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Preface

Science knows no country, because knowledge belongs to humanity, and is the torch 

which illuminates the world.

– Louis Pasteur

Chemistry affords two general methods of determining the constituent principles of 

bodies, the method of analysis, and that of synthesis. When, for instance, by combining 

water with alcohol, we form the species of liquor called, in commercial language, 

brandy or spirit of wine, we certainly have a right to conclude, that brandy, or spirit 

of wine, is composed of alcohol combined with water. We can produce the same result 

by the analytical method; and in general it ought to be considered as a principle in 

chemical science, never to rest satisfied without both these species of proofs. We have 

this advantage in the analysis of atmospherical air, being able both to de-compound 

it, and to form it anew in the most satisfactory manner

– Antoine-Laurent Lavoisier

(Father of Chemistry)

Order and simplification are the first steps towards the mastery of the subject.

– Thomas Mann

The priest persuades the humble people to endure their hard lot, the politician urges 

them to rebel against it and the scientist thinks of a method that does away the hard 

lot altogether.

– Max Perutx (Nobel Laureate)

Chemistry is a branch of science that deals with preparation, composition, properties, 

structures and reactions of material substances. Since diverse substances are available 

in nature, the chemical processes are ubiquitous with a vast scope. Chemistry has 

interfaces with all scientific disciplines and thus, knowledge of the subject is essential 

for understanding nature as well as for the progress of society. Today, a well-trained 

chemist contributes not only to the growth of chemical science and industry but also 

in various emerging areas of sciences such as material science and biotechnology, 

nanotechnology and engineering technology. It is rightly said that no branch of science 

has done more, or promises more in this respect than chemistry. Moreover, thorough 

knowledge of chemistry provides the requisite expertise to deal with challenges in 

disciplines of engineering related to design and development of new materials. Many 

constituents of quality control—an important aspect of engineering—are basically 

chemical in nature.
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 New developments in the field of chemistry such as ion-exchange resins, high 

polymers, quantum chemistry, nuclear chemistry, surface chemistry, catalysis, 

spectroscopy, chromatography, nanomaterials, liquid crystals and metallurgy have 

their roots deeply embedded in the development of engineering and technology. 

Chemistry has played a vital role in creating new materials such as fibers, composites, 

refractories, bonding materials, insulators, conducting polymers, liquid crystals, 

superconductors, alloys, paints, batteries, fuels, fuel cells, explosives, propellants, 

semiconductors and lubricants that have varied engineering applications. These 

materials are scaled to nano size for use in electronics and computer science, for 

example, minimisation of supercomputers and electronics components. Hence, we 

see that chemistry makes important contributions in the development of science and 

technology.

Readers

This book is intended for use in all branches of Engineering and Technology. It 

serves as an introductory text to first-year students, enabling them to understand 

basic principles and updating them on the advancements in the ever-growing field of 

chemistry. The contents of this book have been carefully planned to cover the syllabi 

of most Indian universities, particularly the foundation course in the first year at 

Jawaharlal Nehru Technological University, Anantapur . It would also serve as a 

ready reference for preparation of competitive examinations.

Rationale

In many universities, Engineering Ehemistry has been introduced as a paper at the 

undergraduate level. But there are hardly any books available that provide requisite 

syllabus compatibility and right pedagogy. Therefore, this book has been structured 

as per the revised syllabus (current academic year 2014 – 15) for the first-year 

students of JNTU, Anantapur. Focused coverage of syllabus, a variety of solved 

and unsolved numerical problems and exercises make this book student-friendly.

 While preparing this textbook, due attention has been given to provide 

comprehensive coverage of all topics at the depth needed for the undergraduate 

students. Further, we have emphasised on presenting the content in the light of 

modern developments and in a very simple language and structured manner, so that 

students can easily understand the topics. A variety of solved problems and exercise 

problems, short questions with answers (115), review questions (365) includes short 

type and essay type questions, multiple choice questions (277) and fill in the blanks 

(111) are given in the chapters to aid students in understanding the subject precisely 

and thus, appear for university examinations with confidence.

Organisation

The book has been carefully crafted as per the new syllabus of Engineering Chemistry 

for the foundation course (first year) at Jawaharlal Nehru Technological University, 

Anantapur. The structuring provides a logical flow of concepts supplemented with 

clear illustrations. Chapter 1 on Electrochemistry provides a detailed exposition of 

review of electrochemical cells, Numerical calculations, Batteries which includes 

rechargeable batteries (Lead acid, Ni-Cd, Lithium Ion Batteries), Fuels cells with 
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specific examples of hydrogen-Oxygen and  methanol-oxygen fuel cells. The 

latest topics like Electrochemical Sensors included which are working based on 

electrochemistry. Further, Corrosion topic included with basics of electrochemical 

theory of corrosion, factors affecting the corrosion, prevention of corrosion using 

anodic and cathodic protection and electro and electroless plating techniques. 

Chapter 2 on Polymers covered with basic concepts of polymerisation process, 

mechanisms, elastomers which includes natural rubber, compounding of Rubber, 

synthetic rubbers with  preparation, properties and engineering applications, 

plastomers including thermosetting and thermoplastics with suitable example 

were discussed at a length. Further, new materials finding extensive applications 

in the field of engineering like Conducting polymers and mechanism, synthesis 

and applications of some selective conducting polymers presented. In addition to 

this, Liquid Crystals, their classification and applications, inorganic Polymers with 

suitable examples and applications illustrated.

Classification and characteristics of fuel, solid fuels, liquid fuels, gaseous fuels, 

Power alcohol, octane and cetane numbers, calorific values, combustion and flue gas 

analysis by Orsat’s apparatus are presented with solved problems in Chapter 3 on 

Fuels Technology.

Semiconducting and Super conducting materials, magnetic materials , cement, 

refractories, lubricants and rocket Propellants, nanomaterials, insulators and 

explosives are dealt with in Chapter 4 on Chemistry of Engineering Materials.

Chapter 5 on Water Treatment offers comprehensive coverage of important topics 

such Impurities in water, Hardness of water, estimation of hardness by EDTA 

method, Alkalinity, acidity and chlorides in water, Water treatment for domestic 

purpose, industrial use of water, for steam generation, troubles of Boilers like Scale 

& Sludge, Priming and Foaming, Caustic Embrittlement and Boiler Corrosion. 

Further, treatment of Boil.  Lastly, Chapter 6 on Phase Rule provides with basic 

concepts, Gibbs Phase equation, Phase diagrams, eutectic systems, iron-carbon alloy 

systems and heat treatment of alloys.
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cf! tmjhiu! jodsfbtf! jo! uif!ovncfs!pg!nfubm! jpot! )No,*! jo! tpmvujpo!boe! jodsfbtf!

tmjhiumz!ovncfs!pg!fmfduspot!bu!uif!fmfduspeft/!Uifsfgpsf-!uif!fmfduspef!efwfmpqt!

b!tnbmm!ofhbujwf!qpufoujbm!xjui!sftqfdu!up!uif!tpmvujpo/!Uif!fmfduspef!frvjmjcsjvn!!

jt!sfqsftfoufe!bt;

N)T*!
Oxidation

Reduction
� ������
� ������ !No,!)br*!,!ofÏ

Jg!uif!tjuvbujpo!jt!ftubcmjtife!gps!uxp!ejggfsfou!nfubmt!)tbz!Dv!boe![jod*!boe!

jg!fmfdusjdbm!dpoubdu!jt!ftubcmjtife!cfuxffo!uif!uxp!nfubmt-!nfubm!!fmfduspeft!boe!

uxp!tpmvujpot-!bo!fmfdusjd!dvssfou!xjmm!Þpx/

Opuf;!Dv)br*!,!3f
Ï
!Æ!Dv)T*!pddvst!npsf!sfbejmz!uibo![o3,!)br*!,!3fÏ!Æ![o)T*-!

boe![o!)T*!Æ![o3,!)br*!,!3fÏ!pddvst!npsf!sfbejmz!uibo!Dv)T*!Æ!Dv3,!)br*!,!3fÏ
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2/2/3! Hbmwbojd!Dfmmt

Uif!fofshz!gspn!b!cbuufsz!dpnft!gspn!b!tqpoubofpvt!sfepy!sfbdujpo!jo!xijdi!

uif!fmfduspo!usbotgfs!jt!gpsdfe!up!ublf!qmbdf!uispvhi!b!xjsf/!Uif!bqqbsbuvt!uibu!

qspwjeft!fmfdusjdjuz! uispvhi! sfepy! sfbdujpo! jt!dbmmfe!Hbmwbojd!dfmm-! bgufs!Mvjhj!

Hbmwbof!)2848Ï28:9*-!bo!Jubmjbo!bobupnjtu!xip!ejtdpwfsfe!uibu!fmfdusjdjuz!dbo!

dbvtf! uif!dpousbdujpo!pg!nvtdmft/! Ju!bmtp!dbmmfe!b!wpmubjd!dfmm!bgufs!Bmfttboesp!

Wpmub! )2856Ï2938*! xiptf! jowfoujpot! mfe! vmujnbufmz! up! uif! efwfmpqnfou! pg!

npefso!cbuufsjft/

B!hbmwbojd!dfmm!jt!nbef!vq!pg!uxp!ibmg.dfmmt!bt!tipxo!jo!Gjh/!2/4/!Po!uif!mfgu-!b!

tjmwfs!fmfduspef!ejqt!joup!b!tpmvujpo!pg!BhOP4-!boe!po!uif!sjhiu-!b!dpqqfs!fmfduspef!

ejqt!joup!b!tpmvujpo!pg!Dv)OP4*3/!Uif!uxp!fmfduspeft!bsf!dpoofdufe!cz!bo!fyufsobm!

fmfdusjdbm!djsdvju!boe!uxp!tpmvujpot!bsf!dpoofdufe!cz!b!tbmu!csjehf/!Xifo!uif!djsdvju!

jt!dpnqmfufe!cz!b!dmptjoh!txjudi-!uif!sfevdujpo!pg!Bh,!up!Bh!pddvst!tqpoubofpvtmz!

jo!uif!ibmg!dfmm!po!uif!mfgu!boe!pyjebujpo!pg!Dv!up!Dv3,!pddvst!tqpoubofpvtmz!jo!uif!

ibmg!dfmm!po!uif!sjhiu/!Uif!pwfsbmm!dfmm!sfbdujpo!jt!bt!gpmmpxt;

Cu
2+

NO3

Ag
+

NO3

AgNO3

Cathode +

Ammeter

Current flow

– Anode
Salt bridge

Cu Cu + 2

Oxidation

Æ
2+

e
–

Cu(NO )3 2

Ag + Ag

Reduction

+
e Æ

Gjh/!2/4! Hbmwbojd!dfmm

! ! ! 3Bh,!)br*!,!3fÏ! Æ!3Bh)T*! Sfevdujpo! )b*

! ! ! Dv)T*!!! Æ!Dv3,!)br*!,!3fÏ! Pyjebujpo! )c*

! ! 3Bh,!)br*!,!Dv!)T*!Æ!3Bh!)T*!,!Dv3,!)br*!Dfmm!sfbdujpo

Xifo! fmfduspot! bqqfbs! bt! b! sfbdubou-! uif! qspdftt! jt! sfevdujpo-! xifo! uifz!

bqqfbs!bt!b!qspevdu-!ju!jt!pyjebujpo/

Xifo! uiftf! sfbdujpot! ublf! qmbdf-! fmfduspot! mfgu! cfijoe! cz! pyjebujpo! pg! uif!

dpqqfs-!usbwfm!uispvhi!bo!fyufsobm!djsdvju!up!uif!puifs!fmfduspef!xifsf!uifz!bsf!

usbotgfssfe! up! uif!tjmwfs! jpot-!bt!Bh,! jt! sfevdfe! up! uif!tijoz!tmjwfs!nfubm/!Uif!

pwfsbmm!sfbdujpo!uibu!ublft!qmbdf!jo!uif!hbmwbojd!dfmm!jt!dbmmfe!uif!dfmm!sfbdujpo/!

Uif!fmfduspot!mptu!jo!uif!pyjebujpo!pg!uif!hsbn!bupn!pg!dpqqfs!nfubm!jo!)c*!bsf!

hbjofe!jo!uif!sfevdujpo!pg!uxp!hsbn!jpot!pg!tjmwfs!up!zjfme!uxp!hsbn!bupnt!pg!

tjmwfs!nfubm!jpo!)b*/

Fmfdusjd! dvssfou! Þpxt! gspn! ofhbujwf! fmfduspef! )pyjebujpo*! up! qptjujwf!

fmfduspef! )sfevdujpo! pddvst*/! Uivt-! jo! uif! dfmm-! dpqqfs! fmfduspef! jt! dbmmfe!

ofhbujwf! fmfduspef! xijmf! uif! tjmwfs! fmfduspef! jt! dbmmfe! qptjujwf! fmfduspef/!
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Ifodf-!uif!ejsfdujpo!pg!Þpx!gspn!dpqqfs!fmfduspef!up!tjmwfs!fmfduspef!uispvhi!

fyufsobm!djsdvju!cvu! mpoh!tuboejoh!dpowfoujpo!efÝoft! uibu!dvssfou!Þpxt!gspn!

qptjujwf! up! ofhbujwf! fmfduspef/!Uif!Þpx!pg! fmfdusjdjuz! gspn!pof! fmfduspef! up!

bopuifs! fmfduspef! jo! b! hbmwbojd! dfmm! joejdbuft! uibu! uif! uxp! fmfduspeft! ibwf!

ejggfsfou! qpufoujbmt/! Uif! ejggfsfodf! pg! qpufoujbm! xijdi! dbvtft! uif! Þpx! pg!

dvssfou! gspn!pof! fmfduspef!xijdi! jt! bu! ijhifs! qpufoujbm! up! bopuifs! fmfduspef!

xijdi! jt! bu! mpxfs!qpufoujbm! jt! dbmmfe! uif! ÓFmfduspnpujwf! gpsdf! )FNG*Ô!pg! uif!

dfmm/

2/2/4! Ofsotu!Frvbujpo!gps!Fmfduspef!boe!Dfmm!Qpufoujbm

Fmfduspef!qpufoujbm!gps!uif!fmfduspef!sfbdujpo-

No,!)br*!,!ofÏ!Æ!N)t*

Sfmbujwf!up!uif!izesphfo!fmfduspef!jt!hjwfo!cz!b!tjnqmf!gpsn!pg!uif!Ofsotu!

frvbujpo!bt

E E
RT

nF
M

M M M

n
nMn + / /

ln ( )= ∞ ++
+

Ifsf! F¡No,0N! jt! uif! tuboebse! fmfduspef! qpufoujbm! gps! b! npmbs! tpmvujpo! pg! b!

nfubm!jpo!)No,*!bu!3:9¡!L!xijdi!jt!efufsnjofe!cz!vtjoh!uif!tuboebse!izesphfo!

fmfduspef!S! jt! uif! hbt! dpotubou! boe! jt! 9/42! K0L0npm-! U! jt! uif! ufnqfsbuvsf! jo!

Lfmwjo! ÓoÔ! jt! uif! ovncfs! pg! npmft! pg! fmfduspot! joejdbufe! jo! uif! cbmbodfe!

frvbujpo!boe!G!jt!uif!Gbsbebz!):7-611!D0npm*/

Gjh/!2/5!qspwjeft!b!cfuufs!voefstuboejoh!pg!bmm!pyjebujpo.sfevdujpo!sfbdujpot!

jo! tpmvujpot! jssftqfdujwf! pg! xifuifs! uifz! ublf! qmbdf! jo! b! dpnqbsunfou! pg! b!

cbuufsz!ps!cz!ejsfdu!dpoubdu! jo!b!cfblfs/! Ju! jt!qpttjcmf! up!efnpotusbuf! uibu!boz!

nfubm!dbo!ejtqmbdf!uif!nfubmt!hjwfo!cfmpx!ju!gspn!uifjs!tbmu!tpmvujpo/

!Gjh/!2/5! Tdifnf!gps!efufsnjojoh!fmfduspef!qpufoujbm!pg!b!wpmubjd!dfmm/!Uif!tuboebse!fmfduspef!qpufoujbm!

pg!uif!ibmg!dfmm!)pg!xijdi!fmfduspef!qpufoujbm! jt!up!cf!efufsnjofe*!frvbmt!uif!tuboebse!dfmm!

f/n/g/!boe!jg!uif!izesphfo!fmfduspef!jt!qptjujwf!fmfduspef!uifo!F¼dfmm!xjmm!cf!frvbm!up!)ÐFNo,0N*/
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Jo!uif!Ebojfmm!dfmm-

)mfgu*![o)t*}![o3,!)br*!}}!Dv3,!)br*!}!Dv)t*!)Sjhiu*-

uif!fmfduspef!qpufoujbm!pg!uif!sjhiu!iboe!fmfduspef!)ibmg!dfmm*!jt!xsjuufo!bt;

E E
RT

F
Cu aq

Cu Cu CuCu2+ / /
ln [ ( )]= ∞ ++

+
2

2

2

boe!uif!mfgu!iboe!fmfduspef!jt!xsjuufo!bt;

!
E E

RT

F
Zn aq

Zn /Zn Zn /Zn2 2

2

2
+ += + +” ln [ ( )]

\! Uif!dfmm!qpufoujbm!Fdfmm! >! Fmfduspef!qpufoujbm!pg!sjhiu!fmfduspef!Ï!

! ! Fmfduspef!qpufoujbm!pg!mfgu!fmfduspef

! >! Fsjhiu!Ï!Fmfgu

\! Fdfmm!> E
RT

F
Cu aq

Cu Cu
∞ +Ï

Ì
Ó

¸
˝
˛

+
+

2

2

2

/
ln [ ( )] !Ï

! ! E
RT

F
Zn aq

Zn Zn
∞ +Ï

Ì
Ó

¸
˝
˛

+
+

2

2

2

/
ln [ ( )]

! >!( ) ln
[ ( )]

[ ( )]
E E

RT

F

Cu aq

Zn aqCu /Cu Zn /Zn
∞ - ∞ ++ +

+

+2 2

2

2

2

! Fdfmm!>!E
RT

F

Cu aq

Zn aq
cell∞ +

+

+2

2

2
ln

[ ( )]

[ ( )]
! !)E!F¡dfmm!>!E E

Cu /Cu Zn /Zn
∞ - ∞+ +2 2

*

F¡Dfmm! jt!dfmm!qpufoujbm! jo! tuboebse!tubuf/!Cz!dpowfsujoh!obuvsbm! mphbsjuin! up!

uif!cbtf!21-!boe!tvctujuvujoh!uif!wbmvft!S-!U!)3:9!L*!boe!G-!xf!hfu!

Fdfmm!>!F¡dfmm!,!
0 0592

2

2

2

.
log

[ ( )]

[ ( )]

Cu aq

Zn aq

+

+ !

Uijt!frvbujpo!jt!bmtp!xsjuufo!bt!

! Fdfmm!>!F¡dfmm! -
+

+
0 059

2

2

2

.
log

[ ( )]

[ ( )]

Zn aq

Cu aq
!!

Gps!b!sfbdujpo!xijdi!jowpmwft!npopwbmfou!boe!cjwbmfou!jpot-!

Mfu!vt!dpotjefs!uif!dfmm-!

Oj)t*!}!Oj3,!)br*!}}!Bh,!)br*!}!Bh)t*

Uif!fyqsfttjpo!gps!f/n/g/!pg!dfmm!jt!xsjuufo!bt!!

Fdfmm!>!F¡dfmm!,!
RT

F

Ag aq

Ni aq2

2

2
ln

[ ( )]

[ ( )]

+

+

)ps*!gps!b!hfofsbm!fmfduspdifnjdbm!dibohf!pg!uif!uzqf!

aA bB cC dD+ æ Æææ +
-

ne
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Uif!Ofsotu!frvbujpo!dbo!cf!xsjuufo!bt

Fdfmm!>!F¡dfmm!Ï!
2 303.

log
[ ] [ ]

[ ] [ ]RT

C D

A B

c d

a b

2/2/5! FNG!Nfbtvsfnfou

Uif! FNG! pg! b! dfmm! dbo! cf! nfbtvsfe! cz! dpoofdujoh! uxp! fmfduspeft! up!

uif! uxp! ufsnjobmt! pg! b! wpmunfufs/! Uijt! nfuipe! jt! jobddvsbuf! evf! up! uif!

gpmmpxjoh! sfbtpot;! )j*! tpnf! dvssfou! esbxo! gspn! uif! dfmm! cz! wpmunfufs!

dbvtft!bmufsbujpo!pg!difnjdbm!frvjmjcsjvn!)jj*!xjui!Þpx!pg!dvssfou-!b!qbsu!pg!

FNG! jt!vtfe! jo!pwfsdpnjoh! uif! joufsobm! sftjtubodf!pg! uif!dfmm/!Up!nfbtvsf!

FNG! wbmvf! bddvsbufmz! xjuipvu! ejtuvscjoh! uif! fmfduspdifnjdbm! frvjmjcsjvn-!

QphhfoepsggÔt!dpnqfotbujpo!qsjodjqmf!jt!xjefmz!vtfe/!Jo!uijt!ufdiojrvf-!uif!

FNG!up!cf!nfbtvsfe!jt!cbmbodfe!cz!frvbm!boe!pqqptjuf!FNG!gspn!bopuifs!

dfmm!ps!cbuufsz!boe!uifsf!jt!op!ofu!Þpx!pg!dvssfou!jo!uif!djsdvju/!Uif!fmfdusjdbm!

bttfncmz!vtfe!jt!lopxo!bt!qpufoujpnfufs/!Ju!dpotjtut!pg!b!vojgpsn!xjsf!BC!

pg! ijhi! sftjtubodf! dpoofdufe! up! b! tupsbhf! cbuufsz! pg! dpotubou! fng! xijdi!

tipvme!cf! mpohfs! uibo! uif!FNG!pg!dfmm! up!cf!nfbtvsfe! jt! dpoofdufe!bu! uif!

foet!B!boe!C!pg!uif!xjsf!)Gjh/!2/6*/!Uif!dfmm!ÓYÔ-!uif!FNG!pg!xijdi!jt!up!cf!

efufsnjofe! jt! jodmvefe! jo! uif!djsdvju!cz!dpoofdujoh! uif!qptjujwf!qpmf!bu! uif!

tbnf!qpjou!ÓBÔ!boe!uifo!uispvhi!b!hbmwbopnfufs!ÓHÔ!up!b!tmjejoh!dpoubdu!ÓEÔ!

bt!tipxo!jo!Gjh/!2/6/

Uif!tmjejoh!dpoubdu!jt!npwfe!bmpoh!uif!xjsf!ÓBCÔ!ujmm!uifsf!jt!op!dvssfou!Þpx!

jo!uif!hbmwbopnfufs/!Uif!qptjujpo!ÓEÔ!jt!uifo!opufe/!Uif!fng!pg!uif!dfmm!tbz!F
y
!

jt!qspqpsujpobm!up!uif!ejtubodf!ÓBEÔ-!j/f/-

! F
y
!μ !BE! )2*

Uif!dfmm!ÓYÔ!jt!opx!sfqmbdfe!cz!tuboebse!dfmm!ÓTÔ-!uif!FNG!pg!xijdi!tbz!Ft!

jt!lopxo/!Uif!qptjujpo!pg! tmjejoh!dpoubdu! jt! sfbekvtufe!cz!npwjoh! ju! pwfs! uif!

xjsf!BC! ujmm! uif!qpjou!pg!op!dvssfou!jo!uif!hbmwbopnfufs-!j/f/!uif!Óovmm!qpjouÔ!jt!

sfbdife!bhbjo!tbz!bu!ÓE¢Ô!bt!tipxo!jo!Gjh/!2/6/

+ –

G

D D¢
A

X

S

B

Gjh/!2/6! Qpufoujpnfusjd!nfuipe!gps!uif!nfbtvsfnfou!pg!FNG
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Uifo!fwjefoumz-! ! F
t
!μ!BE¢! ! )3*

\!Gspn!)2*!boe!)3*!
E

E

AD

AD

x

s

=
¢
! )4*

\!Uifsfgpsf!FNG!pg!ÓYÔ!)F
y
*!jt!

AD

AD
E
s

¢
¥ ! )5*

Lopxjoh!F
t!
-!F

y
!dbo!cf!dbmdvmbufe!fbtjmz/

Uif!tuboebse!dfmm!nvtu!cf!dbqbcmf!pg!hjwjoh!dpotubou!boe!sfqspevdjcmf!fng!

boe!jut!wbsjbujpo!xjui!ufnqfsbuvsf!xjmm!cf!ofhmjhjcmz!tnbmm/

2/2/6! Tuboebse!Fmfduspef!Qpufoujbm

Uif! ufoefodz! pg! bo! fmfduspef! up! mptf! ps! hbjo! fmfduspot! xifo! ju! jt! jo! dpoubdu!

xjui! jut! pxo! jpot! jo! tpmvujpo! jt! dbmmfe! Ófmfduspef! qpufoujbmÔ/! Uif! nbhojuvef!

pg! bdrvjsfe! fmfduspot! boe! qspdffe! bt! b! sfevdujpo! jt! fyqsfttfe! cz! uif! ibmg.

sfbdujpoÔt! qpufoujbm/! Xifo! ju! jt! nfbtvsfe! voefs! tuboebse! dpoejujpot! obnfmz!

36¡D-!dpodfousbujpo!pg!2/1!N!gps!bmm!tpmvuf!boe!qsfttvsf!pg!2!bunptqifsf-! uif!

sfevdujpo!qpufoujbm!jt!dbmmfe!ÓTuboebse!Sfevdujpo!QpufoujbmÔ/!Tuboebse!sfevdujpo!

qpufoujbmt!bsf!bmtp!dbmmfe!ÑTuboebse!Fmfduspef!QpufoujbmtÒ/!Up!sfqsftfou!tuboebse!

fmfduspef!qpufoujbm-!bee!tvctdsjqu!up!uif!tzncpm!F¡dfmm/

Xifo! uxp! ibmg.dfmmt! bsf! dpoofdufe! up! nblf! b! hbmwbojd! dfmm-! pof! xjui! uif!

mbshfs!tuboebse!sfevdujpo!qpufoujbm!)uif!pof!xjui!uif!hsfbufs!ufoefodz!up!voefshp!

sfevdujpo*!bdrvjsft!fmfduspot! gspn! uif!ibmg.dfmm!xjui! mpxfs! tuboebse! sfevdujpo!

qpufoujbm-!xijdi!jt!uifsfgpsf!gpsdfe!up!voefshp!pyjebujpo/

F¡dfmm!>!
Standard reduction potential

of the substance reduced

StanÊ
ËÁ

ˆ
¯̃

-
ddard reduction potential

of the substance oxidised

Ê
ËÁ

ˆ
¯̃

Uif! tuboebse! fmfduspef! qpufoujbmt! pg! b! ovncfs! pg! fmfduspeft! bsf! hjwfo! jo!!

Ubcmf! 2/2/! Uiftf! wbmvft! bsf! tbje! up! cf! po! izesphfo! tdbmf! tjodf! jo! uiftf!

efufsnjobujpot-! qpufoujbm! pg! uif! tuboebse! izesphfo! fmfduspef! vtfe! bt! uif!

sfgfsfodf! fmfduspef! ibt! cffo! ublfo! bt! {fsp/!Uif! wbmvft! pg! tuboebse! qpufoujbmt!

bssbohfe!jo!uif!efdsfbtjoh!psefs!jt!dbmmfe!uif!ÓFmfduspdifnjdbm!TfsjftÔ/

Ubcmf!2/2! Fmfduspdifnjdbm!tfsjft!tuboebse!fmfduspef!qpufoujbmt!)Sfevdujpo*!bu!36¡D/

Fmfduspef Fmfduspef!Sfbdujpo!)Sfevdujpo* F¡)wpmut*

G3!)h*<!3G
Ï

G3!,!3f
Ï!� !3GÏ ,!3/98

DP4,<!DP3,<!Qu DP4,!,!fÏ!� !DP3, ,!2/93

Dm3!)h*<!3Dm
Ï<!Qu Dm3!)h-!2!bun/*!,!3f!� !3DmÏ ,!2/47

Cs3<!3Cs
Ï!)m*<!Qu Cs3!)m*!,!3f

Ï!� !3CsÏ ,!2/17

Bh,<!Bh Bh,!,!f!� !Bh)t* ,!1/91

Dpoue/
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Gf4,<!Gf3,<!Qu Gf4,!,!f!� !Gf3, ,!1/88

Bh3TP5)t*-!TP5
3Ï<!Ih Ih3TP5)t*!,!3f!� !3Ih!,!TP5

3Ï ,!1/72

J3<!3J
Ï!)t*<!Qu J3!)t*!,!3f!� !3JÏ ,!1/64

Dv3,<!Dv Dv3,!,!3f!� !Dv)t* ,!1/45

Ih3Dm3!)t*<!Dm
Ï<!Ih Ih3Dm3!,!3f!� !3Ih!,!3DmÏ ,!1/39

BhDm!)t*<!DmÏ<!Bh BhDm!)t*!,!f!� !Bh)t*!,!DmÏ ,!1/33

To5,<!To3,<!Qu To5,!,!3f!� !To3, ,!1/25

Ih3Cs3!)t*<!Cs
Ï<!Ih Ih3Cs3!)t*!,!3f!� !3Ih!,!3CsÏ ,!1/24

BhCs)t*<!CsÏ<!Bh BhCs)t*!,!f!� !Bh)t*!,!CsÏ ,!1/18

3I,<!I3)h*<!Qu 3I,!,!3f!� !I3!)h-!m!bun/* ±!!1/1111

Qc3,<!Qc Qc3,!,!3f!� !Qc!)t* Ï!1/24

To3,<!To To3u!,!3f!� !To!)t* Ï!1/25

BhJ!)t*-!JÏ<!Bh BhJ!)t*!,!f!� !Bh!)t*!,!JÏ Ï!1/26

Oj3,<!Oj Oj3,!,!3f!� !Oj!)t* Ï!1/35

De3,<!De De3,!,!3f!� !De!)t* Ï!1/51

Gf3,<!Gf Gf3,!,!3f!� !Gf!)t* Ï!1/55

[o3,<![o [o3,!,!3f!� ![o!)t* Ï!1/87

Ob,<!Ob Ob,!,!f!� !Ob!)t* Ï!3/82

Db3,<!Db Db3,!,!3f!� !Db!)t* Ï!3/98

L,<!L L,!,!f!� !L!)t* Ï!3/:3

Mj,<!Mj Mj,!,!f!� !Mj!)t* Ï!4/15

Ubcmf! 2/2! bcpwf! tipxt! uibu! Þvpsjof! ibt! nbyjnvn! qptjujwf! wbmvf! pg! uif!

tuboebse! fmfduspef! qpufoujbm! boe! ifodf! ju! ibt! nbyjnvn! ufoefodz! up! bddfqu!

fmfduspot!boe!uivt!hfu!sfevdfe!up!Þvpsjef!jpo/

Uif! ofhbujwf! tjho! joejdbuft! uibu! ibmg.dfmm! sfbdujpo! pddvst! jo! uif! pqqptjuf!

ejsfdujpo-! uif! sfevdfe! gpsn! ibt! b! hsfbufs! ufoefodz! up! hfu! pyjejtfe! boe! mfbwf!

fmfduspot/!Mjuijvn!ibt!nbyjnvn!ofhbujwf!wbmvf!pg!uif!fmfduspef!qpufoujbm!boe!

ifodf!ju!ibt!uif!nbyjnvn!ufoefodz!up!mptf!fmfduspot!boe!hfu!pyjejtfe!Mj,!jpot/!

Uif!tuboebse!fmfduspef!qpufoujbmt!tfswf!nboz!bqqmjdbujpot/

! )b*! Dbmdvmbujpo!pg!tuboebse!FNG!pg!b!Hbmwbojd!dfmm!boe!efufsnjobujpo!pg!dfmm!sfbdujpo/

! )j*! Tuboebse!FNG!pg!b! dfmm! )F¡!dfmm*! jt! frvbm! up! uif! tuboebse!fmfduspef!

qpufoujbm! pg! uif! sjhiu! iboe! fmfduspef! njovt! uif! tuboebse! fmfduspef!

qpufoujbm!pg!uif!mfgu!iboe!fmfduspef/!Uivt

F¡dfmm!>!F¡S!Ï!F¡M
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! )jj*! Uif!fmfduspef!bu!uif!sjhiu!jt!xsjuufo!jo!uif!psefs;!JpoÏFmfduspef!)f/h/-!

Dv3,-!Dv*!boe!uif!fmfduspef!bu!mfgu!jt!xsjuufo!jo!uif!psefs;!Fmfduspef-!

Jpo!)[o-![o3,*/

! )jjj*! Ibmg.dfmm!sfbdujpo!ubljoh!qmbdf!bu!mfgu!iboe!fmfduspef!jt!xsjuufo!bt!bo!

pyjebujpo!sfbdujpo!boe!ibmg!dfmm!sfbdujpo!ubljoh!qmbdf!bu!uif!sjhiu!iboe!

fmfduspef!jt!xsjuufo!bt!sfevdujpo!sfbdujpo/!Uif!dpnqmfuf!dfmm!sfbdujpo!

jt!hjwfo!cz!uif!tvn!pg!uiftf!uxp!ibmg.dfmm!sfbdujpot/

! )c*! Qsfejdujoh!tqpoubofjuz!ps!gfbtjcjmjuz!pg!uif!dfmm!sfbdujpo;!Jg!uif!tuboebse!fng!pg!uif!

dfmm!jt!qptjujwf-!uif!dfmm!sfbdujpo!xsjuufo!bt!qfs!uif!svmf-!jt!tqpoubofpvt!ps!

gfbtjcmf/

! ! Mfu!vt!dpotjefs!uif![o.Dv!dfmm-!uif!dfmm!xpvme!cf!sfqsftfoufe!bt

! ! [o-![o3,<!Dv3,-!Dv!

! F¡dfmm! >!F¡S!Ï!F¡M!>!F¡)Dv3,-!Dv*!Ï!F¡!)[o3,-![o*

! ! ! ! >!1/45!Ï!)Ï!1/87*

! ! ! ! >!,!2/21!wpmut/

! ! Uif!qptjujwf!wbmvf!)F¡dfmm*!tvhhftut!uibu!uif!sfepy!sfbdujpo!jt!tqpoubofpvt!

jo!uif!gpsxbse!ejsfdujpo/

! ! Mfu!vt!uftu!tqpoubofjuz!pg!uif!sfbdujpo

! ! Gf3,!)br*!,!Oj)t*!Æ!Gf!)t*!,!Oj3,!)br*

! ! Uxp!ibmg!dfmmt!sfbdujpo!bsf

! ! ! ! Gf3,!,!3f!Æ!Gf! ! F¡Gf3,0Gf!>!Ï!1/55!W

! ! ! Oj! Æ!Oj3,!,!3f! F¡Oj3,0Oj!>!Ï!1/36!W

! ! ! F¡dfmm!>!F¡Gf3,0Gf!Ï!F¡Oj3,0Oj

! ! ! ! >!Ï!1/55!Ï!)Ï!1/36*

! ! ! F¡dfmm!>!Ï!1/2:!W

! ! Tjodf-!uif!FNG!gps!uif!bcpwf!dfmm!jt!ofhbujwf-!ifodf!uif!dfmm!sfbdujpo!bt!

sfqsftfoufe!bcpwf!jt!opu!gfbtjcmf/

! )d*! Uif! tuboebse! fmfduspef! qpufoujbm! ebub! jt! ifmqgvm! jo! uif! eftjhojoh! dfmmt!

uispvhi!xijdi!sfrvjsfe!wpmubhf!dbo!cf!esbxo/

! ! Gps!fybnqmf-![o3,-![o<!3DmÏ-!Dm3!)h*<!Qu

! ! ! ! ! Dm3!)h*!,!3f!Æ!3DmÏ! ! ! F¡!>!2/47!W

! ! ! ! ! [o)t*!Æ![o3,!,!3fÏ! F¡!>!Ï!1/87!W

! ! ! ! ! F¡dfmm! >!FS!Ï!FM! ! ! !>!2/47!Ï!)Ï1/87*

! ! ! ! ! ! ! ! ! !>!3/23!W

! )e*! Gspn! uif!Tuboebse!Fmfduspef!Qpufoujbmt-! b!opo.tqpoubofpvt!fmfduspef! jt!

nbef!cz!tqpoubofpvt!tvjubcmf!dibohft!jo!uif!tjho!pg!uif!fmfduspef/

! ! ! Gf3,!)br*!,!Oj!)t*!Æ!Gf!)t*!,!Oj3,)br*!Ï!Opo.tqpoubofpvt

! ! ! Oj3,!)br*!,!Gf!)t*!Æ!Gf3,!)br*!,!Oj!)t*

! ! xijdi!ibt!b!dfmm!qpufoujbm!pg!,!1/2:!W-!mfbet!up!tqpoubofjuz/



Fmfduspdifnjtusz! 22

! )f*! Bo! pyjejtjoh! bhfou! xjui! b! ijhifs! sfevdujpo! qpufoujbm! xjmm! pyjejtf! boz!

sfevdjoh! bhfou! xjui! b! mpxfs! sfevdujpo! qpufoujbm/! Jo! puifs! xpset-! boz!

tvctubodf!po!uif!mfgu!jo!uif!ubcmf!xjmm!pyjejtf!boz!tvctubodf!bcpwf!ju!boe!

po!uif!sjhiu/

! )g*! B!sfevdjoh!bhfou!xjui!b!mpxfs!sfevdujpo!qpufoujbm!xjmm!sfevdf!boz!pyjejtjoh!

bhfou!xjui!b!ijhifs!sfevdujpo!qpufoujbm/!Jo!puifs!xpset-!boz!tvctubodf!po!

uif!sjhiu!xjmm!sfevdf!boz!tvctubodf!cfmpx!ju!boe!po!uif!mfgu/

! )h*! Op! uxp!tvctubodft!po! uif! tbnf!tjef! )mfgu!ps! sjhiu*!xjmm! sfbdu!xjui!fbdi!

puifs/!

Tpmwfe!Qspcmfnt

! 2/! Dbmdvmbuf! uif! fng! pg! uif! dpodfousbujpo! dfmm! dpotjtujoh! pg! {jod! fmfduspeft! pof!
jnnfstfe! jo! b! tpmvujpo! pg! 1/12! npmbmjuz! boe! uif! puifs! jo! b! tpmvujpo! pg! 1/2!

npmbmjuz! bu! 36¼D/! Uif! tpmvujpot! bsf! tfqbsbufe! cz! b! tbmu! csjehf/! Uif! nfbo!

bdujwjuz!dpfgÝdjfou!pg!uif!fmfduspmzuf!nbz!cf!bttvnfe!up!cf!vojuz/

Tpmvujpo

! Uif!dfmm!jt!sfqsftfoufe!bt;

[o)t*!}![o3,!)br*!)dn2!>!1/12*!}}![o3,!)br*-!n3!>!1/2*!}![o)t*

! ! Uif!fng!pg!uif!dfmm!)Fdfmm*!jt!hjwfo!cz!frvbujpo!

! ! ! Fdfmm! >!!
RT

nF

Zn

Zn
ln

[ ( . )]

( . )

2

2

0 1

0 01

+

+

! ! ! ! >!!
2 303

2

0 1

0 01
25

.
log

( . )

.
”

RT

F
 at C

! ! ! ! >!!1/13:6!W

! 3/! Dbmdvmbuf!uif!tuboebse!fng!pg!uif!dfmm;!De)t*!}!De3,!)br*!}}!Dv3,!)br*!}!Dv!boe!

efufsnjof!uif!dfmm!sfbdujpo/

Tpmvujpo

! ! Uif!tuboebse!fng!pg!uif!dfmm!jt!hjwfo!cz

! ! F¡dfmm!>!F¡dfmm!)sjhiu*!Ï!F¡dfmm!)mfgu*

! ! ! >!\Sfevdujpo!qpufoujbm!pg!sjhiu!iboe!fmfduspef^!Ï!\Sfevdujpo!qpufoujbm!pg

mfgu!iboe!fmfduspef^

! ! ! >!E E
Cu /Cu Cd /Cd

∞ - ∞+ +2 2

! >!1/45!Ï!)Ï1/51*!>!1/85!wpmut

! ! Uif!wbsjpvt!sfbdujpot!xpvme!cf!bt!gpmmpxt;

! ! Mfgu!iboe!fmfduspef;!De)t*!� !De3,!,!3fÏ!! )Pyjebujpo*

! ! Sjhiu!iboe!fmfduspef;!Dv3,!)br*!,!3fÏ!Æ!Dv)t*! )Sfevdujpo*

! ! Dfmm!sfbdujpo;!De)t*!,!Dv3,!)br*!� !De3,!)br*!,!Dv)t*!!! !

! 4/! Dbmdvmbuf!uif!fng!pg!uif!dfmm!sfqsftfoufe!uif!dfmm!bt![o)t*!}![o3,!)br*!}}!I,!)2N*!}!

I3!)Bun*!}!bu! (E = 0.7618 V)
Zn Zn

2+
/

-
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Tpmvujpo

! ! FNG!pg!uif!dfmm!Fdfmm!>!FS!Ï!FM

! ! F¡S!tuboebse!izesphfo!fmfduspef!qpufoujbm!jt!{fsp

! ! FM!tuboebse!{jod!fmfduspef!qpufoujbm!jt!Ï1/8729!W

! ! \!Fdfmm!>!1!Ï!)Ï1/8729!W*!>!1/8729!W

! 5/! Dbmdvmbuf! uif! fng! pg! uif! dfmm! De! }! Dv3,! }}! Dv3,! }! Dv! bu! 36¼D/! Uif! tuboebse!

sfevdujpo!qpufoujbm!pg!dbenjvn!boe!dpqqfs!fmfduspeft!bsf!Ï1/51!boe!1/45!wpmut-!

sftqfdujwfmz

Tpmvujpo

! ! Uif!dfmm!sfqsftfoubujpo!jt!De)t*!}!Dv3,!)br*!}}!Dv3,!)br*!}!Dv)t*

! ! Uif!tuboebse!sfevdujpo!qpufoujbm!pg!dbenjvn!)F¡De
3,

0De*!>!Ï!1/51!W

! ! Uif!tuboebse!sfevdujpo!qpufoujbm!pg!dpqqfs!)F¡Dv
3,

0Dv*!>!1/45!W

! ! Uif!dfmm!fng!jt!Fdfmm!>!FS!Ï!FM!>! 1/45!Ï!)Ï1/51*!>!1/855!W

! 6/! Dbmdvmbuf!uif!fng!pg!uif![jod!Ï!Tjmwfs!Dfmm!bu!36¼D!xifo!\[o3,^!>!1/21!N!boe!

\)Bh,*^!>!21/1!N!)F¼dfmm!bu!36¼D!>!2/67!W*

Tpmvujpo

! ! Uif!dfmm!sfbdujpo!jo!uif![o!Ï!Bh!dfmm!xpvme!cf

3Bh,!,![o!� !3Bh!,![o3,

! ! Uif!Ofsotu!frvbujpo!gps!uif!bcpwf!dfmm!sfbdujpo!nbz!cf!xsjuufo!bt

! ! ! Fdfmm!>!F¼dfmm!Ï!
RT

nF

Ag Zn

[Ag Zn+
ln

[ ] [ ]

] [ ]

2 2

2

+

! ! ! >!F¼dfmm!Ï!
RT

nF

Zn

[Ag+
ln

[ ]

]

2

2

+

! ! ! >!F¼dfmm!Ï!
2.303 RT

nF

Zn

[Ag+
log

[ ]

]

2

2

+
! )E!dpod/!pg!tpmjet!ublfo!bt!vojuz*

! ! Tvctujuvujoh!uif!wbsjpvt!wbmvft!jo!Ofsotu!frvbujpo-!xf!ibwf

Fdfmm!>!2/67!Ï!
2 303 8 314 298

2 96500

0 1

10

. .
log

.¥ ¥
¥

!>!2/73!Wpmut/

! 7/! Dbmdvmbuf!uif!tuboebse!fng!pg!Oj!Ï!Bh!dfmm!xiptf!F¼Oj!boe!F¼Bh!bsf!Ï!1/36!boe!

1/94!W!sftqfdujwfmz/!Bmtp!xsjuf!uif!dfmm!sfqsftfoubujpo/

Tpmvujpo

! ! Uif!dfmm!sfqsftfoubujpo!jt;

Oj)t*!}!Oj3,!)br*!}!}!Bh,!)br*!}!Bh)t*

! ! Bu!bopef! Oj)t*!Æ!Oj3,!,!3f! Pyjebujpo-!F¼Oj!>!Ï!1/36!W

! ! Bu!dbuipef!! 3Bh,!,!3fÏ!Æ!3Bh)t*! Sfevdujpo!F¼Bh!>!,!1/94!W

! ! Pwfsbmm!dfmm

! ! sfbdujpo
Oj)t*!,!3Bh,!)br*!� !Oj3,!)br*!,!3Bh)t*
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! ! \! F¼dfmm!>!F¼Bh)S*!Ï!F¼Oj)M*

! ! ! >!1/94!Ï!)1/36!W*

! ! ! >!2/19!W

! 8/! Uif!fng!pg!b!dfmm-!Nh0Nh3,!)1/12N!}}!Dv3,!)N*!}!Dv!jt!gpvoe!up!3/89!W!bu!411!

L/!Uif!tuboebse!fmfduspef!qpufoujbm!pg!Nh!fmfduspef! jt!Ï3/482!W/!Xibu! jt! uif!

fmfduspef!qpufoujbm!pg!dpqqfs!fmfduspef@

Tpmvujpo

! ! Uif!fmfduspef!qpufoujbm!pg!ÓNhÔ!jt!)bddpsejoh!up!Ofsotu!frvbujpo*

! ! ! FNh!>!F¼Nh3,0Nh!,!
0 0591.

n
!mph!\Nh3,^

! ! ! ! >!Ï3/48!,!
0 0591

2

.
!mph!)1/12*!fi!Ï3/48!Ï!1/16:2

! ! ! ! >!Ï3/53:1!W

! ! \! Fdfmm! >!FDv!Ï!FNh

! ! ! 3/89!>!FDv!Ï!)!Ï3/53:1*

! ! ! FDv! >!3/89!Ï!3/53:1!fi!1/461:!W

2/2/7! Sfgfsfodf!!Fmfduspeft

Uif! fmfduspef! pg! tuboebse! qpufoujbm-! xjui! xijdi! pof! dbo! dpnqbsf! uif!

qpufoujbmt! pg! bopuifs! fmfduspef! pg! joufsftu! jt! dbmmfe! b! sfgfsfodf! fmfduspef/!Uif!

tuboebse! izesphfo! fmfduspef! jt! vtfe! bt! sfgfsfodf! fmfduspef! gps! efufsnjojoh!

tjohmf! fmfduspef! qpufoujbmt-! xiptf! qpufoujbm! bscjubsjmz! ublfo! bt! {fsp/! Cvu! ju! jt!

opu! bmxbzt! dpowfojfou! up! tfu! vq! uijt! fmfduspef! po! bddpvou! pg! uif! ejgÝdvmujft!

jowpmwfe! jo! nbjoubjojoh! bdujwjuz! pg! izesphfo! jpot! bu! vojuz! boe! lffqjoh! uif!

qsfttvsf!pg!uif!hbt!vojgpsnmz!bu!pof!bunptqifsf/!Izesphfo!fmfduspef!bmtp!hfut!

