-3%)«dap+odx) = T2
NI NIuTdap = XS

BTSy ((G°0-0" TaX)«dap+0da) = I
Ipu’‘l = Y QT€ op

anUTIUOD (97

(Ct)lrsy + (L)s3 = (()s3
(Ct)frsy + (T)S3 = (T)S3
qz/Ae ({+1) - TOWULY+T = (T
1-1-C = ¥

Touu ' T+1 € 09z op

T-Touwu’ty = T 097 op
3aNUTIUOD (62

TIU + (Y)Iu = (Y)Iu
(Tpu’s)utu = ¥
(T'%)xew = ¥

v/ (T+(Sqex-dip,1pu+Qd1’QQT)ubIsp)« (T1+(0dx-sqex’par)ubrsp)=1Iu
T + (dip/(pdi-sqe1))3uIpt = X
(€I4€1 + 7IezI + TI,71)33bsp = sqex

G 0xSTA - (€'T)X = €3
G 0+STA - (2'T)X = 22
G 0sSTA - (T'T)X = TX
Towu’t = T 0SZ op
|||||||||||||||||||||||||| g S S S
NAHhOmm ALISN3Q Bl
llllllllllllllllllllllll --2

anuTIUO0d (22
anuTiuod 0€T
1ads (G 0+ (Tad ‘045 0)ubTsp) + (y)qad = (})qad
12ds (- 0+ (T2d-'0as 0)ubtsp) + () ad = (3)ad
(Zas + TAS)4PAL (LT) LTG50 = TI4
S0 + ((za)sqep - 0°1°045°0)uUBTISp = zas
G°0 + ((Ia)sqep - 0°1'0a§ 0)ubrsp = 1aS
PA + 0A = ZA
PA - 04 = TA
(zpa)3absp = pa

((CT)DLTI/ (AT XNTyz-DLI+DTI)4Z-0"T+0AL0A 000 0) IXBWP = ZDPA

(Ct)bltx/(bCx - btx) = QA
(Ct)Ca,(CT)fx = DL
(CT)Ta,(fT)T2 = b1x
Z/Towu, (T - Towu) ‘T = (T 0€Z OP
(6°0-0"T#X)udap + 0dx = I
Ipu’‘t = Y 0ZZ op
|||||||||||||||||||||||||| B ettt ®]
FUASSTUd b}
—————— _————————— o)

anuTIuUOd (1

(Cras(Cr)lr3y)sqep = (L1)(1s]
15293954 (G°0-919S) 8% = (LT)(T3

G 0+(LTI-G 0sSTA’0AG 0)UBTSP = TS
mﬁiﬁ.ﬁﬂh\,: = 9ags

s« (LT)C1da + da = da

919s.«(0°T - 939s)«p = (LT)(1dd
m.o+AmQMNcm.o«mH>‘on.ovCmﬁmv = 18
94s (SQRI/T) = 9IgS

41



5 DATA REDUCTION

Once thermal equilibrium had been reached at a desired temperature, the density profile throughout the drop
could be calculated by determining the number of atoms, N(r), in differential spherical shells of equal width, Ar =
0.1 0, through the following equation

p(r) = (N(r))/ v(r) )]

where ( ) denotes an ensemble average taken over the duration of the simulation for which thermal equilibrium
exists. The shell volume v(r), (A®) is simply represented by:

4nAr
3

v(r)= (3r +ar2/4)

©)

where r denotes the midpoint of the shell as measured from the center of the drop. The center of the drop coincided
with the center of the simulation box because the center of mass of the drop was recalculated at each time step to
compensate for any bulk motion of the drop. A regression analysis was then performed (Thompson et al , 1984) to
fit the density data with the commonly used hyperbolic tangent function such that

p(r)= %(p, +pv)—%(p, —pv)tanh[i(%i)]

)

where p,, (kg/m®) and p,, (kg/m?) are the local liquid density at the center of the drop and the local vapor density at
the boundary of the container, respectively and To (A) is a coefficient designating estimate of the drop radius. The
parameter ds is a measure of the thickness of the surface layer about the equimolar plane at r= r,. ‘
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