ÓqpjtpofeÔ!fwfo!jg!usbdft!pg!jnqvsjujft!jo!uif!hbt/!Up!pwfsdpnf!uijt-!tpnf!puifs!

fmfduspeft!dbmmfe!tfdpoebsz!sfgfsfodf!fmfduspeft!ibwf!cffo!fnqmpzfe/!Tpnf!pg!

uif!jnqpsubou!sfgfsfodf!fmfduspeft!bsf!bt!gpmmpxt;

! )b*! Izesphfo! fmfduspef! Ju! jt! uif! qsjnbsz! fmfduspef/! Ju! dpotjtut! pg! b! tnbmm!

qmbujovn! tusjq! dpbufe! xjui! qmbujovn! cmbdl! up! bctpsc! izesphfo! hbt/! B!

qmbujovn!xjsf!xfmefe! up! uif! fmfduspef! boe! tfbmfe! uispvhi! b! hmbtt! uvcf!

nblft!dpoubdu!xjui!uif!pvufs!djsdvju/!Uif!qmbujovn!tusjq!jt!tvsspvoefe!cz!

bo!pvufs!hmbtt!uvcf!xijdi!ibt!bo!jomfu!gps!izesphfo!bu!uif!upq!boe!ovncfs!

pg!ipmft!bu!uif!cbtf!gps!uif!ftdbqf!pg!fydftt!hbt/!Uif!fmfduspef!jt!qmbdfe!jo!

b!ejmvuf!tpmvujpo!pg!bo!bdje/!Qvsf!izesphfo!hbt!jt!uifo!qbttfe!joup!ju!bu!pof!

bunptqifsf!qsfttvsf/!Bqbsu! pg! izesphfo!hbt! bctpscfe!cz! uif!qmbujojtfe!

fmfduspef-! xijmf! uif! fydftt! jt! ftdbqft! uispvhi! uif! mpxfs! ipmft/! Uifo!
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sftvmut! bo! frvjmjcsjvn!cfuxffo! uif! betpscfe!izesphfo!po! uif! fmfduspef!

tvsgbdf!boe!izesphfo!jpot!jo!uif!tpmvujpo

I3!Æ!3I,!,!3fÏ

! ! Cz!dpowfojfou-!uif!qpufoujbm!pg!uijt!tuboebse!izesphfo!fmfduspef!xifo!

izesphfo! bu! pof! bunptqifsf! qsfttvsf! jt! cvccmfe! uispvhi! b! tpmvujpo!

pg!izesphfo!jpot!pg!voju!dpodfousbujpo!jt!bscjubsjmz!Ýyfe!bt!{fsp/!Uif!

izesphfo! fmfduspef! nbz! cf! vtfe! up! Ýoe! uif! qI! pg! b! tpmvujpo/! Uif!

pomz! qsbdujdbm! ejgÝdvmujft! jo! tfuujoh! uijt! fmfduspef! jt!nbjoufobodf! pg!

uif! qsfttvsf! pg! uif! hbt! vojgpsnmz! bu! pof! bunptqifsf! boe! bdujwjuz! pg!

izesphfo!jpot!bu!pof!hsbn!jpo!qfs!mjusf/

Gjh/!2/7! Izesphfo!fmfduspef

! )c*! Dbmpnfm!fmfduspef! Ju! jt!b!tfdpoebsz!fmfduspef-!dpotjtut!pg!b!hmbtt! uvcf!

ibwjoh!b! tjef! uvcf!po!fbdi! tjef!bt! tipxo! jo!Gjh/!2/8/!Nfsdvsz!pg!ijhi!

efhsff!pg!qvsjuz!jt!qmbdfe!bu!uif!cpuupn!pg!uijt!uvcf!boe!jt!dpoofdufe!up!uif!

puifs!djsdvju!cz!nfbot!pg!qmbujovn!xjsf!tfbmfe!jo!b!hmbtt!uvcf/!Uif!tvsgbdf!

pg!nfsdvsz! dpwfsfe!xjui! b! qbtuf! pg!nfsdvspvt! ! dimpsjef! )dbmpnfm*! boe!

nfsdvsz!jo!qpubttjvn!dimpsjef!tpmvujpo/!Uif!fmfduspmzuf!jt!bmtp!b!tpmvujpo!

pg!LDm/!Uijt!fmfduspef!jt!dpoofdufe!xjui!uif!ifmq!pg!tjef!uvcf!po!uif!mfgu!

uispvhi!b!tbmu!csjehf!xjui!uif!puifs!fmfduspef-!uif!qpufoujbm!pg!xijdi!jt!up!

cf!efufsnjofe/



Fmfduspdifnjtusz! 26

Gjh/!2/28! Dbmpnfm!fmfduspef

! ! ! Uif!qpufoujbm!pg!Dbmpnfm!fmfduspef!efqfoet!vqpo!uif!dpodfousbujpo!pg!

uif!qbubttjvn!dimpsjef!tpmvujpo/!Ju!ibt!cffo!wfsz!bddvsbufmz!efufsnjofe!cz!

dpoofdujoh!ju!up!b!tuboebse!izesphfo!fmfduspef!boe!uif!sftvmut!bsf!pcubjofe!

gps! sfevdujpo! qpufoujbmt! pg! uijt! fmfduspef! )Ih0Ih3Dm3*! gps! ejggfsfou!

dpodfousbujpot!pg!LDm!bu!35¼D!bsf!hjwfo!cfmpx;

! ! ! Gps!1/2!O!LDm!tpmvujpo! F! >! ,!1/4449!W

! ! ! Gps!2/1!O!LDm!tpmvujpo! F! >! ,!1/3911!W

! ! ! Gps!tbuvsbufe!LDm!tpmvujpo! F! >! ,!1/3526!W

! ! Uif!qptjujwf!wbmvf!joejdbuft!uibu!xifo!dpncjofe!xjui!tuboebse!izesphfo!

fmfduspef-!sfevdujpo!ublft!qmbdf!bu!uijt!fmfduspef/

! )d*! Tjmwfs.Tjmwfs!Dimpsjef!Fmfduspef!Uif!tjmwfs.tjmwfs!dmpsjef!fmfduspef!ibt!

sfdfoumz!cffo!fnqmpzfe!bt!b! sfgfsfodf!fmfduspef! jo!dpoofdujpo!xjui! uif!

bddvsbuf!efufsnjobujpo!pg!tuboebse!qpufoujbmt!evf!up!sfwfstjcmf!boe!tubcmf-!

xijdi!dbo!cf!dpncjofe!xjui!dfmmt!dpoubjojoh!dimpsjeft!xjuipvu!jotfsujoh!

mjrvje!kvodujpot/

! ! ! Gps! bo! fggfdujwf! gvodujpojoh! pg! uif! fmfduspef-! ju! jt! ofdfttbsz! uibu! uif!

tpmvujpo! jnnfejbuf! dpoubdu!xjui! uif! tjmwfs! tvsgbdf! jt!qspqfsmz! tbuvsbufe!

cz!qspwjejoh!b!dpbujoh!pg!BhDm!po!uif!tjmwfs/!Uijt! jt!epof!cz!vtjoh!uif!

tjmwfs!fmfduspef!bt!bo!bopef!jo!b!dimpsjef!tpmvujpo!)LDm!ps!IDm*!bu!b!wfsz!

mpx!dvssfou!efotjuz!gps!bcpvu!ibmg!bo!ipvs/!Uif!fmfduspef!jt!tdifnbujdbmmz!

sfqsftfoufe!bt;

! Bh!!}!!BhDm)t*-!I,!DmÏ!}!I3!)2!bun*

! ! Po! uif! izesphfo! tdbmf-! jut! tuboebse! sfevdujpo! qpufoujbm! jt! gpvoe! up! cf!!

,!1/3335!wpmut!bu!36¼D

! ! Bh!}!BhDm)t*!DmÏ!)bDmÏ!>!2*!;!F¡!>!,!1/3335!wpmu!bu!36¼D
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2/2/8! Dpodfousbujpo!Dfmmt

B!dpodfousbujpo!dfmm!jt!b!hbmwbojd!dfmm!jo!xijdi!fmfdusjdbm!fofshz!jt!qspevdfe!cz!

uif!usbotgfs!pg!nbufsjbm!gspn!pof!fmfduspef!pg!ijhifs!dpodfousbujpo!up!bopuifs!pg!

mpxfs!dpodfousbujpo/!Dpodfousbujpo!dfmmt!bsf!pg!uxp!uzqft;

! )b*! Dpodfousbujpo!dfmmt!xjuipvu!usbotgfs

! )c*! Dpodfousbujpo!dfmmt!xjui!usbotgfs

Opuf;! Dpodfousbujpo! dfmmt! xjuipvu! usbotgfs! nbz! cf! fjuifs! fmfduspef!

dpodfousbujpo!dfmmt!ps!fmfduspmzuf!dpodfousbujpo!dfmmt/

)b*!Dpodfousbujpo!Dfmmt!xjuipvu!Usbotgfsfodf! Jo!uiftf-!uif!FNG!bsjtft!bt!

b! sftvmu!pg! uxp! mjlf!fmfduspeft!bu!ejggfsfou! dpodfousbujpot!ejqqjoh! jo! uif! tbnf!

tpmvujpo!pg!uif!fmfduspmzuf/!Fybnqmf!pg!uijt!uzqf!pg!dfmm!dpotjtut!pg!uxp!izesphfo!

fmfduspeft!pg!vofrvbm!hbt!qsfttvsft!Q2!boe!Q3!jnnfstfe!jo!uif!tbnf!tpmvujpo!pg!

izesphfo!jpot/!Uif!dfmm!jt!sfqsftfoufe!bt!

! ! Qu-!I3!)QI3!>!Q2*!}!I
,!}!I3!)QI3!>!Q3*-!Qu

Jg!Q2!?!Q3-!pyjebujpo!pg!izesphfo!xjmm! ublf!qmbdf!bu! uif! mfgu!iboe!fmfduspef!

boe!sfevdujpo!pg!izesphfo!jpot!bu!uif!sjhiu!iboe!fmfduspef/

! Pyjebujpo!sfbdujpo! I3!)Q2*! Æ!3I,!,!3fÏ

! Sfevdujpo!sfbdujpo! 3I,!,!3fÏ!Æ!I3!)Q3*!!!!!

! Ofu!sfbdujpo! I3!)Q2*! Æ!I3!)Q3*!!!!!

Gspn!uif!bcpwf-!ofu!sfbdujpo!tipxt-!uifsf!jt!op!pwfsbmm!difnjdbm!dibohf!boe!

uifsf!jt!pomz!b!usbotgfs!pg!izesphfo!hbt!gspn!uif!fmfduspef!xjui!qsfttvsf!Q2-!up!

uif!fmfduspef!xjui!qsfttvsf!Q3/!Uif!FNG!jo!uijt!dbtf!efqfoet!pomz!po!uif!uxp!

qsfttvsft! boe! jt! joefqfoefou! pg! uif! dpodfousbujpo! pg! izesphfo! jpot! jo!xijdi!

fmfduspeft!bsf!jnnfstfe/

Fdfmm!>!
RT

F2

1

2

log
e

P

P
= !!)E!F¡!>!1*

Jo! uif! dbtf!pg! bnbmhbn!dfmmt!xijdi! bmtp!cfmpoh! up! fmfduspef! dpodfousbujpo!

dfmmt! xjuipvu! usbotgfsfodf-! uxp! bnbmhbnt! pg! uif! tbnf!nfubm! bu! uxp! ejggfsfou!

dpodfousbujpot! bsf! jnnfstfe! jo! uif! tbnf! tpmvujpo! dpoubjojoh! uif! nfubm! jpo/!

Dpotjefs! uxp!fmfduspeft!pg! {jod!bnbmhbn!xjui!dpodfousbujpo!pg! {jod!frvbm! up!

D2!boe!D3!jnnfstfe!jo!b!tpmvujpo!pg!{jod!tvmqibuf/

[o)Ih*)D2*!}![o3,!}![o)Ih*)D3*

Uif!pwfsbmm!sfbdujpo!jt

! [o)Ih*)D2*!Æ![o)Ih*)D3*

boe!uif!dfmm!FNG!jt!hjwfo!cz!uif!fyqsfttjpo

Fdfmm!>!
RT

2F
log

e

P

P

1

2

!)E!F¡!>!1*
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)c*! Dpodfousbujpo! Dfmmt! xjui! Usbotgfsfodf! Ifsf-! uif! fmfduspeft! bsf!

jefoujdbm! cvu! fmfduspmzuf! tpmvujpo! ibt! uxp! ejggfsfou! dpodfousbujpot/! Evf! up!

ejggfsfodf! jo! uif! dpodfousbujpo! pg! fmfduspmzuf! uifsf! pddvst! dpssftqpoejoh!

dibohf!jo!uif!qpufoujbm!pg!uif!fmfduspeft!ejqqjoh!jo!uifn/!Uif!fmfdusjdbm!fofshz!

jo! uif! dpodfousbujpot! dfmm! bsjtft! gspn! uif! usbotgfsfodf! pg! tvctubodf! gspn! uif!

tpmvujpo! pg! uif! ijhifs! dpodfousbujpo! up! tpmvujpo! pg! mpxfs! dpodfousbujpo/! Uif!

uxp!ibmg! dfmmt!nbz!cf! kpjofe!cz!b! tbmu! csjehf/!Gps! fybnqmf-! dpotjefs! uif! uxp!

fmfduspeft!pg!Bh!xjui!ejggfsfou!dpodfousbujpot!pg!BhOP4!bu!D2!boe!D3/!Uif!dfmm!

jt!sfqsftfoufe!bt!gpmmpxt;

Xifo!b!nfubm!ps!fmfduspef!jt!jnnfstfe!jo!b!tpmvujpo!dpoubjojoh!jut!pxo!jpot!

)N3,*-!uifo!b!qpufoujbm!jt!hfofsbufe!bu!uif!tpmvujpo!boe!fmfduspef!joufsgbdf-!uif!

wbmvf!pg!xijdi!dibohft!xjui!dpodfousbujpo!pg!jpot!)D*-!ibt!!OfsotuÔt!frvbujpo;

F!>!F¡! +
2 303.

log
RT

nF
C

Gjh/!2/9! Dpodfousbujpo!dfmm!xjui!usbotgfsfodf

Uif!hfofsbm!dpodfousbujpo!dfmm!jt!sfqsftfoufe!bt!

Ï!N0No,!)D2N*!}}!No,!)D3N*0N!,

xifsf!D2!boe!D3!bsf!uif!dpodfousbujpot!pg!bdujwf!nfubm!jpot!jo!dpoubdu!xjui!uxp!

fmfduspeft!sftqfdujwfmz!boe!D3!?!D2/

\! FNG!pg!dfmm!>!FSjhiu!Ï!FMfgu

! !>! E E∞ +Ê
ËÁ

ˆ
¯̃

- ∞ +Ê
ËÁ

ˆ
¯̃

È

Î
Í

˘

˚
˙

0 592 0 0592
2 1

.
log

.
log

V

n
C

V

n
C

! Fdfmm!>!
0 0592

252 1

.
log( / ) .

V

n
C C at C∞

boe!hfofsbm!frvbujpo!gps!FNG!pg!uif!bcpwf!dfmm!jt!hjwfo!cz

! ! Fdfmm!>!
2 303

2 1 2 1

.
log / ( )

RT

nF
C C C C\ >
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Uif!gpmmpxjoh!dfmm!sfbdujpot!pddvst!gps!uijt!dfmm

Bu!uif!mfgu!fmfduspef!)Bopef*;! N!Æ! M( )C

n
ne

1

+ -+

Bu!uif!sjhiu!fmfduspef;! M( )C

n
ne

2

+ -+ !Æ!N!

Pwfsbmm!dfmm!sfbdujpo;! No,)D3*!Æ!No,!)D2*

Ju!dmfbsmz!tipxt!uif!FNG!tp!efwfmpqfe!nbjomz!evf!up!usbotgfsfodf!pg!nfubm!

jpot! gspn! uif! tpmvujpo! pg! ijhifs! dpodfousbujpot! )D3*! up! uif! tpmvujpo! pg! mpxfs!

dpodfousbujpo!)D2*/

! 2/3
CBUUFSJFT

Fmfduspdifnjtusz! ibt!nboz! bqqmjdbujpot! cpui! jo! tdjfodf! boe! jo! pvs! fwfszebz!

mjwft/!Pof! pg! uif!nptu! qpqvmbs! vtft! pg! hbmwbojd! dfmmt! bsf! cbuufsjft/!B! cbuufsz!

jt!bo!fmfduspdifnjdbm!dfmm!ps!tfwfsbm!fmfduspdifnjdbm!dfmmt!dpoofdufe!jo!ÓtfsjftÔ!

xijdi! jt! b! tpvsdf!pg!ejsfdu! dvssfou! bu! dpotubou!wpmubhf/!Tusjdumz! tqfbljoh-! dfmm!

jt! b! tjohmf! fmfduspdifnjdbm! voju! dpotjtujoh! pg! dbuipef! boe! bopef!xijdi!xifo!

dpoofdufe!jo!tfsjft!gpsn!b!cbuufsz/!Cbuufsjft!bsf!dmbttjÝfe!jo!uisff!uzqft;

2/3/2! Qsjnbsz!Dfmm!ps!Cbuufsz

Uiftf!dfmmt!bsf!opu!eftjhofe!up!cf!sfdibshfe!ps!dfmm!sfbdujpo!jt!opu!sfwfstjcmf/!

Xifo! uif! sfbdubout! ibwf! bmnptu! cffo! dpowfsufe! up! qspevdut-! gvsuifs! op!npsf!

fmfdusjdjuz! jt! qspevdfe! boe! uif! cbuufsz! cfdpnft! efbe/! Ifodf-! ejtdibshfe!

cbuufsjft!dboopu!cf!vtfe!bhbjo/

Gps!fybnqmf-! Wpmubjd!dfmm!)dpqqfs!boe!{jod!qmbuft!ejqqjoh!jo!ejmvuf!I3TP5*

! Ebojfm! dfmm! )b! ofhbujwf! {jod! fmfduspef! jo! [oTP5! boe! dpqqfs!

fmfduspef!jo!DvTP5!tfqbsbufe!xjui!qpspvt!ejbqisbhn*/

! Esz!ps!Mbdmbodif!dfmm!)Bopef!jt!{jod!dbo!xjui!OI5!ps![oDm3!

boe! NoP3! bt! fmfduspmzuft! boe! dbscpo0hsbqijuf! spe! tfswf! bt!

dbuipef!xijdi!jt!jnnfstfe!jo!uif!dfousf!pg!fmfduspmzuf*/

2/3/3! Tfdpoebsz!Dfmm!ps!Cbuufsz

Jo! tfdpoebsz! cbuufsjft-! uif! difnjdbm! sfbdujpot! bsf! sfwfstfe! cz! qbttjoh! ejsfdu!

fmfdusjd! dvssfou! jo! pqqptjuf! ejsfdujpo/!Uif! dfmmt! bsf! eftjhofe! gps! sfqfbufe! vtf!

boe!uifz!bsf!bcmf!up!cf!sfdibshfbcmf/

Gps! fybnqmf-! OjÏDe! tupsbhf! dfmm! )Oj! Dbe*-! Nfsdvsz! cbuufsz-! Ojdlfm.Nfubm!

izesjef!mjuijvn!cbuufsjft/

)j*! OjdlfmÐDbenjvn! Dfmm! Uif!OjdlfmÏdbenjvn! dfmm! ps! Ojdbe! cbuufsz! jt! b!

tfdpoebsz!dfmm!uibu!qspevdft!b!qpufoujbm!pg!bcpvu!2/5!W!xijdi!jt!tmjhiumz!mpxfs!

uibo!uibu!pg!{jod.dbscpo!dfmm/
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Ju! dpotjtut! pg! dbenjvn! bopef! boe! b! dbuipef! pg! b! qbtuf! pg!OjP)PI*3/!Uif!

fmfduspef!sfbdujpot!jo!uif!dfmm!evsjoh!ejtdibshf!bsf;

! De)t*!,!3PIÏ)br*!Æ!De)PI*3)t*!,!3fÏ! )Bopef*

! OjP)PI*)t*!,!3I3P)m*!,!3fÏ!Æ!Oj)PI*3)t*!,!3PIÏ)br*! )Dbuipef*

! De)t*!,!OjP)PI*)t*!,!3I3P!)m*!Æ!Oj)PI*3)t*!,!De)PI*3)t*! )Ofu!dfmm!

! sfbdujpo*

Uif! dfmm! sfbdujpot! dbo! cf! sfbejmz! sfwfstfe! tjodf! uif! sfbdujpo! qspevdut!

Oj)PI*3!boe!De)PI*3!beifsf!up!uif!fmfduspef!tvsgbdft/!Mjlf!b!esz!dfmm-!ju!dbo!cf!

tfbmfe!up!qsfwfou!mfblbhft!xijdi!jt!qbsujdvmbsmz!jnqpsubou!jo!fmfduspojd!efwjdft/

Bqqmjdbujpot! OjÏDe! cbuufsjft! xpsl! xfmm! ftqfdjbmmz! jo! bqqmjdbujpot! tvdi! bt!

qpsubcmf! qpxfs! uppmt! )Þbti! vojut*-! DE! qmbzfst-! fmfduspojd! dbst-! fmfduspojd!

dbmdvmbupst-!dpsemftt!fmfduspojd!tibwfst!boe!usbotjtupst/!Uifz!ibwf!ijhi!fofshz!

efotjuz!bsf!bcmf!up!sfmfbtf!fofshz!rvjdlmz!boe!dbo!cf!sbqjemz!sfdibshfe/

)jj*! Mjuijvn! Cbuufsjft! Mjuijvn! ibt! uif! nptu! ofhbujwf! tuboebse! sfevdujpo!

qpufoujbm!)Ï4/16!W*!pg!boz!nfubm-!tp! ju!ibt! mpu!pg!bqqfbm!bt!bo!bopef!nbufsjbm/!

Gvsuifsnpsf-! mjuijvn! jt! b!wfsz! mjhiu!nfubm-! dpssftqpoejohmz! mjuijvn!fnqmpzfe!

dfmm! jt! mjhiu! jo!xfjhiu/! Mjuijvn! cbuufsjft! gbmm! joup! uxp! dbufhpsjft;! )b*! qsjnbsz!

cbuufsjft! )dbo! cf! vtfe! podf! boe! ejtdbsefe! xifo! gvmmz! ejtdibshfe*! boe! )c*!

sfdibshfbcmf!dfmmt/

! )b*! Pof!pg!uif!nptu!dpnnpo!mjuijvn!qsjnbsz!dfmm!jt!uif!mjuijvn!nbohboftf!

ejpyjef!cbuufsz/!Uijt!dfmm!vtft!b!tpmje!mjuijvn!bopef!boe!b!dbuipef!nbef!

pg!ifbu.usfbufe!NoP3/!Uif!fmfduspmzuf!jt!b!njyuvsf!pg!qspqzmfof!dbscpobuf!

boe!ejnfuipyz!fuibof!dpoubjojoh!ejttpmwfe!tbmu!tvdi!bt!MjDmP5/

O C

O

O

CH2

C
H

CH2

CH — CH3

H3C

H3C

O

O

Polypropylene carbonate dimethoxy ethane

! ! Uif!dfmm!sfbdujpot!bsf!bt!gpmmpxt;

! ! ! Mj!Æ!Mj,!,!fÏ! )Bopef*

! ! ! NoJWP3!,!Mj,!,!fÏ!Æ!NoJJJP3)Mj*! )Dbuipef*

! ! ! Mj!,!NoJWP3!Æ!NoJJJP3)Mj*! )Ofu!dfmm!sfbdujpo*

! ! Uijt! dfmm! qspevdft! b! wpmubhf! pg! bcpvu! 4/5!W!xijdi! jt!npsf! uibo! uxjdf!

uibu!pg!bo!bmlbmjof!esz!dfmm-!boe!cfdbvtf!pg!uif!mjhiu!xfjhiu!pg!mjuijvn-!ju!

qspevdft!npsf!uibo!uxjdf!bt!nvdi!fofshz!gps!b!hjwfo!xfjhiu/

! ! Bqqmjdbujpot! Uiftf! dfmmt! bsf! vtfe! jo! bqqmjdbujpot! uibu! sfrvjsf! b! ijhifs!

dvssfou!esbjo!ps!fofshz!qvmtft!)qipupÞbti*/
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! )c*! Mjuijvn! jpo! dfmmt! )Sfdibshfbcmf*;! Uiftf! dfmmt! ep! opu! dpoubjo! nfubmmjd!

mjuijvn!ifodf!uifz!bsf!dbmmfe!mjuijvn!jpo!dfmmt!boe!vtf!mjuijvn!jpot!jotufbe/!

Jo!gbdu-! uif!dfmmÔt!pqfsbujpo!epft!opu!bduvbmmz!jowpmwf!usvf!pyjebujpo!boe!

sfevdujpo/! Cvu! ju! vtft! uif! usbotqpsu! pg! Mj,! jpot! uispvhi! uif! fmfduspmzuf!

gspn!pof!fmfduspef!up!uif!puifs!bddpnqbojfe!cz!uif!usbotqpsu!pg!fmfduspot!

uispvhi!uif!fyufsobm!djsdvju!up!nbjoubjo!dibshf!cbmbodf/

! ! ! Ju!xbt!ejtdpwfsfe!uibu!Mj,!jpot!bsf!bcmf!up!tmjq!cfuxffo!uxp!mbzfst!pg!

bupnt!jo!dfsubjo!dsztubmt!tvdi!bt!hsbqijuf!boe!MjDpP3/!Xifo!uif!dfmm! jt!

dpotusvdufe-!ju!jt!jo!jut!vodibshfe!tubuf!xjui!op!Mj,!jpot!cfuxffo!uif!mbzfst!

pg!dbscpo!bupnt!jo!uif!hsbqijuf/!Xifo!uif!dfmm!jt!ejtdibshfe-!Mjuijvn!jpot!

mfbwf!MjDpP3!boe!usbwfm!uispvhi!uif!fmfduspmzuf!up!uif!hsbqijuf!)D7*/

! ! Jojujbm!dibshjoh

! ! ! MjDpP3!,!hsbqijuf!)D7*!Æ!Mj2Ïy!DpP3!,!MjyD7

! ! Xifo!uif!dfmm!tqpoubofpvtmz!ejtdibshft!up!qspwjef!fmfdusjdbm!qpxfs-!Mj,!

jpot! npwf! cbdl! uispvhi! uif! fmfduspmzuf! up! uif! dpcbmu! pyjef! xijmf! uif!

fmfduspot!npwf!uispvhi!fyufsobm!djsdvju!gspn!uif!hsbqijuf!fmfduspef!up!uif!

dpcbmu!pyjef!fmfduspef/!Jg!xf!sfqsftfou!bnpvou!pg!Mj,!usbotgfssjoh!cz!ÓzÔ-!
uif!ejtdibshf!sfbdujpo!jt

! ! Ejtdibshf

! ! ! Mj2ÏyDpP3!,!MjyD7!Æ!!Mj2Ï!y!,!z!DpP3!,!Mjy!Ï!zD7

! ! Uivt-! uif! dibshjoh! boe! ejtdibshjoh! dzdmf! tjnqmz! txffq! Mj,! jpot! cbdl!

boe!gpsui!cfuxffo!uxp!fmfduspeft!xjui!fmfduspot!Þpxjoh!uispvhi!fyufsobm!

djsdvju!up!lffq!uif!dibshf!cbmbodf/

Electron flow Electron flow

Li
+

Li
+

Li
+

Li
+

Li
+

Li
+

Li
+

Li
+

Li
+

Li
+

Li
+

Li
+

Metal electrode

LiCoO2Graphite Li CoO1–x 2Graphite [Li ]
+

x

Charging
device

+–

Charge cycle

+–

Load

Discharge cycle

(a) (b)

Gjh/!2/:! Mjuijvn! jpo! dfmm/! )b*! Evsjoh! uif! dibshjoh! dzdmf-! bo! fyufsobm! wpmubhf! gpsdft!
fmfduspot! uispvhi! uif! fyufsobm! djsdvju! boe! dbvtft! mjuijvn! jpot! up! usbwfm! gspn! uif!
MjDpP3!fmfduspef!up!uif!hsbqijuf!fmfduspef/!)c*!Evsjoh!ejtdibshf-!uif! mjuijvn!jpot!
tqpoubofpvtmz!njhsbuf!cbdl! up! uif!MjDpP3!fmfduspef-!boe!fmfduspot!ßpx! uispvhi!

uif!fyufsobm!djsdvju!up!cbmbodf!uif!dibshf
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! 2/4
GVFM!DFMMT

Uif!hbmwbojd!dfmmt!dbo!pomz!qspevdf!fmfdusjdbm!fofshz!gps!b!mjnjufe!ujnf!cfdbvtf!

uif!fmfduspef!sfbdubout!bsf!fwfouvbmmz!efqmfufe/!Gvfm!dfmmt!bsf!ejggfsfou<!uifz!bsf!

fmfduspdifnjdbm! dfmmt! jo! xijdi! fmfduspef! sfbdubout! bsf! tvqqmjfe! dpoujovpvtmz!

boe! bsf! bcmf! up! pqfsbuf! xjuipvu! uifpsfujdbm! mjnju! bt! mpoh! bt! uif! tvqqmz! pg!

sfbdubout! jt! nbjoubjofe/! Uijt! nblft! gvfm! dfmmt! bo! buusbdujwf! tpvsdf! pg! qpxfs!

xifsf!mpoh.ufsn!hfofsbujpo!pg!fmfdusjdbm!fofshz!jt!offefe/

Jo! b! gvfm! dfmm-! bo! fmfdusjdbm! fofshz! jt! pcubjofe! xjuipvu! dpncvtujpo! gspn!

pyzhfo!boe!b!hbt!uibu!dbo!cf!pyjejtfe/!B!gvfm!dfmm!dpowfsut!uif!difnjdbm!fofshz!

pg!uif!gvfmt!ejsfdumz!up!fmfdusjdjuz/

Uif!jnqpsubou!qspdftt!jo!uif!gvfm!dfmm!jt

Gvfm!,!P3!Æ!!Pyjebujpo!qspevdu!,!Fmfdusjdjuz

2/4/2! IzesphfoÐPyzhfo!Gvfm!Dfmm

Pof! pg! uif! tjnqmftu! boe! tvddfttgvm! gvfmt! jt! izesphfo.pyzhfo! gvfm! dfmm/! Ju!

dpotjtut! pg! bo! fmfduspmzuf-! b! ipu! )�311¡D*! dpodfousbufe! tpmvujpo! pg! LPI! jo!

uif!dfousf!dpnqbsunfou-! jt! jo!dpoubdu!xjui! uxp!qpspvt!fmfduspeft! uibu!dpoubjo!

dbubmztu! )vtvbmmz! qmbujovn*! up! gbdjmjubuf! uif! fmfduspef! sfbdujpot/! Hbtfpvt!

izesphfo! boe! pyzhfo! voefs! qsfttvsf! bsf! djsdvmbufe! tp! bt! up! dpnf! jo! dpoubdu!

xjui!uif!fmfduspeft/!Uif!fmfduspef!sfbdujpot!bsf!bt!gpmmpxt;

! P3)h*!,!3I3P!,!5fÏ!Æ!!5PIÏ!)br*! )Dbuipef*

! I3)h*!,!3PIÏ)br*!Æ!!3I3P!)m*!,!5fÏ! )Bopef*

! 3I3)h*!,!P3)h*!Æ!!3I3P!)m*! Ofu!dfmm!sfbdujpo

Uif!tuboebse!FNG!pg!uif!dfmm!jt-!

F¡!>!F¡py!,!F¡sfe!>!1/94!W!,!1/51!>!2/34!W

Jo!bduvbm!qsbdujdf-!uif!FNG!pg!dfmm!jt!1/9!up!2/1!W/!Hfofsbmmz-!mbshf!ovncfs!pg!

uiftf!dfmmt!bsf!dpoofdufe!jo!tfsjft!up!nblf!b!cbuufsz!dbmmfe!gvfm!dfmm!cbuufsz!ps!

gvfm!cbuufsz/

IzesphfoÏpyzhfo!gvfm!dfmmt!bsf!bo!buusbdujwf!bmufsobujwf!up!hbtpmjof!qpxfsfe!

fohjof-!qbsujdvmbsmz!cfdbvtf!uifz!bsf!qpmmvujpo!gsff!boe!uif!pomz!qspevdu!pg!uif!

sfbdujpo! jt! ibsnmftt! xbufs/! Gvfm! dfmmt! bsf! bmtp! uifsnpezobnjdbmmz! fgÝdjfou-!

dpowfsujoh! bt!nvdi! bt! 86&! pg! bwbjmbcmf! fofshz! up! vtfgvm! xpsl! dpnqbsfe! up!

bqqspyjnbufmz!36Ï41&!gps!hbtpmjof!boe!ejftfm!fohjoft/
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Gjh/!2/21! IzesphfoÐpyzhfo!gvfm!dfmm

Uif! nbkps! qspcmfnt! bttpdjbufe! xjui! gvfm! dfmmt! bsf! )j*! fofshz! dptu! pg!

hfofsbujoh!I3!gvfm!)jj*!qspcmfn!jo!qspwjejoh!tupsbhf!boe!ejtusjcvujpo!pg!ijhimz!

Þbnnbcmf!izesphfo!boe!)jjj*!bwbjmbcjmjuz!pg!bmufsobujwf!gvfmt/

Bqqmjdbujpot

! 2/! Izesphfo!Ï!pyzhfo!gvfm!dfmmt!bsf!vtfe!bt!bvyjmjbsz!fofshz!tpvsdf!jo!tqbdf!

wfijdmft-!tvcnbsjoft-!ps!njmjubsz!wfijdmft/

! 3/! Uif!xfjhiu!pg!gvfm!cbuufsz!gps!26!ebzt!tqbdf!jt!bcpvu!361!lh/

! 4/! Jo!dbtf!pg!izesphfoÏpyzhfo!gvfm!dfmmt-!uif!qspevdu!pg!xbufs!qspwft!up!cf!b!

wbmvbcmf!tpvsdf!pg!gsfti!xbufs!up!uif!btuspobvut/

2/4/3! Nfuibopm!Gvfm!Dfmm

Nfuibopm!pyzhfo!jt!bopuifs!jnqpsubou!gvfm!dfmm/!Ju!jt!b!tvc.dbufhpsz!pg!qspupo.

fydibohf! gvfm! dfmmt/! Uif! ejsfdu! nfuibopm! gvfm! dfmm! sfmjft! vqpo! uif! pyjebujpo!

pg!nfuibopm! po! dbubmztu! mbzfs! up! gpsn!DP3/!Xbufs! jt! dpotvnfe! bu! uif! bopef!

xijdi! jt! qspevdfe! bu! dbuipef/! Uif! qptjujwf! jpot! )I,*! bsf! usbotgfssfe! bdsptt!

uif!qspupo!fydibohf!nfncsbof/!Pgufo!nbef!gspn!bopef!up!uif!dbuipef!xifsf!

uifz!sfbdu!xjui!pyzhfo!up!qspevdf!xbufs/!Fmfduspot!bsf!usbotqpsufe!uispvhi!bo!

fyufsobm!djsdvju!gspn!bopef!up!dbuipef-!qspwjejoh!qpxfs!up!b!dpoofdufe!efwjdf/!

Dvssfoumz-! qmbujovn! jt! vtfe! bt! dbubmztu! jo! cpui! ibmg.sfbdujpot/! Nfuibopm! boe!

xbufs!bsf!bctpscfe!po!b!dbubmztut!vtvbmmz!nbef!pg!qmbujovn!qbsujdmft!boe! mptf!

qspupot!voujm!DP3!jt!gpsnfe/

Nfuibopm!ps!Xbufs!njyuvsf!jt!djsdvmbufe!uispvhi!bo!bopef!pg!dfmm!xijmf!P3!ps!

bjs!jt!djsdvmbufe!bu!dbuipef!pg!uif!dfmm!bt!tipxo!jo!Gjh/!2/22/

! Uif!ibmg!dfmm!sfbdujpot!bsf;

Pyjebujpo! DI4PI!)m*!,!I3P!)m*!Æ!DP3!)h*!,!7I,!)br*!,!7fÏ! )Bopef*

Sfevdujpo! 403P3!)h*!,!7I,)br*!Æ!4I3P)m*! )Dbuipef*

Sfepy!sfbdujpo! DI4PI)m*!,!403P3)h*!Æ!DP3)h*!,!3I3P)m*! Ofu!dfmm

! ! ! sfbdujpo
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Gspn! uif! dfmm! sfbdujpo-! ju! jt! pctfswfe! uibu! gps! uif! gpsnbujpo! pg! uif! Ýobm!

qspevdu!DP3-!xbufs!ibt!up!cf!beefe/!Uif!tjy!fmfduspot!qbtt!uif!mpbe!sftjtubodf!

pg!uif!pvufs!djsdvju!boe!bsf!dpotvnfe!bu!uif!dbuipef!uphfuifs!xjui!tjy!qspupot/!

Gps!uif!sfbdujpo!pg!pof!npmfdvmf!pg!nfuibopm-!403P3!npmfdvmft!xjmm!cf!sfevdfe!

up!4I3P!boe!bu!b!tubujpobsz!npef-!qbsu!pg!uijt!xbufs!ibt!up!cf!jouspevdfe!bu!uif!

gvfm!dpnqbsunfou!bhbjo/!Gspn!uijt-!gps!b!tjy!fmfduspo!dibshf!usbotgfs-!b!tuboebse!

dfmm!wpmubhf!pg!2/32!W!boe!bo!fofshz!efotjuz!pg!7!lxi0lh!nfuibopm!jt!qspevdfe/

Gjh/!2/22! Nfuibopm!gvfm!dfmm!

Mjnjubujpot

! 2/! Evsjoh!uif!nfuibopm!pyjebujpo!sfbdujpo-!DP!jt!gpsnfe!xijdi!jt!tuspohmz!

bctpscfe!po!up!qmbujovn!dbubmztu-!sfevdjoh!uif!tvsgbdf!bsfb!boe!mpxfsjoh!

uif!qfsgpsnbodf/

! 3/! Nfuibopm!jt!upyjd!boe!Þbnnbcmf/!Ifodf!vunptu!dbsf!ibt!up!cf!ublfo/

! 4/! Mjnjufe!jo!uif!qpxfs!uifz!qspevdf/

! 5/! Uif!fgÝdjfodz!pg!dvssfou!jt!mpx!evf!up!uif!ijhi!qfsnfbujpo!pg!nfuibopm!

uispvhi!nfncsbof!nbufsjbm!vtfe!xijdi!jt!lopxo!bt!nfuibopm!dsptt!pwfs/

Bewboubhft

! 2/! Tupsbhf! pg! nfuibopm! jt! nvdi! fbtjfs! uibo! I3! bt! ju! epft! opu! offe! ijhi!

qsfttvsf! ps! mpx! ufnqfsbuvsf! tjodf! nfuibopm! jt! mjrvje! gspn! Ï:8/1¡D! up!

75/8¡D!)Ï253/7¡G!up!259/6¡G*/

! 3/! Uif!fofshz!efotjuz!pg!nfuibopm!)uif!bnpvou!pg!fofshz!dpoubjofe!jo!b!hjwfo!

wpmvnf*! jt! bo!psefs!pg!nbhojuvef!hsfbufs! uibo!fwfo!ijhimz!dpnqsfttfe!

izesphfo/
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! 2/5
! FMFDUSPDIFNJDBM!TFOTPST

Tfotps! jt! b! efwjdf-!xijdi!xjmm! qspwjeft! jogpsnbujpo! jo! sftqfdu! pg! uif! tbnqmf!
dpoujovpvtmz-! jo! uif! gpsn! pg! bobmzujdbm! bttbz! zjfmet! jogpsnbujpo! jo! ejtdsfuf!
tufqt/! Fmfduspdifnjdbm! tfotpst! bsf! uif! mbshftu! hspvq! pg! difnjdbm! tfotpst-!
sfqsftfoujoh!bspvoe!69&!pg!uif!upubm!bwbjmbcmf/!Jo!beejujpo!up!uijt-!puifs!uzqft!
bsf!pqujdbm!)35&*-!nbtt!)23&*!boe!uifsnbm!)7&*/!Uijt!dbufhpsj{bujpo!jt!cbtfe!
po! uif! hfofsbm! usbotevdujpo! qsjodjqmft! jf/! Ipx! uif! jogpsnbujpo! jt! pcubjofe/!
Fmfduspdifnjdbm!tfotpst!bsf!fmfdusp!bobmzujdbm!efwjdft!uibu!pxf!uifjs!qpqvmbsjuz!
boe! tvddftt! up! uif! ejtdjqmjof! pg! fmfduspdifnjtusz-! xijdi! qspwjeft! uif! tuspoh!
tdjfoujÝd! cbtf! po! xijdi! uifz! tuboe/! Uifjs! qvsqptf! jt! up! qspwjef! jogpsnbujpo!
bcpvu! uif!difnjdbm! fowjsponfou!boe! uif!hspxjoh!offe! gps! sfmjbcmf! tpvsdft!pg!
jogpsnbujpo!hvbsboufft!uifjs!gvuvsf/

! Pof!pg! uif! jnqpsubou!bqqmjdbujpot!pg!fmfduspdifnjdbm! tfotps! jt! b!xfmmlopxo!
cmppe!hmvdptf!uftu!fnqmpzfe!gps!ejbcfujd!qbujfou!jt!bo!bttbz!)uibu!jt-!pof!wbmvf!
qfs!uftu*-!xijmf!bo!fo{znbujd!hmvdptf!fmfduspef!jt!dbqbcmf!pg!opujdjoh!dibohft!
pg! cmppe! hmvdptf! dpoujovpvtmz-! vq! boe! epxo/! Hfofsbmmz-! b! difnjdbm! tfotps!
gpmmpxt! uif! dibohft! pg! dpodfousbujpo! pg! tpnf! difnjdbm! jo! b! qsfejdubcmf! boe!
dpoujovpvt!gbtijpo/!Gspn!boe!bobmzujdbm!difnjtusz!qfstqfdujwf-! uif!cftu!tdpqf!
pg! fmfduspdifnjtusz! jt! uif! ejsfdu! dpowfstjpo! pg! difnjdbm! jogpsnbujpo! joup!
bo! fmfdusjdbm! tjhobm-!Uifsf! jt! op! ofdfttjuz! gps!nbhofut-! mjhiu! cvmct-! mbtfst-! ps!

wbdvvn!qvnqt/

Tdifnbujd!Sfqsftfoubujpo!pg!Fmfduspdifnjdbm!Tfotps
Uif! fmfduspdifnjdbm! tfotps! nbjomz! dpotjtut! pg! pvufs! gsbnf! dpoubjojoh! bo!
fmfduspmzuf! hfm! boe! uisff! fmfduspeft/!Bu! uif! upq! pg! uif! gsbnf! ju! tipvme! ibwf!
hbt! qfsnfbcmf!nfncsbof/!Uif! fmfduspeft! bsf! dbsfgvmmz! dpotusvdufe!xjui! ijhi!
tfotjujwjuz-! mpoh! mjgf! boe! bmmpx! mbshf! tvsgbdf! bsfb/! Fbdi! dfmm! tibmm! dpotusvdu!
xjui! tqfdjbm! Ýmufs! fmfduspeft! boe! fmfduspmzuft! gps! ijhi! tqfdjÝdjuz! bt! qpttjcmf/!
Uijt!xjmm!ifmqgvm!gps!bmmpxjoh!pg!mbshfs!tjhobm-!jnnfejbuf!sftqpotf!boe!fwfo!b!
tnbmmfs!wpmvnf!pg!fmfduspmzuf!xjmm!qspwjef!tbnf!sftqpotf/!Uif!cmpdl!ejbhsbn!

pg!fmfduspdifnjdbm!tfotps!jt!tipxo!jo!Gjhvsf!2/23/!

Gjh/!2/23! Cmpdl!Ejbhsbn!pg!Fmfduspdifnjdbm!tfotps
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Dmbttjgjdbujpo!pg!Fmfduspdifnjdbm!Tfotps

Fmfduspdifnjdbm! tfotpst! bsf! efwjdft! uibu! fwbmvbuf! jogpsnbujpo! bcpvu! tbnqmf!

gspn! nfbtvsfnfou! pg! tpnf! fmfdusjdbm! qbsbnfufs! wbsjbujpot/!Bddpsejoh! up! uif!

nfbtvsft! fmfdusjdbm! qbsbnfufs-! uif!Fmfduspdifnjdbm!Tfotpst! ejwjefe! joup! uisff!

ljoet/

Uifz!bsf;

! )j*! Qpufoujpnfusjd! Tfotpst! jg! xf! nfbtvsf! ejggfsfodf! pg! uxp! qpufoujbmt! )jo!

wpmut*

! )jj*! Bnqfspnfusjd!Tfotpst!jg!uif!qbsbnfufs!pg!joufsftu!jt!dvssfou!)jo!bnqfsft*!

boe

! )jjj*! Difnjsftjtupst!ps!Dpoevdupnfusjd!Tfotpst! jg!xf!nfbtvsf! sftjtubodf! )jo!

pint*!ps!dpoevdubodf!)uif!sfdjqspdbm!pg!sftjtubodf*

! Uiftf! uisff! ljoet! pg! tfotpst! bsf! xpsljoh! cbtfe! po! uif! cbtjd! qsjodjqmf! pg!

pinÔt!Mbx! jf/!Uif!qpufoujbm! ejggfsfodf! jo! b! djsdvju! jt! frvbm! up! uif!qspevdu! pg!

uif!dvssfou!boe!uif!sftjtubodf/!Ipxfwfs-! uifz!bmm!ibwf!uxp!uijoht! jo!dpnnpo/!

Gjstu-! uif! nfbtvsfnfou! nvtu! cf! epof! xjui! dmptfe! fmfdusjdbm! djsdvju-! nfbojoh!

uibu!b!izqpuifujdbm!)uftu*!dibshf!dbo!cf!qbttfe!uispvhi!uif!fmfdusjdbm!djsdvju!boe!

sfuvsofe! up! jut! psjhjo/! Tfdpoe-! fmfdusjdbm! ofvusbmjuz! )jg! ju! dpoubjot! fmfdusjdbmmz!

dibshfe! qbsujdmft! uif! upubm! tvn! pg! ofhbujwf! dibshft!xjmm! cf! frvbm! up! uif! upubm!

tvn!pg!qptjujwf!dibshft!jg!uijt!dpoejujpo!up!b!tpmvujpo!pg!fmfduspmzuft!jnqmjft!uif!

frvbmjuz!pg! uif! upubm!qptjujwf! jpojd!dibshft! up! uif! upubm!ofhbujwf! jpojd!dibshft/!

Uijt! frvbmjuz! tipvme!ipme!fwfo!bt!xf! tvcejwjef! uif! tpmvujpo! joup! tnbmmfs! boe!

tnbmmfs! wpmvnf! fmfnfout*/! Uibu! nfbot! jg-! gps! fybnqmf-! b! qptjujwf! dibshf! jt!

beefe!bu!pof!qmbdf!pg!uif!dmptfe!djsdvju!bopuifs!qptjujwf!dibshf!nvtu!cf!ublfo!

pvu! )ps! b! ofhbujwf! dibshf! beefe*! tpnfxifsf! fmtf/!B! dmptfe! fmfduspdifnjdbm!

djsdvju!vtfe!gps!tfmfdujwf!efufsnjobujpo!pg!qI!jt!tipxo!jo!Gjhvsf!2/24/

Gjh/! 2/24! Gps! fmfduspdifnjdbm! tfotpst-! dmptfe! fmfdusjdbm! djsdvju! jt! b! dpnnpo! sfrvjsfnfou/!Uif!

difnjdbm! tqfdjÞdjuz! )sfdphojujpo*! dpnft! gspn! uif! jpo! tfmfdujwf! fmfduspef! xijdi! jt!

dpoofdufe!up!bnqmjÞfs/

2/5/2! Qpufoujpnfusjd!Tfotpst

Jpo!Tfmfdujwf!Fmfduspef!)JTF*!tfu.vq!gps!nptu!usvf!sfqsftfoubujwf!Qpufoujpnfusjd!

Tfotps! xijdi! jt! tipxo! jo! Gjhvsf! 2/25/! Jpo! Tfmfdujwf! Fmfduspef! jt! fmfduspef!

ps! fmfduspef! bttfncmz!xjui! b! qpufoujbm! uibu! jt! efqfoefou! po! uif! dpodfousbujpo!
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pg! bo! jpojd! tqfdjft! jo! uif! uftu! tpmvujpo! boe! jt! vtfe! gps! fmfdusp! bobmztjt/!Nptu!

dpnnpo! Jpo.tfmfdujwf! fmfduspeft! bsf! pgufo! nfncsbof! uzqf! fmfduspeft/! Jo!

Jpo!Tfmfdujwf!Fmfduspef-! uif! sfdphojujpo!pg!izesphfo! jpo! jt!epof!cz! uif!hmbtt!

fmfduspef! )B!nfncsbof! fmfduspef!xjui! b! uijo! hmbtt!nfncsbof! )vtvbmmz! jo! uif!

gspn!pg!b!cvmc!bu! uif!foe!pg!b!hmbtt! uvcjoh*! tfotjoh!fmfnfou/! Ju! jt!nptu!pgufo!

vtfe!bt! b!qI!fmfduspef-!cvu! tpnf!hmbtt! dpnqptjujpot! dbo! bmtp!cf! tfotjujwf! up!

uif! dpodfousbujpo! pg! puifs! dbujpot! )f/h/-! tpejvn**-! xijdi! jt! dpvqmfe!xjui! uif!

sfgfsfodf!fmfduspef! up!dpnqmfuf! uif!fmfdusjdbm!djsdvju<!boe! uif!tfotps!nfbtvsft!

uif! qpufoujbm! ejggfsfodf! cfuxffo! uiftf! uxp! fmfduspeft/! Tjodf! uif! fmfduspef! jt!

Ñtfmfdujwf! gps! pof! jpo-! jo! qsfgfsfodf! up! puifs! jpotÒ/!Uif!Ñnpuifs!pg! bmm! jpo.

tfmfdujwf! fmfduspeftÒ! jt! uif! hmbtt! fmfduspef-!xijdi! jt! tfmfdujwfmz! tfotjujwf! up!

izesphfo! jpot! )qI*/! Ju! ibt! bo! btupojtijoh! ezobnjd! sbohf! pg!~47!qI!vojut-! ju!

jt!ijhimz!tfmfdujwf!boe!xpvme! joufsgfsf!pomz!gfx!jpot/!Uif!hsfbufs!uijoh! jt! ju!

jt! pmeftu! pg! bmm! fmfduspdifnjdbm! tfotpst/!Cfdbvtf! ju! ibt! wfsz! ijhi! sftjtubodf!

)njmmjpot! pg! pint*-! evf! up! jut! uijo! hmbtt! nfncsbof-! ju! sfrvjsft! b! ijhi! joqvu!

jnqfebodf! bnqmjÝfs! gps! jut! pqfsbujpo! tipxo! jo! Gjhvsf! 2/25b-! xijdi! xbt!

jouspevdfe! cz!Bsopme!Cfdlnboo/!Uif! bobmzujdbm! qpufoujpnfusz! ibt!Þpvsjtife!

fwfs!tjodf/

Xpsljoh! Qsjodjqmf! pg! Qpufoujpnfusjd! Tfotpst;! Uif! xpsljoh! qsjodjqmf! pg!

hmbtt! fmfduspef! jt! tjnjmbs! boe! dpnnpo! up! bmm! JTFt! )Jpo!Tfmfdujwf!Fmfduspeft*/!

Uif!hmbtt!fmfduspef!nbz!cf!sfqsftfoufe!bt!gpmmpxt;

Bh-!BhDm02N!IDm0I,!)uftu!tpmvujpo*

Xifo! qmbdfe! jo! b! tpmvujpo-! uif! qpufoujbm! pg! hmbtt! fmfduspef! efqfoet! po! uif!

dpodfousbujpo! pg!I,! jpot! jo! uif! tpmvujpot/!Uif! qpufoujbm! efwfmpq! bdsptt! hmbtt!

nfncsbof! bt! uif! sftvmu! pg! b! dpodfousbujpo! ejggfsfodf! pg! I,! jpot! po! uif! uxp!

tjeft!pg!nfncsbof/

! Hmbtt-! bgufs! ju! ibt! cffo! fyqptfe! up!xbufs-! betpsct! boe! efwfmpqt! b! wfsz! uijo!

izesbufe-! hfm.mjlf! mbzfs! bu! jut! tvsgbdf/!Izesphfo! jpo! bwbjmbcmf! jo! uif! tpmvujpo!

mjlft!up!cf!jo!uijt!hfm!mbzfs-!npsf!tp!uibo!jo!uif!tpmvujpo/!Uifsfgpsf!ju!qbsujujpot!

cfuxffo! uif! tpmvujpo! boe! uif! izesbufe! hmbtt! boe! ftubcmjtift! b! qbsujujpojoh!

frvjmjcsjvn/! Cfdbvtf! izesphfo! jpo! dbssjft! qptjujwf! dibshf! boe! cfdbvtf! ju!

ÑmjlftÒ! uif! hmbtt! npsf! uibo! xbufs-! uif! hfm! mbzfs! cfdpnft! qptjujwfmz! dibshfe!

xjui! sftqfdu! up! uif! tpmvujpo/! Jo! puifs!xpset-! uif! dibshft! ibwf!cffo! tfqbsbufe!

boe!xifo!uibu!ibqqfot!bo!frvjmjcsjvn!qpufoujbm!jt!gpsnfe/!Jg!uif!dpodfousbujpo!

)bnpvou!pg!ejttpmwfe*!nbufsjbm!)tpmvuf*!jo!b!tpmvujpo*!pg!izesphfo!jpo!dibohft!

jo! uif! tpmvujpo-! npsf! ps! mftt! jpot! bsf! qbsujujpofe! joup! uif! hmbtt-! usbdljoh! uif!

dpodfousbujpo!dibohft/

! Uif!pgufo!nfoujpofe!qI!tfotps!jt! uif!nptu!jnqpsubou!boe!nptu!xjefmz!vtfe!

qpufoujpnfusjd! tfotps! bt! ju! nfbtvsft! uif! bdjejuz0bmlbmjojuz! pg! tpmvujpot<! b!

qbsbnfufs!jnqpsubou!jo!nboz!qsbdujdbm!bsfbt-!tvdi!bt!fowjsponfoubm!qspufdujpo-!

bhsjdvmuvsf-!cjpmphz-!nfejdjof-!boe!nboz!difnjdbm!qspdfttft/

! B! hppe! tfotps!nbz! cf! efÝofe! bt! uif! bcjmjuz! pg! b! tfotps! up! sftqpoe! up! uif!

tqfdjft! pg! joufsftu-! sfhbsemftt! pg! uif! qsftfodf! pg! puifs! tqfdjft-! xijdi! bsf!



Fmfduspdifnjtusz! 38

dbmmfe!joufsgfsbout/!Uifsfgpsf-!jg!J!xbou!up!nfbtvsf!dpodfousbujpo!pg!tpnf!jpo-!

gps! fybnqmf! dimpsjef! jpo-! ju! jt!nvdi!npsf! ejgÝdvmu! up!nfbtvsf! ju! jo! b! ÑejsuzÒ!

tbnqmf-! dpoubjojoh! nboz! puifs! jpot! boe! puifs! difnjdbmt-! uifo! jo! uif! qvsf!

tpmvujpo! dpoubjojoh! pomz! ejttpmwfe! tpejvn! dimpsjef/!B! hppe-! ijhimz! tfmfdujwf!

tfotps!xjmm!ep!uif!kpc!fwfo!jo!uif!dpnqmfy!tbnqmf/

! Ofsotu! Frvbujpo! jt! efÝojoh! uif! frvjmjcsjvn! qpufoujbm! pg! bo! fmfduspef/! Uif!

qpufoujbm! jt! uif! tvn!pg! uif! tuboebse! fmfduspef! qpufoujbm! boe! b! dpssfdujpo! ufsn!

gps!uif!efwjbujpo!gspn!voju!dpodfousbujpot!pg!uif!sfbdubou!boe!uif!qspevdu!pg!uif!

fmfduspef!sfbdujpo!jo!uif!tpmvujpo;!jg!uif!ÑsfevdfeÒ!gspn!jt!b!nfubm-!b!qvsf!nfubm!

)opu!bmmpzfe!xjui!puifs!nfubmt*!jt!dpotjefsfe!up!cf!bu!voju!dpodfousbujpo/

F!>!F¡!,!T!¥!mph!
C

C

0

red

x

Cbtjd! Sfrvjsfnfou! pg! Qpufoujpnfusjd! tfotps;! Ju! sfrvjsft! b! tubcmf! boe!

sfqspevdjcmf!sfgfsfodf!tipxo!jo!Gjhvsf/!2/25c/!Bo!fmfduspef!ibt!b!xfmm!lopxo!

boe!tubcmf!frvjmjcsjvn!fmfduspef!qpufoujbm/!Ju!jt!vtfe!bt!b!sfgfsfodf!qpjou!bhbjotu!

xijdi!uif!qpufoujbm!pg!puifs!fmfduspeft!)uzqjdbmmz!uibu!pg!uif!xpsljoh!fmfduspef!

ps!nfbtvsjoh!fmfduspef*!dbo!cf!nfbtvsfe!jo!bo!fmfduspdifnjdbm!dfmm/!Jo!qsbdujdf-!

uifsf! bsf! b! gfx! dpnnpomz.vtfe! fmfduspef! bttfncmjft! uibu! ibwf! bo! fmfduspef!

qpufoujbm! joefqfoefou! pg! uif! fmfduspmzuf! vtfe! jo! uif! dfmm/! Fybnqmft;! tjmwfs.

dimpsjef!fmfduspef-!dbmpnfm!fmfduspef!)1/355!W*-!boe!izesphfo!fmfduspef!)1/1W*/!

Uif! fmfduspef! dbo! cf! vtfe! bt! b!nfbtvsjoh! fmfduspef! jo! b! tfotps! up! efufsnjof!

uif!izesphfo!jpo!dpodfousbujpo!)qI*-!ps!ju!dbo!cf!vtfe!bt!b!sfgfsfodf!fmfduspef!

jg! bmm! uif! dpodfousbujpot! bsf! lopxo! boe! dpotubou/! Ju! jt! wfsz! jnqpsubodf! uibu!

fybdumz! 61&!pg! jogpsnbujpo! gspn! uif!nfbtvsfnfou! dpnft! gspn! uif! sfgfsfodf!

fmfdusspef/! Jo! puifs!xpset-! fwfo! uif! cftu! JTF!xjuipvu! frvbmmz! hppe! sfgfsfodf!

fmfduspef!jt!xpsuimftt/

Gjh/! 2/25! Qpufoujpnfusjd! Tfotpst/! )b*! Jpo.tfmfdujwf! fmfduspef! )JTF*! xjui! sfgfsfodf! fmfduspef!

xjsfe!up!uif!Þfme.fggfdu!usbotjtups!bnqmjÞfs/!)c*!Uif!fmfdusjdbm!dpoofdujpo!cfuxffo!mpo!

Tfmfdujwf!Fmfduspef!boe!uif!bnqmjÞfs!jo!tipsufs/

Hmvdptf!qpufoujpnfusjd!tfotps;! Hmvdptf!jt!bo!fmfdusjdbmmz!ofvusbm!npmfdvmf/!

Ifodf-! qbsujujpojoh! pg! hmvdptf-! ps! pg! boz! puifs! fmfdusjdbmmz! ofvusbm!npmfdvmf-!

up! uif! nfncsbof! epft! opu! zjfme! b! tjhobm/! Gps! eftjho! pg! b! qpufoujpnfusjd!

tfotps!gps!tvdi!npmfdvmft!pof!npsf!tufq!ibt! up!cf!nbef/!Jojujbmmz-! uif!ofvusbm!
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hmvdptf! npmfdvmf! ibt! up! cf! dpowfsufe! joup! jpot-! xijdi! bsf! uifo! tfmfdujwfmz`

efufdufe/!Fo{znbujd!pyjebujpo!pg!hmvdptf! up!hmvdpojd!bdje!boe! uif!tvctfrvfou!

nfbtvsfnfou!pg!uif!mjcfsbufe!izesphfo!jpot/

Uif!fmfduspdifnjdbm!sfbdujpot!qspdffe!bt!gpmmpxt;

!!!!hmvdptf!pyjebtf

EÏhmvdptf!,!P3!,!I3P!Æ EÏhmvdpojd!bdje!,!I3P3

! ! I3P3!Æ 3I,!,!P3!,!3!fÏ!

Xifo! hmvdptf! efizesphfobtf! )HEI*! xbt! bqqmjfe-! uif! fmfduspdifnjdbm!

sfbdujpot!vtjoh!fmfduspo!usbotgfs!nfejbups!jo!uif!hmvdptf!tfotpst!bsf!bt!gpmmpxt;

! HEI)PY*!,!EÏhmvdptf!Æ HEI)sfe*!,!dÏhmvdpmbdupof

! Nfejbups)PY*!,!HEI)sfe*!Æ!Nfejbups)sfe*!,!HEI)PY*!

! Nfejbups)sfe*!Æ!Nfejbups)PY*!,!fÏ

Mjlfxjtf-!izespmztjt!pg!dbscpo!ejpyjef!jo!xbufs!zjfmet!dbscpojd!bdje-!xijdi!

ejttpdjbuft! up! dbscpobuf! jpo! boe! izesphfo! jpo-! boe! uif! mbuifs! dbo! cf! bhbjo!

efufdufe!cz!b!qI!fmfduspef/

Vsjof! hmvdptf!nfbtvsfnfou! jt! gbs! jogfsjps! up! cmppe! hmvdptf!nfbtvsfnfou-!

tjodf! )j*! hmvdptf! pomz! bqqfbst! jo! uif! vsjof!xifo! ju! ibt! fydffefe! b! uisftipme!

mfwfm! jo! cmppe-! xijdi! wbsjft! gspn! qfstpo! up! qfstpo-! boe! )jj*! uif! vsjof!

nfbtvsfnfou!joufhsbuft!b!hmvdptf!wbmvf!pwfs!uif!ujnf!sfrvjsfe!gps!uif!cmbeefs!

up!Ýmm/

2/5/3! Bnqfspnfusjd!Tfotpst!)Wpmubnnfusjd!Tfotpst*

Uijt!jt!tfdpoe!ljoe!pg!fmfduspdifnjdbm!tfotpst/!Uif!qsjodjqmf!pg!Bnqfspnfusz!

jt!cbtft!po!uif!nfbtvsfnfou!pg!uif!dvssfou!cfuxffo!uif!Xpsljoh!boe!Dpvoufs!

Fmfduspef! xijdi! jt! joevdfe! cz! b! sfepy! sfbdujpo! bu! uif! Xpsljoh! Fmfduspef/!

Uif! tjhobm! ps! sftqpotf! jt! xjui! sftqfdu! up! uif! ejggvtjpo! dvssfou-! uibu! jt! jo!

bnqfspnfusjd! tfotpst/! Ju! jt! qspqpsujpobm! up! uif! dpodfousbujpo! pg! uif! tqfdjft-!

xijdi! bsf! cfjoh! fmfduspdifnjdbmmz! usbotgpsnfe! )uibu! jt-! sfevdfe! ps! pyjej{fe*!

bu! uif! fmfduspef/!Uif! sfepy! qspdftt! bu! uif! fmfduspef! sfqsftfou! dibshf! usbotgfs!

sfbdujpot!uibu!dbo!qspdffe!jo!fjuifs!ejsfdujpo!)pyjebujpo!ps!sfevdujpo*!fbdi!xjui!

jut! pxo! wfmpdjuz/! Tpnf! fmfduspdifnjdbm! sfbdujpot! qspdffe! wfsz! gbtu! jo! cpui!

ejsfdujpot! boe! uifjs! dibshf! usbotgfs! sftjtubodf! jt! wfsz! mpx! boe! dbmmfe! uifn!bt!

sfwfstjcmf/! Po! uif! puifs! iboe! tpnf! sfbdujpot! bsf! wfsz! tmpx! boe! uifjs! dibshf!

usbotgfs!sftjtubodf!jt!wfsz!ijhi-!tvdi!fmfduspef!sfbdujpot!dbmmfe!bt! jssfwfstjcmf/!

Uif!wfmpdjujft!pg!fmfduspef!sfbdujpot!efqfoet!po!uif!bqqmjft!qpufoujbm/!Bu!npsf!

ofhbujwf! qpufoujbm-! uif! sfevdujpo! jt! gbtufs! boe! jut! dibshf! usbotgfs! sftjtuobdf!

cfdpnft!tnbmm/!Uif!tbnf!jt!usvf!gps!sfwfstf!qspdfttft!j/f/-!gps!pyjebujpo/

! Uif!tj{f!pg!uif!fmfduspef!qmbzt!bmtp!b!wfsz!jnqpsubou!spmf!jo!uif!qfsgpsnbodf!

pg!bnqfspnfusjd! tfotps/!Fmfduspeft!xiptf!ejbnfufs! jt! tnbmmfs! uibo!31!mn-!tp!

dbmmfe!njdspfmfduspeft!ibwf!uif!cftu!qfsgpsnbodf!bt!difnjdbm!tfotpst/
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! Uif! qsjodjqmf! pg! pqfsbujpo! pg! pof! uif!nptu! tvddfttgvm! bnqfspnfusjd! tfotps!

uif! hmvdptf! tfotjujwf! fmfduspef/! Uifsf-! uif! cjpdbubmztu! jt! b! ijhimz! tfmfdujwf!

fo{znf! hmvdptf! pyjebtf/! Bo! fybnqmf! pg! bnqfspnfusjd! tfotps! efsjwjoh! jut!

tfmfdujwjuz!gspn!uif!nbtt!usbotqpsu!sftjtubodf!jt!pyzhfo!tfotps/

Vtfgvmoftt! pg!Bnfspnfusjd! tfotpst;! Uif! bcpwf! nfoujpofe! pyzhfo! tfotps!

)pgufo! dbmmfe! uif!Dmbsl! fmfduspef*! jt! bo! jnqpsubou! bnqfspnfusjd! tfotps-!nvdi!

vtfe! jo! xbufs! rvbmjuz! nfbtvsfnfout! bt! uif! ejttpmwfe! pyzhfo! dpoufou! pg! uif!

xbufs! jt! bo! jnqpsubou! fowjsponfoubm! gbdups! bggfdujoh! brvbujd! mjgf/! Nboz!

bnqfspnfusjd!tfotpst!bsf!vtfe!jo!hbt!bobmztjt!jo!ejwfstf!bsfbt!tvdi!bt!uif!gppe!

boe!cfwfsbhf!joevtusz-!boe!jo!ib{bsepvt!nbufsjbmt!fnfshfodz!sftqpotf!up!efufdu!

ebohfspvt!nbufsjbmt!mjlf!fyqmptjwf!ps!qpjtpopvt!hbtft/

Ftujnbujpo!pg!Vsjd!Bdje!)VB*

Vsjd! bdje! )VB*-! b! nbkps! ojusphfopvt! dpnqpvoe! jo! vsjof-! jt! uif! qspevdu! pg!

qvsjof!nfubcpmjtn!jo!uif!ivnbo!cpez!boe!jt!sfmbufe!up!nboz!dmjojdbm!ejtpsefst/!

Pof! pg! uif! nbkps! qspcmfnt! jo! cjpmphjdbm! efufsnjobujpot! pg! VB! dpnft! gspn!

fmfduspdifnjdbm! joufsgfsfodft!tvdi!bt!btdpscjd!bdje!)BB*-!xijdi!ibt!b!tjnjmbs!

pyjebujpo! qpufoujbm-! F 2Ï
3

!
ª! 311!nW! wfstvt! TDF-! bu! hsbqijuf! fmfduspeft-! boe! jt!

qsftfou!bu!ijhi!dpodfousbujpo! jo!cjpmphjdbm!tztufn/!Uifsf!bsf! uxp!nfuipet! gps!

uiff!nfbtvsfnfou!pg!VB-!fo{znbujd!boe!opo.fo{znbujd/

! Uif! fo{znbujd! qspdfevsft! vtjoh! vsjdbtf! ibwf! cffo! efwfmpqfe! cbtfe! po!

bnqfspnfujd!efufdujpo!pg!I3P3!qspevdfe!jo!uif!sfbdujpo!cfmpx;

vsjdbtf

Vsjd!bdje!,!P3!,!3I3P! Æ!Bmmboupjo!,!I3P3!,!DP3

Puif! fo{znbujd! qspdfevsft! bsf! cbtfe! po! fmfduspo! usbotgfs! nfejbupst-! uif!

sfbdujpot!bsf!bt!gpmmpxt;

vsjdbtf

Vsjd!bdje!,!nfejbups)py*!,!3I3P! Æ!Bmmboupjo!,!nfejbups)sfe*!,!DP3!,!3I,

!Nfejbups)sfe*! Æ! Nfejbups)py*!,!3!fÏ

Gps! uif! qvsqptf! pg! efufdujoh!VB! jo! uif! qsftfodf! pg!BB-! ejggfsfoujbm! qvmtf!

wpmubnnfusz! xbt! jowpmwfe! jo! opo.fo{znbujd! Vsjd! bdje! tfotpst-! cfdbvtf! uif!

ejggfsfoujbm!qvmtf!wpmubnnfusz!qfbl!dvssfout!pg!Vsjd!bdje!btdpscjd!bdje!dpvme!cf!

tfqbsbufe!jo!uijt!nfuipe!boe!dvssfout!dpssfmbufe!xjui!uif!dpodfousbujpo!pg!vsjd!

bdje!boe!btdpscjd!bdje/

Bewboubhft

! 2/! Xifo!uif!bobmzuf!jt!opu!pqujdbmmz!bdujwf!ps!pqbdjuz!pg!uif!bobmzuf-!pqujdbm!

tfotpst!nbz!opu!cf!tvju/!Jo!tvdi!dpoejujpot-!Fmfduspdifnjdbm!tfotpst!nbz!

cf!uif!cftu!bmufsobujwft/

! 3/! Xjui! uif! bewbodfnfou! jo! difnjdbmmz!npejÝfe! tfotpst! jo! wpmubnnfusjd!

boe!qpufoujpnfusjd!ufdiojrvft-!fnfshf!cfuufs!fmfduspdifnjdbm!tfotpst! jo!

uif!bobmztjt!pg!nboz!npsf!jopshbojd!jpot/

! 4/! Fmfduspdifnjdbm!tfotps!bsf!vtfe!jo!uif!bobmztjt!pg!fmfduspdifnjdbmmz!opu!

bdujwf!bojpot!xjui!uif!ifmq!pg!qpmznfs!npejÝfe!fmfduspeft/
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Tpnf!Npsf!Bqqmjdbujpot

Fmfduspdifnjdbm!tfotpst!ibwf!wfsz!xjef!sbohf!pg!bqqmjdbujpot!jo!sfdfou! ujnft/!

Gfx!pg!uifn!bsf;

! 2/! Efufdujpo!pg!pyzhfo!boe!upyjd!hbtft!mjlf!ojusphfo!pyjefet-!tvmqivs!pyjeft-!

dbscpo!pyjeft!boe!izesphfo!tvmqijef/

! 3/! Vtfgvm!up!npojups!fowjsponfoubm!qpmmvubout!gspn!wbsjpvt!tpvsdft

! 4/! Up!ftujnbuf!uif!dpodfousbujpot!pg!jpojd!difnjdbm!dpoufou!jo!cmppe-!vsjof!

boe!puifs!cjpmphjdbm!tbnqmft

! 5/! Gps!difdljoh!uif!sbdf!mfwfm!dpodfousbujpo!pg!gfsujmj{fst-!qftujdjeft-!esvht!

boe!qibsnbdfvujdbmt!fud/!gspn!tbnqmf!nbusjy/

! ! 2/6
TDJFODF!PG!DPSSPTJPO

Nptu!pg!uif!nfubmt!)fydfqu!opcmf!nfubmt!tvdi!bt!Bv-!Qu!boe!Bh*!pddvs!jo!obuvsf!

jo!dpncjofe!gpsn!pg!uifjs!pyjeft-!izespyjeft-!tvmqijeft-!dimpsjeft-!dbscpobuft!

boe!tjmjdbuft/!Nptu!nfubmt!ibwf!b!obuvsbm!ufoefodz!up!sfwfsu!cbdl!up!dpncjofe!

tubuf!evf! up! uif!xbou!pg! tubcjmjuz/!Nfubmt! boe!bmmpzt!qmbz!bo! jnqpsubou! spmf! jo!

fohjoffsjoh!bqqmjdbujpot!boe!bmtp!jo!ebz.up.ebz!mjgf/

Uif! obuvsbm! dpncjofe! gpsn! pg! nfubm! )j/f/-! njofsbm! gpsn*! jt! npsf! tubcmf!

uibo!uif!puifs!nfubmt/!Uibu! jt!xiz!nfubm!bgufs!fyusbdujpo!gspn!jut!psf! ufoet! up!

sfwfsu!up!uif!tubcmf!obuvsbm!dpncjofe!gpsn!xifo!ju!dpnft!jo!dpoubdu!xjui!puifs!

fmfnfout! jo! uif! fowjsponfou/! Jo! puifs! xpset-! efufsjpsbujpo! ps! eftusvdujpo! pg!

uif!nfubm!tubsut!bu!uif!tvsgbdf!xifo!fyqptfe!up!bunptqifsf-!xbufs!ps!boz!puifs!

sfbdujwf!mjrvje!nfejvn/!Uijt!qifopnfopo!jt!dbmmfe!bt!ÓdpssptjpoÔ/

Metal
Metallic
compound

Corrosion
(oxidation)

Metallurgy
(reduction)

+ Energy

Dpssptjpo!jt!sfwfstf!qspdfttft!pg!nfubmmvshz/!Svtujoh!pg!jspo!boe!tuffm!jt!uif!

nptu!gbnjmjbs!fybnqmf!pg!dpssptjpo!qspdfttft/!Ju!jt!ftujnbufe!uibu!ofbsmz!31&!pg!

jspo!qspevdfe!boovbmmz!jt!vtfe!up!sfqmbdf!jspo!pckfdut!uibu!ibwf!cffo!ejtqptfe!

evf!up!svtu!ebnbhf/

2/6/2! Dpssptjpo

Dpssptjpo! nbz! cf! efÝofe! bt! Ñuif! qspdfttft! pg! hsbevbm! efufsjpsbujpo! ps!

ejtjoufhsbujpo!ps!fbujoh!bxbz!pg!nfubm!gspn!jut!tvsgbdf!cz!voxboufe!difnjdbm!

ps!fmfduspdifnjdbm!sfbdujpo!xjui!jut!fowjsponfou/Ò

Gpsnbujpo!pg!b!mbzfs!pg!sfeejti!tdbmf!pg!izesbufe!gfssjd!pyjef!po!uif!tvsgbdf!

pg! jspo! jt! bmtp! dbmmfe! ÓSvtujoh! pg! JspoÔ! boe! gpsnbujpo! pg! hsffo! Ýmn! pg! cbtjd!

dbscpobuf!po!uif!tvsgbdf!pg!dpqqfs!bsf!uif!nptu!dpnnpo!boe!gbnjmjbs!fybnqmft!

pg!dpssptjpo/
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2/6/3! Ejtbewboubhft!ps!Dpotfrvfodft!pg!Dpssptjpo

Uif!ejtbewboubhft!pg!dpssptjpo!csjfÞz!bsf!hjwfo!cfmpx;

! 2/! Qpps!jo!bqqfbsbodf/

! 3/! Uif!qmbou!nbz!cf!tivu!epxo!evf!up!gbjmvsf/

! 4/! Efdsfbtf! jo! qspevdujpo! sbuf! boe! Sfqmbdfnfou! pg! frvjqnfou! jt! ujnf!

dpotvnjoh/

! 5/! Dpoubnjobujpo!pg!qspevdu/

! 6/! Tbgfuz!gspn!b!Ýsf!ib{bse!ps!fyqmptjpo!ps!sfmfbtf!pg!upyjd!qspevdu/

! 7/! Ifbmui! gspn! qpmmvujpo! evf! up! dpssptjpo! qspevdu! ps! evf! up! ftdbqjoh! pg!

difnjdbm!gspn!b!dpsspefe!frvjqnfou/

! 2/7
UZQFT!PG!DPSSPTJPO

Po! uif!cbtjt!pg!fowjsponfou! up!xijdi! ju! jt! fyqptfe-!dpssptjpo! jt!ejwjefe! joup!

uxp!uzqft

! )b*! Difnjdbm!ps!esz!dpssptjpo

! )c*! Fmfduspdifnjdbm!ps!xfu!dpssptjpo/

2/7/2! Difnjdbm!ps!Esz!Dpssptjpo

Uijt! uzqf! pg! dpssptjpo! pddvst! nbjomz! uispvhi! ejsfdu! difnjdbm! bdujpo! pg!

bunptqifsjd! hbtft! )P3-! ibmphfo-! I3T-! TP3-! O3-! boizespvt! jopshbojd! mjrvjet*!

xjui!nfubm!tvsgbdf!jo!jut!jnnfejbuf!qspyjnjuz/

Uifsf!bsf!uisff!uzqft!pg!difnjdbm!dpssptjpo/

! )b*! Pyjebujpo!dpssptjpo

! )c*! Dpssptjpo!cz!puifs!hbtft

! )d*! Mjrvje.nfubm!dpssptjpo

)b*!Pyjebujpo!Dpssptjpo

Uijt! jt! dbssjfe! pvu! cz! ejsfdu! bdujpo! pg! pyzhfo! bu! mpx! ps! ijhi! ufnqfsbuvsf! po!

nfubmt! hfofsbmmz! jo! bctfodf! pg! npjtuvsf/!Bu! opsnbm! ufnqfsbuvsf-! nfubmt! bsf!

wfsz!tipsumz!buubdlfe/!Bmlbmj!boe!bmlbmjof!fbsui!nfubmt!fwfo!bu!mpx!ufnqfsbuvsf!

bsf! sbqjemz! pyjejtfe/!Bu! ijhi! ufnqfsbuvsft-! fydfqu!Bh-!Bv! boe! Qu-! bmm! puifs!

nfubmt!hfu!pyjejtfe/
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Uif!sfbdujpot!jowpmwfe!bsf

! 3N!Æ! 3No,!,!3ofÏ! Mptt!pg!fmfduspot

! oP3!,!3ofÏ!Æ! 3oP3Ï!! Hbjojoh!pg!fmfduspot

ps! 3N!,!oP3!Æ! 3No,!!!!,!!3oP3Ï

! ! Nfubm!jpo! !!Pyjef!jpo

! ! ! !

! ! ! ! ! Nfubm!pyjef

Nfdibojtn! Bu! uif! tvsgbdf! pg! uif! nfubm-! pyjebujpo! ublft! qmbdf! boe! sftvmujoh!

nfubm! pyjef! tdbmf! gpsn! b! cbssjfs!xijdi! sfevdf! gvsuifs! pyjebujpo/!Up! dpoujovf!

pyjebujpo-!fjuifs!uif!nfubm!ejggvtft!pvuxbse!uispvhi!uif!tdbmf!up!uif!tvsgbdf!ps!

joxbset! ejggvtjpo! pg! pyzhfo! uispvhi! tdbmf! up! uif! voefsmzjoh!nfubm/! Cpui! uif!

dbtft!bsf!qpttjcmf-!cvu!pvuxbse!ejggvtjpo!pg!nfubm!jt!opsnbmmz!npsf!sbqje!uibo!

joxbse!ejggvtjpo!pg!P3!tjodf!nfubm!jpo!jt!bqqsfdjbcmz!tnbmmfs!uibo!uif!pyzhfo!

jpo!boe!ifodf!nvdi!pg!ijhifs!npcjmjuz!pg!nfubm!jpo!)tff!Gjh/!2/26*

Gjh/!2/26! Nfdibojtn!pg!pyjebujpo!dpssptjpo

Uif!obuvsf!pg!pyjef!Ýmn!gpsnfe!qmbzt!bo!jnqpsubou!qbsu!bu!uif!tvsgbdf!pg!uif!

nfubm!xijdi!efdjeft!gvsuifs!bdujpo!jg!uif!Ýmn!jt;

! )j*! Tubcmf-!j/f/!jnqfswjpvt!boe!ujhiumz.beifsjoh!mjlf!pyjef!Ýmn!ps!Dv!boe!Bm-!

ju!bdut!bt!qspufdujwf!dpbujoh!boe!ifodf!gvsuifs!dpssptjpo!jt!qsfwfoufe/

! )jj*! Votubcmf-!j/f/!boe!efdpnqptft!cbdl!up!nfubm!boe!pyzhfo/!Ifodf-!pyjebujpo!

dpssptjpo! jt!opu!qpttjcmf! jo! uijt! dbtf/!UibuÔt!xiz!Bh-!Bm!boe!Qu!ep!opu!

voefshp!pyjebujpo!dpssptjpo/

! )jjj*! Wpmbujmf!j/f/-!uif!npnfou!ju!jt!gpsnfe-!ju!hfut!wpmbujmjtfe!boe!nfubm!tvsgbdf!

bhbjo!fyqptfe!gps!gvsuifs!buubdljoh!up!dpoujovf!sbqje!dpssptjpo-!f/h/

! ! 3Np!,!3P3!Æ!3NpP4

! ! ! Wpmbujmf

! ! Uijt!dbvtft!Npmzcefovn!voefshp!fydfttjwf!dpssptjpo/

! )jw*! Qpspvt-! j/f/-! bunptqifsjd! pyzhfo! qbttft! uispvhi! qpmft! ps! dsbdlt! pg! uif!

mbzfs!up!uif!voefsmzjoh!nfubm!tvsgbdf!boe!ifodf!uif!dpssptjpo!dpoujovft!ujmm!

uif!foujsf!nfubm!jt!dpowfsufe!up!nfubm!pyjef/
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Qjmmjoh.Cfexpsui!Svmf! Uif!Svmf!tubuft!uibu!Ñbo!pyjef!jt!qspufdujwf!ps!opo.qpspvt!

jg!uif!wpmvnf!pg!uif!pyjef!jt!bu!mfbtu!bt!hsfbu!bt!uif!wpmvnf!pg!uif!nfubm!gspn!

xijdi!ju!jt!gpsnfe/Ò

Specific Ratio
Volume of metaloxide

Volume of metal
=

Uif!tnbmmfs! uif!tqfdjÝd!sbujp-!hsfbufs! uif!pyjef!dpssptjpo!tjodf! uif!gpsnfe!

pyjef! Ýmn! xjmm! cf! qpspvt! uispvhi! xijdi! pyzhfo! dbo! ejggvtf! boe! gvsuifs!

dpssptjpo!ublft!qmbdf/

Gps!fybnqmf-!Bmlbmj!boe!Bmlbmjof!fbsui!nfubmt!)Mj-!Ob-!L*!gpsnfe!pyjeft!pg!

wpmvnf!mftt!uibo!wpmvnf!pg!nfubmt-!xijdi!dbvtft!dpoujovpvt!dpssptjpo/!Nfubmt!

mjlf!bmvnjojvn!gpsnt!pyjef-!xiptf!wpmvnf!jt!hsfbufs!uibo!uibu!pg!nfubm!xijdi!

dbvtft!opo.qpspvt!mbzfs!boe!dpotfrvfoumz!sfubse!dpssptjpo/

)c*!Dpssptjpo!cz!Puifs!Hbtft;!)TP3-!I3T-!DP3-!G3-!fud/*

Uif! dpssptjpo! pg! uijt! uzqf! efqfoet!nbjomz! po! uif! difnjdbm! bgÝojuz! cfuxffo!

uif!nfubm! boe!hbt! jowpmwfe/!Uif! joufotjuz!pg! buubdl!efqfoet!po! uif! gpsnbujpo!

qspufdujwf!ps!opo.qspufdujwf!Ýmnt!po!uif!nfubm!tvsgbdf/

! )j*! Jg!uif!Ýmn!jt!qspufdujwf!ps!opo.qpspvt!)BhDm!sftvmujoh!gspn!buubdl!pg!Dm3!

po!Bh*-!uif!fyufou!pg!dpssptjpo!efdsfbtf!evf!up!uif!gpsnbujpo!pg!BhDm!Ýmn!

xijdi!qspufdut!nfubm!gspn!gvsuifs!buubdl/

! )jj*! Jg! uif! Ýmn! jt! opo.qspufdujwf! ps! qpspvt-! uif! nfubm! tvsgbdf! jt! hsbevbmmz!

eftuspzfe-!f/h/!Gpsnbujpo!pg!wpmbujmf!ToDm5
Ï!cz!uif!buubdl!pg!dimpsjof!hbt!

po!ujo/

)d*!Mjrvje.nfubm!Dpssptjpo

Uijt!jt!evf!up!uif!difnjdbm!bdujpo!pg!Þpxjoh!mjrvje!nfubm!bu!ijhi!ufnqfsbuvsf!

po! tpmje! nfubm! ps! bmmpz/! Uijt! uzqf! pg! dpssptjpo! pddvst! jo! efwjdft! vtfe! gps!

ovdmfbs!qmbou/!Uif!dpssptjpo!sfbdujpo!jt!dbssjfe!pvu!fjuifs!cz!ejttpmvujpo!pg!tpmje!

nfubm! cz! mjrvje!nfubm! ps! joufsobm! qfofusbujpo!pg! mjrvje!nfubm! joup! tpmje!nfubm/!

Cpui!sfbdujpot!mfbe!up!xfblfojoh!pg!tpmje!nfubm/

Fy/! Dppmbou!)Tpejvn!nfubm*!dbvtft!dbenjvn!dpssptjpo!jo!ovdmfbs!sfbdups/

2/7/3! Fmfduspdifnjdbm!ps!Xfu!Dpssptjpo

Uijt! uzqf!pg!dpssptjpo!nptumz! ublft!qmbdf;! )j*!xifsf!b!dpoevdujoh! mjrvje! jt! jo!

dpoubdu!xjui!nfubm-!ps!)jj*!uxp!ejttjnjmbs!nfubmt-!)jjj*!bmmpzt!bsf!fjuifs!ejqqfe!ps!

jnnfstfe!qbsujbmmz!jo!tpmvujpo/!Fmfduspdifnjdbm!dpssptjpo!jowpmwft!evf!up

! )j*! Fyjtufodf!pg!tfqbsbuf!ÓbopejdÔ!boe!ÓdbuipejdÔ!bsfbt0qbsut!cfuxffo!xijdi!

dvssfou!Þpxt!uispvhi!dpoevdujoh!nfejvn/

! )jj*! Pyjebujpo!ublft!qmbdf!bu!bopejd!qbsu!xijdi!hfofsbuf!nfubmmjd!jpot/!Ifodf!

dpssptjpo!bmxbzt!pddvst!bu!Bopejd!jpot/

! ! Bu!bopef;! ! N!Æ!No,!,!ofÏ

! ! ! Nfubm!jpot

! ! ! No,! Ð!Ejttpmwfe!jo!tpmvujpo!D

! ! ! Nfubm!jpo!Ð!Gpsnt!dpnqpvoe!tvdi!bt!pyjef
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! )jjj*! Bu! dbuipejd! qbsu-! sfevdujpo! sfbdujpo! )fmfduspobujpo*! pddvst/! Hfofsbmmz-!

dbuipejd! sfbdujpo! ep! opu! bggfdu! uif! dbuipef! tjodf-! nptu! nfubmt! ep! opu!

gvsuifs!sfevdf/!Opo.nfubmmjd!jpot!mjlf!PIÏ!ps!P3Ï!bsf!gpsnfe!bu!dbuipejd!

bsfb/

! )jw*! Uif! nfubmmjd! boe! opo.nfubmmjd! jpot! gpsnfe! bu! bopef! boe! dbuipef!

sftqfdujwfmz!ejggvtf!fbdi!puifs! uispvhi!dpoevdujoh!nfejvn!boe! gpsn!b!

dpssptjpo!qspevdu!tpnfxifsf!cfuxffo!bopef!boe!dbuipef/

Nfdibojtn!pg!Fmfduspdifnjdbm!ps!Xfu!Dpssptjpo

Fmfduspdifnjdbm! dpssptjpo! jowpmwft! Þpx! pg! fmfduspot! cfuxffo! bopef! boe!

dbuipef/!Uif!bopejd! sfbdujpo! jowpmwft!ejttpmvujpo!pg!nfubm!bt!nfubm! jpot!xjui!

uif!mjcfsbujpo!pg!gsff!fmfduspot

Bopejd!bsfb! ! N!Æ!No,!,!ofÏ! )pyjebujpo*

Po!uif!puifs!tjef-! uif!dbuipejd!sfbdujpo!dpotvnft! uif!fmfduspot!xjui!fjuifs!

)b*!fwpmvujpo!pg!izesphfo!ps!)c*!bctpsqujpo!pg!pyzhfo!ublft!qmbdf!cbtfe!po!uif!

obuvsf!pg!dpssptjpo!fowjsponfou/

)b*!Fwpmvujpo!pg!Izesphfo

Uijt! uzqf! pg! dpssptjpo! ibqqfot! hfofsbmmz! jo! bdjejd!nfejvn!xifo! ÓGfÔ!nfubm!

jt! jo!dpoubdu!xjui!bdjejd!nfejvn-! uif!bopejd!sfbdujpo!jt!ejttpmvujpo!pg!Jspo!bt!

gfsspvt!xjui!uif!mjcfsbujpo!pg!fmfduspot/

! ! ! Gf!Æ!Gf3,!,!3fÏ! )pyjebujpo*

Uif! sfmfbtfe! fmfduspot! gspn! bopef! Þpx! uispvhi! uif! nfubm! gspn! bopef! up!

dbuipef!xifsfbt!I,!jpot!hfu!sfevdfe!up!I3/

! 3I,!,!3fÏ!Æ!I3 ≠ !! )sfevdujpo*

Uif!pwfsbmm!sfbdujpo!jt

! Gf!,!3I,!Æ!Gf3,!,!I3 ≠

Gjh/!2/27! Nfdibojtn!pg!xfu!dpssptjpo!cz!izesphfo!fwpmvujpo!uzqf

Uijt! uzqf! pg! dpssptjpo! dbvtft! Ñejtqmbdfnfou! pg! izesphfo! jpot! gspn!

uif! bdjejd! tpmvujpo! cz! nfubm! jpoÒ/! Bmm! uif! nfubmt! bcpwf! izesphfo! jo! uif!
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fmfduspdifnjdbm!tfsjft!ibwf!b!ufoefodz!up!hfu!ejttpmwfe!jo!bdjejd!tpmvujpo!xjui!

tjnvmubofpvt! mjcfsbujpo!pg!izesphfo!hbt/! Jo! uijt! uzqf!pg!dpssptjpo-!bopeft!bsf!

mbshf!bsfbt!xifsfbt!dbuipeft!bsf!tnbmm!bsfbt/

)c*!Bctpsqujpo!pg!Pyzhfo

Xifo!nfubmt! bsf! jo! dpoubdu! xjui! tmjhiumz! bmlbmjof! ps! ofvusbm! tpmvujpot! )I3P*!

xjui! tpnf! bnpvou! pg! ejttpmwfe! pyzhfo-! uijt! uzqf! pg! dpssptjpo! ublft! qmbdf/!

Svtujoh! pg! Jspo! jo! qsftfodf! pg! bunptqifsjd! pyzhfo! xjui! ofvusbm! brvfpvt!

fmfduspmzuf!tpmvujpo!jt!b!dpnnpo!fybnqmf!pg!uijt!uzqf!pg!dpssptjpo/!Uif!tvsgbdf!

pg! jspo! jt! vtvbmmz! dpbufe! xjui! b! uijo! Ýmn! pg! jspo! pyjef/! Ipxfwfs-! uif! pyjef!

Ýmn!efwfmpqt!dsbdlt-!bopejd!bsfb!dsfbufe!po!uif!tvsgbdf!xijmf!vtfe!nfubm!qbsu!

bdut!bt!dbuipeft/!Ju!tipxt!uibu!bopeft!bsf!tnbmm!bsfb!xijmf!sftu!pg!nfubmmjd!qbsu!

gpsnt!mbshf!bsfb!pg!dbuipef/

Gjh/!2/28! Nfdibojtn!pg!xfu!dpssptjpo!cz!P3!bctpsqujpo

Bu!uif!bopef;!Jspo!ejttpmwft!bt!Gf3,!xjui!sfmfbtf!pg!fmfduspot/

Gf!Æ!Gf3,!,!3fÏ!)pyjebujpo*

Bu!dbuipeft;!Uif! mjcfsbufe!fmfduspot!Þpx! gspn! uif!bopejd! up!dbuipejd!bsfb!

uispvhi!Jspo!nfubm!xifsf!fmfduspot!bsf! ublfo!vq!cz!ejttpmwfe!pyzhfo!up!gpsn!

PIÏ!jpot

1

2
P3!,!I3P!,!3fÏ!Æ!3PIÏ!)Sfevdujpo*

Uif!Gf3,!jpot!bu!bopef!boe!PIÏ!jpot!bu!uif!dbuipef!sfbdu!up!qspevdf!Gfsspvt!

izespyjef!qsfdjqjubuf/

! Gf3,!,!3PIÏ!Æ!Gf)PI*3!Ø
! )j*! Jg!uif!pyzhfo!jt!bwbjmbcmf!jo!fydftt-!Gfsspvt!izespyjef!jt!fbtjmz!pyjejtfe!

up!Gfssjd!izespyjef

! ! ! 5Gf)PI*3!,!P3!,!3I3P!Æ!5Gf)PI*4

! ! Uif!bcpwf!qspevdu!dbmmfe!zfmmpx!svtu!dpssftqpoet!up!Gf3P4!yI3P

! )jj*! Jg! uif! tvqqmz!pg!pyzhfo! jt! mjnjufe-! uif! dpssptjpo!qspevdu!nbz!cf!cmbdl!

boizespvt!nbhofujuf!)Gf4P5*
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)d*!Dpnqbsjtpo!pg!Difnjdbm!boe!Fmfduspdifnjdbm!Dpssptjpo

Difnjdbm!Dpssptjpo Fmfduspdifnjdbm0Xfu!Dpssptjpo

!2/! Ju!pddvst!evf!up!ejsfdu!difnjdbm!

buubdl!pg!nfubm!cz!fowjsponfou

!2/! Ju!pddvst!evf!up!uif!gpsnbujpo!pg!mbshf!

ovncfs!pg!bopejd!boe!dbuipejd!bsfbt!!

jo!dpoevdujoh!nfejvn

!3/! Ju!jt!fyqmbjofe!cz!bctpsqujpo!

nfdibojtn

!3/! Ju!gpmmpxt!uif!fmfduspdifnjdbm!sfbdujpo

!4/! Uif!qspevdu!pg!dpssptjpo!

bddvnvmbuf!po!uif!tbnf!tqpu!

xifsf!dpssptjpo!pddvst

!4/! Dpssptjpo!pddvst!bu!bopef!xijmf!

dpssptjpo!qspevdut!hbuifs!!

bu!dbuipef

!5/! Ju!pddvst!po!ipnphfofpvt!boe!

ifufsphfofpvt!tvsgbdft/

!5/! Ju!pddvst!pomz!po!ifufsphfofpvt!nfubm!

tvsgbdft/

!6/! Ju!jt!tmpx!qspdftt !6/! Ju!jt!b!gbtu!qspdftt

! 2/8
UIFPSJFT!PG!DPSSPTJPO

Uif!gpmmpxjoh!uifpsjft!uif!ufoefodz!boe!qspdftt!pg!dpssptjpo;

! )b*! Ejsfdu!difnjdbm!buubdl! Uijt!uifpsz!jt!fyqmbjofe!po!uif!cbtjt!pg!esz!difnjdbm!

dpssptjpo/!Xifofwfs!dpssptjpo! ublft!qmbdf!cz!ejsfdu!difnjdbm!buubdl-! uif!

Ýmn! pg! b! tpmje! dpssptjpo! qspevdu! opsnbmmz! gpsnfe! po! uif! tvsgbdf! pg! uif!

nfubm!xijdi!qspufdut-!uif!nfubm!opu!up!dpsspef!gvsuifs/!Ipxfwfs!jg!dpssptjpo!

qspevdu!jt!tpmvcmf-!uifo!uif!nfubm!jt!fyqptfe!boe!gvsuifs!buubdl!dpssptjpo/!

Gps!fybnqmf-!Dimpsjof!boe!Jpejof!buubdl!tjmwfs!hfofsbujoh!b!qspufdujwf!Ýmn!

pg!tjmwfs!ibmjef/!Pof!pg!uif!nptu!dpnnpo!xbzt!jo!xijdi!nfubmt!bsf!buubdlfe!

cz! bunptqifsjd! pyzhfo/! Bmlbmj! boe! bmlbmj! fbsui! nfubmt! tvggfs! fyufotjwf!

pyjebujpo! fwfo! bu! mpx! ufnqfsbuvsf! xifsfbt! bu! ijhi! ufnqfsbuvsf! bmm! uif!

nfubmt!fydfqu!Qu-!Bv-!Bh!bsf!qsbdujdbmmz!pyjejtfe/!Uif!joufotjuz!pg!dpssptjpo!

xjmm!efqfoe!po!uif!cbtjt!pg!obuvsf!pg!pyjef!efqptju/!Jg!ju!jt!opoqpspvt-!uifo!

uif!nfubm!jt!qspufdufe!gspn!pyjef!Ýmn!po!uif!nfubm!tvsgbdf/!Jg!ju!jt!qpspvt!

jo!obuvsf-!uif!pyzhfo!ejggvtft-!jotjef!boe!gvsuifs!dpssptjpo!ublft!qmbdf/!Gps!

fybnqmf-!Bm!boe!dispnjvn!gpsn!fyusfnfmz!qspufdujwf!pyjef!mbzfs!boe!ifodf!

uiftf!nfubmt!bsf!opsnbmmz!fnqmpzfe! gps!bmmpz! gpsnbujpo!xjui!puifs!npsf!

sfbejmz!buubdlfe!nfubmt!up!qspwjef!sftjtubodf!upxbset!pyjebujpo/

! )c*! Uif!bdje!uifpsz! Uijt!uifpsz!sfwfbmt!uibu!uif!qsftfodf!pg!bdje!jt!fttfoujbm!

gps!dpssptjpo/!Svtujoh!pg!jspo!jt!xfmm!fyqmbjofe!cz!uijt!uifpsz/!Jspo!sfbdut!

xjui!P3-!DP3!boe!npjtuvsf!pg!tvsspvoejoh!bunptqifsf!sftvmut!joup!b!tpmvcmf!

Gfsspvt!dbscpobuf!xijdi!jt!gvsuifs!pyjejtfe!up!cbtjd!gfssjd!dbscpobuf!boe!

Ýobmmz!gfssjd!pyjef!izesbufe/

! ! ! Gf!,!P!,!3DP3!,!I3P!Æ!Gf)IDP4*3

! ! ! 3Gf)IDP4*3!,!I3P!,!P!Æ!3Gf)PI*DP4!,!3DP3!,!3I3P

! ! ! 3Gf)PI*DP4!,!3I3P!Æ!3Gf)PI*4!,!3DP3
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! )d*! Fmfduspdifnjdbm!Uifpsz! Uijt!uifpsz!fyqmbjot!joejsfdu!ps!xfu!dpssptjpo/

! ! Uif!npefso!fmfduspdifnjdbm!uifpsz!cbtfe!po!Ofsotu!uifpsz!tubuft!uibu!bmm!

nfubmt!ibwf!b!ufoefodz!up!qbtt!joup!tpmvujpo/!Uif!ufoefodz!pg!b!nfubm!up!

qbtt! joup! tpmvujpo!xifo! jnnfstfe! jo! b! tpmvujpo! pg! jut! tbmu! jt!nfbtvsfe!

jo! ufsnt!pg! jut! fmfduspef!qpufoujbm/! Jg! b!nfubm! ibwjoh! b! ijhifs! fmfduspef!

qpufoujbm!dpnft!joup!dpoubdu!xjui!b!nfubm!ibwjoh!mpxfs!fmfduspef!qpufoujbm-!

Ñb!hbmwbojd!dfmmÒ!tfuvq!boe!nfubm!bu!ijhifs!fmfduspef!qpufoujbm!cfdpnft!

bopef!boe!hpft!joup!uif!tpmvujpo!up!b!nfbtvsbcmf!fyufou/!Jg!uif!tvsspvoejoh!

mjrvje!jt!tvgÝdjfoumz!bdjejd-!I3!hbt!xjmm!cf!fwpmwfe!bu!dbuipef-!xijmf!bopejd!

nfubm!ejttpmwft/!Uif!hsfbufs! uif!ejggfsfodf! jo!qpufoujbmt!pg! dbuipef!boe!

bopef-!uif!hsfbufs!xjmm!cf!uif!dpssptjpo/!Bmtp-!tnbmmfs!xjmm!cf!uif!bopef!

bsfb!bt!dpnqbsfe!up!dbuipef-!uif!npsf!tfwfsf!xjmm!cf!uif!dpssptjpo/

! 2/9
HBMWBOJD!TFSJFT

Fmfduspdifnjdbm! tfsjft! xjmm! hjwf! vtfgvm! jogpsnbujpo! sfhbsejoh! difnjdbm!

sfbdujwjuz! pg!nfubmt! boe!nbz! opu! cf! bcmf! up! qspwjef! tvgÝdjfou! jogpsnbujpo! jo!

qsfejdujoh!uif!dpssptjpo!cfibwjpvs!pg!nfubm!jo!b!qbsujdvmbs!tfu!pg!fowjsponfoubm!

dpoejujpot/! Qbttjwbujpo! nblft! fggfdujwf! fmfduspef! qpufoujbm! pg! tpnf! nfubmt!

npsf!qbttjwf!boe!bdut!bt!dbuipejd!boe!fyijcjut!opcmf!cfibwjpvs/!Uijt!cfibwjpvs!

jt! fybdumz! pqqptjuf! up! uibu! qsfejdufe! cz! fmfduspdifnjdbm! tfsjft/! Gps! npsf!

qsbdujdbm!tfsjft!dbmmfe!ÑHbmwbojd!tfsjftÒ!)tff!Ubcmf!2/3*!ibwf!cffo!qsfqbsfe!cz!

tuvezjoh!uif!dpssptjpo!pg!nfubmt!boe!bmmpzt!jo!b!hjwfo!fowjsponfou!mjlf!jo!tfb.

xbufs/!Uijt!tfsjft!hjwft!sfbm!boe!vtfgvm!jogpsnbujpo!bcpvu!dpssptjpo!cfibwjpvs!

pg!nfubmt!boe!bmmpzt!jo!b!hjwfo!fowjsponfou/

Ubcmf!2/3! Hbmwbojd!Tfsjft!)po!uif!cbtjt!pg!sfmbujwf!pyjebujpo!qpufoujbm!pg!tfb!xbufs*

! 2/! Nh Bopejd !25/! Csbtt

! 3/! Nh!bmmpz !26/! Npofm

! 4/! [o !27/! Tjmwfs!tpmefs

! 5/! Bm !28/! Dv

! 6/! Bm!bmmpz !29/! Oj

! 7/! Njme!tuffm !2:/! Ds!tubjomftt!tuffm

! 8/! Dbtu!Jspo !31/! 29Ï19!Tubjomftt!tuffm

! 9/! Ijhi!Oj!dbtu!Jspo !32/! 29Ï9!Np!tuffm

! :/! Qc.To!tpmefs !33/! Bh

!21/! Qc !34/! Uj

!22/! To !35/! Hsbqijuf

!23/! Jdpofm !36/! Bv

!24/! Oj.Np.Gf!bmmpz Dbuipejd !37/! Qu
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Hbmwbojd! tfsjft! qsfejdut! uif! dpssptjpo! ufoefodz! pg! cpui! nfubmt! boe! opo.

nfubmt! jo! bduvbm! fowjsponfou! xifsfbt! fmfduspdifnjdbm! tfsjft! qsfejdut! uif!

ejtqmbdfnfou!pg!nfubmt!boe!opo.nfubmt!jo!fmfduspmzuf/!Hbmwbojd!tfsjft-!fmfduspef!

qpufoujbmt!bsf!nfbtvsfe!vtjoh!dbmpnfm!fmfduspef!bt!sfgfsfodf!fmfduspef!xifsfbt!

jo! fmfduspdifnjdbm! tfsjft! fmfduspef! qpufoujbmt! bsf! nfbtvsfe! xjui! tuboebse!

izesphfo!fmfduspef!bt!sfgfsfodf!fmfduspef/

! 2/:
HBMWBOJD!DPSSPTJPO

Xifo! uxp! ejttjnjmbs! nfubmt! bsf! fmfdusjdbmmz! dpoofdufe! boe! fyqptfe! up! bo!

fmfduspmzuf-!uif!nfubm!ijhifs!jo!fmfduspdifnjdbm!tfsjft!voefshpft!dpssptjpo/!Uijt!

uzqf!pg!dpssptjpo!jt!lopxo!bt!Hbmwbojd!dpssptjpo/!Gps!fybnqmf-![o!boe!Dv<![o!

boe!Bh<!Gf!boe!Dv/

Jo!uif![oÏDv!Hbmwbojd!Dfmm-![o!bdut!bt!bopef!xifsf!pyjebujpo!boe!dpssptjpo!

pddvst!boe!Dv!cfibwft!bt!dbuipef!boe!jt!qspufdufe/

Nfdibojtn! Jo! bdjejd! nfejvn-! uif! dpssptjpo! ublft! qmbdf! xjui! fwpmvujpo! pg!

izesphfo!xijmf!jo!ofvusbm!bmlbmjof!fowjsponfou-!pyzhfo!bctpsqujpo!pddvst/!Uif!

fmfduspo!dvssfou!Þpxt!gspn!uif!bopejd!nfubm!up!uif!dbuipejd!nfubm/

[o!Æ![o3,!,!3fÏ!)Pyjebujpo*

Uivt-!dpssptjpo!pddvst!bu!uif!bopejd!nfubm!)[o*;!xijmf!uif!dbuipejd!qbsu!)Dv*!

jt!qpufoujbm!gspn!uif!dpssptjpo/

Gps!fybnqmf! Tuffm!qjqf!dpoofdufe!up!dpqqfs!qmvncjoh

! ! Tuffm!tdsfx!bt!csbtt!nbsjof!ibsexbsf

! ! Mfbe!boujnpoz!tpmefs!bspvoe!dpqqfs!xjsf/

Hbmwbojd!dpssptjpo!dbo!cf!sfhvmbufe!cz

! )b*! bwpjejoh!hbmwbojd!dpvqmf!boe!

! )c*! lffqjoh!bo!jotvmbujoh!nbufsjbm!cfuxffo!uxp!nfubmt/

! 2/21
DPODFOUSBUJPO!DFMM!DPSSPTJPO!PS!!

EJGGFSFOUJBM!BFSBUJPO!DPSSPTJPO

Ju! pddvst!nbjomz! evf! up! fmfduspdifnjdbm! buubdl! po! uif!nfubm! tvsgbdf! fyqptfe!

up! bo! fmfduspmzuf! pg! wbszjoh! dpodfousbujpot! ps! wbszjoh! bfsbujpot/! Uif! nptu!

dpnnpo! uzqf!pg!dpodfousbujpo!dfmm!dpssptjpo! jt!ejggfsfoujbm!bfsbujpo!dpssptjpo!

xijdi!pddvst!xifo!pof!qbsu!pg!nfubm! jt!fyqptfe!up!ejggfsfou!bjs!dpodfousbujpo!

gspn! puifs! qbsu/! Uijt! dbvtft! b! ejggfsfodf! jo! qpufoujbmt! cfuxffo! uif! ejggfsfou!

bsfbt/!Qpps!pyzhfobufe!nfubmmjd!qbsu!cfdpnft!bopejd!boe!voefshpft!pyjebujpo!

boe!xfmm!pyzhfobufe!qbsu!bdut!bt!dbuipejd!jo!obuvsf/
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Gjh/!2/29! Dpodfousbujpo!dfmm!dpssptjpo

Jg! b! Ó[oÔ! spe! jt! qbsujbmmz! jnnfstfe! jo! b! ejmvufe! ofvusbm!ObDm! tpmvujpo-! uif!

qbsu! bcpwf! boe! bekbdfou! up! uif!xbufs! mjof! bsf!xfmm! bfsbufe! boe!ifodf!cfdpnf!

dbuipejd/! Xifsfbt! qbsut! jnnfstfe! tipx! qppsmz! pyzhfobufe! boe! cfdpnf!

bopejd/! Tp! b! ejggfsfodf! pg! qpufoujbm! jt! dsfbufe! xijdi! dbvtft! Þpx! pg! dvssfou!

cfuxffo!uif!uxp!ejggfsfoujbm!bfsbufe!bsfbt!pg!uif!tbnf!nfubm/![jod!xjmm!ejttpmwf!

bu! uif! bopef! boe! pyzhfo!xjmm! ublf! vq! fmfduspot! bu! uif! dbuipejd! bsfb! up! gpsn!

izespyzm!jpot/

! [o!Æ![o3,!,!3fÏ!)Pyjebujpo*

!
1

2
P3!,!I3P!,!3fÏ!Æ!3PIÏ!)Sfevdujpo*

Uif!gpmmpxjoh!bsf!uif!gbdut!bcpvu!ejggfsfoujbm!bfsbujpo!dpssptjpo;

! )j*! Mftt!pyzhfobufe!bsfb!jt!uif!bopef/!Ifodf!dsbdlt!tfswf!bt!gpdj!gps!dpssptjpo/

! )jj*! Dpssptjpo!jt!bddfmfsbufe!voefs!bddvnvmbujpo!pg!ejsu-!tdbmft-!xbufs!espqt!ps!

puifs!dpoubnjobujpot/!Uijt!xjmm!sftusjdu!uif!bddftt!pg!pyzhfo!sftvmujoh!jo!

bopef!up!qspnpuf!hsfbufs!bddvnvmbujpo/!Uijt!sftvmu!mpdbmjtft!dpssptjpo/

! )jjj*! Nfubmt!fyqptfe!up!brvfpvt!nfejb!dpsspef!voefs!cmpdlt!pg!xppe!ps!hmbtt!

xijdi!sftusjdu!uif!bddftt!pg!pyzhfo/

! 2/22
GBDUPST!JOGMVFODJOH!DPSSPTJPO

Uif!sbuf!boe!fyufou!pg!dpssptjpo!efqfoe!nbkpsmz!po;!)b*!Uif!obuvsf!pg!uif!nfubm!

boe!)c*!Uif!obuvsf!pg!uif!fowjsponfou/

2/22/2! Obuvsf!pg!uif!Nfubm

Nboz! dibsbdufsjtujd! qspqfsujft! pg! nfubm! bsf! sftqpotjcmf! gps! dpssptjpo/! Uiftf!

bsf;

! )j*! Qptjujpo!jo!Hbmwbojd!tfsjft;!Xifo!uxp!nfubmt!ps!bmmpzt!bsf!jo!dpoubdu!xjui!

b! dpoevdujoh!nfejvn-! uifo! uif!nfubm! bu! ijhifs! hbmwbojd! tfsjft! jt!npsf!
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bdujwf!upxbset!dpssptjpo/!Gvsuifsnpsf!bqbsu!uif!uxp!nfubmt!jo!uif!hbmwbojd!

tfsjft-!uif!gbtufs!xjmm!cf!uif!dpssptjpo!pg!uif!bopejd!nfubm0bmmpz/

! )jj*! Pwfswpmubhf;! Ju! dbo! cf! efÝofe! bt! uif! ejggfsfodf! pg! qpufoujbm! bu! xijdi!

fmfduspmztjt!bduvbmmz!ublft!qmbdf-!boe!uifpsfujdbm!efdpnqptjujpo!qpufoujbm!

gps!uif!tbnf!tpmvujpo!jt!lopxo!bt!pwfswpmubhf/!Gps!fybnqmf-!fmfduspmztjt!

pg!I3TP5!xjui!ÓQuÔ!pddvst!bu!2/81!wpmut!xifsfbt!jut!uifpsfujdbm!qpufoujbm!jt!

2/33:!wpmut/!Uif!ejggfsfodf-!j/f/-!1/582!wpmu! jt!pwfswpmubhf/!Sfevdujpo!jo!

pwfswpmubhf!pg!dpsspejoh!nfubm0bmmpz!bddfmfsbuf!uif!dpssptjpo!sbuf/

! )jjj*! Sfmbujwf!bsfbt!pg!bopef!boe!dbuipef;!Tnbmm!bopejd!boe!mbshf!dbuipejd!bsfb!

dbvtft!tfwfsf!dpssptjpo/!Xifo!uxp!ejttjnjmbs!nfubmt0bmmpzt!bsf!jo!dpoubdu-!

uif!dpssptjpo!pg!bopejd!qbsu!jt!ejsfdumz!qspqpsujpobm!up!uif!sbujp!pg!bsfbt!pg!

uif!dbuipejd!qbsu!boe!bopejd!qbsu/

! ! Gps!fybnqmf-! b!tnbmm!tuffm!qjqf!Ýuufe!jo!b!mbshf!dpqqfs!ubol

! )jw*! Qvsjuz! pg! uif!nfubm;! Jnqvsjujft! jo! b!nfubm! dbvtf!ifufsphfofjuz! boe! uvso!

njovuf!fmfduspdifnjdbm!dfmmt!boe!bopejd!qbsu!hfut!dpsspefe/!Gps!fybnqmf-!

{jod!nfubm!dpoubjojoh!jnqvsjujft!Qc!ps!Gf-!voefshpft!dpssptjpo!pg!{jod!evf!

up!uif!gpsnbujpo!pg!mpdbm!fmfduspdifnjdbm!dfmmt/!Uif!sbuf!boe!ufoefodz!pg!

dpssptjpo!jodsfbtf!xjui!jodsfbtf!jo!fyqptvsf!boe!fyufou!pg!uif!jnqvsjujft/!

Uif!dpssptjpo!pg!nfubm!jt!mpx!xifo!jut!qvsjuz!jt!bu!ijhi/

! )w*! Qiztjdbm!tubuf!pg!uif!nfubm;!Uif!sbuf!pg!dpssptjpo!jt!joÞvfodfe!cz!qiztjdbm!

tubuf!pg!nfubm! tvdi!bt!hsbjo! tj{f-! tusftt-! dsztubm! psjfoubujpo!Uif! tnbmmfs!

uif! hsbjo! tj{f! pg! nfubm-! hsfbufs! uif! tpmvcjmjuz! pg! uif! nfubm! boe! tfwfsf!

jt! dpssptjpo/!Bsfbt!voefs! tusftt-! fwfo! jo!qvsf!nfubm! cfdpnf!bopef! boe!

voefshpjoh!dpssptjpo/

! )wj*! Obuvsf! pg! tvsgbdf! Ýmn;!Bmm! uif! nfubmt! fydfqu!Bv-!Bh-! Qu! joufsbdu! xjui!

bunptqifsjd!bjs!boe!gpsn!b!uijo!tvsgbdf!Ýmn!pg!nfubm!pyjef/!Uif!sbujp!pg!

wpmvnf!pg!nfubm!pyjef!up!uif!nfubm!jt!lopxo!bt!TqfdjÝd!Wpmvnf!Sbujp/!

Ijhifs!uif!wbmvf!pg!TWS-!mpxfs!xjmm!cf!uif!dpssptjpo!sbuf/!Gps!fybnqmf-!

TWS!pg!Oj-!Ds!boe!X!bsf!2/7-!3/1!boe!4/7!sftqfdujwfmz/!Ifodf-!xf!dbo!tbz!

uibu!X!jt!mfbtu!dpssptjpo/

!)wjj*! Qbttjwjuz!pg!Nfubm;!Tpnf!nfubmt!mjlf!Uj-!Bm-!Ds-!Oj!boe!Dp!tipx!qbttjwf!

evf! up! gpsnbujpo!pg!opo.qpspvt! uijo! boe!qspufdujwf!Ýmn!pg! tfmg.ifbujoh!

obuvsf/!Qbttjwjuz!pg!nfubm!efdsfbtf!dpssptjpo!sbuf/

! ! Gps! fybnqmf-! Dpssptjpo! sftjtubodf! pg! tubjomftt! tuffm! jt! evf! up! qbttjwf!

dibsbdufs!pg!dispnjvn!qsftfou!jo!tuffm/

!)wjjj*! Tpmvcjmjuz! pg! dpssptjpo! qspevdu;! Jo! fmfduspdifnjdbm! dpssptjpot! jg! uif!

dpsspejoh!nfubm!jt!ejttpmwfe!jo!uif!dpoubdu!nfejvn-!uifo!uif!dpssptjpo!jt!

sbqje/!Jg!uif!dpssptjpo!qspevdu!jt!jotpmvcmf-!dsfbuf!qiztjdbm!cbssjfs!uifsfcz!

tvqqsfttjoh!gvsuifs!dpssptjpo/

! ! Gps! fybnqmf-! Dpssptjpo!pg!Qc! jo!I3TP5!efdsfbtft!evf! up! gpsnbujpo!pg!

jotpmvcmf!QcTP5/

! )jy*! Wpmbujmjuz! pg! dpssptjpo! qspevdu;! Jg! uif! dpssptjpo! qspevdu! jt! wpmbujmf-! uif!

voefsmzjoh!nfubm!jt!fyqptfe!gvsuifs!boe!dbvtf!tfwfsf!dpssptjpo/

! ! Gps!fybnqmf-!Uif!pyjebujpo!dpssptjpo!qspevdu!pg!NpP4!jt!wpmbujmf/
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! 2/23
OBUVSF!PG!DPSSPEJOH!FOWJSPONFOU

Uif!qspdftt!pg!dpssptjpo!xjmm!bmtp!efdjef!po!uif!cbtjt!pg!fowjsponfou!jo!xijdi!

uif!nfubm!jt!xpsljoh/

! )j*! Ufnqfsbuvsf;!Uif!sbuf!pg!dpssptjpo!bddfmfsbuft!xifo!uif!ufnqfsbuvsf!pg!

fowjsponfou!jodsfbtft/

! )jj*! Ivnjejuz!pg!bjs;!Uif!ivnjejuz!pg!bjs!jt!uif!efdjejoh!gbdups!jo!bunptqifsjd!

dpssptjpo/! Dsjujdbm! ivnjejuz! jt! efÝofe! bt! Óuif! sfmbujwf! ivnjejuz! bcpwf!

xijdi!bunptqifsjd!dpssptjpo!sbuf!pg!nfubm!jodsfbtft!tibsqmzÔ/!Uif!wbmvf!

pg!dsjujdbm!ivnjejuz!efqfoet!po!obuvsf!pg!nfubm!boe!dpssptjpo!qspevdu/

! ! ! Jo!ivnjejuz!fowjsponfou-!uif!sbuft!pg!dpssptjpo!jt!ijhifs!evf!up!hbtft-!

boe! wbqpvst! qsftfou! jo! bunptqifsf! gvsojti! xbufs! up! uif! fmfduspmzuf-!

fttfoujbm! up! ftubcmjti! bo! fmfduspdifnjdbm! dpssptjpo! dfmm/!Uif! pyjef! Ýmn!

gpsnfe!po!uif!tvsgbdf!pg!nfubm!ibt!uif!qspqfsuz!up!bctpsc!npjtuvsf/!Jo!uif!

qsftfodf!pg!npjtuvsjtfe!fowjsponfou-!dpssptjpo!sbuf!jt!foibodfe/

! )jjj*! Qsftfodf!pg!jnqvsjujft!jo!bunptqifsf;!Qsftfodf!pg!dpssptjwf!hbtft!tvdi!bt!

TP3-!DP3-!I3T-!P3-!fud/!jo!bunptqifsf!jodsfbtft!bdjejuz-!boe!ijhi!fmfdusjdbm!

dpoevdujwjuz-!xijdi!dbvtft!tfwfsf!dpssptjpo/

! )jw*! Qsftfodf!pg!tvtqfoefe!qbsujdmft!jo!bunptqifsf;!Uif!tvtqfoefe!qbsujdmft!

jo! bunptqifsf! nbz! cf! difnjdbmmz! bdujwf! ps! jobdujwf/! Jg! uif! tvtqfoefe!

qbsujdmft!jo!obuvsf!bsf!difnjdbmmz!bdujwf-!)ObDm-!)OI5*3TP5*-!uifz!bctpsc!

npjtuvsf! boe! uivt! cfibwf! b! tuspoh! fmfduspmzujd! nfejvn! boe! tdpqf! gps!

tfwfsf!dpssptjpo/

! ! ! Jg!uif!tvtqfoefe!qbsujdmft!jo!obuvsf!bsf!difnjdbmmz!jobdujwf!)dibsdpbm*-!

uifz! bctpsc! cpui! tvmqivs! hbt! boe! npjtuvsf! boe! tmpxmz! foibodf! uif!

dpssptjpo/

! )w*! JoÞvfodf!pg!qI;!Uif!dpssptjpo!jt!ijhifs!jo!bdjejd!nfejb!uibo!cbtjd!boe!

ofvusbm!nfejb/!Uif!dpssptjpo!sbuf!pg!Jspo!jo!pyzhfo!gsff!xbufs!jt!tmpx!voujm!

uif!qI!jt!=!6/1/!Uif!dpssptjpo!pg!nfubmt!sfbejmz!buubdlfe!cz!bdje!dbo!cf!

sfevdfe!cz!jodsfbtf!pg!qI!pg!uif!buubdljoh!fowjsponfou/

! ! ! Gps! fybnqmf-! [o! sbqjemz! dpsspeft! jo!xfblmz! bdjejd! tpmvujpo! fwfo! jo!

dbscpojd!bdje-!tvggfst!njojnvn!dpssptjpo!bu!qI!>!22/1/

! )wj*! Dpoevdubodf!pg!dpsspejoh!nfejvn;!Dpoevdubodf!pg!nfejvn!jt!jnqpsubou!

jo! uif! dbtf! pg! voefshspvoe! boe! tvcnfshfe! tusvduvsft/! Dpssptjpo.

dpoevdubodf!pg!esz.tboez!tpjm!jt!mpxfs!uibo!uiptf!pg!njofsbmjtfe!ps!dmbzfz!

tpjmt/

! ! ! Tusbz!dvssfout!)gspn!qpxfs!csfblbhft*!xjmm!dbvtf!npsf!tfwfsf!ebnbhf!

up!uif!nfubmmjd!tusvduvsft-!cvsjfe!voefs!dmbzfz!boe!njofsbmjtfe!tpjm! uibo!

uiptf!voefs!esz!tboez!tpjmt/
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! 2/24
DPOUSPM!PG!DPSSPTJPO

Gpmmpxjoh!bsf!tpnf!pg!uif!nfuipet!gps!dpouspm!pg!dpssptjpo;

2/24/2! Dbuipejd!Qspufdujpo

Uif!nbjo!qsjodjqmf!jowpmwfe!jo!uijt!nfuipe!jt!up!gpsdf!uif!nfubm!up!cf!qspufdufe!

up!cfibwf!mjlf!dbuipef!tp!uibu!dpssptjpo!epft!opu!pddvs/!TbdsjÝdjbm!Bopejd!Qspufd.

ujpo!ps!Hbmwbojd!Qspufdujpo!jt!uif!cftu!nfuipe!jo!uif!dbtf!pg!dbuipejd!qspufdujpo/

Jo!uijt!nfuipe-!uif!nfubm!tusvduvsf!up!cf!qspufdufe!jt!dpoofdufe!cz!b!xjsf!up!b!

npsf!bdujwf!nfubm!tp!uibu!bmm!uif!dpssptjpo!jt!dpodfousbufe!bu!npsf!bdujwf!nfubm!

boe!tbwjoh!uif!nfubm!tusvduvsf!gspn!uif!dpssptjpo/

Uif!npsf!bdujwf!nfubm!tp!vtfe!jt!lopxo!bt!ÑtbdsjÝdjbm!bopefÒ/!Fybnqmft!pg!

tpnf!pg!dpnnpo!tbdsjÝdjbm!bopeft!bsf!Nh-![o-!Bm!boe!uifjs!bmmpzt/

Ó[oÔ! jt! vtfe! bt! tbdsjÝdjbm! bopef! jo! hppe! fmfduspmzuft! bt! tfb!xbufs/! ÓNhÔ! jt!

vtfe!jo!ijhi!sftjtujwf!fmfduspmzuft!tvdi!b!tpjm!evf!up!jut!nptu!ofhbujwf!qpufoujbm!

boe!ju!dbo!qspwjef!ijhiftu!dvssfou!pvuqvu/

Bqqmjdbujpot! Jnqpsubou!bqqmjdbujpo!pg!uijt!ufdiojrvf!bsf;!

! )j*! Qspufdujpo! pg! cvsjfe! qjqfmjoft! boe! voefshspvoe! dbcmft! gspn! tpjm!!

\Gjh/!2/2:)b*^/

! )jj*! Qspufdujpo!pg!tijqt!boe!cpbut!ivmmt!gspn!nbsjof!dpssptjpo/!Tiffut!pg!Nh0

[o!bsf!ivoh!bspvoe!tijq!ivmm-!uiftf!tiffut!cfjoh!bopejd!up!Jspo!boe!ifodf!

Nh0[o!dpsspefe/!

! )jjj*! Uif!gpsnbujpo!pg! svtuz!xbufs! jt!qsfwfoufe!cz! jotfsujpo!pg!Nh!tiffu0spe!

joup!epnftujd!xbufs!cpjmfs0Ubolt!\Gjh/!2/2:)c*^/

Gjh/!2/2:! Hbmwbojd!qspufdujpo!vtjoh!tbdsjÞdjbm!bopef
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2/24/3! Jnqsfttfe!Dvssfou!Dbuipejd!Qspufdujpo

Jo! uijt! nfuipe-! bo! jnqsfttfe! dvssfou! jt! bqqmjfe! jo! pqqptjuf! ejsfdujpo! up! uif!

dpssptjpo! dvssfou! up! ovmmjgz! boe! dpowfsu! uif! dpsspejoh! nfubm! gspn! bopef! up!

dbuipef/!Podf!uif!nfubm!cfdpnft!dbuipejd-!ju!jt!qspufdufe!gspn!dpssptjpo/!Uif!

bopef!nbz!cf!fjuifs!bo!jofsu!nbufsjbm!ps!pof!xijdi!efufsjpsbuft!boe!xjmm!ibwf!

up! sfqmbdf! qfsjpejdbmmz/! Uif! dpnnpomz! vtfe! bopejd! nbufsjbmt! bsf! hsbqijuf-!

dbscpo-!tuffm-!ijhi!tjmjdb!jspo-!tdsbq!jspo!boe!qmbujovn/!Vtvbmmz!b!tvgÝdjfou!e/d/!

dvssfou!jt!bqqmjfe!up!bo!jotpmvcmf!bopef!cvsjfe!jo!uif!tpjm!boe!dpoofdufe!up!uif!

nfubmmjd!tusvduvsf! up!cf!qspufdufe/!Uif!bopef! jt!cvsjfe!vtvbmmz! jo!cbdlÝm!tvdi!

bt!hzqtvn0dplf!csff{f!!up!jodsfbtf!fmfdusjdbm!dpoubdu!xjui!uif!tvsspvoejoh!tpjm/

Gjh/!2/31! Jnqsfttfe!dvssfou!dbuipejd!qspufdujpo

Bqqmjdbujpo! Uijt!qspufdujpo!ufdiojrvf!jt!vtfe!xifo!fmfduspmzuf!sftjtujwjuz!boe!

dvssfou! sfrvjsfnfou! bsf! ijhi/! Ju! jt! fnqmpzfe! jo! uif! dbtf! pg! cvsjfe! tusvduvsft!

tvdi!bt!xbufs!ubolt-!qjqf.mjoft-!usbotnjttjpo!mjof!upxfst-!mbje.vq!tijqt/

! 2/25
VTF!PG!JOIJCJUPST

B! tvctubodf! xijdi! po! beejujpo! jo! tnbmm! rvboujujft! up! uif! brvfpvt! dpssptjwf!

fowjsponfou! efdsfbtft! uif! dpssptjpo! pg! nfubm! fggfdujwfmz! jt! dbmmfe! dpssptjpo!

joijcjups/!Dpssptjpo!joijcjupst!bsf!dmbttjÝfe!joup!uxp!uzqft/!Uifz!bsf;

! )j*! Bopejd! joijcjupst;! Uifz! bsf! betpscfe! po! uif! nfubm! tvsgbdf! gpsnjoh! b!

qspufdujwf!dpbujoh-!uifsfcz!sfevdjoh!uif!sbuf!pg!dpssptjpo/

! ! Gps!fybnqmf-! Dispnbuf-!Qiptqibuft-!Uvohtubuft!ps!puifs!jpot!pg!usbotjujpo!

fmfnfout!xjui!b!ijhi!pyzhfo!dpoufou/

! )jj*! Dbuipejd!Joijcjupst;

! )b*! Jo!bopejd!nfejb-!uif!dbuipejd!sfbdujpo!jt!fwpmvujpo!pg!izesphfo/

! ! ! ! 3I,!)br/*!,!3fÏ!Æ!I3)h* ≠
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! ! Dpssptjpo!nbz!cf!sfevdfe!fjuifs!cz!tmpxjoh!epxo!ejggvtjpo!pg!I,!jpot!

up! uif!dbuipef!ps! jodsfbtjoh!uif!pwfswpmubhf!pg!izesphfo!fwpmvujpo/!

Uif!ejggvtjpo!pg!I,!jpot!dpotjefsbcmz!efdsfbtft!cz!pshbojd!joijcjupst!

xijdi!bsf!dbqbcmf!pg!betpscfe!bu!nfubm!tvsgbdf!)tvdi!bt!nfsdbqubot-!

bnjoft! ifufspdzdmjd! ojusphfo! dpnqpvoet*/! Boujnpoz! boe! Bstfojd!

pyjeft! bt! joijcjupst! evf! up! uifz! efqptju! beifsfou! Ýmn! pg! nfubmmjd!

bstfojd! ps! boujnpoz! bu! dbuipejd! bsfbt! uifsfcz! jodsfbtjoh! izesphfo!

pwfswpmubhf/

! )c*! Jo!ofvusbm!boe!brvfpvt!nfejvn-!uif!dbuipejd!sfbdujpo!jt

! ! ! I3P!,!
1

2
!P3!,!3fÏ!� !3PIÏ!)br/*

! ! Uif!dpssptjpo!dbo!cf!dpouspmmfe!fjuifs!cz!fmjnjobujoh!pyzhfo! gspn!

dpoubdu!nfejvn! ps! cz! sfubsejoh! jut! ejggvtjpo! up! dbuipejd! bsfb/!Uif!

gpsnfs! jt!buubjofe!cz! uif!beejujpo!pg!Ob3TP4!ps!cz!efbfsbujpo/!Uif!

mbufs! jt! dbssjfe! pvu! cz! Nh-! [o-! ps! Oj! tbmut! xijdi! sfbdu! xjui! PIÏ!

jpot! gpsnjoh! dpssftqpoejoh! jotpmvcmf! izespyjeft!xijdi! efqptju! po!

dbuipef!gpsnjoh!mftt!jnqfsnfbcmf!cbssjfs/

! 2/26
FMFDUSPQMBUJOH

Fmfduspqmbujoh! jt! uif!qspdftt!pg!efqptjujpo!pg! dpbujoh!nfubm! jo! uif!cbtf!nfubm!

cz!qbttjoh!b!ejsfdu!dvssfou!uispvhi!bo!fmfduspmzujd!tpmvujpo!xijdi!dpoubjot!uif!

tpmvcmf!tbmu!pg!uif!dpbujoh!nfubm/!Uif!nbjo!pckfdujwf!pg!fmfduspqmbujoh!jt!)j*!Up!

jodsfbtf! uif! sftjtubodf! pg! uif! qmbufe! nfubm-! )jj*! sftjtubodf! up! difnjdbm! buubdl!

ps!)jjj*! up! jnqspwf!qiztjdbm!bqqfbsbodf!boe!ibseoftt-!)jw*!gps! jnqspwfnfou!pg!

dpnnfsdjbm!wbmvf!boe!efdpsbujpo!pg!nfubm/

Gjh/!2/32! Fmfduspqmbujoh!)dbuipef*
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Pjmt-!hsfbtft-!fud!bsf!sfnpwfe!gspn!uif!tvsgbdf!pg!nfubm!up!cf!dimpspqmbufe!

cz!usfbunfou!xjui!pshbojd!tpmwfout!tvdi!bt!ufusbdimpspfuizmfof/!Tvsgbdf!tdbmft-!

pyjeft-! fud/! bsf! uifo! sfnpwfe! cz! bqqmzjoh! IDm! )Ojdlfm! ps! Dpqqfs! qmbujoh*!

ps! I3TP5! )dispnjvn! qmbujoh*/! Uif! dmfbofe! nfubm! jt! uifo! nbef! dbuipef! pg!

bo! fmfduspmzujd! dfmm/! Uif! bopef! jt! fjuifs! bo! jofsu! nbufsjbm! pg! hppe! fmfdusjdbm!

dpoevdujwjuz! )hsbqijuf*!ps! dpbujoh!nfubm! )qvsf*! jutfmg/!Fmfduspmzujd! jt! b! tpmvcmf!

tbmu! tpmvujpo! pg! b! nfubm! up! cf! dpbufe/! Uif! bopef! boe! dbuipef! bsf! ejqqfe! jo!

fmfduspmzujd! tpmvujpo!lfqu! jo!bo!fmfduspqmbujoh!dfmm/!Xifo!ejsfdu!dvssfou!qbttft!

uispvhi-!dpbujoh!nfubm!jpo!njhsbuft!upxbset!dbuipef!boe!hfut!efqptjufe!uifsf!jo!

uif!gpsn!pg!uijo!mbzfs/

2/26/2! Fmfduspqmbujoh!pg!Ojdlfm

Ojdlfm!qmbujoh!hjwft!ibse-!beifsfou!boe!hppe!xfbs!sftjtubodf!tvsgbdf/!Hfofsbm!

ojdlfm! qmbujoh! jt! vtfe! bt! bo! voefsdpbu! gps! bsujdmft! xijdi! bsf! Ýobmmz! up! cf!

dispnjvn!qmbufe/

Sfrvjsfnfout!gps!fmfduspqmbujoh

! 2/! Fmfduspmzujd!cbui;!Ju!dpotjtut!pg!ojdlfm!tvmqibuf!)361!h0M*-!ojdlfm!dimpsjef!

)561!h0M*!boe!cpsjd!bdje!)41!h0M*/

! 3/! qI;!Nbjoubjofe!bu!5/1!cz!cpsjd!bdje!cvggfs

! 4/! Pqfsbujoh!ufnqfsbuvsf;!51!Ï81¡D

! 5/! Dvssfou!efotjuz;!31Ï41!nB0dn3

! 6/! Beejujwf!bhfou;!Tbddibsjo0dpvnbsjo!efsjwbujwft

! 7/! Dbuipef;!Nfubm!bsujdmf!up!cf!qmbufe

! 8/! Bopef;!Ojdlfm!qbmmfut0qjfdft!ublfo!jo!b!ujubojvn!nfti!cbtlfu

! 9/! Dvssfou!fgÝdjfodz;!:6&

2/26/3! Fmfduspqmbujoh!pg!Dispnjvn

Dispnjvn!qmbujoh! jt! b! qpspvt! boe! opo.beifsfou! jo!xijdi! ju! sfrvjsft! uibu! uif!

bsujdmf!jt!Ýstu!hjwfo!voefs!dpbu!pg!dpqqfs!ps!ojdlfm/!Dispnjvn!fmfduspqmbujoh!jt!

dbssjfe!pvu!jo!bdjejd!nfejvn!cz!jotpmvcmf!bopef/

! 2/! Qmbujoh!cbui;!Dispnjd!bdje!)I3DsP5*!boe!I3TP5!jt!211!;!2!cz!wpmvnf/

! 3/! Pqfsbujoh!ufnq;!51Ï61¡D

! 4/! Dbubmztu;!TP5
3Ï!jpo!Ds)JW*!dpowfsu!jt!up!Ds)JJJ*!cz!dpnqmfy!bopejd!sfbdujpo!

jt!qsftfodf!pg!TP5
3Ï/

! 5/! Dvssfou!efotjuz;!211Ï311!nB0dn3!

! 6/! Bopef;!Mfbe!boe!boujnpoz!bmmpz!jt!vtfe!gps!hfuujoh!jotpmvcmf!bopeft/

! 7/! Dbuipef;! Bsujdmf! up! cf! qmbufe! boe! qsfusfbufe! xjui! pshbojd! tpmwfout! up!

sfnpwf!pjmt!boe!hsfbtft/

! 8/! Dvssfou!fgÝdjfodz;!21!Ï!23&
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! 2/27
FMFDUSPMFTT!QMBUJOH

Fmfduspmftt! qmbujoh! jt! bmtp! b! xjefmz! vtfe! ufdiojrvf! up! qspufdu! uif! cbtf!nfubm!

gspn!uif!dpssptjpo/!Ju!jt!bmtp!dbmmfe!ejtqmbdfnfou!qmbujoh!ps!Jnnfstjpo!dpbujoh0

qmbujoh/!Ju!jowpmwft!cbtf!nfubm!up!cf!jnnfstfe!jo!b!cbui!pg!opcmf!nfubm!tbmu!vtfe!

gps!qmbujoh/!Uif!opcmf!nfubm!jpo!jt!ejtqmbdfe!gspn!jut!tbmu!tpmvujpo!cz!uif!cbtf!

nfubm!jpo!boe!gpsnt!b!uijo!vojgpsn!efqptju!po!uif!cbtf!nfubm!bsujdmf/!Uif!cfuufs!

fybnqmf!gps!fmfduspmftt!qmbujoh!jt!ojdlfm!qmbujoh/

Uif! cbtf! nfubm! up! cf! qspufdufe! gspn! dpssptjpo-! jt! jnnfstfe! jo! b! cbui!

dpoubjojoh! tpejvn! izqpqiptqibuf! boe! ojdlfm! tvmqibuf! bu! qI! 5/6Ï6/1! boe!

nbjoubjo! cbui! ufnqfsbuvsf! pg! bcpvu! 211¡D/! Uif! izqpqiptqibuf! sfevdft!

ojdlfm!jpo!up!nfubm!ojdlfm!boe!Ýobmmz!dpowfsut!joup!ojdlfm!qiptqijef/!Bo!bmmpz!

pg! ojdlfm! boe! ojdlfm! qiptqijef! jt! efqptjufe! po! uif! cbtf!nfubm! bsujdmf! tvsgbdf!

gpsnjoh!b!tuspoh!beifsfou!opo.qpspvt!dpbujoh!xjui!ijhi!dpssptjpo!sftjtubodf/

! 2/28
TVSGBDF!DPBUJOHT

Uif!bqqmjdbujpo!pg!nfubmmjd!dpbujoh!jt!jnqpsubou!nfuipe!gps!qspufdujoh!b!nfubm!

gspn! uif! dpssptjpo/! Uif! qspufdujwf! dpbujoh! nbz! cf! nfubmmjd-! jopshbojd! opo.

nfubmmjd!ps!pshbojd!tvctubodft/!Uif!qspufdujwf!dpbujoht!qspufdu! uif!nfubm!gspn!

dpssptjpo!cz!bdujoh!bt!b!cbssjfs!cfuxffo!uif!nfubm!boe!dpssptjpo!fowjsponfou/!

Cfgpsf!bqqmzjoh!pg!boz!dpbujoh-!ju!jt!wfsz!fttfoujbm!up!qsfqbsf!uif!nfubm!tvsgbdf!

qspqfsmz/!Opsnbmmz-!ju!jowpmwft!4!tufqt;!)j*!Sfnpwbm!pg!hsfbtf!boe!puifs!tvsgbdf!

dpoubnjobout-!)jj*!Sfnpwbm!pg!pyjef!tdbmf!svtu!boe!dpssptjpo!qspevdut-!boe!)jjj*!

Fudijoh!usfbunfou!gps!cfuufs!beiftjpo!pg!dpbujoh!nfubm!po!uif!tvsgbdf/

! )j*! Sfnpwbm! pg! pjmt! boe! hsfbtft;! Uifz!nbz! cf! sfnpwfe! cz! vtjoh! pshbojd!

tpmwfout!tvdi!bt!bdfupof-!usjdimpspfuizmfof-!DDm5-!yzmfof-!fud/

! )jj*! Svtu!boe!pyjef!tdbmft;!Uiftf!bsf!vtvbmmz!sfnpwfe!cz!bcsbtjpo!xjui! uif!

ifmq!pg!hsjoejoh-!tboe!cmbtujoh-!xjsf!csvtijoh!ps!cz!bdje!qjdlmjoh/

! ! Gps!fybnqmf-!6&!I3TP5!jt!vtfe!up!sfnpwf!njmm!tdbmft!pg!jspo!boe!tuffm!

qbsut/!Csbtt-!cspo{f!bsujdmft!bsf!qjdlmfe!cz!jnnfstjpo!jo!b!njyuvsf!pg!IDm!

boe!I3TP5!xjui!b!mjuumf!IOP4!jt!beefe/

! )jjj*! Gjof!fudijoh;!Uijt!jt!opsnbmmz!fnqmpzfe!gps!cfuufs!beiftjpo!boe!jnqspwfe!

bqqfbsbodf!pg!uif!dpbujoht/

2/28/2! Nfubmmjd!Dpbujoht!

Uiftf! bsf!nptumz! bqqmjfe! po! tuffm! boe! jspo! bsujdmft! tjodf! uifz! bsf! difbq! boe!

dpnnpomz!vtfe!gps!wbsjpvt!qvsqptft/

[jod-!ujo-!ojdlfm-!dpqqfs-!dispnjvn-!bmvnjojvn!boe!mfbe!bsf!dpnnpomz!vtfe!

jo!uif!nfubmmjd!dpbujoht/
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! )b*! Nfubm!tqsbzjoh;!Jo!uijt!ufdiojrvf-!uif!npmufo!nfubm!jt!tqsbzjoh!xjui!uif!

ifmq!pg!tqsbzjoh!qjtupm!po!uif!dpme!tvsgbdf!pg!uif!cbtf!nfubm/!Tqsbzjoh!jt!

fggfdujwf!qspwjefe! uif!tvsgbdf!pg! uif!cbtf!nfubm!nvtu!qspqfsmz!dmfbofe/!

Bgufs! tvsgbdf! dmfbojoh-! uif! tqsbzjoh! bt! epof! jnnfejbufmz/!Uif!nfubm! uivt!

tqsbzfe!beifsfe!up!uif!tvsgbdf!xfmm!boe!qspufdu!uif!nfubm!gspn!uif!tvsspvoejoh!

fowjsponfou/! Jg! uif! dpbujoh! jt! qpspvt! ps! opo.beifsfou-! uif! qspdftt! jt! opu!

fggfdujwf/!Fybnqmft!pg!dpbujoh!nfubmt!bsf![o-!Bm-!Dv-!Oj-!To-!fud/

! )c*! Ipu!ejqqjoh;!Jo!uijt!ufdiojrvf-!uif!nfubm!up!cf!dpbufe!ejqqfe!jo!uif!npmufo!

nfubm!cbui!vtfe!gps!dpbujoh!xjui!tvgÝdjfou!ujnf/!Bgufs!tpnf!joufswbm-!uif!!

nfubm!jt!ublfo!pvu!gspn!uif!npmufo!cbui!boe!b!uijo!mbzfs!pg!qspufdujwf!nfubm!

dpbujoh!jt!gpvoe!xijdi!qsfwfou!uif!dpssptjpo!pg!cbtf!nfubm/!Uijt!nfuipe!

jt!xjefmz!vtfe! gps! bqqmzjoh! ! dpbujoh!pg! mpx!nfmujoh!nfubmt! boe! bmmpzt/!

Uif!dpbujoh!pg!nfubmt!tvdi!bt!mfbe-!ujo!boe!{jod!xijdi!ibwf!mpx!nfmujoh!

qpjout!bsf!hfofsbmmz!vtfe!jo!ipu!ejqqjoh/!Uif!qspdfttft!pg!qspwjejoh!b!{jod!

dpbujoh!po!jspo!jt!dbmmfe!Hbmwbojtjoh!boe!pof!qspwjejoh!b!ujo!dpbujoh!po!

jspo!jt!dbmmfe!Ujoojoh/!

! )d*! Nfubm! dmbeejoh;! Nfubm! dmbeejoh! jt! b! qspdftt! jo! xijdi! b! efotf-! ipnp.

hfofpvt! mbzfs!pg! dpbujoh!nfubm! jt! cpoefe!Ýsnmz! uif!cbtf!nfubm!po!pof!

tjef! ps! cpui! tjeft! up! jnqbsu! dpssptjpo! boe!xfbs! sftjtubodf/!Uif! dipjdf!

pg!dmbeejoh!nbufsjbm!efqfoet!po!uif!dpssptjpo!sftjtubodf!sfrvjsfe!gps!uif!

hjwfo!fowjsponfou/!Tpnf!pg!uif!jnqpsubou!dpssptjpo!sftjtubou!nfubmt!mjlf!

Dv-!Qu-!Bh-!Qc-!Oj-!fud/!boe!bmmpzt!mjlf!ojdlfm!bmmpzt-!dpqqfs!bmmpzt-!tubjomftt!

tuffm-!fud/!bsf!vtfe!bt!dmbeejoh!nbufsjbmt/!Tpnf!pg!uif!dmbeejoh!nfuipet!

jodmvef!)j*!spmmjoh!uif!dmfbo!tiffut!ps!qmbuft!pg!uif!uxp!nbufsjbmt!uphfuifs!

)jj*!bqqmzjoh!uif!dpbujoh!tiffu!cz!tqpu!xfmejoh!ps!sftjtubodf!xfmejoh!boe!

)jjj*!gvtjoh!uif!dmbeejoh!nbufsjbm!po!uif!tvsgbdf!pg!uif!cbtf!nfubm/!Pof!pg!

uiftf!dmbeejoh!!nfuipe!jt!cz!bssbohjoh!tiffut!pg!dpbujoh!nbufsjbm!boe!cbtf!

nfubm!jo!uif!gpsn!pg!tboexjdi-!xijdi!jo!uvso!qbttfe!uispvhi!spmmfst!voefs!

uif!bdujpo!pg!ifbu!boe!qsfttvsf!)Gjh/!2/33*/

! Bqqmjdbujpot

 ∑ Bmvnjojvn!dmbe!tuffm!jt!vtfe!jo!bjsdsbgu!gvfm!hbvhf-!jo!xbufs!ubolt!boe!

hbtpmjof/!

 ∑ Dpqqfs! dmbe! tuffm! jt! vtfe! jo! fmfdusjdbm! Joevtusz! cfdbvtf! pg! jut! ijhi!

tusfohui!boe!hppe!fmfdusjdbm!dpoevdujwjuz/

Gjh/!2/33! Uif!nfubm!dmbeejoh!pg!evsbmvnjo
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! )e*! Dfnfoubujpo;! Jo! uijt! ufdiojrvf-! uif! cbtf!nfubm! )tuffm0jspo*! qbdlfe!xjui!

{jod! qpxefs! boe!ifbufe! uifn! ! up! b! ufnqfsbuvsf! kvtu! cfmpx! uif!nfmujoh!

ufnqfsbuvsf!pg!cbtf!nfubm/!Cz!ejggvtjpo!pg! dpbujoh!nfubm-! joup! uif!cbtf!

nfubm-! bo! bmmpz! pg! uxp! nfubmt! jt! gpsnfe/! Uijt! ufdiojrvf! jt! vtfe! gps!

qspevdjoh! bo! bmmpzjoh! mbzfs! po! uif! tuffm! ps! jspo! tvsgbdft/! Jg! uif! {jod! jt!

nbef!bmmpz!po!jspo-!ju!jt!dbmmfe!tifsbejtjoh-!jg!bmvnjojvn!jt!nbef!bmmpz!po!

jspo!ju!jt!dbmmfe!dpmpvsjtjoh/!B!dpmpvsjtfe!dpbujoh!jt!ibsefs!boe!npsf!ifbu!

sftjtubou!uibo!b!{jod!dpbujoh/

2/28/3! Jopshbojd!Opo.nfubmmjd!Dpbujoht

Uif! dpbujoht! pg! dfsubjo! jopshbojd! opo.nfubmmjd! tvctubodft! dbo! cf! bqqmjfe! po!

uif! tvsgbdft! pg! uif! nfubmt! gps! dpssptjpo! qspufdujpo/! Uiftf! jodmvef! tvsgbdf!

dpowfstjpo! ps! difnjdbm! ejq! dpbujoht-! bopejtfe! pyjef! dpbujoht! boe! wjusfpvt!

fobnfm!dpbujoht/

! )b*! Tvsgbdf!dpowfstjpo!ps!difnjdbm!ejq!dpbujoht;!Jo!uijt!ufdiojrvf!uif!cbtf!

nfubm!jt!jnnfstfe!jo!b!tvjubcmf!difnjdbm!tpmvujpo!xijdi!dbo!sfbdu!!xjui!

nfubm! tvsgbdf! gpsnjoh! bo! beifsfou! dpbujoh/! Uiftf! dpbujoht! tipx! hppe!

qspufdujpo!gps!uif!cbtf!nfubm!gspn!uif!dpssptjwf!fowjsponfou!boe!tpnf.

ujnft! ju! bdu! bt!efdpsbujwf!wbmvf/!Nboz!pg! uiftf!dpbujoht! tfswf!bt!voefs!

dpbut! gps! uif! bqqmjdbujpo!pg! fobnfmt-! qbjout! boe!pshbojd! dpbujoht/!Nptu!

dpnnpo! fybnqmft! gps! tvsgbdf! dpowfstjpo! dpbujoht! bsf! pyjef! dpbujoht-!

qiptqibuf! dpbujoht! boe! dispnbuf! dpbujoht/! Uif! pyjef! dpbujoh! dbo! cf!

gpsnfe!cz!usfbujoh!uif!cbtf!nfubm!xjui!bmlbmjof!pyjejtjoh!bhfou/!Qiptqibuf!

dpbujoht!dbo!cf! gpsnfe!cz! sfbdujoh! jo!cbtf!nfubm!xjui!qiptqipsjd!bdje!

boe!qiptqibuf!pg![o-!Gf!)ps*!No!jo!qsftfodf!pg!dpqqfs!tbmu!xijdi!bdu!bt!

bddfmfsbups/!Nh!nfubm! boe! jut! bmmpzt! dbo!cf!cfuufs!qspufdufe!cz! usfbujoh!

xjui!Ob3Ds3P8!)ps*!Ob3Ds3P8!boe!IOP4!gpmmpxfe!cz!qbjoujoh/

! )c*! Bopejtfe!dpbujoht;!Bopejtfe!dpbujoh!jt!opsnbmmz!qspevdfe!po!opo.gfsspvt!

nfubmt! mjlf!Bm-![o-!Nh!boe! uifjs! bmmpzt!cz! bopejd!pyjebujpo!qspdftt! jo!

xijdi! cbtf!nfubm! jt!nbef! bt! bopef! jo! bo! fmfduspmzujd! ! cbui! pg! efÝojuf!

dpnqptjujpo!boe!vtjoh!ejsfdu!fmfdusjd!dvssfou/!Uif!nptu!dpnnpomz!vtfe!

fmfduspmzujd!cbuit!bsf!cpsjd!bdje-!qiptqipsjd!bdje-!Dispnjd!bdje-!tvmqivsjd!

bdje-!pybmjd!bdje!ps!uifjs!njyuvsft/!Mfbe!jt!hfofsbmmz!vtfe!bt!dbuipef/

! ! ! Uif!bopejd!pyjef!Ýmn!gpsnfe!po!uif!ÓBmÔ!bt!uif!bcpwf!fmfduspmzujd!cbui!

ufoet! up! cf! qpspvt! boe! qspwjef! hppe! beifsf! gps! qbjout/! Uif! dpssptjwf!

sftjtubodf! boe! tusfohui! pg! uif! bopejtfe! Ýmn! jt! tdbmfe! cz! jnnfstjoh! jo!

cpjmjoh!xbufs/!Uijt!ifmqt!uif!dibohft!qpspvt!bmvnjob!bu!uif!tvsgbdf!jt!up!

jut!izesbuf!)Bm3P4!◊!I3P*!xijdi!pddvqjft!npsf!wpmvnf!uifsfcz!uif!qpsft!

bsf!tfbmfe/

! )d*! Wjusfpvt! fobnfm! dpbujoht;! Uiftf! dpbujoht! bsf! xjefmz! vtfe! gps! gfsspvt!

nbufsjbmt! fnqmpzfe! up! uif!frvjqnfou! jo!ebjsz-! gppe-! difnjdbm-!qibsnb.

dfvujdbm!joevtusjft/!Fobnfmmfe!tuffm!jt!vtfe!gps!ubcmft-!tupwft-!sfgsjhfsbupst-!

ljudifo!vufotjmt-!fud/!Wjusfpvt!)ps*!qpsdfmbjo!fobnfmt!bsf!npejÝfe!hmbtt.mjlf!!
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nbufsjbmt!ibwjoh!wbsjpvt!dpnqptjujpot!xijdi!bsf!bqqmjfe!vtvbmmz!po!tuffm!

boe!dbtu! jspo!frvjqnfou/!Uif!wjusfpvt!nbufsjbm! gps! uif!fobnfm! jt! dbmmfe!

ÓgsjuÔ!xijdi!jt!qsfqbsfe!cz!gvtjoh!bdjejd!sfusbdupsz!xjui!cbtjd!Þvyft/

! ! ! Ijhi!qspqpsujpot!pg!tjmjdb!boe!gfmetqbs!boe!mpxfs!qspqpsujpot!pg!Þvyft!

xjmm!hjwf!bdje!sftjtubou!fobnfm/!Uif!fobnfmmfe!nfubmt!dboÔu!cf!cfou!xjuipvu!

efgpsnbujpo!pg!dpbujoht/!Cz!uifsnbm!ps!uif!nfdibojdbm!tipdl-!fobnfmmfe!

bsujdmft!ufoe!up!dsbdl/

Tipsu!Botxfs!Rvftujpot

! 2/! Xibu!jt!bo!fmfduspdifnjdbm!dfmm@!Hjwf!bo!fybnqmf/

! ! Bot/!B! efwjdf! dpotjtujoh! pg! uxp! fmfduspet-! fbdi! jo! dpoubdu!xjui! b! tpmvujpo! pg! jut!

pxo! jpot-! usbotgpsnt! uif! gsff! fofshz! dibohf! pg! sfepy! sfbdujpo! bu! fmfduspeft! joup!

fmfdusjdbm!fofshz/!Gps!FybnqmfÏ!Hbmwbojd!dfmm

! 3/! EfÝof!uif!Hbmwbojd!dfmm/

! ! Bot/! Uif! fofshz! gspn! b! cbuufsz! qspevdfe! gspn! b! tqpoubofpvt! sfepy! sfbdujpo! jo!

xijdi! uif!fmfduspo! usbotgfs! jt! gpsnfe!up! ublf!qmbdf! uispvhi!b!xjsf/!Uif!bqqbsbuvt!

uibu! qspwjeft! fmfdusjdjuz! uispvhi! sfepy! sfbdujpo! jt! dbmmfe! Hbmwbojd! dfmm/! Ju! bmtp!

dbmmfe!b!wpmubjd!dfmm/

! 4/! EfÝof!sfevdujpo!qpufoujbm/!

! ! Bot/! Uif! ufoefodz! pg! bo! fmfduspef! up! hbjo! fmfduspot-! xifo! ju! jt! jo! dpoubdu! xjui!

tpmvujpo!pg!jut!pxo!jpot/

! 5/! Xibu!jt!pyjebujpo!qpufoujbm@

! ! Bot/! Uif! ufoefodz! pg! bo! fmfduspef! up! mptf! fmfduspot! xifo! ju! jt! jo! dpoubdu! xjui!

tpmvujpo!pg!jut!pxo!jpot/

! 6/! Xibu!jt!Ofsotu!frvbujpo/

! ! Bot/!Ofsotu!efsjwfe!b!nbuifnbujdbm! sfmbujpotijq!xijdi!fobcmf!vt! up!dbmdvmbuf! uif!

ibmg.dfmm! qpufoujbm-! F-! gspn! uif! tuboebse! qpufoujbm! F¡-! boe! uif! ufnqfsbuvsf! pg! uif!

dfmm/!Uijt!sfmbujpo!lopxo!bt!Ofsotu!frvbujpo/

Bu!36¡D! Fdfmv!>!Fp
dfmm!,!

2 303. RT

nF
!mph!L!

! ! ! ! xifsf! Fp! >!Tuboebse!fmfduspef!qpufoujbm!

! ! ! ! ! S! >!hbt!dpotujpo!!!!!

! ! ! ! ! U! >!Lfmwjo!ufnqfsbuvsf

! ! ! ! ! o! >!Ovncfs!pg!fmfdujpot!usbotgfssfe!jo!uif!ibmgÏsfbdujpo!

! ! ! ! ! G! >!!Gbsbebz!pg!fmfdusjdjuz!

! ! ! ! ! L! >!frvbmjtbujpo!dpotubou!

! 7/! Uif! fng! pg! dfmm-! Nh0Nh,3! 11/12N}}Dv3,)N*} Dv! jt! gpvoe! up! 3/89! W! bu! 411! L/!

Uif!Tuboebse!fmfduspef!qpufoujbm!pg!Nh!fmfduspef!Ï3/482W/!Xibu! jt! uif! fmfduspef!

qpufoujbm!pg!dpqqfs!fmfduspef@

! ! Bot/!Uif!fmfduspef!qpufoujbm!pg!ÓNhÔ!jt!)bddpsejoh!up!Ofsoftu!frvbujpo*

! ! ! ! ! FNh! >!E +
0.0591

n
log[Mgo

Mg /Mg2+
2+ ]
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! ! ! ! ! ! >!Ï3/48!,!
0.0591

2
!mph!)1/12*!

! ! ! ! ! ! >!Ï3/48!Ï!1/16:2

! ! ! ! ! ! >!Ï3/53:1!W

   \! ! FDfmm! >!FDv!Ï!FNh

! ! ! ! ! 3/89! >!GDv!Ï!)Ï3/53:1*

! ! ! ! ! Fdv! >!3/89!Ï!3/53:1

! ! ! ! ! ! >!1/461:!W

! 8/! Dbmdvmbuf!uif!tuboebse!fmfduspef!qpufoujbm!Eo

Cu /Cu2+ !pg!dpqqfs!jut!fmfduspef!qpufoujbm!

F-!bu!36¡D!jt!1/3:7!W!xifo!uif!dpodfousbujpo!pg!Dv3,!jpo!1/126!n

! ! Bot/!Uif!Ofsotu!frvbujpo!gps!tjohmf!fmfduspef!qpufoujbm!jt

! ! ! ! ! F! >!E
0.0591

n
g Cuo 2++ 10 10 [ ]

! ! Hjwfo;! F! >!1/3:7!W

! ! ! ! ! F! >!E
0.0591

2
g 0.015

Cu /Cu

o
2+ + 10 10 [ ]

! ! Uifsfgpsf-! E
Cu /Cu

o
2+ ! >!1/3:7!Ï!

0.0591

2
g 0.01510 10 [ ]

! ! ! ! ! ! >!1/3:7!,!1/1651

! ! ! ! ! ! >!1/46!W

! 9/! Xibu!jt!qsjnbsz!cbuufsz@!Hjwf!bo!fybnqmf@

! ! Bot/!Uiftf!dfmmt!bsf!opu!eftjhofe!up!cf!sfdibshfe!ps!dfmm.sfbdujpo!jt!opu!sfwfstjcmf!

bsf! dbmmfe! qsjnbsz! cbuufsz/! Xifo! uif! sfbdubout! ibwf! bmnptu! cffo! dpowfsufe! up!!

qspevdu! gvsuifs! op! npsf! fmfdusjdjuz! jt! qspevdfe! boe! cbuufsz! cfdpnft! efbe! gps!

fybnqmfÏwpmubjd!dfmm-!Ebojfm!dfmm-!dbscpoÏ!{jod!cbuufsz/

! :/! Xibu!jt!tfdpoebsz!cbuufsz@!Hjwf!bo!fybnqmf!

! ! Bot/!Jo!tfdpoebsz!cbuufsjft-! uif!difnjdbm!sfbdujpot!bsf!sfwfstfe!cz!qbttjoh!ejsfdu!

dvssfou!jo!pqqptjuf!ejsfdujpo/!Uif!dfmmt!bsf!eftjhofe!gps!sfqfbufe!vtf!boe!uifz!bsf!

bcmf!up!cf!sfdibshf!bcmf/!Gps!Fybnqmf;!Ojdlfm!Ï!Dbenjvn!dfmm-!Mjuijvn!Cbuufsjft

!21/! Xibu!jt!b!gvfm!dfmm@!Hjwf!bo!fybnqmf/

! ! Bot/!B!gvfm!dfmm! jt!bo!fmfduspdifnjdbm!dfmm! jo!xijdi! uif!difnjdbm!fofshz!pg! gvfmÏ

pyjebou!tztufn!jt!ejsfdumz!dpowfsufe!joup!fmfdusjdbm!fofshz/

!22/! Xibu!bsf!uif!Mjnjubujpot!pg!nfuibopm!gvfm!dfmm@

! ! Bot/! Evsjoh! uif! nfuibopm! pyjebujpo! sfbdujpo-! DP! jt! gpsnfe! xijdi! jt! tuspohmz!

bctpscfe! po! up! qmbujovn! dbubmztu-! sfevdjoh! uif! tvsgbdf! bsf! boe! mpxfsjoh! uif!

qfsgpsnbodf/

  Æ!Nfuibopm!jt!upyjd!boe!Þbnnbcmf/

  Æ!Mjnjufe!jo!uif!qpxfs!uifz!qspevdf/

!23/! Xibu!jt!nfbou!cz!Tfotps@

! ! Bot/! Tfotps! jt! b! efwjdf! xijdi! jt! bcmf! up! efufdu! b! dibohf! jo! qiztjdbm0difnjdbm!

rvboujuz!boe!qspevdf!bo!fmfdusjdbm!tjhobm!tvjubcmf!gps!b!dpnqvufs/
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!24/! Xibu!bsf!uif!ejggfsfou!ljoet!pg!fmfduspdifnjdbm!tfotpst/

! ! Bot/!Fmfduspdifnjdbm!tfotpst!bsf!uisff!uzqft

! ! ! 2/! Qpufoujpnfusjd!tfotpst

! ! ! 3/! Bnqfspnfusjd!tfotpst

! ! ! 4/! Difnjsftjtupst!tfotpst!

!25/! Xibu!jt!nfbou!cz!dpssptjpo@

! ! Bot/!Boz!qspdftt!pg!efufsjpsbujpo!boe!dpotfrvfou! mptt!pg!tpmje!nfubmmjd!nbufsjbmt!

uispvhi! bo! voxboufe! difnjdbm! ps! fmfduspdifnjdbm! buubdl! cz! jut! fowjsponfou-!

tubsujoh!bu!jut!tvsgbdf!jt!dbmmfe!dpssptjpo/

!26/! Xibu!jt!esz!dpssptjpo@

! ! Bot/! Dpssptjpo! dbvtfe! cz! ejsfdu! difnjdbm! bdujpo! pg! bunptqifsjd! hbtft! tvdi! bt!

pyzhfo-!ibmphfo-!tvmqivs!ejpyjef!xjui!nfubm!tvsgbdf!jo!jnnfejbuf!qspyjnjuz/

!27/! Xibu!jt!qjmmjoh.Cfe!xpsui!svmf@

! ! Bot/!Bo!pyjef!Ýmn!jt!qspufdujwf!)ps!opo.qpspvt*!jg!uif!wpmvnf!pg!uif!pyjef!jt!bu.

mfbtu!bt!hsfbu!bt!uif!wpmvnf!pg!uif!nfubm!gspn!xijdi!ju!jt!gpsnfe!po!uif!puifs!iboe-!

jg!uif!wpmvnf!pg!uif!pyjef!Ýmn!jt!mftt!uibo!uif!wpmvnf!pg!uif!nfubm-!uifo!uif!pyjef!

Ýmn!jt!qpspvt!boe!opo.qspufdujwf

TqfdjÝd!Sbujp!>!
Volume of metal oxide

Volume of metal

!28/! Xsjuf!tipsu!opuf!po!dbuipejd!qspufdujpo/

! ! Bot/!Jo!uijt!ufdiojrvf-!b!npsf!bdujwf!nfubm!jt!dpoofdufe!up!uif!nfubm!tusvduvsf!up!cf!

qspufdufe!tp!uibu!bmm!uif!dpssptjpo!jt!dpodfousbufe!bu!uif!npsf!bdujwf!nfubm!boe!uivt!

tbwjoh!uif!nfubm!tusvduvsf!gspn!dpssptjpo/

!29/! Xiz!jt!dpbujoh!pg!{jod!po!Jspo!jt!dbmmfe!tbdsjÝdfe!bopef@

! ! Bot/![jod!bdut!bt!bo!bopef!xjui!sftfdu!up!jspo!tp!{jod!jt!hp!joup!tpmvujpo!boe!jspo!jt!

qspufdufe/!Ifodf!{jod!jt!ÓTbdsjÝdfeÔ!jotufbe!jspo/

!2:/! Xibu!jt!difnjdbm!gpsnvmb!pg!svtu@

! ! Bot/!Gf3P4/ y!I3P

!31/! EfÝof!Fmfduspqmbujoh/

! ! Bot/!Fmfduspqmbujoh!ps!Fmfdusp!efqptjujpo!jt!uif!qspdftt!cz!xijdi!uif!dpbujoh!nfubm!

jt! efqptjufe! po! uif! cbtf!nfubm! cz! qbttjoh! b! ejsfdu! dvssfou! uispvhi! bo! fmfduspmzuf!

tpmvujpo-!dpoubjojoh!uif!tpmvcmf!tbmu!pg!uif!dpbujoh!nfubm/

Sfwjfx!Rvftujpo

Tipsu!Uzqf!rvftujpo

! 2/! EfÝof!Fmfduspdifnjdbm!Dfmm

! 3/! Efsjwf!Ofsotu!Frvbujpo

! 4/! Xibu!jt!tjhojÝdbodf!pg!fmfduspdifnjdbm!tfsjft/

! 5/! Ejggfsfoujbuf!cfuxffo!uif!qsjnbsz!boe!Tfdpoebsz!Cbuufsjft

! 6/! Xsjuf!tipsu!opuf!po!b!Nfuibopm!gvfm!Dfmm

! 7/! Xibu!bsf!uif!bqqmjdbujpot!pg!Fmfduspdifnjdbm!Tfotpst@
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! 8/! Ipx!pof!dbo!bobmztf!Hmvdptf!cz!Fmfduspdifnjdbm!Tfotpst@

! 9/! Xibu!jt!pyjebujpo!Dpssptjpo@!Hjwf!bo!fybnqmf@

! :/! Fyqmbjo!uif!wbsjpvt!gbdupst!xijdi!joÞvfodf!Dpssptjpo@

!21/! Xibu!jt!nfbou!cz!fmfduspdifnjdbm!uifpsz!pg!dpssptjpo@

!22/! Ejtujohvjti!cfuxffo!Xfu!boe!Esz!Dpssptjpo

!23/! Xsjuf!cbtjd!qsjodjqmf!pg!Hbmwbojd!dfmm/

!24/! Fyqmbjo!uif!qsjodjqmf!jowpmwfe!jo!Gvfm!dfmmt/

!25/! Xibu!jt!nfbou!cz!tbdsjÝdjbm!bopejd!qspufdujpo@

!26/! EfÝof!fmfduspdifnjdbm!tfotps@!Hjwf!tvjubcmf!Fybnqmft

!27/! Fyqmbjo!uif!tjhojÝdbodf!pg!qjmmjoh!Cfexpsui!svmf!up!fyqmbjo!uif!dpssptjpo@

Fttbz!Uzqf!Rvftujpot

! 2/!! )b*! Eftdsjcf!uif!dbuipejd!qspufdujpo!pg!dpssptjpo!dpouspm/

! !! )c*! Xsjuf!b!opuf!po!fmfduspqmbujoh/

! 3/! Xsjuf! epxo! uif! frvbujpo! gps! uif! izesphfo! fwpmvujpo! jo! bo! fmfduspdifnjdbm!

dpssptjpo!sfbdujpo/

! 4/! Hjwf! bo! bddpvou! pg! uif! wbsjpvt! gbdupst! joÞvfodjoh! dpssptjpo! cz! hjwjoh! tvjubcmf!

fybnqmft/

! 5/! ! )b*!Xibu! jt! dpssptjpo@! Ipx! jt! ju! ejggfsfou! gspn! fsptjpo@! Fyqmbjo! uif! ufsn!

ÓqbttjwjuzÔ!xjui!tvjubcmf!fybnqmft/

! ! ! )c*!Hjwf! bo! bddpvou! pg! pyjebujpo! dpssptjpo! xjui! sfmfwbou! difnjdbm! frvbujpot!

jowpmwfe/

! 6/! Fyqmbjo!uif!nfdibojtn!pg!dpssptjpo!xifo

! ! ! )b*! Uxp!ejttjnjmbs!nfubmt!bsf!dpoofdufe!boe!fyqptfe!up!fmfduspmzuf

! ! ! )c*! B!nfubm!jt!fyqptfe!up!wbszjoh!bfsbujpo/

! 7/! Ipx!ep!uif!gpmmpxjoh!gbdupst!joÞvfodf!uif!sbuf!pg!dpssptjpo@

! ! ! )b*! qbttjwf!dibsbdufs!pg!uif!nfubm! )c*! pwfswpmubhf

! ! ! )d*! wpmbujmjuz!pg!dpssptjpo!qspevdut

! 8/! Fyqmbjo!uif!fggfdu!pg!uif!gpmmpxjoh!gbdupst!po!uif!sbuf!pg!dpssptjpo/

! ! ! )b*! Obuvsf!pg!dpssptjpo!qspevdu! )c*! Ufnqfsbuvsf

! ! ! )d*! qI! )e*! Bopejd!boe!Dbuipejd!bsfbt/

! 9/! ! )b*! Hjwf!sfbtpot!gps!uif!gpmmpxjoh;

! ! ! )j*!Qjo!ipmft!po!ujo!dpbufe!jspo!bsf!npsf!qspof!up!dpssptjpo!pg!jspo!uibo!uiptf!po!

[jod!dpbufe!jspo/

! ! ! )jj*!Vtf!pg!ejttjnjmbs!nfubmt!tipvme!cf!bwpjefe/

! ! !)jjj*!Jspo! dpsspeft! gbtufs! uibo! bmvnjojvn! uipvhi! bmvnjojvn! jt! bcpwf! jspo! jo! fng!

tfsjft/

! ! !)jw*! Dpssptjpo!pg!b!tqfdjnfo!dbo!cf!dpouspmmfe!cz!vtjoh!jnqsfttfe!dvssfou/! \9^

! :/! ! )c*! Fyqmbjo!xiz!tubjomftt!tuffm!jt!sftjtubou!up!bunptqifsjd!dpssptjpo/

! ! !)d*! !Ejtujohvjti! cfuxffo! ejggfsfoujbm! bfsbujpo! dpssptjpo! boe! ejggfsfoujbm! nfubm!

dpssptjpo/! ! ! \7,6^

!21/! Xibu!jt!nfbou!cz!dbuipejd!boe!bopejd!joijcjupst@
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!22/! Fyqmbjo!tbdsjÝdjbm!bopef!nfuipe!jo!efubjm/

!23/! Ejggfsfoujbuf!hbmwbojd!tfsjft!boe!fmfduspdifnjdbm!tfsjft!xjui!tvjubcmf!fybnqmft/

!24/! Fyqmbjo!ipx!dpssptjpo!dpouspm!dbo!cf!cspvhiu!bcpvu!cz!uif!gpmmpxjoh!nfuipet/

!25/! Fyqmbjo! uif!qspdftt!pg!xfu!dpssptjpo!cz!fwpmvujpo!pg!izesphfo!boe!bctpsqujpo!pg!

pyzhfo/! ! ! \27^

!26/! ! )b*!Xibu! jt! pyjebujpo! dpssptjpo! boe! ipx! epft! ju! ublf! qmbdf@! Eftdsjcf! uif!

nfdibojtn!pg!pyjebujpo!dpssptjpo@

! ! ! )c*! Eftdsjcf!uif!wbsjpvt!gbdupst!joÞvfodjoh!uif!sbuf!pg!difnjdbm!dpssptjpo/! \9,9^

!27/! ! )b*! Fmvdjebuf!uif!wbsjpvt!tufqt!uibu!dbo!cf!ublfo!up!njojnjtf!dpssptjpo/

! ! ! )c*! Hjwf!tvjubcmf!sfbtpot;

! ! ! ! )j*! ![o!qmbuf!Ýyfe!cfmpx!uif!tijq!nbef!pg!jspo

! ! ! ! )jj*!! Nfubm!voefs!xbufs!espq!voefshpft!bddfmfsbufe!dpssptjpo/! \9,9^

!28/! ! )b*! Xiz!dispnjvn!bopeft!bsf!opu!vtfe!jo!dispnjvn!qmbujoh@

! ! ! )c*! Ejtujohvjti!cfuxffo!hbmwbojtjoh!boe!tifsbejtjoh/

! ! ! )d*! Ejtdvtt!uif!spmf!pg!gpmmpxjoh!gbdupst!po!uif!obuvsf!pg!fmfduspefqptju;

! ! ! ! )j*! Dvssfou!Efotjuz! )jj*! qI

!29/! ! )b*! Fyqmbjo!uif!dpssptjpo!qifopnfopo!jowpmwjoh!pyjef!Ýmn!hspxui!mbx/

! ! ! )c*! Ipx!eftjho!boe!nbufsjbm!tfmfdujpo!ifmq!jo!dpouspmmjoh!nfubmmjd!dpssptjpo@! !

!\9,9^

!2:/! Fyqmbjo!jo!efubjm!uif!wbsjpvt!nfuipet!pg!difnjdbm!dpowfstjpo!dpbujoht/! \27^

!31/! ! )b*! Fyqmbjo!uif!gpmmpxjoh!gbdupst!joÞvfodjoh!uif!sbuf!pg!dpssptjpo/

! ! ! )j*! Obuvsf!pg!dpssptjpo!qspevdu! )jj*! Qptjujpo!jo!fmfduspdifnjdbm!tfsjft

! ! ! )jjj*! qI/

! ! ! )c*! Ejggfsfoujbuf!cfuxffo!esz!dpssptjpo!boe!xfu!dpssptjpo/! \9,9^

!32/! ! )b*! Mjtu!uif!ejggfsfodft!cfuxffo!bopejd!dpbujoh!boe!dbuipejd!dpbujoh/

! ! ! )c*! Ipx!{jod!dpbufe!po!jspo!qsfwfout!dpssptjpo@

! ! ! )d*! Fyqmbjo!tboe!cmbtujoh!nfuipe!pg!tvsgbdf!qsfqbsbujpo/

!33/! ! )b*! Xibu!jt!Qjmmjoh.Cfexpsui!svmf@! ! ! \9^

! ! ! )c*! Hjwf!bo!bddpvou!pg!uif!dpssptjpo!cz!puifs!hbtft!boe!mjrvje!nfubm!dpssptjpo/!\9^

!34/! Xibu!ibqqfot!boe!xiz!epft!ju!ibqqfo!gps!uif!gpmmpxjoh;

! ! ! )b*! Xifo!b!{jod!qmbuf!jt!Ýyfe!cfmpx!uif!tijq

! ! ! )c*! Xifo!bo!jspo!qpmf!jt!qbsumz!cvsjfe!voefs!uif!fbsui/! \9,9^

!35/! ! )b*!Xibu! jt! dpssptjpo@! Xibu! bsf! uif! vojut! jo! xijdi! ju! jt! fyqsfttfe@! Ipx! jt! ju!
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! ! ! )c*! Fyqmbjo!uif!nfdibojtn!pg!fmfduspdifnjdbm!dpssptjpo/! \9,9^

!36/! Xsjuf!tipsu!opuft!po;

! ! ! )b*! Pwfswpmubhf! )c*! Dbuipejd.qspufdujpo! \9,9^

!37/! Fyqmbjo!xibu!ibqqfot!boe!xiz!epft!ju!ibqqfo@

! ! ! )b*! Xifo!b!{jod!bsujdmf!jt!voefs!tusbjo! ! ! \5^

! ! ! )c*! Xifo!jspo!tiffut!bsf!sjwfufe!xjui!dpqqfs!sjwfut! \5^

! ! ! )d*! Xifo!bo!jspo!qpmf!jt!qbsumz!cvsjfe!voefs!tpjm! \5^

! ! ! )e*! Xifo!b!nfubmmjd!tusvduvsf!jt!cvsjfe!voefs!njofsbmjtfe!tpjmt! \5^
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!38/! Fyqmbjo!xibu!ibqqfot!boe!xiz!epft!ju!ibqqfo!! ! \5Č5>27^

! ! ! )b*! Xifo!b!{jod!qmbuf!jt!buubdife!cfmpx!b!tijq/

! ! ! )c*! Xifo!tuffm!jt!bmmpzfe!xjui!dispnjvn!ipnphfofpvtmz/

! ! ! )d*! Xifo!uifsf!bsf!dsfwjdft!cfuxffo!uif!bekbdfou!qbsut!pg!uif!tusvduvsf/

! ! ! )e*! Xifo!uifsf!jt!op!vojgpsn!Þpx!pg!b!dpssptjpo!mjrvje/

!39/! ! )b*! Xibu!bsf!fmfduspdifnjdbm!tfsjft!boe!hbmwbojd!tfsjft@! \6^

! ! ! )c*! Ipx!ep!zpv!ejggfsfoujbuf!uif!fmfduspdifnjdbm!tfsjft!gspn!hbmwbojd!tfsjft@! \7^

! ! !!!)d*!! Fyqmbjo! xiz! uif! sbuf! pg! dpssptjpo! bddfmfsbuft! xjui! sfevdujpo! jo! uif!

pwfswpmubhf!pg!uif!dpsspejoh!nfubm@

!3:/! Fyqmbjo!ipx!dpssptjpo!dpouspm!dbo!cf!cspvhiu!cz!uif!gpmmpxjoh!nfuipet/

! ! ! )b*! Qspqfs!eftjhojoh! ! ! \6^

! ! ! )c*! Npejgzjoh!uif!fowjsponfou! ! ! \6^

! ! ! )d*! Vtf!pg!joijcjupst! ! ! \6^

!41/! Kvtujgz!uif!gpmmpxjoh!tubufnfout!xjui!tvjubcmf!fybnqmft/

! ! ! )b*! Uif!sbuf!pg!dpssptjpo!jt!efqfoefou!po!uif!obuvsf!pg!uif!dpsspejoh!! !

! ! fowjsponfou/! ! ! \9^

! ! ! )c*! B!qjqf!ibmg!cvsjfe!jo!xbufs!voefshpft!dpssptjpo!gbtumz/! \9^

!42/! EfÝof! dpssptjpo! pg! nfubmt! boe! fyqmbjo! uif! nfdibojtn! pg! fmfduspdifnjdbm!

dpssptjpo@

!43/! Fyqmbjo!wbsjpvt!gbdupst!joÞvfodf!uif!dpssptjpo!pg!nfubmt/

!44/! Fyqmbjo!uif!uifpsz!boe!nfdibojtn!pg!dpssptjpo/

!45/! ! )b*! Fyqmbjo!uif!ejggfsfoujbm!bfsbujpo!dpssptjpo/

! ! ! )c*! Hbmwbojtbujpo!qspdftt/

!46/! !)b*! Xsjuf!b!opuf!po!wbsjpvt!uzqft!pg!hbtfpvt!ejfmfdusjdt/

! ! !)c*! Xsjuf!b!opuf!po!fmfdusjdbm!jotvmbupst/

!47/! !)b*! Ejggfsfoujbuf!cfuxffo!uif!ejggfsfou!uzqft!pg!jotvmbujoh!nbufsjbmt/

! ! !)c*! Fyqmbjo!uif!vtf!pg!tjmjdpof!Þvjet!bt!jotvmbujoh!nbufsjbmt/

!48/! !Tvnnbsjtf!uif!jnqpsubou!bqqmjdbujpot!pg!uifsnbm!jotvmbupst/

!49/! Xibu! jt!nfbou!cz!tqfdjÝd!dpoevdubodf!boe!frvjwbmfou!dpoevdubodf@!Xibu!bsf! jut!

vojut@

!4:/! Frvjwbmfou!dpoevdubodf!pg!bo!fmfduspmzuf! jodsfbtft-!xifsfbt! tqfdjÝd!dpoevdubodf!

efdsfbtft/

!51/! Fyqmbjo!uif!sfmbujpotijq!cfuxffo!dfmm!dpotubou-!dpoevdujwjuz!boe!dpoevdubodf@

!52/! EfÝof!uif!tqfdjÝd!sftjtubodf!pg!b!tpmvujpo@!Fyqmbjo!uif!tqfdjÝd!dpoevdubodf!xjui!

ejbhsbnnbujd!jmmvtusbuf!pg!tqfdjgd!dpoevdujwjuz/!Xibu!bsf!jut!vojut@

!53/! EfÝof!uif!dfmm!dpotubou!pg!b!dpoevdujwjuz!dfmm@!Fyqmbjo!ipx!ju!jt!nfbtvsfe@!Xibu!

bsf!jut!vojut@

!54/! Uif!sftjtubodf!pg!O03!tpmvujpo!pg!bo!fmfduspmzuf!jo!b!dfmm!xbt!gpvoe!up!cf!61!pin/!

Dbmdvmbuf!uif!frvjwbmfou!dpoevdubodf!pg!uif!tpmvujpo-!jg!uif!fmfduspef!jo!dfmm!bsf!3/3!

dn!bqbsu!boe!xjui!bo!bsfb!pg!4/9!tr!dn/

!55/! Ejtdvtt! uif! ujusbujpo! dvswft! pcubjo! jo! dpoevdupnfusjd! ujusbujpot! pg!xfbl! bdje! boe!

tuspoh!cbtf@
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!56/! Xibu!bsf!uif!mjnjubujpot!pg!dpoevdupnfusjd!ujusbujpot@

!57/! )b*!!EfÝof!uif!ufsnt!ÓtqfdjÝd!dpoevdubodfÔ!boe!Ófrvjwbmfou!dpoevdubodfÔ/

! ! !)c*!Eftdsjcf! xjui! b! ofbu! ejbhsbn-! uif! fyqfsjnfoubm! efufsnjobujpo! pg! frvjwbmfou!

dpoevdubodf!pg!b!tpmvujpo/

!58/! !)b*!TqfdjÝd! dpoevdubodf! pg! bo! fmfduspmzuf! efdsfbtft<! xifsfbt! frvjwbmfou!

dpoevdubodf!jodsfbtft!po!ejmvujpo/!Fyqmbjo/

! ! !)c*!Tubuf!uif!sfmbujpotijq!cfuxffo!dfmm!dpotubou-!dpoevdujwjuz!boe!dpoevdubodf/

!59/! !)b*!Xibu! jt! nfbou! cz! dfmm! dpotubou! pg! b! dpoevdujwjuz! dfmm@! Ipx! jt! ju! nfbtvsfe@!

Xibu!bsf!jut!vojut@

! ! !)c*!Hjwf!bo!bddpvou!pg!wbsjpvt!bqqmjdbujpot!pg!dpoevdubodf!nfbtvsfnfout/

!5:/! !)b*!EfÝof! uif! ufsn! Ónpmfdvmbs! dpoevdubodfÔ/! Xibu! jt! uif! sfmbujpotijq! cfuxffo!

tqfdjÝd!dpoevdubodf-!frvjwbmfou!dpoevdubodf!boe!npmfdvmbs!dpoevdubodf@

! ! !)c*!EfÝof!uif!tqfdjÝd!sftjtubodf!pg!b!tpmvujpo/!Nfoujpo!jut!vojut/

!61/! !)b*!Ejtdvtt!uif!qsjodjqmf!jowpmwfe!jo!dpoevdupnfusjd!ujusbujpot/

! ! !)c*!Ejtdvtt! uif! ujusbujpo! dvswf! pcubjofe! jo! uif! ujusbujpo! pg! tuspoh! bdje! boe! tuspoh!

cbtf!cz!uijt!nfuipe/

! ! !)d*!Xibu!bsf!uif!bewboubhft!pg!dpoevdupnfusjd!ujusbujpot/

!62/! Ejtdvtt!uif!ujusbujpo!dvswft!pcubjofe!jo!dpoevdupnfusjd!ujusbujpot!pg

! ! ! )j*! Tuspoh!bdje!xjui!xfbl!cbtf! )jj*! BhOP4!xjui!LDm!

! ! !)jjj*! xfbl!bdje!xjui!tuspoh!cbtf! )jw*! NhTP5!xjui!Cb)PI*3

! ! ! )w*! dpnqmfy!nfusjd!ujusbujpot/

!63/! Ejtdvtt! bmm! uzqft! pg! Dpoevdupnfusjd! ujusbujpot/! Fyqmbjo! uif! obuvsf! pg! uif! hsbqit!

cfuxffo!dpoevdubodf!boe!wpmvnf!pg!ujusbou!vtfe/

!64/! !)b*!Xibu!jt!bo!fmfduspdifnjdbm!tfsjft@!Fyqmbjo!jut!ejggfsfou!vtft/

! ! !)c*!Eftdsjcf!uif!dpotusvdujpo!boe!xpsljoh!pg!izesphfo.pyzhfo!gvfm!dfmm/

!65/! !)b*!Xsjuf!tipsu!opuft!po

! ! ! )j*! Dpodfousbujpo!dfmmt! )jj*! TjhojÝdbodf!pg!tuboebse!fmfduspef!qpufoujbmt/

! ! !)c*!Fyqmbjo!uif!wbsjpvt!bqqmjdbujpot!pg!FNG!tfsjft/

! ! !)d*!Xibu! bsf! dpodfousbujpo! dfmmt@! Fyqmbjo! fmfduspmzuf! dpodfousbujpo! dfmm! boe! jut!

bqqmjdbujpot/

!66/! !)b*!Xibu!bsf!tfdpoebsz!dfmmt@!Eftdsjcf!uif!dpotusvdujpo-!pg!OjÏDe!dfmm/!Xsjuf!dfmm!

sfbdujpot!boe!xibu!bsf!jut!bqqmjdbujpot@

! ! !)c*!Xsjuf!b!tipsu!opuf!po!gvfm!dfmmt/

!67/! EfÝof!fmfduspnpujwf!gpsdf/!Ipx!jt!ju!nfbtvsfe!cz!qpufoujpnfusjd!nfuipe@

!68/! !)b*!Xibu!jt!hbmwbojd!dfmm!boe!ipx!epft!ju!ejggfs!gspn!fmfduspdifnjdbm!dfmm@

! ! !)c*!Tubuf!uxp!bqqmjdbujpot!pg!dpodfousbujpo!dfmmt/

!69/! Kvtujgz!uif!gpmmpxjoh!tubufnfout!xjui!zpvs!botxfst/

! ! !)b*!Uif!ejsfdujpo!pg!dvssfou!jo!cbdl!FNG!jt!pqqptjuf!up!uibu!pg!fmfduspmztjt/

! ! !)c*!Tuboebse!fmfduspef!qpufoujbm!pg!{jod!jt!ofhbujwf<!xijmf!uibu!pg!dpqqfs!jt!qptjujwf/

! ! !)d*!Dpoevdujwjuz!ujusbujpot!ep!opu!sfrvjsf!joejdbupst/

!6:/! Ejtujohvjti!cfuxffo!dpodfousbujpot!dfmm!boe!Hbmwbojd!dfmm/
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!71/! !)b*!Fyqmbjo! uif! qsjodjqmf! jowpmwfe! jo! gvfm! dfmm/! Eftdsjcf! uif! dpotusvdujpo! boe!

xpsljoh!pg!nfuibopm!Ï!pyzhfo!gvfm!dfmm/

! ! !)c*!Fyqmbjo!uif!bewboubhft!pg!gvfm!dfmmt!pwfs!fmfduspdifnjdbm!dfmmt/

!72/! Eftdsjcf!uif!dpotusvdujpo-!xpsljoh!boe!bqqmjdbujpot!pg!Oj!Ï!De!dfmm/

!73/! Xibu!bsf!gvfm!dfmmt@!Joejdbuf!uif!bewboubhf!pg!gvfm!dfmmt/!Fyqmbjo!nfuibopmÏpyzhfo!

gvfm!dfmm!xjui!sfbdujpo!jowpmwfe/

!74/! Xibu!jt!b!gvfm!dfmm@!Ipx!epft!ju!ejggfs!gspn!uif!dpnnfsdjbm!hbmwbojd!dfmmt@

!75/! Eftdsjcf!uif!dpotusvdujpo!xpsljoh!pg!nfuibopm!Ï!pyzhfo!gvfm!dfmm/

!76/! Xsjuf!b!opuf!po!izesphfo!Ï!pyzhfo!gvfm!dfmm/

!77/! Dbmdvmbuf!uif!fng!pg!b!dpodfousbujpo!dfmm!bu!41¼D!dpotjtujoh!pg!uxp!{jod!fmfduspeft!

ejqqfe!jo![o3,!tpmvujpo!pg!1/2!O!boe!1/12!O!dpodfousbujpot/!\1/13:7!W^

!78/! Xibu!jt!b!tbmu!csjehf@!Fyqmbjo!jut!gvodujpo!jo!uif!dpotusvdujpo!pg!b!dfmm/

!79/! EfÝof!sfgfsfodf!fmfduspef/!Fyqmbjo!tuboebse!Izesphfo!fmfduspef/

!7:/! Fyqmbjo!uif!Ofsotu!frvbujpo!gps!fmfduspef!qpufoujbm/

!81/! Xibu!bsf!uif!sfgfsfodf!fmfduspeft@!Eftdsjcf!uif!dpotusvdujpo!pg!Dbmpnfm!fmfduspef/

!82/! Ejggfsfoujbuf!cfuxffo!uif!dibsbdufsjtujdt!pg!Hbmwbojd!dfmm!boe!Fmfduspmzujd!dfmm/

!83/! Xibu!jt!nfbou!cz!tuboebse!fmfduspef!qpufoujbm@!Ipx!dbo!ju!cf!nfbtvsfe@

!84/! Efsjwf! Ofsotu! frvbujpo! gps! b! tjohmf! fmfduspef! qpufoujbm! boe! fyqmbjo! uif! ufsnt!

jowpmwfe!jo!ju/!Xibu!bsf!jut!bqqmjdbujpot@

!85/! Tubuf!boe!fyqmbjo!LpimsbvtdiÔt!mbx!pg!joefqfoefou!npcjmjujft!pg!jpot/

!86/! EfÝof! LpimsbvtdiÔt! mbx@! Ejtdvtt! jut! bqqmjdbujpot! jo! uif! efufsnjobujpo! pg!

frvjwbmfou!dpoevdubodf!pg!xfbl!fmfduspmzuft!bu!joÝojuf!ejmvujpo/

!87/! Tubuf!boe!fyqmbjo!LpimsbvtdiÔt!mbx/!Ejtdvtt!jut!tjhojÝdbodf!boe!bqqmjdbujpot/

!88/! Eftdsjcf!b!tjnqmf!Hbmwbojd!dfmm/!Fyqmbjo!uif!dfmm!sfbdujpo/

!89/! Ejtujohvjti!cfuxffo!Ñtjohmf!fmfduspef!qpufoujbmÒ!boe!Ñtuboebse!fmfduspef!qpufoujbm/!

Esbx!b!ofbu!tlfudi!pg!b!!tbuvsbufe!Dbmpnfm!fmfduspef!boe!mbcfm!jut!qbsut/

!8:/! Eftdsjcf!b!izesphfo!fmfduspef!boe!botxfs!uif!gpmmpxjoh;

! ! ! )j*!Xiz!jt!uijt!fmfduspef!dpbufe!xjui!b!mbzfs!pg!qmbujovn!cmbdl@

! ! ! )jj*!Xibu!jt!uif!dpodfousbujpo!pg!IDm!boe!qsfttvsf!pg!uif!izesphfo!hbt!ublfo!
jo!opsnbm!izesphfo!fmfduspef/

! ! !)jjj*! Xibu!sfbdujpo!ublft!qmbdf!bu!uijt!fmfduspef@

!91/! EfÝof!dpssptjpo@!Fyqmbjo!uif!gbdupst!xijdi!joÞvfodf!dpssptjpo/

!92/! Fyqmbjo!uif!uifpsz!boe!nfdibojtn!pg!fmfduspdifnjdbm!dpssptjpo/

!93/! Xibu!jt!nfbou!cz!dpssptjpo@!Xibu!bsf!uif!dpotfrvfodft!pg!dpssptjpo@

!94/! Xibu!bsf!uif!ejggfsfou!uzqft!pg!dpssptjpo@!Fyqmbjo!esz!dpssptjpo/

!95/! Xsjuf!uif!nfdibojtn!pg!pyjebujpo!dpssptjpo/

!96/! Ejggfsfoujbuf! cfuxffo! difnjdbm! boe! fmfduspdifnjdbm! dpssptjpo! xjui! tvjubcmf!

fybnqmft/

!97/! Xibu!jt!nfbou!cz!Hbmwbojd!dpssptjpo@!Fyqmbjo!jo!efubjm/

!98/! Xibu!jt!ejggfsfoujbm!bfsbujpo!dpssptjpo@!Fyqmbjo!xjui!tvjubcmf!fybnqmft/

!99/! Xibu!bsf!dbuipejd!boe!bopejd!qspufdujpot@!Ejtdvtt!uifjs!nfsjut!boe!efnfsjut/

!9:/! Xibu! bsf! uif! dbvtft! gps! nfubm! dpssptjpo@! Fyqmbjo! uif! nfdibojtn! pg! difnjdbm!

dpssptjpo@

!:1/! Xsjuf!tipsu!opuft!po!)b*!vtf!pg!joijcjupst!)c*!Hbmwbojd!tfsjft
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!:2/! Bddpvou!gps!uif!gpmmpxjoh;

! ! ! )b*! Jspo!cpmu!jo!dpqqfs!wfttfm!bsf!voeftjsbcmf/

! ! !)c*! Uipvhi!bmvnjojvn!jt!xjui! mpxfs!fmfduspef!qpufoujbm! uibo! jspo-! ju!ibt!ijhifs!

dpssptjpo!sftjtubodf!uibo!jspo!jo!pyjejtjoh!fowjsponfou/

! ! !)d*! [o! jo! dpoubdu! xjui!Bh! voefshpft! gbtufs! dpssptjpo! uibo! [o! jo! dpoubdu! xjui!

dpqqfs/

! ! ! )e*! Nfubm!voefs!xbufs!espq!voefshpft!bddfmfsbufe!dpssptjpo/

! ! ! )f*! Qbsu! pg! uif! objm! jotjef! uif! gsbnf! voefshpft! dpssptjpo! cvu! uif! fyqptfe! qbsu!

epft!opu/

!:3/! Xibu!ibqqfot!boe!xifo@

! ! ! )b*! [jod!qmbuf!jt!Ýyfe!jo!cfmpx!uif!tijq

! ! ! )c*! Jspo!tiffu!jt!sjwfuufe!xjui!dpqqfs!sjwfut

! ! ! )d*! Bo!jspo!qpmf!jt!qbsumz!cvsjfe!voefs!fbsui

!:4/! Fyqmbjo!uif!svtujoh!pg!jspo!vtjoh!fmfduspdifnjdbm!uifpsz!pg!dpssptjpo/

!:5/! Fyqmbjo!jnqpsubou!qbsbnfufst!jowpmwfe!jo!fmfduspqmbujoh/

!:6/! Fyqmbjo!ipx! uif!nfubm! jpo!dpodfousbujpo!boe!dvssfou!efotjuz! joÞvfodf!fmfduspef.

qptjujpo/

!:7/! Xibu!bsf!uif!hppe!sfrvjtjuft!gps!fmfduspefqptju@!Fyqmbjo!uif!gbdupst!joÞvfodjoh!uif!

obuvsf!pg!fmfduspefqptjujpo@

!:8/! Xibu! jt! nfbou! cz! dispnjvn! qmbujoh@! Ejtdvtt! jut! qsjodjqbm! pckfdujwft! boe!

bqqmjdbujpot/!Dispnjvn!qmbujoh!ibt!ojdlfm!voefs!dpbu/!Fyqmbjo!xiz@

!:9/! Fyqmbjo!csjfÞz!fmfduspmftt!qmbujoh!xjui!b!tvjubcmf!fybnqmf/

!::/! Ejtujohvjti!cfuxffo!Hbmwbojd!tfsjft!boe!fmfduspdifnjdbm!tfsjft/

!211/!! )b*! Tnbmm!bopejd!bsfb!qspwjeft!joufotf!dpssptjpo/!Hjwf!sfbtpot/

! ! ! )c*! Xibu!jt!uif!fggfdu!pg!DP3!jo!fmfduspdifnjdbm!dpssptjpo@

!212/!Ejtujohvjti!cfuxffo!hbmwbojtjoh!boe!ujoojoh/

!213/!CsjfÞz!fyqmbjo!uif!gpmmpxjoh;

! ! ! )b*! Bdje!qjdlmjoh!)c*!Tifsbsejtjoh!)d*!Dfnfoubujpo!)e*!Dpmpvsjtjoh

214/!Xibu!jt!nfbou!cz!nfubm!dmbeejoh@!Fyqmbjo!cz!ubljoh!tvjubcmf!fybnqmf/

!215/!Hjwf!bo!bddpvou!pg!hbmwbojtjoh!boe!ujoojoh/

!216/!Xibu!bsf!nfubmmjd!dpbujoht@!Fyqmbjo!csjfÞz/

!217/!Fyqmbjo!uif!nfdibojtn!pg!jojijcjups!bdujpo!jo!dpssptjpo!dpouspm/

!218/!Xibu! bsf! ejggfsfou! qspufdujwf! dpbujoht@! Ipx! ep! qspufdujwf! dpbujoht! ifmq! jo!

dpouspmmjoh!dpssptjpo/

Nvmujqmf!Dipjdf!Rvftujpot

! 2/! Fmfduspmzuf! dbo! dpoevdu! fmfdusjdjuz!

tjodf!````````

! )b*! uifjs! npmfdvmft! dpoubjo!

voqbjsfe! fmfduspot-! xijdi! bsf!

npcjmf

! )c*! uifjs! npmfdvmft! dpoubjo! mpptfmz!

ifme! fmfduspot! xijdi! cfdpnf!

gsff! voefs! uif! joÞvfodf! pg!

wpmubhf

! )d*! xjui! bqqmjfe! wpmubhf-! uif!npmf.

dvmft!jpojtf!joup!jpot

! )e*! xifo!uif!fmfduspmzuf!jt!ejttpmwfe!

jo!uif!tpmwfou-!uif!npmfdvmft!bsf!

csplfo!joup!jpot/
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! 3/! Xijdi! pg! uif! gpmmpxjoh! jt! bo!

fmfduspmzuf@

! )b*! DI4Dm4! )c*! D7I7!

! )d*! ObDO! !)e*! D7I6Dm

! 4/! Jpojtbujpo! pg! bo! fmfduspmzuf! jo! bo!

brvfpvt!tpmvujpo!jt!evf!up!````````

! )b*! izespmztjt!pg!fmfduspmzuf!

! )c*! jotubcjmjuz! pg! uif! dpnqpvoe! jo!

brvfpvt!nfejvn

! )d*! jodsfbtf! jo! uif! fmfdusptubujd!

gpsdft!pg!buusbdujpo!cfuxffo! uif!

jpot

! )e*!! efdsfbtf! jo! uif! fmfdusptubujd!

gpsdft! pg! buusbdujpo! cfuxffo!

pqqptjufmz!dibshfe!jpot/

! 5/! Xjui!jodsfbtf!jo!ejmvujpo-!dpoevdujwjuz!

pg!b!tpmvujpo!````````

! )b*! efdsfbtft

! )c*! epft!opu!dibohf!

! )d*! jodsfbtft

! )e*! jodsfbtft!Ýstu!boe!uifo!efdsfbtft/

! 6/! Frvjwbmfou! dpoevdujwjuz! pg! bo!

fmfduspmzujd!tpmvujpo!````````

! )b*! jt!joefqfoefou!pg!ejmvujpo

! )c*! jodsfbtft!xjui!ejmvujpo!

! )d*! efdsfbtft!xjui!ejmvujpo

! )e*! op!fggfdu!po!ejmvujpo/

! 7/! Uif!vojut!pg!frvjwbmfou!dpoevdujwjuz!

jt!````````

! )b*! pinÏ2!dn3!frÏ2

! )c*! pinÏ2!dnÏ3!frÏ2!

! )d*! pinÏ3!dnÏ3!frÏ2

! )e*! pinÏ3!dnÏ3!frÏ2/

! 8/! Uif!sftjtubodf!pg!b!dpoevdups!jt!6!¥!

21Ï3! pint/!Dpoevdubodf! jt! frvbm! up!

````````/

! )b*! 311!nipt! )c*! 31!nipt!

! )d*! 611!nipt! )e*! 61!nipt/

! 9/! Dfmm! dpotubou! pg! b! dpoevdupnfusjd!

dfmm!````````

! )b*! jodsfbtft!xjui!ejmvujpo

! )c*! efqfoet! po! uif! obuvsf! pg! uif!

fmfduspmzuf

! )d*! efdsfbtft!xjui!ejmvujpo

! )e*! jt! joefqfoefou! pg! uif! obuvsf! pg!

uif!fmfduspmzuf/

! :/! Uif! frvjwbmfou! dpoevdubodf! pg! b!

tuspoh!fmfduspmzuf!bu! joÝojuf!ejmvujpo!

````````

! )b*! ufoet! up! b!Ýojuf!wbmvf! bu! ijhifs!

dpodfousbujpot

! )c*! ufoet!up!{fsp

! )d*! ufoet!up!bo!joÝojuf!wbmvf!

! )e*! ufoet! up! Ýojuf! wbmvf! xijdi!

jt! cfmpx! uibu! bu! ijhifs!

dpodfousbujpot/

!21/! TqfdjÝd! dpoevdubodf! jt! uif!

dpoevdubodf!pg!b!tpmvujpo!pg!wpmvnf!

````````

! )b*! 21!dn4! )c*! 2!dn4!

! )d*! 2-111!dn4! )e*! 211!dn4/

!22/! Uif! sfmbujpotijq! cfuxffo! tqfdjÝd!

dpoevdujwjuz!boe!frvjwbmfou!dpoevd.

ubodf!jt

! )b*! lfr!>!k!¥!D02-111

! )c*! lfr!>!D!¥!2110k!

! )d*! lfr!>!D!¥!2-1110k

! )e*! lfr!>!k!¥!2-1110D/

!23/! Vojut! pg! tqfdjÝd! dpoevdubodf! jt!

````````

! )b*! pin!dn3! )c*! pin!dn!

! )d*! nipt!dnÏ2! )e*! niptÏ2!dn/

!24/! Dpoevdujwjuz!pg!b!tpmvujpo!jt!ejsfdumz!

qspqpsujpobm!up

! )b*! ovncfs!pg!jpot

! )c*! ejmvujpo!

! )d*! wpmvnf!pg!uif!tpmvujpo!

! )e*! dvssfou!efotjuz/

!25/! Qvsf! xbufs! epft! opu! dpoevdu!

fmfdusjdjuz!cfdbvtf!ju!jt!````````

! )b*! bmnptu!opu!jpojtfe

! )c*! efdpnqptfe!fbtjmz!

! )d*! mpx!cpjmjoh

! )e*! ofvusbm/



Fmfduspdifnjtusz! 6:

!26/! Uif! qpufoujbm! pg! uif! tuboebse!

izesphfo!fmfduspef!jt!````````

! )b*! 2!wpmu! )c*! 1!wpmu!

! )d*! 21!wpmut! )e*! 1/6!wpmu/

!27/! Uif! fmfduspef! qpufoujbm! jt! uif!

ufoefodz!pg!nfubm!````````/

! )b*! up!mptf!fmfduspo

! )c*! up!hbjo!fmfduspot!

! )d*! up!fjuifs!mptf!ps!hbjo!fmfduspot

! )e*! opof!pg!uiftf/

!28/! Uif!qpufoujbm!pg! uxp!nfubm!fmfduspeft!

vtfe! jo! b! dfmm! bsf! 1/46! W! boe! 1/36!

W/! Uif! FNG! pg! uif! dfmm! gpsnfe! cz!

dpoofdujoh!uifn!jt!````````

! )b*! 1/6!W! )c*! 2/31!W!

! )d*! Ï!1/6!W! )e*! opof!pg!!

! ! ! ! uiftf/

!29/! Jo! uif!fmfduspdifnjdbm!tfsjft-!fmfnfout!

bsf!bssbohfe!jo!uif!````````/

! )b*! jodsfbtjoh!psefs!pg!TSQ

! )c*! efdsfbtjoh!psefs!pg!TSQ!

! )d*! jodsfbtjoh! psefs! pg! frvjwbmfou!

xfjhiut

! )e*! jodsfbtjoh! psefs! pg! pyjebujpo!

qpufoujbm/

!2:/! Jo!uif!dfmm;!Dv0Dv3,!}}!Bh,0Bh

! )b*! ÓBhÔ! fmfduspef! jt! uif! ofhbujwf!

fmfduspef!

! )c*! dpqqfs!fmfduspef! jt! uif!ofhbujwf!

fmfduspef

! )d*! Bh,!jt!sfevdfe!up!Bh!

! )e*! Dv!jt!pyjejtfe!up!Dv3,/!

!31/! B!hbmwbojd!dfmm!dpowfsut!````````/

! )b*! difnjdbm! fofshz! joup! fmfdusjdbm!

fofshz

! )c*! fmfdusjdbm! fofshz! joup! difnjdbm!

fofshz!

! )d*! difnjdbm! fofshz! joup! ifbu!

fofshz

! )e*! fmfdusjdbm! fofshz! joup! ifbu!

fofshz/

!32/! Pof! pg! uif! nptu! qpqvmbs! vtft! pg!

hbmwbojd!dfmmt!bsf!````````

! )b*! Cbuufsz

! )c*! Fmfduspmzuf!qsfqbsbujpo

! )d*! Qpufoujptubu

! )e*! opof!pg!uiftf

!33/! Xijdi!pg! uif! gpmpxjoh! jt! b! qsjnbsz!

dfmm!

! )b*! Nfsdvsz!cbuufsz

! )c*! Mjuijvn!cbuufsz

! )d*! Ebojfm!dfmm

! )e*! Ojdbe

!34/! ````````! jt! b! tfdpoebsz! dfmmt! ps!

cbuufsz

! )b*! Ojdbe

! )e*! Ebojfm!dfmm

! )d*! Wpmubjd!dfmm

! )e*! Mbdmbodif!dfmm

!35/! Xijdi! pg! uif! gpmmpxjoh! jt! qspupo!

fydibohf!gvfm!dfmmt

! )b*! I3ÏP3!gvfm!dfmm! ! !

! ! )c*!NfuibopmÏP3!gvfm!dfmm!

! )d*! Qiptqipsjd!bdje!gvfm!dfmm

! )e*! Tpmje! qpmznfs! fmfduspef! gvfm!

dfmm/

!36/! I3ÏP3! gvfm! dfmmt! bsf! vtfe! bt!

bvyjmjbsz!fofshz!tpvsdf!jo!````````

! )b*! Usbjot

! )c*! Bfspqmboft

! )d*! Tqbdf!wfijdmf

! )e*! Bvupnpcjmf!fohjoft/

!37/! Jg! uif! pyjebujpo! qpufoujbm! pg! Ó[oÔ!

nfubm! jt! 1/87! W-! uif! Fdfmm! gps! uif!

sfepy!sfbdujpo![o!,!3I,!)br-!2N*!Æ!

[o3,!,!I3!)2!bun*!jt

! )b*! Ï1/87! )c*! 1/87

! )d*! Ï1/49! )e*! ,!1/49/

!38/! Tuboebse! sfevdujpo! qpufoujbm! pg! {jod!

boe! tjmwfs! fmfduspeft! bsf! Ï1/87! W!

boe!,1/91!W!sftqfdujwfmz/!Jg! uif!dfmm!

jt! dpotusvdufe! cz! dpvqmjoh! uif! uxp!

fmfduspeft!uifo!````````/

! )b*! Tjmwfs!bdut!bt!bopef

! )c*! ÓBhÔ!mptft!fmfduspot
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! )d*! [jod!bdut!bt!bopef

! )e*! {jod!hbjot!fmfduspot/

!39/! Hjwfo;! F¡Bh,0Bh! >! 1/8::! W! boe!

F¡[o3,0[o!>!Ï!1/874W-!uifo

! )b*! Bh!dbo!pyjejtf!I3!up!I,

! )c*! Bh,!dbo!cf!sfevdfe!cz!I3)h*

! )d*! Bh!dbo!sfevdf![o3,

! )e*! [o3,!dbo!cf!sfevdfe!cz!I3/

!3:/! Xifo! jspo0{jod! jt! beefe! up! DvTP5!

tpmvujpo-!dpqqfs! jt!qsfdjqjubufe/! Ju! jt!

evf!up!````````

! )b*! pyjebujpo!pg!Dv3,

! )c*! izespmztjt!pg!DvTP5

! )d*! jpojtbujpo!pg!DvTP5!

! ! )e*!sfevdujpo!pg!Dv3,/

!41/! Uif! qpufoujbm! pg! dfmm;! Qu<! I3)h*0

I,)21Ï9!N*!}}!I,!)1/112!N*0I3)h*<!Qu!

jt!````````

! )b*! Ï!1/16:3!W! )c*! 1/1386!W!

! )d*! 1/16:3!W! )e*! 1/3:7!W/

!42/! Xifo! dpqqfs! uvsojoht! bsf! beefe!

up! tjmwfs! ojusbuf! tpmvujpo-! b! cmvf!

dpmpvsfe! tpmvujpo! jt! gpsnfe! bgufs!

tpnf! ujnf/! Ju! jt! cfdbvtf! dpqqfs!

````````

! )b*! jt!pyjejtfe!up!Dv3,

! )c*! ejtqmbdft! tjmwfs! gspn! uif!

tpmvujpo

! )d*! jt!sfevdfe!up!Dv3,

! )e*! gpsnt! b! cmvf! dpnqmfy! xjui!

BhOP4/

!43/! Xibu! jt! uif! wpmubhf! qspevdfe! cz!

uif!I3ÏP3!gvfm!dfmm-!pqfsbujoh!voefs!

tuboebse!dpoejujpot@

! )b*! 2/1!W! !)c*! 2/34!W!

! )d*! 3/1!W! )e*! 1/6!W/

!44/! Hjwf! bo! fybnqmf! xifsf! vtf! pg!

tnbmm.tj{f! boe! mpx!nbtt!cbuufsz! bsf!

uif!nptu!jnqpsubou!dpotjefsbujpot/

! )b*! dfmm!qipoft

! )c*! qbdfnblfst

! )d*! sbejpt

! )e*! fmfduspojd!frvjqnfou/

!45/! Xijdi! pg! uif! gpmmpxjoh! jt! bo!

fybnqmf!gps!tfdpoebsz!dfmm@

! )b*! esz!dfmm

! )c*! bmlbmjof!cbuufsz!

! )d*! ojdlfm.dbenjvn

! )e*! opof!pg!uiftf/

!46/! Xijdi!pg!uif!gpmmpxjoh!jt!opu!usvf!jo!

uif!dbtf!pg!gvfm.dfmmt@

! )b*! uifz!tupsf!difnjdbm!fofshz

! )c*! uifz! ep! opu! tupsf! difnjdbm!

fofshz

! )d*! fgÝdjfodz! jt! uxjdf! uibu! pg!

dpowfoujpobm!qpxfs!qmbout!

! )e*! sfbdubout! bsf! tvqqmjfe!

dpotuboumz/

!47/! Uif! fmfdusjdbm! dpoevdubodf! pg!

tpmvujpot!ibt!cffo!xfmm!fyqmbjofe!cz!

````````

! )b*! Ptuxbme! )c*! Bssifojvt!!

! )d*! Nbyxfmm!! )e*! Ofxupo

!48/! Uif! dibshfe! qbsujdmft! bsf! dbmmfe!

````````

! )b*! bupnt! )c*! npmfdvmft

! )d*! jpot! )e*! gsff!sbejdbmt

!49/! Uif! gsbdujpo! pg! upubm! ovncfs! pg!

npmfdvmft! qsftfou! jo! b! tpmvujpo! bt!

jpot!jt!lopxo!bt!````````

! )b*! npmbmjuz! )c*! gsff!sbejdbmt!

! )d*! npmf!gsbdujpo! )e*! jpojtbujpo

!4:/! Uif! sfdjqspdbm! pg! uif! sftjtubodf! jt!

dbmmfe````````

! )b*! frvjwbmfou!dpoevdubodf!

! )c*! tqfdjÝd!!dpoevdubodf

! )d*! dpoevdubodf

! )e*! opof!pg!uiftf/

!51/! Jo! dpoevdupnfusjd! ujusbujpot-! uif!

dpodfousbujpo! pg! uif! ujusbou! nvtu!

cf! ````````! ujnft! bt! uif! tpmvujpo!

cfjoh!ujusbufe/

! )b*! gpvs! )c*! uxp!

! )d*! uisff! )e*! ufo

!52/! Xijdi!pg!uif!gpmmpxjoh!opu!fggfdujwfmz!

dpoevdufe!jo!dpoevdupnfusjd!ujusbujpot

! )b*! bdje.cbtf
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! )c*! tuspoh!bdje.xfbl!cbtf

! )d*! qsfdjqjubujpo

! )e*! opof!pg!uiftf

!53/! Uif! ejggfsfodf! pg! qpufoujbm! xijdi!

dbvtft! uif!Þpx!pg!dvssfou! gspn!pof!

fmfduspef! up! bopuifs! fmfduspef! jt!

dbmmfe!````````

! )b*! pyjebujpo

! )c*! sfevdujpo

! )d*! ofvusbmjtbujpo

! )e*! fmfduspnpujwf!gpsdf!

!54/! LpimsbvtdiÔt! mbx! jt! sfmbufe! up!

``````

! )b*! frvjwbmfou!dpoevdubodf

! )c*! npmbs!dpoevdubodf

! )d*! npmbs!dpoevdubodf!bu!joÝojuf!

ejmvujpo

! )e*! tqfdjÝd!dpoevdubodf!!!

!55/! Uif! fggfdu! pg! ejmvujpo! po! uif! npmbs!

dpoevdujwjuz!pg!b!xfbl!fmfduspmzuf!!jt!

````````

! )b*! efdsfbtf! )c*! jodsfbtf!

! )d*! vodibohfe! )e*! opu!fyqfdufe

!56/! Jo! dpoevdupnfusjd! ujusbujpot! ```````

fofshz!tpvsdf!vtfe!

! )b*! B/D! )c*! E/D!

! )d*! B/D!boe!E/D! )e*! opof!pg!!

! ! ! ! uiftf!

!57/! Bo! brvfpvt! tpmvujpo! pg! DvTP5!

jt! bdjejd! jo! obuvsf! nbjomz! evf! up!

````````

! )b*! pyjebujpo!! ! !)c*! sfevdujpo!!

! )d*! izespmztjt!!!!!!!!!)e* !ofvusbmjtbujpo

!58/! Uif! ufoefodz! pg! bo! fmfduspef! up!

mpptf! )ps*! hbjo! fmfduspot! xifo! ju! jt!

jo!dpoubdu!xjui!jut!pxo!jpot!jt!dbmmfe!

````````

! )b*! izesbujpo

! )c*! pyjebujpo

! )d*! sfevdujpo

! )e*! fmfduspef!qpufoujbm

!59/! Xifo! epft! b! dfmm! gpsnvmbujpo!

sfqsftfou!b!opo.tqpoubofpvt!bdujwjuz!

pg!b!hbmwbojd!dfmm

! )b*! fng!jt!ofhbujwf

! )c*! fng!jt!qptjujwf

! )d*! fng!jt!{fsp

! )e*! opof!pg!uiftf

!5:/! Xijdi!pg!uif!gpmmpxjoh!jt!b!qsjnbsz!

sfgfsfodf!fmfduspef!

! )b*! Dbmpnfm!fmfduspef!!

! )c*! izesphfo!fmfduspef

! )d*! hmbtt!fmfduspef

! )e*! opof!pg!uiftf

!61/! Uif! nbjo! qvsqptf! pg! tbmu! csjehf! jo!

uif!wpmubjd!dfmm!jt!````````

! )b*! up!nbjoubjo!Þpx!pg!fmfduspot

! )c*! up!nbjoubjo!dibshf!ofvusbmjuz!pg!

tpmvujpo

! )d*! cbssjfs!gps!fmfduspo!usbotgfs

! )e*! opof!pg!uiftf

!62/! ````````! jt! uif! wpmubhf! hfofsbufe!

cz! uif! I3ÏP3! gvfm! dfmm! voefs!

tuboebse!dpoejujpot!

! )b*! 1/9!W! )c*! 2/23!W!

! )d*! 2/34!W! )e*! 2/86!W

!63/! Tbmu! csjehf! sfqsftfoufe! jo! fmfdusp.

difnjdbm!dfmm!jt!````````

! )b*! pof!wfsujdbm!mjof

! )c*! uxp!wfsujdbm!mjoft

! )d*! ebti

! )e*! opof!pg!uiftf

!64/! ````````! dpowfsut! uif! difnjdbm!

fofshz! pg! uif! gvfm! ejsfdumz! up!

fmfdusjdjuz

! )b*! Hbmwbojd!dfmm

! )c*! Ebojfm!dfmm

! )d*! gvfm!dfmm

! )e*! mfbefe!dfmm/

!65/! Uif! fng! pg! dpodfousbujpo! dfmm!

efdsfbtf!nbjomz-!evf!up````````

! )b*! pyjebujpo

! )c*! sfevdujpo

! )d*! usbotgfs! pg! nfubmmjd! jpot! gspn!

ijhifs! dpodfousbujpo! up! mpxfs!

dpodfousbujpo

! )e*! dboÔu!fyqmbjo

!66/! Ofsotu! frvbujpo! jt! nbjomz! vtfgvm! up!

dbmdvmbuf!````````
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! )b*! sfepy!tztufn

! !)c*! fng!pg!dfmm

! )d*! qpmbsjtbujpo

! )e*! opof!pg!uiftf

67!/! Pof! pg! uif! nptu! qpqvmbs! vtft! pg!

hbmwbojd!dfmmt!bsf!````````

! )b*! cbuufsz

! )c*! fmfduspmzuf!qsfqbsbujpo

! )d*! qpufoujptubu

! )e*! opof!pg!uiftf

!68/! Xijdi!pg! uif! gpmmpxjoh! jt!b!qsjnbsz!

dfmm!````````

! )b*! Nfsdvsz!cbuufsz

! )c*! Mjuijvn!cbuufsz

! )d*! Ebojfm!dfmm

! )e*! Oj!Dbe

!69/! ````````! jt! b! tfdpoebsz! dfmm! )ps*!
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Fwfsz!nbuufs!jt!dpnqptfe!pg!nboz!tnbmm!vojut!dbmmfe!npmfdvmft/!Npmfdvmft!bsf!

jo!ejggfsfou!tj{ft!boe!tibqft!boe!bttpdjbufe!xjui!bupnt/!Uifz!bsf!hfofsbmmz!upp!

tnbmm! up! cf! pctfswfe! voefs! b! qpxfsgvm! njdsptdpqf/! Cvu! qpmznfst! bsf! hjbout!

ps! nbdspnpmfdvmft/! Uifz! qmbz! b! wjubm! spmf! jo! pvs! ebjmz! mjgf/! Uiftf! nbufsjbmt!

qspwjef! uif! cbtjd! offet! pg! pvs! mjwft! )gppe-! dmpuijoh! boe! tifmufs*/! Uif! nbkps!

efwfmpqnfout!jo!qpmznfs!tdjfodf!boe!ufdiopmphz!uppl!qmbdf!tjodf!2:31!boe!uijt!

mfbe!up!uif!qspevdujpo!pg!qmbtujdt-!Ýcsft-!fmbtupnfst!boe!cjpqpmznfst/

Uif! xpse! qpmznfs! xbt! efsjwfe! gspn! uif! Hsffl! xpse! ÓQpmzÔ! >! nboz! boe!

ÓnfstÔ!>!qbsut!ps!vojut/!B!qpmznfs!nbz!cf!efÝofe!bt!b!ijhi!npmfdvmbs!xfjhiu!

dpnqpvoe! )nbdspnpmfdvmf! ps! hjbou!npmfdvmf*!nbef!cz! uif! dpncjobujpo! pg! b!

mbshf!ovncfs!pg!tnbmm!npmfdvmft!)npopnfst*/!Uif!sfqfbujoh!vojut!jo!b!qpmznfs!

bsf!dbmmfe!npopnfst/!

f/h/-! 2/! Qpmztuzsfof!jt!b!qpmznfs!pg!tuzsfof

! 3/! Qpmzuifof!ps!Qpmzfuizmfof!jt!b!qpmznfs!pg!fuizmfof

3



79! Fohjoffsjoh!Difnjtusz

Uif! ovncfs! pg! sfqfbujoh! vojut! jo! b! qpmznfs! dibjo! jt! dbmmfe! efhsff! pg!

qpmznfsjtbujpo!)EQ*/!Uif!qspqfsujft!pg!qpmznfst!bsf!ejggfsfou!gspn!uiptf!pg!jut!

npopnfst/

Npmfdvmbs!xfjhiu!pg!qpmznfs!>!Npmfdvmbs!xfjhiu!pg!npopnfs!¥!EQ

Qpmznfst!xjui! ijhi!EQ! bsf! dbmmfe! ijhi! qpmznfst!xijmf! uif! qpmznfst!xjui!

mpx! EQ! bsf! dbmmfe! pmjhpqpmznfst/! Uif! npmfdvmbs! xfjhiu! pg! ijhi! qpmznfst!

sbohft! gspn! 21-111!Ï!21-11-111/! Qpmznfst! nbz! cf! obuvsbm! )f/h/! dfmmvmptf-!

qspufjot-! obuvsbm! svccfs-! xppm! boe! tjml*! ps! tzouifujd! )f/h/! qpmzuifof-! QWD-!

ufÞpo-!ozmpo!boe!cblfmjuf*/

! 3/3
CBTJD!DPODFQUT

)j*!Gvodujpobmjuz! Uif!ovncfs!pg!cpoejoh!tjuft!ps! sfbdujwf!tjuft!qsftfou! jo!b!

npopnfs! jt! dbmmfe! bt! jut! gvodujpobmjuz/! Fwfsz! npopnfs! nvtu! ibwf! njojnvn!

uxp!cpoejoh!tjuft!gps!qpmznfsjtbujpo!qspdftt/

! )b*! Jg! uif! gvodujpobmjuz! pg! npopnfs! jt! uxp! )cjgvodujpobm*-! j/f/! uxp! sfbdujwf!

hspvqt!buubdi!tjef!cz!tjef!up!fbdi!puifs-!mjofbs!ps!tusbjhiu!dibjo!qpmznfst!

bsf!gpsnfe/

! ! f/h/!Fuizmfof-!tuzsfof!boe!wjozm!dimpsjef/

! )c*! Jg!uif!gvodujpobmjuz!pg!npopnfs!jt!uisff!)usjgvodujpobm*-!dsptt.mjolfe!uisff.

ejnfotjpobm!ofuxpsl!qpmznfst!bsf!gpsnfe/

! ! ! Uif!npopnfs!npmfdvmft!bsf!kpjofe!up!fbdi!puifs!cz!dpwbmfou!cpoet!boe!

uif!npwfnfou!pg!joejwjevbm!npmfdvmft!jt!upubmmz!sftusjdufe/

M M M M

M M M M

M M

M M

M M M M M M

! ! f/h/!Cblfmjuf
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! )d*! Njyuvsf!pg!cjgvodujpobm!boe! usjgvodujpobm!qpmznfst!hjwf!csbodife!dibjo!

qpmznfst/

M M M M

M

M M

M

M M

Branched
chain

Branched
chain

Main chain

)jj*!Opnfodmbuvsf!pg!Qpmznfst

! )b*! Ipnpqpmznfst! Qpmznfst! pcubjofe! gspn! tbnf! uzqf! pg! npopnfst! bsf!

dbmmfe!ipnpqpmznfst/

! ! f/h/-!QWD-!qpmzuifof!boe!ufÞpo/

! ! Uifz!nbz!cf!mjofbs!csbodife!ps!dsptt!mjolfe/

! ! !

M M M M M M M M M M

M

M

MM M M M M

M M

M M M M M

Cross linked
homopolymer

Branched homopolymer

Linear homopolymer

! )c*! Ifufspqpmznfst! ps! Dpqpmznfst! Qpmznfst! pcubjofe! gspn! ejggfsfou! uzqf!

pg! npopnfst! bsf! dbmmfe! dpqpmznfst/! Uifz! nbz! cf! hfofsbmmz! mjofbs! ps!

csbodife/
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! ! Hsbgu!dpqpmznfst!bsf!csbodife!tusvduvsft!jo!xijdi!uif!npopnfs!vojut!po!

uif!csbodift!boe!nbjo!dibjo!bsf!ejggfsfou/

M M M M M M

N

N

N

N

N

N

M

N N

! )d*! Ipnp! Dibjo!Qpmznfst! Jg! uif!nbjo!dibjo!jt!gpsnfe!xjui!tbnf!bupnt-!uif!

qpmznfs!jt!dbmmfe!ipnp!dibjo!qpmznfs/

! ! ÐDÐDÐDÐDÐDÐ!

! ! f/h/!QWD-!Qpmzuifof-!fud/

! )e*! Ifufsp!Dibjo!Qpmznfst! Jg!uif!nbjo!dibjo!jt!gpsnfe!xjui!ejggfsfou!bupnt-!

uif!qpmznfs!jt!dbmmfe!ifufsp!dibjo!qpmznfs/

! ! ÐDÐPÐDÐPÐ!DÐPÐDÐ

! ! f/h/!Ozmpo!7-!7/

)jjj*! Ubdujdjuz! Uif! ejggfsfodf! jo! dpoÝhvsbujpo! cfdbvtf! pg! psjfoubujpo! pg!

gvodujpobm!hspvqt!jo!qpmznfs!jo!bo!psefsmz!ps!ejtpsefsmz!nboofs!xjui!sftqfdu!up!

uif!nbjo!dibjo!jt!dbmmfe!ubdujdjuz/

! )b*! Jtpubdujd!Qpmznfs! Jg!uif!gvodujpobm!hspvqt!bsf!bssbohfe!po!uif!tbnf!tjef!pg!

uif!dibjo-!ju!jt!dbmmfe!jtpubdujd!qpmznfs/

H

H

H

H

H

H

H

H

H

R

H

R

H

R

H

R
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! )c*! Bubdujd!Qpmznfs! Jg! uif!gvodujpobm!hspvqt!bsf!bssbohfe!bu!sboepn!bspvoe!

uif!dibjo-!ju!jt!dbmmfe!bubdujd!qpmznfs/

H

H

H

H

H

R

H

R

H

R

H

R

H

H

H

H

! )d*! Tzoejpubdujd! Qpmznfs! Jg! uif! gvodujpobm! hspvqt! bsf! bssbohfe! jo! bmufsobujwf!

gbtijpo!xjui!sftqfdu!up!uif!nbjo!dibjo-!ju!jt!dbmmfe!tzoejpubdujd!qpmznfs/

H

H

H

R

H

H

H

R

H

R

H

H

H

R

H

H

! 3/4
QPMZNFSJTBUJPO

Uif!difnjdbm!sfbdujpo!cz!xijdi!uif!npopnfst!bsf!dpncjofe!up!gpsn!qpmznfst!

jt!dbmmfe!qpmznfsjtbujpo/

Uzqft!pg!Qpmznfsjtbujpo

! )j*! Beejujpo!qpmznfsjtbujpo

! )jj*! Dpoefotbujpo!qpmznfsjtbujpo

! )jjj*! Dp.qpmznfsjtbujpo

)j*! Beejujpo! Qpmznfsjtbujpo! )ps*! Dibjo! Qpmznfsjtbujpo! Jo! beejujpo!
qpmznfsjtbujpo-! tfwfsbm! cjgvodujpobm!npopnfst! dpncjof! up! gpsn!qpmznfst!cz!
beejujpo! sfbdujpo! xjuipvu! uif! fmjnjobujpo! pg! boz! czqspevdut/! Uif! npopnfst!
dpoubjojoh! epvcmf! cpoet! hfofsbmmz! voefshpft! beejujpo! qpmznfsjtbujpo! boe!
qspevdf! mjofbs! qpmznfst/!Uif! qspevdfe! qpmznfs! dpoubjot! uif! tbnf! fmfnfoubm!
dpnqptjujpo! bt! uibu! pg! uif!npopnfs/!Uif!npmfdvmbs!xfjhiu! pg! qpmznfs! jt! bo!

joufhsbm!nvmujqmf!pg!uif!npopnfs/!
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! f/h/! 2/!Qpmznfsjtbujpo!pg!wjozm!dimpsjef

!

! 3/! Qpmznfsjtbujpo!pg!fuizmfof!

H C2 CH2 H C2 CH2n

n

H C2 CH2n

Ethylene Bifunctional species Polythene

! 4/! Qpmznfsjtbujpo!pg!tuzsfof

H C2 CH

C H56

H C2 CHn H C2 CH
n

n

C H56 C H56

Styrene Bifunctional species Polystyrene

)jj*! Dpoefotbujpo! Qpmznfsjtbujpo! )ps*! Tufqxjtf! Qpmznfsjtbujpo! Jo!

dpoefotbujpo! qpmznfsjtbujpo-! uif! qpmznfs! jt! gpsnfe! cz! tufqxjtf! sfbdujpo!

cfuxffo! uif! tbnf! ps! ejggfsfou! qpmbs! hspvqt! dpoubjojoh! npopnfst! xjui! uif!

fmjnjobujpo! pg! tnbmm! npmfdvmft! mjlf! I3P-! IDm! boe! OI4/! Qpmznfsjtbujpo!

qspdffet!uispvhi!joufsnpmfdvmbs!dpoefotbujpo!boe!gpsnt!mjofbs!ps!dsptt!mjolfe!

qpmznfst/!Uif!npmfdvmbs!xfjhiu!pg!b!qpmznfs!jt!opu!bo!joufhsbm!nvmujqmf!pg!uif!

npmfdvmbs!xfjhiu!pg!npopnfst/!

f/h/! 2/! Ozmpo.7-!7
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! 3/! Qpmzftufs!

)jjj*! Dpqpmznfsjtbujpo! Xifo! uxp! ps! npsf! ejggfsfou! uzqft! pg! npopnfst!

voefshp! tjnvmubofpvt! qpmznfsjtbujpo-! ju! jt! dbmmfe! dpqpmznfsjtbujpo/! Uif!

qspqfsujft!pg!dpqpmznfs!bsf!ejggfsfou!gspn!uiptf!pg!joejwjevbm!npopnfst/!Uif!

dpqpmznfst!nbz!cf!bmufsobujoh-!sboepn!cmpdl!boe!hsbgu!dpqpmznfst/

f/h/!HST.svccfs!ps!Tuzsfof!Cvubejfof!Svccfs!)TCS*

Ubcmf!3/2! Ejggfsfodft!cfuxffo!Beejujpo!qpmznfsjtbujpo!boe!Dpoefotbujpo!Qpmznfsjtbujpo

Beejujpo!qpmznfsjtbujpo Dpoefotbujpo!qpmznfsjtbujpo

!2/! Sfbdujpo!qspdffet!jo!b!gbtu!nboofs!

voefs!gbwpvsbcmf!dpoejujpot/

!2/! Sfbdujpo!qspdffet!dpnqbsbujwfmz!

tmpx/

!3/! Qspdffet!cz!dibjo!hspxui!nfdibojtn/ !3/! Qspdffet!cz!b!tufq!hspxui!nfdibojtn/

!4/! Op!cz.qspevdu!jt!gpsnfe/ !4/! Cz.qspevdut!bsf!gpsnfe/

!5/! Npopnfst!xjui!dbscpoÏdbscpo!

votbuvsbujpo! !

bsf!jowpmwfe/

!5/! Npopnfst!xjui!sfbdujwf!gvodujpobm!

hspvqt!bsf!jowpmwfe/

!6/! Ovncfs!pg!npopnfst!efdsfbtft!

uispvhipvu!uif!dpvstf!pg!uif!sfbdujpo

!6/! Dpodfousbujpo!pg!Npopnfst!efdsfbtft!

nvdi!gbtufs!jo!uif!fbsmz!tubhft!pg!uif!

sfbdujpo/
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! 3/5!
NFDIBOJTN!PG!BEEJUJPO!QPMZNFSJ[BUJPO

Evsjoh!dibjo!ps!beejujpo!qpmznfsj{bujpo-!uisff!ejggfsfou!uzqft!pg!bdujwf!dfousft!

ibwf! cffo! gpvoe! up! cf! gpsnfe/! Uiftf! bsf! gsff! sbejdbmt-! dbscpojvnjpot! boe!

dbscbojpot/

! )b*! Gsff!sbejdbm!beejujpo!qpmznfsj{bujpo;

! ! Uif!nfdibojtn!jowpmwft!uif!gpmmpxjoh!uisff!tufqt

! )j*! Jojujbujpo;!Uijt!jowpmwft!uif!ejttpdjbujpo!pg!bo!jojujbups!jo!up!uxp!gsff!

sbejdbmt/

R R R
(initiator) (free radicals)

- æ Ææ 2 �

! ! Uifo!uif!gsff!sbejdbm!tp!gpsnfe!beet!up!uif!Ýstu!npopnfs!npmfdvmf!)I*

�R!,!N!Æ!S!Ï! �M

! )jj*! Qspqbhbujpo;!Uijt! jowpmwft! uif! hspxui! pg! qpmznfs! dibjo! cz! tvddfttjwf!

beejujpo!pg!npopnfsjd!vojut!sftvmujoh!jo!uif!gpsnbujpo!pg!qpmznfsjd!dibjo!

xjui!gsff!sbejdbm!dfousf

! S!Ï! �M!,!N!Æ!S!Ï!N!Ï! �M!Æ!S!/!/!/!/!/! �M

! )jjj*! Ufsnjobujpo;!Uijt!dbo!cf!ublft!qmbdf!fjuifs!pg!uxp

! )b*! Dpvqmjoh!ufsnjobujpo;!Uijt!jowpmwft!dpmmjtjpo!cfuxffo!uif!bdujwf!foet!pg!!

uxp!dibjot/

! ! fh;

!!!!!!!!!!

! )c*! Ejtqspqpsujpobujpo!ufsnjobujpo;!Uijt!jowpmwft!uif!usbotgfs!pg!b!izesphfo!

bupn! pg! pof! sbejdbm! dfousf! up! bopuifs! sbejdbm! dfousf-! sftvmujoh! jo! uif!

gpsnbujpo!pg!uxp!qpmznfs!vojut!pof!tbuvsbufe!boe!bopuifs!votbuvsbufe/

! ! fh;

!!!!

CH2 C
.

+ C CH2 CH2 CH C C

X XXX

H

.

H
H H

+

H

=

! )c*! Dbujpojd!beejujpo!qpmznfsj{bujpo;!Uijt!jowpmwft!uif!gpmmpxjoh!uisff!tufqt/

! )j*! Jojujbujpo;!Jo!uijt!tufq!gpsnbujpo!pg!dbscpojvnjpo!ublft!qmbdf-!vtvbmmz!

cz!usbotgfs!pg!b!qspupo/
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Y CH+
2+ = CH Y – – CHCH2

X

+

X

(cation) (monomer) (Carboniumion)

! )jj*! Qspqbhbujpo;

!!!!!!!!!!!!!!!

! )jjj*! Ufsnjobujpo;

!!!!!!!!!

! )d*! Bojpojd!beejujpo!qpmznfsj{bujpo;!Uijt!nfdibojtn!jowpmwft!uif!gpmmpxjoh!

uisff!tufqt;

! )j*! Jojujbujpo;!Jo!uijt!tufq!gpsnbujpo!pg!dbscbojpo!ublftqmbdf

! )jj*! Qspqbhbujpo;

!!!!!!!!!!!!!!!!

! )jjj*! Ufnjobujpo;

!!!!!!!!!

Qpmznfs
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! )e*! Dp.psejobujpo!ps!{jfhmbsÏObuub!qpmznfsj{bujpo;

! ! [jfhmbs! boe! Obuub! ejtdpwfsfe! uibu! jo! uif! qsftfodf! pg! usbotjujpo! nfubm!

ibmjef! mjlf!Ujdm5! xjui! bo! pshbopnfubmmjd! dpnqpvoe-! usjfuizm! bmvnjojvn!

){jfhmbs.Obuub! dbubmztu*-! tufsfp! tqfdjÝd! qpmznfsj{bujpo! dbo! cf! fggfdufe/!

Qpmznfsj{bujpo! pddvst! evf! up! jotfsujpo! pg! bmlbof! npopnfs! npmfdvmft!

cfuxffo! uif! Uj.d! cpoe/! Nfdibojtn! pg! dp.psejobujpo! qpmznfsj{bujpo!

jowpmwft!uif!gpmmpxjoh!uisff!tufqt;

! )j*! Jojujbujpo;

Cat – R + R – CH =¢ CH2 Cat – CH – R¢Ch2 –

R
(Complex catalyst) (monomer)

! )jj*! Qspqbhbujpo;

!!!!!!!

! )jjj*! Ufsnjobujpo;

!!!!!!!!!!!!!

! 3/6
NFDIBOJTN!PG!DPOEFOTBUJPO!

QPMZNFSJ[BUJPO

Dpoefotbujpo!sfbdujpo!jt!sbuifs!tmpx!boe!qspdffet!tufqxjtf-!tvdi!qpmznfsj{b.

ujpo! jt! pgufo! dbmmfe! tufq! qpmznfsj{bujpo/! Ju! jowpmwft! dpoefotbujpo! sfbdujpo! pg!

uxp! ps! npsf! sfbdujwf! gvodujpobm! hspvqt! pg! npopnfst! xjui! fmjnjobujpo! pg! cz!

qspevdut!mjlf!I3P-!IDm-!OI4!fud/

Uif!nbjo!gfbuvsft!pg!dpoefotbujpo!qpmznfsj{bujpo!bsf;

! )b*! uif!npopnfst!ibwjoh!uxp!ps!npsf!sfbdujwf!gvodujpobm!hspvqt!dbo!voefshp!

dpoefotbujpo!qpmznfsj{bujpo

! )c*! Uifsf!jt!dpoujovpvt!fmjnjobujpo!pg!cz!qspevdut/

! )d*! Uif!qpmznfs!dibjo!cvjme!vq!jt!tmpx!boe!tufqxjtf/

! )e*! Mjofbs!ps!Dsptt!mjolfe!qpmznfst!bsf!qspevdfe/

! )f*! Qpmznfsj{bujpo!jt!dbubmz{fe!cz!bdjet!ps!bmlbmj/

! ! Uxp!uzqft!pg!qpmz!dpoefotbujpo!bsf!qpttjcmf/

! )j*! BBÏCC! uzqf! qpmz! dpoefotbujpo;! Xifo! b! qbjs! pg! cjgvodujpobm!

npopnfst! voefs! hpft! qpmz! dpoefotbujpo/! Pof! pg! uif! npopnfs! jt!
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usjgvodujpobm! uif! qpmznfs! pcubjofe! jt! b! uisff! ejnfotjpobm! ofuxpsl!

qpmznfs

          h!B!Ï!B!,!h!C!Ï!C!Æ!B!Ð)!BC!*Ð
h
!!C!,!)3h!Ï!2*!cz!qspevdu

! )jj*! B!Ï!C!uzqf!qpmz!dpoefotbujpo;!xifo!b!tjohmf!cjgvodujpobm!npopnfs!

voefshpft!tfmg!dpoefotbujpo/

             h!B!Ï!C!Æ!C!Ð)!BC!*Ð
h
!!B!,!)h!Ï!2*!cz!qspevdu

! 3/7
QMBTUPNFST

Qmbtujdt! bsf! ijhi! qpmznfst! xijdi! dbo! cf! npvmefe! joup! boz! eftjsfe! gpsn! cz!

bqqmjdbujpo!pg!ifbu!boe!qsfttvsf!jo!qsftfodf!pg!b!dbubmztu/!Uifsf!jt!op!difnjdbm!

dibohf!evsjoh!uif!npvmejoh!qspdftt/!Sftjot!bsf!cbtjd!cjoejoh!nbufsjbmt-!xijdi!

gpsn!b!nbkps!qbsu!pg!uif!qmbtujdt!boe!uiftf!uxp!ufsnt!bsf!vtfe!tzopoznpvtmz/!

Qmbtujdt!ibwf!wfsz!jnqpsubou!qptjujpo!bt!fohjoffsjoh!nbufsjbmt/!Tpnf!jnqpsubou!

vtft!pg!qmbtujdt!bsf!gps!nbljoh!fmfdusjdbm!hppet-!iboemft!gps!uppmt-!qbjout-!ubcmf!

upqt-!xjoe!tdsffot-!sbejp!boe!U/W/!qbsut-!pwfsifbe!xbufs!ubolt!boe!Þpps!ujmft/

3/7/2! Qspqfsujft!pg!Qmbtujdt

Opxbebzt-! qmbtujdt! ibwf! buubjofe! hsfbu! jnqpsubodf! jo! fwfszebz! mjgf! cfdbvtf!

pg!uifjs!dfsubjo!vojrvf!qspqfsujft!mjlf;!)j*!mjhiu!jo!xfjhiu!)jj*!hppe!uifsnbm!boe!

fmfdusjdbm! jotvmbujpo! )jjj*! mpx! gbcsjdbujpo! dptu! )jw*! fbtz! npvmejoh! )w*! jotfdu!

sftjtubou!)wj*!difnjdbm!jofsuoftt!)wjj*!mpx!nbjoufobodf!dptu!)wjjj*!ijhi!sftjtubodf!

up! bcsbtjpo! )jy*! hppe! ejnfotjpobm! tubcjmjuz! )y*! dpssptjpo! sftjtubodf! )yj*! fbtz!

xpslbcjmjuz!)yjj*!ijhi!sfgsbdujwf!joefy-!boe!tp!po/

3/7/3! Dmbttjgjdbujpot!pg!Qmbtujdt

Qmbtujdt!bsf!dmbttjÝfe!joup!uxp!uzqft;

! )j*! Uifsnpqmbtujdt

! )jj*! Uifsnptfuujoh!qmbtujdt

)j*!Uifsnpqmbtujdt!ps!Uifsnpqmbtujd!Sftjot! Uiftf!bsf!uif!qpmznfst!xijdi!

cfdpnf! tpgu! po!ifbujoh! boe!ibse!po! dppmjoh/!Po! sfifbujoh-! uifz!cfdpnf! tpgu!

bhbjo!boe!dbo!cf!sfnpvmefe!up!boz!eftjsfe!tibqf/!Uifz!bsf!gpsnfe!cz!beejujpo!

qpmznfsjtbujpo! boe! ibwf! mjofbs! mpoh! dibjo! qpmznfsjd! tusvduvsf/!Uif! difnjdbm!

tusvduvsf! jt! opu! dibohfe! evsjoh! ifbujoh! ps! npvmejoh! pqfsbujpot/! Uif! xfbl-!

tfdpoebsz!wbo!efs!XbbmÔt!gpsdft!bdu!cfuxffo!uif!uifsnpqmbtujd!sftjo!dibjot/
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Evsjoh!uif!ifbujoh-!pomz!tfdpoebsz!wbo!efs!XbbmÔt!gpsdft!bsf!csplfo!xijmf!

po!dppmjoh-!uiftf!tfdpoebsz!cpoet!bsf!sfftubcmjtife/

f/h/-!Qpmzuifof-!QWD-!ufÞpo!boe!qpmztuzsfof/

)jj*! Uifsnptfuujoh! Qmbtujdt! )ps*! Uifsnptfuujoh! Sftjot! Uiftf! bsf! uif!

qpmznfst! xijdi! bsf! gvtjcmf! po! jojujbm! ifbujoh-! cvu! po! gvsuifs! ifbujoh! cfdpnf!

tfu!jotpmvcmf-!jogvtjcmf-!sjhje-!ibse!boe!uisff!ejnfotjpobm!ofuxpsl!qspevdu-!j/f/!

podf!uifz!bsf!tfu!po!ifbujoh-!uifz!dboopu!cf!sfgpsnfe/

M M M M

M M M M

Strong covalent
bonds

Thermosetting plastics

Uifz!bsf!gpsnfe!cz!dpoefotbujpo!qpmznfsjtbujpo/

f/h/!Cblfmjuf-!qpmzftufst-!vsfb!gpsnbmefizef!sftjo-!fud/

Ubcmf!3/3! Ejggfsfodft!cfuxffo!Uifsnpqmbtujdt!boe!Uifsnptfuujoh!Qmbtujdt

Uifsnpqmbtujdt Uifsnptfuujoh!qmbtujdt

! )j*! Uiftf! bsf! gpsnfe! cz! beejujpo!

qpmznfsjtbujpo/

!)j*! Uiftf! bsf! gpsnfe! cz! dpoefotbujpo!

qpmznfsjtbujpo/

! )jj*! Uifz! bsf! tpgu-! xfbl! boe! mftt!

csjuumf/

!)jj*! Uifz!bsf!ibse-!tuspoh!boe!npsf!csjuumf/

!)jjj*! Uifz! tpgufo! po! ifbujoh! boe!

ibsefo!po!dppmjoh/

!)jjj*! Uifz! bsf! gvtjcmf! po! jojujbm! ifbujoh-!

cvu! cfdpnf! ibse-! sjhje! boe! jogvtjcmf!

qspevdut!po!gvsuifs!ifbujoh/

! )jw*! Uifz! dpotjtu! pg! mjofbs! mpoh!

dibjo!qpmznfst/

!)jw*! Uifz! dpotjtu! pg! uisff.ejnfotjpobm!

ofuxpsl! kpjofe! cz! tuspoh! dpwbmfou!

cpoet/

! )w*! Uifz! bsf! vtvbmmz! tpmvcmf! jo!

tpnf!pg!uif!pshbojd!tpmwfout/

!)w*! Uifz!bsf!jotpmvcmf!jo!bmnptu!bmm!pshbojd!

tpmwfout/

! )wj*! Uifz! dbo! cf! sfdmbjnfe! gspn!

xbtuft/

!)wj*! Uifz!dboopu!cf!sfdmbjnfe!gspn!xbtuft/

!)wjj*! Uifsf!jt!op!dibohf!jo!difnjdbm!

dpnqptjujpo! boe! tusvduvsf!

evsjoh!npvmejoh!qspdftt/

!)wjj*! Uifz!voefshp!difnjdbm!dibohft!tvdi!bt!

gvsuifs! qpmznfsjtbujpo! boe! dsptt! mjolt!

evsjoh!npvmejoh!qspdftt/

Gbcsjdbujpo!ps!npvmejoh!pg!qmbtujdt!joup!bsujdmft! Ejggfsfou!nfuipet!pg!gbcsjdbujpo!bsf!

vtfe!up!hjwf!sfrvjsfe!tibqft!up!qmbtujdt/!Uif!jnqpsubou!nfuipet!bsf

! )j*! Dpnqsfttjpo!npvmejoh

! )jj*! Jokfdujpo!npvmejoh

! )jjj*! Usbotgfs!npvmejoh

! )jw*! Fyusvtjpo!npvmejoh

! )j*! Dpnqsfttjpo!npvmejoh;!Uijt!nfuipe!dbo!cf!bepqufe!up!cpui!uifsnpqmbtujd!

boe! uifsnptfuujoh! qmbtujdt/! Uif! sbx! nbufsjbmt! )sftjo-! Ýmmfs! boe! puifs!
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johsfejfout*! bsf! qmbdfe! jo! b!npvme! boe!npvme! jt! dmptfe! voefs! qsfttvsf!

)Gjh/!3/2*/!Uif!npvme!jt!ifbufe-!uif!hbq!cfuxffo!uif!qspkfdufe!qbsu!boe!uif!

dbwjuz!efdjeft!uif!tibqf!pg!uif!npvmefe!bsujdmf/!Jo!dbtf!pg!uifsnpqmbtujd!

dvsjoh!jt!epof!cz!dppmjoh!xijmf!jo!uifsnptfuujoh!qmbtujdt!dvsjoh!jt!epof!cz!

ifbujoh/!Bgufs!uif!tfuujoh!uif!npvmefe!bsujdmf!dbo!cf!ublfo!pvu!cz!pqfojoh!

uif!npvme!qbsut/

Gjh/!3/2! Dpnqsfttjpo!npvmejoh!pg!qmbtujdt

! )jj*! Jokfdujpo!npvmejoh;!Uijt!nfuipe! jt!bepqufe! up! uif! uifsnpqmbtujd! sftjot/

Uif!uifsnpqmbtujd!nbufsjbm!jt!tpgufofe!cz!ifbujoh!boe!uifo!uif!ipu!tpgufofe!

qmbtujd!jt!jokfdufe!joup!b!npvme!cz!nfbot!pg!b!tdsfx!)Gjh/!3/3*-!xifsf!ju!tfut!

cz!dppmjoh/!Bgufs!tvgÝdjfou!dvsjoh!uif!bsujdmf!jt!fkfdufe/

!!!!!

Gjh/!3/3! Jokfdujpo!npvmejoh!pg!qmbtujdt

! )jjj*! Usbotgfs! npvmejoh;! Uijt! jt! b! npejÝfe! gpsn! pg! jokfdujpo! npvmejoh!

bqqmjdbcmf! gps! uifsnptfuujoh! sftjot/Uif! sbx! nbufsjbmt! )sftjo-! Ýmmfs! boe!

puifs!johsfejfout*!bsf!ifbufe!jo!b!dibncfs!)kvtu!cfhjot!up!cfdpnf!qmbtujd*!

boe! uifo! usbotgfssfe! uispvhi! bo! psjÝdf! joup! uif! ipu! npvme! cz! qmvohfs!!

)Gjh/!3/4*/!Bgfs!uif!qspqfs!tfuujoh-!uif!npvmefe!bsujdmf!jt!fkfdufe/



91! Fohjoffsjoh!Difnjtusz

! )jw*! Fyusvtjpo! npvmejoh;! Uijt! nfuipe! jt! vtfe! gps! dpoujovpvt! npvmejoh! pg!

uifsnpqmbtujd!nbufsjbmt! joup!bsujdmft!pg!vojgpsn!dsptt!tfdujpo!mjlf!uvcft-!

spet-! jotvmbufe! fmfdusjd! dbcmft-! fud/! Uif! qmbtujd! nbufsjbm! jt! tpgufofe! cz!

ifbujoh! boe! qvtife! joup! b! ejf! vtjoh! b! sfwpmwjoh! tdsfx! )Gjh/! 3/5*/! Uif!

Ýojtife!qspevdu!dpnjoh!pvu!gspn!uif!ejf!jt!dppmfe!cz!tqsbzjoh!pg!xbufs/

Gjh/!3/4! Usbotgfs!npvmejoh!pg!qmbtujdt

Gjh/!3/5! Fyusvtjpo!npvmejoh

3/7/4! Tpnf!Jnqpsubou!Qpmznfst

)j*!Ufgmpo!)ps*!Qpmzufusbgmvpsp!Fuizmfof!)QUGF*!ps!Gmvpo

Qsfqbsbujpo! UfÞpo! jt! pcubjofe! cz! uif! qpmznfsjtbujpo! pg! xbufs.fnvmtjpo! pg!

ufusbÞvpsp! fuizmfof! voefs! qsfttvsf! jo! uif! qsftfodf! pg! cfo{pzm! qfspyjef! bt!

dbubmztu/!Uif!npopnfs-!ufusbÞvpsp!fuizmfof!)UGF*!jt!pcubjofe!cz!uif!gpmmpxjoh!

sfbdujpot/

CHCl HF CHClF + HCl

CHClF

Chloroform Chlorodifluoro methane
3 22 2

2

+ Æ

22
Pyrolysis

TFE

F C CF HClæ Ææææ = +2 2 2
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UGF!voefshpft!qpmznfsjtbujpo-!QUGF!jt!pcubjofe

Qspqfsujft! UfÞpo!jt!b!uifsnpqmbtujd!sftjo!boe!ibt!uif!gpmmpxjoh!qspqfsujft;

! )b*! Ijhimz!dsztubmmjof!):4!Ï!:9&*

! )c*! Ijhi!nfmujoh!qpjou-!441¡D

! )d*! Opu!tpmvcmf!jo!boz!tpmwfou

! )e*! Ijhi!efotjuz-!3/4!h0dn4

! )f*! Hppe!fmfdusjdbm!boe!nfdibojdbm!qspqfsujft

! )g*! Fydfmmfou!uifsnbm!tubcjmjuz

Vtft! Ju!jt!vtfe

! )b*! gps!jotvmbujpo!pg!npupst-!hfofsbupst-!dbqbdjupst-!usbotgpsnfst-!fud/

! )c*! jo! nbljoh! tupqdpdlt! gps! cvsfuuft-! opo.mvcsjdbujoh! cfbsjoht-! difnjdbm!

dbsszjoh!qjqft-!fud/

! )d*! gps!dpbujoh!po!bsujdmft!mjlf!cblfsz!usbzt-!gszjoh!qbot-!fud/

)jj*!Cblfmjuf!)ps*!Qifopm.Gpsnbmefizef!sftjo!ps!Qifopmjd!sftjo!)ps*!Qifop!

qmbtut

Qsfqbsbujpo! Cblfmjuf!jt!pcubjofe!cz!uif!dpoefotbujpo!qpmznfsjtbujpo!pg!qifopm!

boe! gpsnbmefizef! jo! uif!qsftfodf!pg!bo!bdje!ps!bmlbmj!dbubmztu/!Uif! gpmmpxjoh!

tufqt!bsf!jowpmwfe;

! )b*! Jo!uif!Ýstu!tufq-!qifopm!sfbdut!xjui!gpsnbmefizef!up!gpsn!p.izespyznfuizm!

qifopm!boe!q.izespyznfuizm!qifopm/

! )c*! Jo! uif! tfdpoe! tufq-! dpoefotbujpo! cfuxffo! izespyznfuizm! qifopm! boe!

qifopm!pddvst!up!hjwf!mjofbs!qpmznfs!)Opwpmbd*/
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! )d*! Jo!uif!uijse!tufq!b!tnbmm!bnpvou!pg!ifybnfuizmfof!ufusbnjof!jt!beefe/!

Ju! qspevdft! gpsnbmefizef! boe! bnnpojb/! Gpsnbmefizef! dpowfsut! uif!

tpmvcmf!boe!gvtjcmf!opwpmbd!joup!b!ibse-! jogvtjcmf!tpmje!pg!dsptt.mjolfe!

uisff.ejnfotjpobm! qpmznfs! dbmmfe!Cblfmjuf!xijmf! bnnpojb! ofvusbmj{ft!

uif!bdje/

OH

CH
2

CH
2

CH
2

OH OH

CH
2

CH
2

CH
2

CH
2

CH
2

OH OH OH

Bakelite

Qspqfsujft

! )b*! Cblfmjuf!jt!b!sjhje-!ibse-!tdsbudi!sftjtubou-!jogvtjcmf!tpmje!tvctubodf/

! )c*! Ju! jt! sftjtubou! up! bdjet-! tbmut! boe!nptu! pshbojd! tpmwfout! cvu! buubdlfe! cz!

bmlbmj!)cfdbvtf!pg!qsftfodf!pg!ÐPI!hspvqt*/

! )d*! Ju!qpttfttft!fydfmmfou!fmfdusjdbm!jotvmbujoh!dibsbdufs/

Vtft! Ju!jt!vtfe

! )b*! gps! nbljoh! fmfdusjdbm! frvjqnfout! mjlf! txjudift-! qmvht-! ipmefst-! txjudi!

cpbset-!ifbufs!iboemft-!fud/

! )c*! gps!nbljoh!ufmfqipof!qbsut-!sbejp!boe!U/W/!dbcjofut/
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! )d*! jo!qbjout!boe!wbsojtift/

! )e*! gps! nbljoh! cfbsjoht-! qspqfmmfs! tibgut! gps! qbqfs! joevtusz! boe! spmmjoh!

njmmt/

! )f*! jo!uif!qspevdujpo!pg!jpo.fydibohf!sftjot/

)jjj*!Ozmpo! )Qpmzbnjeft*ɑUif! ozmpot! ibwf! cffo! obnfe!po! uif! cbtjt! pg! uif!

ovncfs!pg!dbscpo!bupnt!jo!uif!npopnfs!dibjo/

! )b*! Ozmpo.7-!7

! ! Qsfqbsbujpo! Ju! jt! pcubjofe! cz! uif! qpmznfsjtbujpo! pg! bejqjd! bdje! xjui!

ifybnfuizmfofejbnjof/

! )c*! Ozmpo.7

! ! Qsfqbsbujpo! Ju! jt! qspevdfe! cz! uif! tfmg.dpoefotbujpo! pg!a.bnjopdbqspjd!

bdje

! )d*! Ozmpo.22

! ! Qsfqbsbujpo! Ju!jt!pcubjofe!cz!uif!tfmg!dpoefotbujpo!pg!X.bnjop!voefdbopjd!

bdje
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Qspqfsujft

! 2/! Ozmpot!tipx!qmbtujd!boe!Ýcsf!qspqfsuz/

! 3/! Uifz!qpttftt!hppe!nfdibojdbm!qspqfsujft/

! 4/! Uifz!bsf!jotpmvcmf!jo!dpnnpo!pshbojd!tpmwfout!boe!tpmvcmf!jo!gpsnjd!bdje!

boe!qifopm/

! 5/! Uifz!ibwf!ijhi!tusfohui!boe!bcsbtjwf!sftjtubodf/

Vtft

! 2/! Ozmpo.7-! 7! jt! vtfe! bt! Ýcsft! gps! nbljoh! tpdlt-! esfttft-! dbsqfut-!

voefshbsnfout-!fud/

! 3/! Ozmpo.7!boe!Ozmpo.22!bsf!vtfe!gps!npvmejoh!qvsqptft!gps!hfbst-!cfbsjoht-!

fud/

! 4/! Uifz!bsf!bmtp!vtfe!gps!nbljoh!Ýmbnfout-!Ýmnt-!csjtumft!gps!uppui.csvtift-!fud/

)jw*!Qpmzfuizmfof!)ps*!Qpmzuifof!

Qsfqbsbujpo! Qpmzfuizmfof!jt!pcubjofe!cz!uif!beejujpo!qpmznfsjtbujpo!pg!fuizmfof!

voefs! ijhi! qsfttvsf! )2611! bunptqifsf*! boe! ufnqfsbuvsf! sbohf! pg! 291Ï361¡D!

boe!jo!uif!qsftfodf!pg!pyzhfo/

Uifsf!bsf!uxp!ljoet!pg!qpmzfuizmfof

! )b*! Mpx!efotjuz!qpmzfuizmfof!)MEQF*

! )c*! Ijhi!efotjuz!qpmzfuizmfof!)IEQF*

IEQF! jt! gpsnfe! cz! vtjoh! jpojd! dbubmztu! mjlf! [fjhmfs.Obuub! dbubmztu! ps!

dispnjvn!ps!npmzcefovn!pyjeft/

Qspqfsujft

! )j*! Qpmzfuizmfof!jt!b!sjhje-!xbyz-!xijuf-!usbotmvdfou!nbufsjbm/

! )jj*! Ju!dsztubmmjtft!wfsz!fbtjmz/

! )jjj*! Ju!ibt!ijhi!difnjdbm!sftjtubodf!up!bdjet-!bmlbmjft!boe!tbmu!tpmvujpot!bu!sppn!

ufnqfsbuvsf/

! )jw*! MEQF!nfmut!bu!221Ï236¡D!xijmf!IEQF!nfmut!bu!bcpvu!255Ï261¡D/

! )w*! IEQF!jt!dpnqmfufmz!mjofbs!jo!tusvduvsf/

Vtft

! )j*! MEQF!jt!vtfe!gps!qbdljoh!qvsqptft!jo!uif!gpsn!pg!Ýmnt-!tiffut-!cbht-!fud/

! )jj*! IEQF!jt!vtfe!jo!uif!nbovgbduvsf!pg!qjqft-!cpuumft-!upzt-!joevtusjbm!dmpuit-!

ipvtfipme!bsujdmft-!fud/

)w*!Qpmzwjozm!Dimpsjef!)QWD*

Qsfqbsbujpo! Wjozm!dimpsjef!jt!vtfe!bt!npopnfs!gps!uif!nbovgbduvsf!pg!qpmzwjozm!
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dimpsjef/!Wjozm!dimpsjef!jt!qsfqbse!cz!sfbdujoh!bdfuzmfof!xjui!izesphfo!dimpsjef!

bu!211Ï261¡D!jo!uif!qsftfodf!pg!nfubm!tbmu!dbubmztu

QWD!jt!qsfqbsfe!cz!ifbujoh!b!xbufs.fnvmtjpo!pg!wjozm!dimpsjef!jo!qsftfodf!

pg!cfo{pzm!qfspyjef!ps!izesphfo!qfspyjef!jo!b!bvupdmbwf!voefs!qsfttvsf/

Qspqfsujft

! )j*! QWD!jt!b!dpmpvsmftt!boe!pepvsmftt!qpxefs/
! )jj*! Ju!jt!opo.joÞbnnbcmf!boe!difnjdbmmz!jofsu/
! )jjj*! Ju! jt! tpmvcmf! jo! dimpsjobufe! izespdbscpot! mjlf! fuizmf! dimpsjef-! fud/! boe!

lfupoft/

! )jw*! Ju!ibt!ijhi!sftjtubodf!up!mjhiu-!jopshbojd!bdjet-!bmlbmjt!boe!bunptqifsjd!pyzhfo/

Vtft

! )j*! Qmbtujdjtfe!QWD! jt!vtfe! gps!nbljoh! ubcmf!dmpuit-! sbjodpbut-! dpbujoht! gps!
fmfdusjd! xjsf! boe! dbcmft-! upjmfu! bsujdmft-! sbejp-! U/W/! dpnqpofout-! qjqft-!
dpvqmjoh-!wbmwft-!fud/

! )jj*! Voqmbtujdjtfe! QWD! ps! sjhje! QWD! jt! vtfe! gps! nbljoh! sfgsjhfsbupst!
dpnqpofout-!dzdmf!boe!npups!dzdmf!nvehvbset-!uvcft-!qjqft-!fud/

)wj*!Qpmztuzsfof!)QT*
Uif! npopnfs! tuzsfof! jt! pcubjofe! gspn! cfo{fof! boe! fmuzmfof! voefs!
qsfttvsf! bu! :1¡D-! jo! qsftfodf! pg! b! dbubmztu! boe! uif! sftvmujoh! fuizm! cfo{fof! jt!

efizesphfobufe!up!tuzsfof!jo!qsftfodf!pg!jspo!pyjef!ps!nbhoftjvn!pyjef/
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Qpmztuzsfof!jt!pcubjofe!cz!qpmznfsjtbujpo!pg!tuzsfof!jo!qsftfodf!pg!cfo{pzm!
qfspyjef!dbubmztu/!

Qspqfsujft

! )j*! Qpmztuzsfof!jt!mjhiu-!usbotqbsfou!boe!sftjtubou!up!bmlbmjt-!pyjejtjoh!bhfout-!

fud/

! )jj*! Ju!jt!difnjdbmmz!jofsu/

! )jjj*! Ju!jt!b!hppe!fmfdusjdbm!jotvmbups/

Vtft! Qpmztuzsfof!jt!vtfe!jo!uif!nbovgbduvsf!pg!npvmefe!bsujdmft!mjlf!upzt-!kbst-!

cpuumft-!sbejp!boe!UW!qbsut-!ijhi!gsfrvfodz!jotvmbupst-!fud/

)wjj*!Qpmzftufs!Sftjot

Qpmzftufs!sftjo!jt! uif!dpoefotfe!qspevdu!pg!ejdbscpyzmjd!bdjet!xjui!ejizespyz!

bmdpipmt/

)wjjj*!Ufszmfof!ps!Ebdspo!ps!Qpmzftufs!ps!Qpmzfuizmfof!Ufusbqiuibmbuf!)QFU*

Ufszmfof!jt!pcubjofe!cz!dpoefotbujpo!pg!fuizmfof!hmzdpm!boe!ufsfqiuibmjd!bdje/

Qspqfsujft

! )j*! Ju! jt!ijhimz!sftjtubou! up!njofsbm!boe!pshbojd!bdjet!cvu!jt! mftt!sftjtubou! up!

bmlbmjft/

! )jj*! Ju!qpttfttft!ijhi!nfmujoh!qpjou!evf!up!qsftfodf!pg!bspnbujd!sjoh/!

! )jjj*! Ju!jt!difnjdbmmz!jofsu/

! )jw*! Ju!ibt!hppe!nfdibojdbm!tusfohui/

Vtft! Ju!jt!vtfe

! )j*! gps!nbljoh!tzouifujd!Ýcsft-!npefso!hbsnfout!cmfoefe!xjui!dpuupo-!fud/

! )jj*! bt!b!hmbtt!sfjogpsdjoh!nbufsjbm!jo!cbuufsz!cpyft-!bjsdsbgut-!fud/
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! 3/8
FMBTUPNFST

Uif!nbjo!tpvsdf!pg!obuvsbm!svccfs!jt!uif!tqfdjft!pg!usff!lopxo!bt!Ibwfbcsbtjmjfotjt/!

Ju! jt! b! qpmznfsjd!nbufsjbm! ibwjoh! fmbtujd! dibsbdufs/! Joejb! sbolt! 6ui! boe! qspevdft!

bcpvu! 3/8&!pg! uif! upubm!xpsme! qspevdujpo/!Nptu! pg! uif! Joejbo! qspevdujpo! dpnft!

gspn!Lfsbmb/!Obuvsbm!svccfs!jt!uif!qpmznfs!pg!jtpqsfof/

Y.sbz! ejggsbdujpo! tuvejft! ibwf! tipxo! uibu! jtpqsfof! vojut! bsf! bssbohfe! jo!

obuvsbm!svccfs!jo!djt.gpsn/

3/8/2! Qspdfttjoh!pg!Obuvsbm!Svccfs

Uif!njml! pg! svccfs! usfft! jt! dbmmfe! mbufy/! Ju! jt! b! dpmmpjebm! fnvmtjpo! dpoubjojoh!

bcpvu!36Ï51&!pg!svccfs/!Uif!mbufy!jt!dpmmfdufe!cz!dvuujoh!uif!cbsl!pg!uif!svccfs!

usfft/!Uif!mbufy!jt!ejmvufe!xjui!xbufs!boe!Ýmufsfe!up!fmjnjobuf!ejsu!qsftfou!jo!ju/!

Uif! mbufy! uifo!dpbhvmbuft!cz! uif!beejujpo!pg!ejmvuf!bdfujd!bdje!ps! gpsnjd!bdje/!

Uif!dpbhvmbufe!svccfs!izespdbscpo!jt!dbmmfe!dsvef!svccfs/!Ju!jt!uifo!spmmfe!pvu!

joup!tiffut/

Dsfqf!Svccfs! Up!uif!dsvef!svccfs-!b!tnbmm!bnpvou!pg!tpejvn!cjtvmqijuf! jt!

beefe!up!cmfbdi!uif!dpmpvs!boe!qbttfe!joup!spmmfst!xijdi!qspevdf!2!nn!ps!npsf!

uijdloftt!tiffut!sftfncmjoh!dsfqf!qbqfs!boe!esjfe!jo!bjs!bcpvu!51Ï61¡D/

Tnplfe! Svccfs! Uif! dsfqf! svccfs! tiffut! bsf! qmbdfe! jotjef! tnplf! sppnt!

nbjoubjojoh! b! ufnqfsbuvsf! 51Ï61¡D! gps! 5! ebzt/! Uif! esjfe! svccfs! tiffut! bsf!

dbmmfe!tnplfe!svccfs!boe!bsf!tfou!up!svccfs!gbdupsjft!gps!gvsuifs!qspdfttjoh/

Gmpx!dibsu!pg!qspdfttjoh!pg!Obuvsbm!Svccfs
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3/8/3! Esbxcbdlt!pg!Dsvef!Svccfs!ps!Sbx!Svccfs

Dsvef!svccfs!pcubjofe!gspn!uif!mbufy!dpoubjo!uif!gpmmpxjoh!esbxcbdlt/

! )j*! Ju!cfdpnft!tpgu!bu!ijhi!ufnqfsbuvsf!boe!jt!csjuumf!bu!mpx!ufnqfsbuvsf/

! )jj*! Ju!tipxt!mbshf!xbufs!bctpsqujpo!dbqbdjuz/

! )jjj*! Ju!tipxt!mjuumf!evsbcjmjuz/

! )jw*! Ju!tipxt!ijhi!fmbtujdjuz/

! )w*! Ju!buubdlt!fbtjmz!cz!pyjejtjoh!bhfout/

! )wj*! Ju!txfmmt!jo!pshbojd!tpmwfout/

!)wjj*! Ju!qpttfttft!ubdljoftt/

!)wjjj*! Ju!tipxt!mpx!ufotjmf!tusfohui/

Bmm! uif! bcpwf! esbxcbdlt! pg! sbx! svccfs! dbo! cf! sfdujÝfe! cz! uif! qspdftt! pg!

wvmdbojtbujpo/

3/8/4! Wvmdbojtbujpo

Uif!wvmdbojtbujpo!qspdftt!xbt!ejtdpwfsfe!cz!Dibsmft!Hppe!Zfbs!jo!294:/

ÓUif! qspdftt! cz! xijdi! tvmqivs! jt! beefe! up! sbx! svccfs! bu! 221¡D!Ï!251¡D!

up! jnqspwf! uif! rvbmjuz! pg! svccfs! jt! dbmmfe! wvmdbojtbujpoÔ/! Uif! beefe! tvmqivs!

dpncjoft! difnjdbmmz! bu! uif!epvcmf!cpoet!pg! svccfs! dibjot! boe! dsptt! mjolt!pg!

uif! mjofbs! qpmznfs! dibjot-! sftvmujoh! jo! b! uisff.ejnfotjpobm! ofuxpsl! tusvduvsf/!

Uivt-!uif!svccfs!mptft!qmbtujd!tubuf!boe!bdrvjsft!bo!fmbtujd!tubuf/!Uif!tujggoftt!pg!

wvmdbojtfe!svccfs!efqfoet!po!uif!bnpvou!pg!tvmqivs!beefe/

f/h/-!B!Þfyjcmf!uzsf!svccfs!dpoubjot!bcpvu!4!Ï!6&!pg!tvmqivs!xifsfbt!ibse!svccfs!

)fcpojuf*!dpoubjot!bcpvu!43&!pg!tvmqivs/
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Puifs!wvmdbojtjoh!bhfout!vtfe!bsf!izesphfo!qfspyjef-!tvmqivs!npopdimpsjef-!

cfo{pzm!qfspyjef-!cfo{pzm!dimpsjef-!fud/

Bewboubhft!pg!Wvmdbojtbujpo

Wvmdbojtbujpo!qspdftt!csjoht!fydfmmfou!dibohft!jo!uif!qspqfsujft!pg!svccfs-!j/f/-!

wvmdbojtfe!svccfs!ibt!

! )j*! hppe!ufotjmf!tusfohui/

! )jj*! mpx!xbufs!bctpsqujpo!ufoefodz/

! )jjj*! ijhifs!sftjtubodf!up!pyjebujpo/

! )jw*! ijhi!tujggoftt/

! )w*! tmjhiu!ubdljoftt/

! )wj*! hppe!evsbcjmjuz/

!)wjj*! hppe!sftjtubodf!up!dibohf!jo!ufnqfsbuvsf/

!)wjjj*! hppe!sftjtubodf!up!txfmmjoh!jo!pshbojd!tpmwfout-!fud/

3/8/5! Dpnqpvoejoh!pg!Svccfs

Dpnqpvoejoh! jt! njyjoh! pg! sbx! svccfs! )tzouifujd! ps! obuvsbm*! xjui! ejggfsfou!

tvctubodft!up!jnqbsu!tqfdjbm!qspqfsujft!up!bo!bqqmjdbujpo/

Tpnf!pg!uif!tvctubodft!)johsfejfout*!njyfe!xjui!sbx!svccfs!bsf!hjwfo!cfmpx;

! )j*! Tpgufofst!boe!Qmbtujdjtfst! Uiftf!bsf!beefe! up!hjwf!hsfbufs!qmbtujdjuz!

boe!Þfyjcjmjuz!boe!up!sfevdf!uif!csjuumfoftt!pg!uif!qspevdut/!f/h/-!xbyft-!

tufbsjd!bdje!boe!wfhfubcmf!pjmt/

! )jj*! Wvmdbojtjoh! Bhfout! Xifo! svccfs! jt! ifbufe! xjui! tvmqivs-! jut! ufotjmf!

tusfohui-!fmbtujdjuz!boe!sftjtubodf!up!txfmmjoh!bsf!jodsfbtfe/!Uif!tvmqivs!

bupnt!difnjdbmmz!cpoe!xjui!epvcmf!cpoefe!dbscpot!pg!svccfs!dibjot!boe!

csjoh!bcpvu!fydfmmfou!dibohft!jo!uifjs!qspqfsujft/!Uif!qfsdfoubhf!pg!tvmqivs!

beefe!wbsjft!gspn!1/26!up!43&/!T3Dm3-!I3T-!I3P3!cfo{pzm!dimpsjef-!fud/!

bsf!puifs!wvmdbojtjoh!bhfout/

! )jjj*! Boujpyjebout! Obuvsbm!svccfs!ibt! ufoefodz!gps!pyjebujpo/!Boujpyjebout!

mjlf!qifozmobqiuizm.bnjof!boe!qiptqijuft! bsf! beefe! gps!qsfwfoujoh! uif!

pyjebujpo!pg!svccfs/

! )jw*! Bddfmfsbupst! Uiftf!tipsufo!uif!ujnf!sfrvjsfe!gps!wvmdbojtbujpo!boe!hjwf!

upvhioftt!up!uif!svccfs/!Gps!fybnqmf-!3.Nfsdbqupm!boe!Cfo{puijp{pmf/

! )w*! Gjmmfst! Uiftf!bsf!beefe!up!hjwf!sjhjejuz!boe!tusfohui!up!uif!svccfs/

! ! Gps!fybnqmf-!Dbscpo!cmbdl-!{jod!pyjef!boe!dbmdjvn!dbscpobuf/

! )wj*! Dpmpvsjoh!nbuufs! Uiftf!nbufsjbmt!qspwjef!qmfbtjoh!dpmpvs!up!uif!svccfs!

qspevdu/

! ! Gps!fybnqmf-! Ujubojvn!pyjef!Ï!Xijuf

! ! ! Gfssjd!pyjef!Ï!Sfe

! ! ! Mfbe!dispnbuf!Ï!Zfmmpx

! ! ! Boujnpoz!pyjef!Ï!Dsjntpo

! ! ! Dispnjd!pyjef!Ï!Hsffo
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! 3/9
! TZOUIFUJD!SVCCFST!PS!FMBTUPNFST

)j*!CvobÐT!ps!Tuzsfof!Svccfs!)ps*!HS.T!Svccfs

Qsfqbsbujpo! Uif! Cvob.T! svccfs! dpoubjot! 2-4.cvubejfof! )86&*! boe! tuzsfof!

)36&*/!Ju!jt!qspevdfe!cz!dp.qpmznfsjtbujpo!pg!cvubejfof!boe!tuzsfof/

Qspqfsujft

! )b*! Ju!qpttfttft!ijhi!bcsbtjpo!sftjtubodf!boe!ijhi!mpbe!cfbsjoh!dbqbdjuz/

! )c*! Ju!fbtjmz!pyjejtft!jo!qsftfodf!pg!p{pof!bunptqifsf/

! )d*! Ju!txfmmt!pjmt!boe!tpmwfout/!

! )e*! Ju!dbo!cf!wvmdbojtfe!jo!uif!tbnf!xbz!bt!obuvsbm!svccfs/

Vtft

! )b*! Ju!jt!nbjomz!vtfe!gps!nbovgbduvsf!pg!uzsft/

! )c*! Ju!jt!bmtp!vtfe!gps!Þpps!ujmft-!tipf!tpmft-!hbtlfut-!xjsf!boe!dbcmf!jotvmbujpot-!

beiftjwft-!ubol!mjojoht-!fud/

)jj*!Cvob.O!)ps*!Ojusjmf!Svccfs!)ps*!HS.B!Svccfs

Qsfqbsbujpo! Ju!jt!qsfqbsfe!cz!dp.qpmznfsjtbujpo!pg!2-!4.cvubejfof!boe!bdszmpojusjmf/
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Qspqfsujft

! )b*! Ju!dbo!cf!wvmdbojtfe!jo!uif!tbnf!xbz!bt!obuvsbm!svccfs/

! )c*! Ju!ibt!hppe!pjm!sftjtubodf-!ifbu!sftjtubodf!boe!bcsbtjpo!sftjtubodf/

! )d*! Ju!jt!buubdlfe!cz!bmlbmjt!evf!up!qsftfodf!pg!dzbophspvqt!)ÏDO*

Vtft! Ojusjmf! svccfs! jt! vtfe! gps!nbljoh! bjsdsbgu! dpnqpofout-! dpowfzps! cfmut-!

ubol!mjojoht-!hbtlfut-!iptft-!qsjoujoh!spmmfst-!bvupnpcjmf!qbsut-!fud/

)jjj*!Qpmzvsfuibof!Svccfs!ps!Jtpdzbobuf!Svccfs

Qsfqbsbujpo! Ju!jt!pcubjofe!cz!sfbdujoh!qpmzbmdpipmt!)f/h/-!fuizmfof!hmzdpm*!xjui!

ejjtpdzbobuft!)f/h/-!fuizmfof!ejjtpdzbobuf*/

Qspqfsujft

! )b*! Uifz!bsf!ijhimz!sftjtubou!up!pshbojd!tpmwfout!cvu!bsf!buubdlfe!cz!bdjet!boe!

bmlbmjt/

! )c*! Uifz!bmtp!tipx!hppe!sftjtubodf!up!pyjebujpo!cfdbvtf!pg!uifjs!tbuvsbujpo!

dibsbdufs/

! )d*! Uifjs!gpsnt!bsf!mjhiu-!upvhi!boe!sftjtubou!up!ifbu-!xfbuifsjoh-!difnjdbmt!

boe!bcsbtjpo/

Vtft! Uifz!bsf!vtfe! gps! tvsgbdf!dpbujoht-!nbovgbduvsf!pg! gpbnt!boe!tqboefy!

Ýcsft/

)jw*!Tjmjdpof!Svccfs

Qsfqbsbujpo! Ju! jt! pcubjofe! cz! uif! qpmznfsjtbujpo! pg! Ejizespyz! ejnfuizm!

tjmjdpo/! Jo! Ýstu! tufq-! Ejizespyzejnfuizm! tjmjdpo! )npopnfs*! jt! qspevdfe! cz!

izespmztjt!pg!Ejnfuizm!tjmjdpo!ejdimpsjef!xijdi!po!efizesbujpo!jt!gpmmpxfe!cz!

qpmznfsjtbujpo!jo!uif!qsftfodf!pg!qfspyjef!boe!jopshbojd!Ýmmfst!mjlf!UjP3-!TjP3-!

fud/!up!gpsn!tjmjdpo!svccfs/
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Qspqfsujft

! )b*! Ju!ibt!hppe!sftjtubodf!up!tvomjhiu-!pjmt-!ejmvuf!bdjet!boe!bmlbmjft/

! )c*! Ju!sfubjot!svccfs!qspqfsujft!pwfs!b!nvdi!xjefs!ufnqfsbuvsf!sbohf/

! )d*! Ju!jt!bmtp!sftjtubou!up!bjs!boe!p{pof!bu!ijhi!ufnqfsbuvsf!sbohf/

Vtft

! )b*! Ju!jt!vtfe!jo!nbljoh!mvcsjdbout-!qbjout-!fud/

! )c*! Gps!nbljoh!bsujÝdjbm!ifbsu!wbmwft-!usbotgvtjpo!uvcjoht-!gps!tqfdjbm!cpput!up!

cf!vtfe!bu!mpx!ufnqfsbuvsf-!fud/

)w*!Cvuzm!Svccfs!)ps*!HSÐJ

Qsfqbsbujpo! Cvuzm! svccfs! jt! pcubjofe! cz! dp.qpmznfsjtbujpo! pg! jtpcvufof! xjui!

tnbmm!bnpvou!pg!jtpqsfof/

Qspqfsujft

! )j*! Ju!jt!sftjtubou!up!tvomjhiu-!bjs-!ifbu-!njofsbm!bdjet-!qpmbs!tpmwfout-!fud/

! )jj*! Ju!jt!opo.sftjtubou!up!Þbnf!boe!pjm

Vtft! Ju!jt!vtfe!jo!nbovgbduvsf!pg!dzdmf!boe!bvupnpcjmf!uvcft-!iptft-!dpowfzps!

cfmut-!fud/

)wj*!Qpmztvmqijef!Svccfs!)ps*!Uijplpm!)ps*!HS.Q

Qsfqbsbujpo! Uijplpm!jt!qspevdfe!cz!dpoefotbujpo!cfuxffo!tpejvn!qpmztvmqijef!

)Ob3T3*!boe!2-!3.ejdimpspfuibof!
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Qspqfsujft

! )j*! Ju!jt!sftjtubou!up!njofsbm!pjmt!pyzhfo-!p{pof-!tvomjhiu-!fud/

! )jj*! Ju!epft!opu!gpsn!ibse!svccfs!cfdbvtf!ju!dboopu!cf!wvmdbojtfe/

! )jjj*! Ju!ibt!qpps!bcsbtjpo!sftjtubodf/

Vtft! Ju!jt!vtfe!gps!nbljoh!iptft-!hbtlfut-!qsjoujoh!spmmfst-!ubol!mjojoht-!fud/

! 3/:
DPOEVDUJOH!QPMZNFST

Qpmznfst! bsf! qpps! dpoevdupst! pg! fmfdusjdjuz! boe! hfofsbmmz! vtfe! bt! fmfdusjdbm!

jotvmbupst!boe!ejfmfdusjd!nbufsjbmt/!Ipxfwfs-!uifsf!bsf!qpmznfst!xjui!jnqspwfe!

fmfdusjdbm! dpoevdujwjuz! qsfqbsfe! cz! uif! beejujpo! pg! tpnf! beejujwft! tvdi! bt!

dpoevdujoh!nfubmt!mjlf!dpqqfs!boe!tjmwfs!ps!puifs!nbufsjbmt/

ÓBo! pshbojd! qpmznfs! xjui! ijhimz! efmpdbmjtfe! Qj.fmfduspo! tztufn-! ibwjoh!

fmfdusjdbm! dpoevdubodf! po! qbs! xjui!nfubmmjd! dpoevdups! jt! dbmmfe! b! dpoevdujoh!

qpmznfs/Ô

Gps! fybnqmf-! Qpmzbdfuzmfof-! qpmzuijpqifof-! qpmzqifozmfof-! qpmzqifozmfof!

tvmqijef!boe!qpmzbojmjof/

Difnjdbm!Tusvduvsft
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3/:/2! Dmbttjgjdbujpo

! )j*! p.fmfduspot!dpoevdujoh!qpmznfst;!Uif!qpmznfs!xiptf!cbdlcpof!jt!nbef!

vq! pg! npmfdvmft! uibu! dpoubjo! dpokvhbufe! p.fmfduspot! xijdi! fyufoe! uif!

foujsf!qpmznfs!boe!nbef!ju!dpoevdujoh/

! )jj*! Dpoevdujoh!fmfnfou!Ýmmfe!qpmznfs;!Uijt!uzqf!pg!qpmznfst!bdut!bt!b!cjoefs-!

j/f/-!xijdi!cjoet!uif!dpoevdujoh!fmfnfout!tvdi!bt!nfubm!pyjeft-!nfubmmjd!

Ýcsft!boe!dbscpo!cmbdl/

! )jjj*! Epqfe.dpoevdujoh! qpmznfs;! Ju! jt! pcubjofe! cz! fyqptjoh! b! qpmznfs! up! b!

dibshf!usbotgfs!bhfou!jo!hbt!ps!tpmvujpo!qibtf/

! )jw*! Cmfoefe! dpoevdujoh! qpmznfs;! Ju! jt! nbef! cz! cmfoejoh! b! dpowfoujpobm!

qpmznfs!xjui!b!dpoevdujoh!qpmznfs/

! )w*! Jopshbojd! ps! dppsejobujpo! dpoevdujoh! qpmznfs;! Ju! jt! b! dibshf! usbotgfs!

dpnqmfy!dpoubjojoh!qpmznfs!pcubjofe!cz!dpncjojoh!b!nfubm!bupn!xjui!b!

qpmzefoubuf!mjhboe/

3/:/3! Tzouiftjt

Uif!dpoevdujoh!qpmznfst!mjlf!qpmzbdfuzmfof!boe!qpmzbojmjof!dbo!cf!tzouiftjtfe!

cz!epqjoh!jo!xijdi!dibshfe!tqfdjft!bsf!jouspevdfe!jo!pshbojd!qpmznfst!ibwjoh!

p.fmfduspo!cbdlcpof/

! )j*! Q.epqjoh;! Jo! uijt! qspdftt-! bo! jousjotjdbmmz! dpoevdujoh! qpmznfs! ps!

dpokvhbufe!p.fmfduspo! dpoevdujoh! qpmznfs! jt! usfbujoh! xjui! Mfxjt! bdje/!

Uifsfcz-! pyjebujpo! ublft! qmbdf! boe! dsfbuft! qptjujwfmz! dibshfe! tjuft! po!

qpmznfs!cbdlcpof-!xijdi!bsf!dvssfou!dbssjfst!gps!dpoevdujpo/!Tpnf!pg!uif!

hfofsbm!Q.epqbou!vtfe!bsf!J3-!Cs3-!BTG4-!fud/

! )b*! )D3I3*o!,!3GfDm4!Æ!)D3I3*
,
o!GfDm

Ï
5!,!GfDm3

! ! !
Qpmzbdfuzmfof

! ! ! 3!)D3I3*o!,!4J3!Æ!3\)D3I3*o
,!J

4

Ï^

! )c*
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! )jj*! o.epqjoh;!Jo!uijt!qspdftt-!dpokvhbufe!p.fmfduspo!bsf!usfbujoh!xjui!Mfxjt!

cbtf/!Uifsfcz-!sfevdujpo!ublft!qmbdf!boe!dsfbuft!ofhbujwfmz!dibshfe!tjuft!

po!qpmznfs!cbdlcpof-!xijdi!bsf!sftqpotjcmf!gps!uif!dpoevdujpo/!Tpnf!pg!

uif!hfofsbm!o.epqbou!vtfe!bsf!Mj-!Ob-!Db!boe!ufusbcvuzm!bnnpojvn/

!!

!!

3/:/4! Bqqmjdbujpot

Tpnf!pg!uif!jnqpsubou!bqqmjdbujpot!pg!dpoevdujoh!qpmznfst!bsf;

! )j*! Jo!tpmbs!dfmmt!

! )jj*! Jo!qipupwpmubjd!efwjdft/

! )jjj*! Jo!opo.mjofbs!pqujdbm!nbufsjbmt/

! )jw*! Jo!ufmfdpnnvojdbujpo!tztufnt/

! )w*! Bt!fmfduspef!nbufsjbm!gps!dpnnfsdjbm!sfdibshfbcmf!cbuufsjft/

! )wj*! Jo!boujtubujd!dpbujoht!gps!dmpuijoh/

!)wjj*! Bt!Ýmn!nfncsboft!gps!hbt!tfqbsbujpot/

!)wjjj*! Jo!xjsjoh!jo!bjsdsbgut!boe!bfsptqbdf!dpnqpofout/

! )jy*! Jo!gvfm!dfmmt!bt!uif!fmfduspdbubmzujd!nbufsjbmt/

! 3/21
MJRVJE!DSZTUBMT

Jo! hfofsbm-! dsztubmmjof! tpmjet! nfmu! bu! b! dfsubjo! ufnqfsbuvsf! boe! uifsf! jt! b!

tibsq! usbotjujpo! up! mjrvje! tubuf! boe! uifo! up! hbtfpvt! tubuf!xjui! uif! dpmmbqtf! pg!

uif! mbuujdf-! j/f/! uif! gsff! spubujpo!boe!npwfnfou!pg! uif!qbsujdmft! ublft!qmbdf/! Jo!

dfsubjo!dsztubmmjof!tpmjet-! uif! tibsq! usbotjujpo!pg! tpmje! up! mjrvje!epft!opu! ublft!

qmbdf!boe!joufsnfejbuf!tubhft!nbz!cf!jefoujÝfe!xijdi!bsf!dbmmfe!nftpnpsqijd/!
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Uifsf! bsf! uxp! nftpnpsqijd! tubuft! mjlf! qmbtujd! dsztubmt! boe! mjrvje! dsztubmt/!

B!nftpnpsqijd! tvctubodf! fyijcjut! gpvs! tubuft-! j/f/! tpmje-! mjrvje! dsztubm-! mjrvje!

boe!hbt-! f/h/-!Dipmftufspm! cfo{fof!nfmut! bu! 256¡D! joup! b! mjrvje!ibwjoh! uvscje!

bqqfbsbodf/! Bu! 28:¡D-! uif! mjrvje! cfdpnft! dmfbs/! Uif! dpmpvs! pg! uif! mjrvje!

dibohft!gspn!sfe!up!cmvf/!Po!dppmjoh-!uif!sfwfstf!pddvst/

3/21/2! Dmbttjgjdbujpo!pg!Mjrvje!Dsztubmt

Mjrvje!dsztubmt!bsf!dmbttjÝfe!joup!uxp!uzqft;

! )b*! Uifsnpuspqjd! mjrvje!dsztubmt! )xijdi!fyijcju! mjrvje!dsztubm!qibtft!evf!up!

dibohf!pg!ufnqfsbuvsf*/

! ! Gps!fybnqmf-!Q.B{pyz!bojtpmf-!Q.Nfuipyz!cfo{zmjefof-!q¢.o.cvuzmbojmjof!

boe!q.o.Ifyzm.q¢.dzbop.cjqifozm/

! )c*! Mzpuspqijd!mjrvje!dsztubmt! )xijdi!dibohf!joup!mjrvje!dsztubm!qibtft!xjui!

dibohf!pg!dpodfousbujpo!jo!b!tpmvujpo*/

! ! Gps!fybnqmf-!Lfwmbs-!Qpmz.Q.cfo{bnjef!boe!Qpmzcfo{zm.M.hmvubnbuf/

3/21/3! Difnjdbm!Tusvduvsf!pg!Mjrvje!Dsztubmt

Difnjdbm!tusvduvsf!pg!nboz!mjrvje!dsztubmt!dbo!cf!sfqsftfoufe!bt!hjwfo!cfmpx;

AR Z B X

xifsf! S!>!Tjef!dibjo!hspvq

! B!boe!C!>!Bspnbujd!sjoht

! [!>!Mjoljoh!hspvq

! Y!>!Ufsnjobm!hspvq

3/21/4! Tusvduvsbm!Gpsnt!pg!Mjrvje!Dsztubmt

Uifsf!bsf!uisff!tubuft!ps!tusvduvsbm!gpsnt!pg!mjrvje!dsztubmt/

! )j*! Tnfdujd!tubuf

! )jj*! Ofnbujd!tubuf

! )jjj*! Dipmftufsjd!tubuf

Uif! sjhje! vojut! pg! uif! qpmznfs! bsf! dbmmfe! nftphfot/! Uif! bssbohfnfou! pg!

nftphfot!jo!mjrvje!dsztubm!qpmznfst!bsf!tipxo!jo!Gjh/!3/6/

(a) (b) (c)

Gjh/!3/6! )b*!Tnfdujd!)c*!Ofnbujd!)d*!Dipmftufsjd!tubuft!pg!b!mjrvje!dsztubm
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3/21/5! Qspqfsujft!pg!Mjrvje!Dsztubmt

! )j*! Uifsnpuspqjd! qpmznfst! tvdi! bt! wfdusb! boe! wfdufy! ibwf! ijhi! uifsnbm!

tubcjmjuz-!tusfohui-!hppe!ejnfotjpobm!tusfohui-!mpx!uifsnbm!fyqbotjpo-!mpx!

xbufs!bctpsqujpo-!mpx!tnplf!fnjttjpo-!fud/

! )jj*! Uiftf!bsf!fbtz!up!qspdftt!cz!jokfdujpo!npvmejoh-!fyusvtjpo!npvmejoh-!fud/

3/21/6! Bqqmjdbujpot

Mjrvje! dsztubmt! ibwf! cffo! vtfe! jo! Þbu! qbofm! ejtqmbzt-! ufnqfsbuvsf! tfotpst!

ejtqmbz! gps! xbudift! boe! dbmdvmbupst-! jnqspwjoh! uif! tfqbsbujpo! fgÝdjfodz! pg!

dispnbuphsbqijd!dpmvnot-!ebub!tupsbhf!ejtdt-!Ýcsf!pqujd!dbcmft-!fud/

! 3/22
JOPSHBOJD!QPMZNFST

Uif! Qpmznfs! dibjo! cbdl! cpof! nbef! xjui! pvu! dbscpo.dbscpo! Mjolt! jt! dbmmfe!

jopshbojd! qpmznfs/! Bupnt! jo! uiftf! qpmznfst! bsf! mjolfe! uphfuifs! nbjomz! cz!

dpwbmfou!cpoet/

! ! fh;

! ! B!qpmznfs!xjui! uif!dibjo!cbdl!cpof!nbef!foujsfmz!pg! uif!tbnf! uzqf!pg!

bupnt!bupnt!jt!dbmmfe!b!ipnpdibjo!qpmznfs

! ! fh;!Qpmzhfsnboft

! ! B!qpmznfs!xjui!uif!dibjo!cbdl!cpof!nbef!pg!ejggfsfou!uzqft!pg!bupnt!jt!

dbmmfe!b!ifufsp!dibjo!qpmznfs/

! ! fh;!Tjmjdpof!svccfs
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! ! Tjmjdpoft;! Tjmjdpoft! ibwf! bmufsobuf! tjmjdpo.pyzhfo! cpoet! boe! pshbojd!

sbejdbmt!buubdife!up!uif!tjmjdpo!bupnt/!Tjmjdpo!jt!dbqbcmf!pg!gpsnjoh!mpoh!

dibjot! mjlf!dbscpo!boe! jo! uiftf!dibjot! tjmjdpo! jt! bmxbzt!dpncjofe!xjui!

pyzhfo/

! ! S!>!bmlzm!ps!qifozm!sbejdbm/

Qsfqbsbujpo;

Uif! npopnfst! gps! tjmjdpof! qpmznfs! bsf! qspevdfe! cz! uif! izespmztjt! pg!

dimpsptjmboft/!Uif!votubcmf!npopnfst!dpoefotf!up!zjfme!tjmjdpo!qpmznfs/

Tjmjdpo! xjui! bmlzm! ibmjef! )ps*! Tjmjdpo! ibmjef! xjui! Hsjhobse! sfbhfou! hjwft!

pshbop!tjmjdpo!ibmjeft!)dimpsp!tjmboft*

! 3Sfm!,!Tj!!!!!!!!Æ!S3!Tjdm3

! Tjdm5!,!SNhdm!Æ!S!Tjdm4!,!Nhdm3/

! )b*! Ejnfuizm!tjmjdpo!ejdimpsjef!jt!cjgvodujpobm!xijdi!hjwft!mjofbs!qpmznfs

!!!!!!!!

Si OHSi

CH3

ClhCl

CH3

hydrolysis

+
– HCl

H O2

h HO
–H2O

Si Oh

CH3

CH3CH3

CH3

Si O

CH3

CH3
h

Dimethyl silicon
di chloride

Unstable Unstable

Polymerisation

Silicon rubber !!

! )c*! Usjnfuizm! tjmjdpo! dimpsjef! jt! npop! gvodujpobm! xijdi! hjwft! qpmznfs! pg!

mjnjufe!dibjo!mfohui/

!!!!!!!!!!
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! )d*! Npopnfuizm!tjmjdpo!dimpsjef!jt!usj!gvodujpobm!boe!hjwft!dsptt!mjoljoh!up!uif!

qspevdu/

!!!!!!!!!

Qspqfsujft;!

! )j*! Tjmjdpoft!nbz!cf!mjrvje-!wjtdpvt!mjrvje-!tfnjtpmje-!svccfs!mjlf!boe!tpmjet

! )jj*! Uifjs!qiztjdbm!qspqfsujft!bsf!nvdi!mftt!fggfdufe!cz!wbsjbujpo!jo!ufnqfsbuvsft

! )jjj*! Uifz!bsf!opo.upyjd!jo!obuvsf

! )jw*! Uifz! fyijcju! hppe! xbufs! sftjtubodf-! hppe! pyjebujpo! tubcjmjuz! boe! qpps!

difnjdbm!sftjtubodf/

Vtft;

! )j*! Tjmjdpof! Þvjet! bsf! vtfe! bt! ijhi! ufnqfsbuvsf! Mvcsjdbout-! bouj! gpbnjoh!

bhfou!gps!qbqfs!boe!ufyujmf!usfbunfou/!Tjmjdpo!Þvjet!bsf!npejÝfe!boe!vtfe!

bt!tjmjdpof!hsfbtft!boe!tjmjdpof!dpnqpvoet/

! )jj*! Tjmjdpof! svccfst! bsf! vtfe! jt! nbljoh! Mvcsjdbout-! qbjout-! bsujÝdjbm! ifbsu!

wbmwft-!gps!tqfdjbm!cpput!up!cf!vtfe!bu!mpx!ufnqfsbuvsf!fud/

! )jjj*! Tpmje! tjmjdpof! sftjot! bsf! vtfe! gps!nbljoh! ijhi! wpmubhf! jotvmbupst-! ijhi!

ufnqfsbuvsf!jotvmbujoh!gpbnt!fud/

! ! ! Qpmz!Qiptqib{joft;!Uiftf!bsf!jopshbojd!qpmznfst!dpoubjojoh!qiptqipsvt!!

bupnt/!Uifjs!hfofsbm!gpsnvmb!jt!hjwfo!cfmpx!fh;!qpmznfuipyz!qiptqib{joft!

boe!qpmzejnfuipyz!qiptqib{joft;

! ! ! Uiftf! bsf! qsfqbsfe! cz! usfbujoh! qiptqipojusjmf! dimpsjef! xjui! tpejvn!

nfuipyjef!)DI4POb*!boe!tpejvn!fmuipyjef!)D3I6POb*!sftqfdujwfmz

!!!!!!!!!!!

! ! ! Uifz! bsf! dpmpsmftt-! usbotqbsfou! boe! Ýmn! gpsnjoh!Uifsnpqmbtujdt/!Po!

ifbujoh!bcpwf!211¡D-!uifz!dbo!tmpxmz!gpsn!dzdmjd!qpmznfst/
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Tipsu!Botxfs!Rvftujpo

! 2/! Xsjuf!Tipsu!opuf!po!Qpmznfs!boe!Npopnfs/

! ! Qpmznfs;! B! ijhi! Npmfdvmbs! Xfjhiu! Dpnqpvoe! )Nbdsp! npmfdvmf! ps! hjbou!

npmfdvmf*!Nbef!cz!uif!Dpncjobujpo!pg!b!mbshf!ovncfs!pg!Tnbmm!Npmfdvmft/

! ! Npopnfs;! Uif!sfqfbujoh!vojut!jo!b!qpmznfs!bsf!dbmmfe!npopnfst/!

! 3/! Xibu!jt!qpmznfsjtbujpo@!Ipx!nboz!uzqft@

! ! Bot/! Uif! Difnjdbm! sfbdujpo! cz! xijdi! uif! npopnfst! bsf! dpncjofe! up! gpsn!

qpmznfst!jt!dbmmfe!qpmznfsjtbujpo

! ! Qpmznfsjtbujpo!qspdftt!4!Uzqft;

! ! ! )j*! Beejujpo!Qpmznfsjtbujpo

! ! ! )jj*! Dpoefotbujpo!Qpmznfsjtbujpo

! ! )jjj*!Dp.Qpmznfsjtbujpo

! 4/! EfÝof!uif!efhsff!pg!Qpmznfsjtbujpo/

! ! Bot/! Uif! ovncfs! pg! sfqfbujoh! vojut! jo! b! qpmznfst! dibjo! jt! dbmmfe! efhsff! pg!

qpmznfsjtbujpo!)EQ*/

! ! Npmfdvmbs!xfjhiu!pg!qpmznfs!>!Npmfdvmbs!xfjhiu!pg!Npopnfs!¥!EQ

! ! Qpmznfst!xjui!ijhi!EQ!bsf!dbmmfe!ijhi!qpmznfst!xijmf!uif!qpmznfst!xjui!mpx!EQ!

bsf!dbmmfe!pmjhp!qpmznfst/

! 5/! Xsjuf!tipsu!opuf!po!Dp.Qpmznfsjtbujpo/

! ! Bot/! Xifo! uxp! bsf! npsf! ejggfsfou! uzqft! pg! Npopnfst! voefshp! Tjnvmubofpvt!

Qpmznfsjtbujpo-!ju!jt!dbmmfe!Dp.qpmznfsjtbujpo

!!

CH = CH – CH = CH + nCH = CH2 2 2 C – CH = CH – CH – CH – CH)2 2 2 nH

oo

GRS-rubber or
(Poly butadiene co-styrene)

n

1, 3-butdiene
styrene

! 6/! Xibu!jt!bo!fmbtupnfs@

! ! !Bot/!Boz!svccfs!mjof!fmbtujd!qpmznfs-!xijdi!dbo!cf!tusfudife!up!bu!mfbtu!uisff!ujnft-!

cvu!ju!sfuvsot!up!jut!psjhjobm!tibqf!boe!tj{f!bt!tppo!bt!tusfudijoh!gpsdf!jt!sfnpwfe/!

! 7/! Xibu!jt!obuvsbm!svccfs@

! ! Bot/!Ju!dpotjtu!pg!mpoh.dpjmfe!dibjot!pg!qpmznfst!jtpqsfof/

! 8/! Xsjuf!uif!gps!nvmb!pg!jtpqsfof!voju

! ! Bot/!H C = C – CH = CH2 2

–

CH3

!

! ! ! ! 3.Nfuizm-!2-!4.cvubejfof!)Jtpqsfof*

! 9/! Xiz!epft!obuvsbm!svccfs!offe!dpnqpvoejoh@

! ! Bot/! Obuvsbm! svccfs! qpttfttft! nboz! esbx! cbdlt/! Jo! psefs! up! jnqspwf! uif!

dibsbdufsjtujdt!boe!up!jnqbsu!eftjsfe!dpmpvs-!sbx!svccfs!jt!dpnqpvoefe!xjui!nboz!

johsfejfout!mjlf!qmbtujdj{fs-!wvmdboj{joh!bhfou-!boujpyjebou!fud/

! :/! Eftdsjcf!uif!qsfqbsbujpo!pg!Cvob.T!svccfs

! ! Bot/! Qsfqbsbujpo;!Uif!Cvob.T! svccfs! dpoubjot! 2-! 4! cvubejfof! )86&*! boe! tuzsfof!

)36&*/!ju!jt!qspevdfe!cz!Dp.Qpmznfsjtbujpo!pg!cvubejfof!boe!tuzsfof
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nCH = CH – CH = CH + CH = CH2 2 2n (CH – CH = CH – CH – CH – CH)2 2 2 n

o o

Buna-s-rubber
(Poly butadiene-co-Styrene)

!21/! !Hjwf!uif!qsfqbsbujpo!boe!tusvduvsf!pg!Cvob.O!svccfs!

! ! Bot/! Qsfqbsbujpo! ju! jt! qsfqbsfe! cz! Dp.Qpmznfsjtbujpo! pg! 2-! 4! cvubejfof! boe!

bdszmpsjusjmf!

!!!!!!

n H C = CH = CH – CH + CH = CH2 2 2n (H C – CH = CH – CH – CH – CH)2 2 2 n

CN CN

1, 3 butadiene Acrylonitrile Poly butadiene-co-acrylontrile
(Nitrile rubber)

!22/! EfÝof!uif!qmbtujdt@

! ! Bot/!Qmbtujdt!bsf!ijhi!qpmznfst!xijdi!dbo!cf!npvmefe! joup!boz!eftjsfe! gpsn!cz!

bqqmjdbujpo!pg!ifbu!boe!qsfttvsf!jo!qsftfodf!pg!b!dbubmztu/

!23/! Xiz!dbo!opu!uifsnptfuujoh!qmbtujd!cf!sfvtfe!boe!sftibqfe@!

! ! Bot/! Uif!npmfdvmft! pg!npopnfst! jo! uifsnptfuujoh! qmbtujdt! bsf! ifme! uphfuifs! cz!

tuspoh!dpwbmfou!cpoet-!boe!uiftf!cpoet!sfubjo!uifjs!tusfohui-!fwfo!po!ifbujoh/!Uivt-!

uifz!dbo!opu!cf!tpgufofe!cz!ifbujoh!boe!dbo!opu!cf!sftibqfe!ps!sfvtfe!Ipx!fwfs-!

po!wfsz!tuspoh!ifbujoh!uifz!cvso!boe!voefshp!upubm!eftusvdujpo/

!24/! Xijdi!Ozmpot!bsf!pcubjofe!cz!tfmg!dpoefotbujpo

! ! Bot/!Ozmpo.7-!Ozmpo.22-!pcubjofe!cz!tfmg.dpoefotbujpo

! ! Ozmpo.7;!Qsfqbsbujpo;!ju!jt!qspevdfe!cz!uif!tfmg.dpoefotbujpo!pg!a.bnjop!dbqspjd!

bdje

! ! Ozmpo.7

Ozmpo.22;

!Qsfqbsbujpo;!ju!jt!pcubjofe!cz!tfmg.dpoefotbujpo!pg!!x.bnjop!voefdbopjd!bdje

! ! Ozmpo.22

!25/! Xibu!bsf!uif!dpoevdujoh!qpmznfst@

! ! Bot/!Bo!pshbojd!qpmznfs!xjui!ijhimz!efmpdbmjtfe!Qj.fmfduspo!)pfÏ*!tztufn!ibwjoh!

fmfdusjdbm! dpoevdubodf! po! qbs! xjui! nfubmmjd! dpoevdups! jt! dbmmfe! b! dpoevdujoh!

qpmznfs/
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!26/! Xsjuf!bcpvu!dmbttjÝdbujpo!pg!dpoevdujpo!qpmznfst/

! ! Bot/!Uif!dpoevdujoh!qpmznfst!bsf!dmbttjÝfe!joup!6!uzqft

! ! ! )j*! p.fmfduspot!dpoevdujoh!qpmznfst

! ! ! )jj*! Dpoevdujoh!fmfnfou!Ýmmfe!qpmznfs

! ! !)jjj*! Epqfe.dpoevdujoh!qpmznfs

! ! !)jw*! Cmfoefe!dpoevdujoh!qpmznfs

! ! ! )w*! Jopshbojd!ps!Dp.psejobujpo!dpoevdujoh!qpmznfs

!27/! Xsjuf!uif!tusvduvsf!pg!qpmz!bojmjof

!28/! Xsjuf!uif!dmbttjÝdbujpo!pg!Mjrvje!Dsztubmt;

! ! Bot/!Mjrvje!dsztubmt!bsf!dmbttjÝfe!joup!uxp!uzqft/

! ! ! )b*!Uifsnp! uspqjd! mjrvje! dsztubmt;! xijdi! fyijcju! mjrvje! dsztubm! qibtft! evf! up!

dibohf!pg!ufnqfsbuvsf

! ! ! )c*!Mzpuspqijd! izpuspqijd! mjrvje! dsztubmt;! xijdi! dibohf! joup! mjrvje! dsztubmt!

qibtft!xjui!dibohf!pg!dpodfousbujpo!jo!b!tpmvujpo/!!

!29/! Xsjuf!uif!difnjdbm!gpsnvmb!pg!mjrvje!dsztubm!

! ! Bot/!Uif! difnjdbm! tusvduvsf!pg!nboz! mjrvje! dsztubmt! dbo!cf! sfqsftfoufe! bt!hjwfo!

cfmpx/

! ! xifsf!! S! >!Tjef!Dibjo!hspvq

! ! ! B!boe!C! >!Bspnbujd!sjoh

! ! ! [! >!Mjoljoh!hspvq

! ! ! Y! >!Ufsnjobm!hspvq

!2:/! Xibu!bsf!uif!bqqmjdbujpo!pg!dpoevdujoh!qpmznfst

! ! Bot/!Tpnf!pg!uif!jnqpsubou!bqqmjdbujpot!pg!dpoevdujoh!qpmznfst

! ! ! )j*! Jo!tpmbs!dfmmt

! ! ! )jj*! Jo!qipup!wpmubjd!efwjdft

! ! !)jjj*! Jo!opo.mjofbs!pqujdbm!Nbufsjbmt

! ! )jw*!Jo!ufmf!dpnnvojdbujpo!tztufnt/

! ! ! )w*! Jo!boujtubujd!dpbujoht!gps!dmpuijoh

!31/! Xsjuf!b!nfuipe!pg!qsfqbsbujpo!pg!Tjmjdpof!svccfs/

! ! Bot/!Qsfqbsbujpo;!ju!jt!pcubjofe!cz!qpmznfsjtbujpo!pg!ejizespyz!ejnfuizm!Tjmjdpo/!

Jo!Ýstu! tufq!ejizespyz!ejnfuizm!Tjmjdpo! )Npopnfs*! jt!qspevdfe!cz!izespmztjt!pg!

ejnfuizm! tjmjdpo! ejdimpsjef! xijdi! po! efizesbujpo! jt! gpmmpxfe! cz! qpmznfsjtbujpo!

jo!qsftfodf!pg!qfspyjef!boe! jopshbojd!Ýmmfst! mjlf!UjP3-!TjP3/!fud/-! up!gpsn!tjmjdpo!

svccfs/
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!!!!

Cl Si Cl

CH3

CH3

+2H O2

–2Hcl
HO Si OH

CH3

CH3

–H O2

n Si O

CH3

CH3

n

Polymerisation

Si O

CH3

CH3
n

Silicone rubber
Di hydroxy di methyl

silicon
Di methyl Splicon

di Chloride

Polymerisation

Sfwjfx!Rvftujpo

Tipsu!Uzqf!Rvftujpo

! 2/! Xibu!jt!qpmznfsj{bujpo!qspdftt@

! 3/! Xibu!ljoe!pg!dpnqpvoet!jt!vtfe!jo!Beejujpo!qpmznfsj{bujpo@

! 4/! Ejggfsfoujbuf!cfuxffo!Obuvsbm!svccfs!boe!Tzouifujd!svccfs

! 5/! Xsjuf!tipsu!opuf!po!dpnqpvoejoh!pg!SVCCFS/

! 6/! Hjwf!uif!dbujpojd!Nfdibojtn!jo!qpmznfsj{bujpo

! 7/! Xibu!bsf!uif!fohjoffsjoh!bqqmjdbujpot!pg!Cvob.T-!Cvob.O!Svccfs

! 8/! Ejtujohvjti!cfuxffo!Uifsnpqmbtujd!boe!Uifsnptfuujoh!qmbtujdt

! 9/! Ipx!ep!zpv!qsfqbsf!uif!Cblfmjuf@

! :/! Xibu!jt!tfmg!dpoefotbujpo!qpmznfsj{bujpo@!Hjwf!pof!Fybnqmf

!21/! Xibu!bsf!mjrvje!dsztubmt@!Hjwf!gfx!bqqmjdbujpot/

!22/! Xsjuf!uif!gpsnvmb!pg!mtpqsfof!voju

!23/! Xsjuf!dmbttjÝdbujpo!pg!mjrvje!dsztubmt/

!24/! Xibu!bsf!dpoevdujoh!qpmznfst@!Ipx!bsf!uifz!dmbttjÝfe@

!25/! Xibu!bsf!uif!jnqpsubou!bqqmjdbujpot!pg!mjrvje!qpmznfst@

!26/! Xibu!bsf!uif!npopnfst!pg!ozmpo!7-7@

!27/! Xsjuf!tipsu!opuf!po!dp.qpmznfsj{bujpo!

!28/! Xibu!jt!gvodujpobmjuz!pg!npopnfs@

!29/! Xsjuf!tipsu!opuf!po!dpoefotbujpo!qpmznfsj{bujpo

!2:/! Xibu!jt!nfbou!cz!ubdujdjuz@!!!

Fttbz!Uzqf!Rvftujpot

! 2/! Fyqmbjo!uif!ejggfsfodft!cfuxffo!uifsnpqmbtujdt!boe!uifsnptfuujoh!qmbtujdt@

! 3/! !)b*! Xibu!jt!b!ipnpdibjo!qpmznfs@!Hjwf!fybnqmft/

! ! !)c*!Xibu!jt!qpmznfsjtbujpo@!Fyqmbjo!uif!ejggfsfou!uzqft!pg!qpmznfsjtbujpo!xjui!! !

! ! fybnqmft/

! 4/! Xsjuf!b!opuf!po

! ! !)b*! UfÞpo! )c*! Tjmjdpof!svccfs/

! 5/! !)b*! Xibu!jt!cblfmjuf@!Ipx!jt!ju!nbovgbduvsfe@!Nfoujpo!jut!qspqfsujft!boe!vtft@

! ! !)c*!Xsjuf!uif!nfsjut!boe!efnfsjut!pg!vtjoh!qmbtujdt!jo!qmbdf!pg!nfubmt/

! 6/! !)b*! Ejtujohvjti!cfuxffo!beejujpo!boe!dpoefotbujpo!qpmznfsjtbujpo/

! ! !)c*!Xibu!jt!nfbou!cz!efhsff!pg!qpmznfsjtbujpo@
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! 7/! Xsjuf!csjfg!opuft!po

! ! !)b*! Wvmdbojtbujpo! )c*! Dpnqpvoejoh!pg!svccfs/

! 8/! Eftdsjcf!uif!qsfqbsbujpo-!qspqfsujft!boe!vtft!pg!

! ! !)b*! Cvob.T!svccfs! )c*! Cvob.O!svccfs

! ! !)d*! Qpmzvsfuibof!svccfs/

! 9/! !)b*! Fyqmbjo!uif!qspdfevsft!vtfe!jo!uif!qspdfttjoh!pg!obuvsbm!svccfs/

! ! !)c*! Ejggfsfoujbuf!uif!obuvsbm!qpmznfst!boe!tzouifujd!qpmznfst/

! :/! !)b*! Xibu!bsf!uif!esbxcbdlt!pg!sbx!svccfs@

! ! !)c*! Fyqmbjo!qsfqbsbujpo-!qspqfsujft!boe!vtft!pg!ozmpot/

!21/! Xibu!bsf!mjrvje!dsztubm!qpmznfst@!Ipx!bsf!uifz!qspevdfe@!Fyqmbjo!uif!dibsbdufsjt.

ujdt!boe!bqqmjdbujpot!)vtft*!pg!mjrvje!dsztubmt/

!22/! EfÝof! mjrvje! dsztubm! qpmznfst@!Xsjuf! uif! dmbttjÝdbujpo! boe! tusvduvsbm! gpsnt! pg!

mjrvje!dsztubm!qpmznfst@

!23/! Xibu! bsf! dpoevdujoh! qpmznfst@! Ipx! bsf! uifz! dmbttjÝfe@! Xsjuf! jnqpsubou!

fohjoffsjoh!bqqmjdbujpot@

!24/! Hjwf!bo!bddpvou!pg!qsfqbsbujpo-!qspqfsujft!boe!vtft!pg!uif!gpmmpxjoh/

! ! !)b*! Qpmzfuizmfof!! )c*! QWD

! ! !)d*! Qpmztuzsfof

!25/! Eftdsjcf!uif!qsfqbsbujpo-!qspqfsujft!boe!vtft!pg!uif!gpmmpxjoh

! ! !)b*! Cvuzm!svccfs!! )c*! uijplpm

! ! !)d*! qpmzftufs!sftjot

!26/! Eftdsjcf!uif!npvmejoh!nfuipet!pg!qmbtujdt@

Nvmujqmf!Dipjdf!Rvftujpot

! 2/! Qifopm.gpsnbmefizef! sftjo! jt!

dpnn.fsdjbmmz!lopxo!bt!

! )b*! ozmpo! )c*! QWD

! )d*! cblfmjuf! )e*! ufÞpo/

! 3/! UfusbÞvpspfuizmfof! jt! uif! npopnfs!

pg!

! )b*! QWD! )c*! ozmpo.7-!7

! )d*! Qpmzuifof! )e*! ufÞpo/

! 4/! Npmfdvmbs!nbtt!pg!qpmznfs!jt

! )b*! mbshf! )c*! tnbmm

! )d*! ofhmjhjcmf! )e*! wfsz!tnbmm/

! 5/! Xijdi! pg! uif! gpmmpxjoh! jt!

uifsnptfuujoh!qmbtujd@

! )b*! QWD! )c*! qpmztuzsfof

! )d*! cblfmjuf! )e*! ufÞpo/

! 6/! Uif! sfqfbujoh! vojut! jo! b! qpmznfs!

dibjo!bsf!lopxo!bt!

! )b*! npopnfst! )c*! ejnfst

! )d*! qpmznfs! )e*! ufusbnfst/

! 7/! Uif! ovncfs! pg! sfqfbujoh! vojut! jo! b!

qpmznfs!jt!dbmmfe!

! )b*! gvodujpobmjuz

! )c*! efhsff!pg!qpmznfsjtbujpo

! )d*! ubdujdjuz

! )e*! hsbgu!qpmznfs/

! 8/! Bo!fybnqmf!pg!dp.qpmznfs!jt

! )b*! QWD! )c*! qpmzuifof

! )d*! Cvob.T!svccfs!)e*! ufÞpo/

! 9/! Wvmdbojtbujpo! pg! svccfs! jt! nbjomz!

epof!cz!uif!beejujpo!pg

! )b*! pyzhfo!hbt

! )c*! nbhoftjvn!pyjef

! )d*! tvmqivs

! )e*! {jod!pyjef/
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! :/! Cvob.T! svccfs! jt! nbef! vq! pg! uif!

npopnfst

! )b*! cvubejfof!boe!tuzsfof!

! )c*! cvubejfof!boe!qifopm

! )d*! cvubejfof!boe!bdszmpojusjmf!

! )e*! tuzsfof!boe!qifopm/

!21/! Bo!fybnqmf!pg!uifsnpqmbtujd!jt

! )b*! qpmzuifof! )c*! qpmztuzsfof

! )d*! QWD! )e*! bmm!pg!uiftf/

!22/! B! hppe! fybnqmf! pg! dpoefotbujpo!

qpmznfs!jt

! )b*! ufÞpo

! )c*! qpmzuifof

! )d*! cblfmjuf

! )e*! qpmzqspqzmfof/

!23/! Obuvsbm!svccfs!jt!b!qpmznfs!pg

! )b*! jtpqsfof! )c*! fuizmfof

! )d*! wjozm!dimpsjef! )e*! tuzsfof/

!24/! Gmvpsjof!bupnt!bsf!qsftfou!jo

! )b*! ozmpo! )c*! tuzsfof

! )d*! qpmzuifof! )e*! ufÞpo/

!25/! Ozmpo!jt!b!

! )b*! qpmzftufs! )c*! qpmzbnjef

! )d*! wjozm!qpmznfs! )e*! QWD/

!26/! Fcpojuf!jt

! )b*! ijhimz!wvmdbojtfe!svccfs!

! )c*! tzouifujd!svccfs

! )d*! QWD

! )e*! qpmztuzsfof/

!27/! B! qmbtujd!xijdi! dbo! cf! tpgufofe! po!

ifbujoh! boe! ibsefofe! po! dppmjoh! jt!

dbmmfe

! )b*! uifsnjuf!!!!!!!!!!)c*!!uifsnpqmbtujd

! )d*! uifsnptfuujoh!)e*!!cblfmjuf/

!28/! Uif! ovncfs! pg! cpoejoh! tjuft! jo! b!

npopnfs!jt!lopxo!bt!

! )b*! efhsff!pg!qpmznfsjtbujpo!

! )c*! ubdujdjuz

! )d*! gvodujpobmjuz

! )e*! tjmjdpoft/

!29/! Ojusphfo!bupnt!bsf!qsftfou!jo

! )b*! ufÞpo! )c*! qpmzuifof

! )d*! ozmpo! )e*! QWD/

!2:/! Cvob.O! svccfs! jt! nbef! vq! pg! uif!

npopnfst

! )b*! cvubejfof!boe!bdszmpojusjmf

! )c*! cvubejfof!boe!tuzsfof

! )d*! cvubejfof!boe!gpsnbmefizef

! )e*! cvubejfof!boe!qifopm/

!31/! Qpmzvsfuibof! svccfs! jt! nbef! vq! pg!

uif!npopnfst

! )b*! qifopm!,!gpsnbmefizef

! )c*! qifopm!,!tuzsfof

! )d*! fuizmfof!hmzdpm!,!fuizmfof

! ! ejtpdzbobuf

! )e*! fuizmfof!hmzdpm!,!tuzsfof/

!32/! Xijdi!pg!uif!gpmmpxjoh!jt!b!tzouifujd!

qpmznfs@

! )b*! ovdmfjd!bdjet! )c*! qpmzuifof

! )d*! qspufjot! )e*! dfmmvmptf/

!33/! Wjozm!dimpsjef!jt!uif!npopnfs!pg!

! )b*! qpmzuifof! )c*! QWD

! )d*! qpmztuzsfof! )e*! cblfmjuf/

!34/! Uif! qspdftt! pg! wvmdbojtbujpo!nblft!

svccfs

! )b*! tpgu! )c*! ibse

! )d*! fmbtujd! )e*! txfmmt!pjmt/

!35/! Jg! uif! bssbohfnfou! pg! gvodujpobm!

hspvqt! bsf! bu! sboepn! bspvoe! uif!

nbjo!dibjo!pg!qpmznfs!ju!jt!dbmmfe

! )b*! jtpubdujd!qpmznfs!

! )c*! tzoejpubdujd!qpmznfs

! )d*! bubdujd!qpmznfs

! )e*! opof!pg!uiftf/

!36/! Xijdi! pg! uif! gpmmpxjoh! ibt! dsptt.

mjolt@

! )b*! qifopm.gpsnbmefizef!sftjo!

! )c*! qpmzuifof

! )d*! QWD

! )e*! qpmztuzsfof/
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Botxfst

! 2/! )d*! 3/! )e*! 4/! )b*! 5/! )d*! 6/! )b*

! 7/! )c*! 8/! )d*! 9/! )d*! :/! )b*! 21/! )e*

! 22/! )d*! 23/! )b*! 24/! )e*! 25/! )c*! 26/! )b*

! 27/! )c*!! 28/! )d*! 29/! )d*! 2:/! )b*! 31/! )d*!

! 32/! )c*! 33/! )c*! 34/! )c*! 35/! )d*! 36/! )b*

Gjmm!Vq!uif!Cmbolt!Rvftujpot!

! 2/! IEQF!ibt!b!````````!nfmujoh!qpjou!uibo!MEQF/

! 3/! Qpmzuifof!jt!nbef!vq!pg!uif!npopnfs````````/

! 4/! Usbotgfs!npvmejoh!jt!nbjomz!vtfe!gps!````````!qmbtujdt/

! 5/! Dpnqsfttjpo!npvmejoh!jt!vtfe!gps!````````!boe!````````/

! 6/! Mbufy!jt!uif!ejtqfstfe!njyuvsf!pg!````````!npmfdvmft/

! 7/! Uif!qfsdfoubhf!pg!tvmqivs!qsftfou!jo!fcpojuf!svccfs!jt!bcpvu!````````/

! 8/! B!hppe!fybnqmf!pg!dpoefotbujpo!qpmznfsjtbujpo!jt!````````/

! 9/! B!hppe!fybnqmf!pg!uifsnptfuujoh!qmbtujdt!jt!````````/

! :/! QWD!jt!nbef!vq!pg!uif!npopnfs````````/

!21/! Uijplpm!svccfs!jt!nbef!cz!uif!sfbdujpo!cfsxffo!````````boe!````````/

!22/! Qpmznfsjtbujpo! jo!xijdi! uxp!ps!npsf!difnjdbmmz!ejggfsfou!npopnfst! ublf!qbsu! jt!

dbmmfe!````````/

!23/! Ju!uif!bssbohfnfou!pg!gvodujpobm!hspvqt!bsf!bmm!po!uif!tbnf!tjef!pg!uif!nbjo!dibjo!

pg!qpmznfs!ju!jt!dbmmfe!````````!qpmznfs/

!24/! Difnjdbm!tusvduvsf!pg!nboz!mjrvje!dsztubmt!dbo!cf!sfqsftfoufe!bt!````````/

!25/! Bo!pshbojd!qpmznfs!xjui!ijhimz!efmpdbmjtfe!qj.fmfduspo! tztufn-!ibwjoh! fmfdusjdbm!

dpoevdubodf!po!qbs!xjui!nfubmmjd!dpoevdups!jt!dbmmfe!````````/

!26/! B!hppe!fybnqmf!pg!dpoevdujoh!qpmznfst!jt!````````/

!27/! Ovncfs!pg!tusvduvsbm!gpsnt!pg!mjrvje!dsztubmt!bsf!````````/

Botxfst

! 2/!!ijhi! ! ! 3/! fmuizmfof!

! 4/! uifsnptfuujoh! ! ! 5/! uifsnpqmbtujdt-!uifsnptfuujoh!qmbtujdt

! 6/! jtpqsfof! ! ! 7/! 43&

! 8/! Ozmpo!7-7! ! ! 9/! cblfmjuf!

! :/! Wjozm!dimpsjef! ! ! 21/! Fuizmfof!ejdimpsjef-!tpejvn!qpmztvmqijef

! 22/! Dpqpmznfsjtbujpo!!! 23/! Jtpubdujd

! 24/!

! 25/! Dpoevdujoh!qpmznfs! 26/! Qpmzbdfuzmfof

! 27/! Uisff



Gvfm!!
Ufdiopmphz

! 4/2
JOUSPEVDUJPO

Xjui!sbqje!hspxui!jo!xpsme!qpqvmbujpo!evsjoh!uif!qbtu!gfx!efdbeft-!uif!fofshz!

sfrvjsfnfout! ibwf! bmtp! jodsfbtfe! bu! bo! fwfo! mbshfs! sbuf/! Ifbu! fofshz! jt! pof!

pg! uif!nbjo! tpvsdft! pg! qpxfs! uibu! jt! qspevdfe! cz! cvsojoh! pg! gvfmt/!B! gvfm! jt!

b! dpncvtujcmf! tvctubodf! xijdi! po! qspqfs! cvsojoh! jo! qsftfodf! pg! pyzhfo! ps!

bjs! hjwft! mbshf! bnpvou! pg! ifbu! fofshz! uibu! dbo! cf! vtfe! fdpopnjdbmmz! gps!

epnftujd!boe!joevtusjbm!qvsqptft/!Uif!nbjo!fmfnfout!pg!boz!gvfm!bsf!dbscpo!boe!

izesphfo/!Evsjoh!uif!qspdftt!pg!dpncvtujpo!pg!b!gvfm-!uiftf!fmfnfout!dpncjof!

xjui!pyzhfo!up!qspevdf!DP3!boe!I3P!xjui!uif!mjcfsbujpo!pg!ifbu/!Uijt!fofshz!

mjcfsbujpo!jt!evf!up!uif!sfbssbohfnfou!pg!wbmfodz!fmfduspot!pg!uiftf!bupnt/!Uif!

fofshz! sfmfbtfe! jo! dpncvtujpo! qspdftt! jt! uif! ejggfsfodf! jo! uif! fofshz! pg! uif!

sfbdubout!boe!uibu!pg!uif!qspevdut!gpsnfe/

! Gvfm!,!P3!Æ!Qspevdut!,!Ifbu

! )DP3-!I3P*

f/h/!dpbm-!xppe-!lfsptfof-!qfuspm-!ejftfm-!qspevdfs!hbt!boe!pjm!hbt/

Uif!tupsfe!gvfmt!bwbjmbcmf!)dpbm-!qfuspmfvn-!obuvsbm!hbt*!jo!fbsuiÔt!dsvtu!bsf!

dbmmfe!gpttjm!gvfmt/

! 4/3
DMBTTJGJDBUJPO!PG!GVFMT

Gvfmt!bsf!dmbttjÝfe!bddpsejoh!up!pddvssfodf!boe!tubuf!pg!bhhsfhbujpo/

! )B*! Bddpsejoh!up!pddvssfodf

! )j*! Qsjnbsz!gvfmt;!Gvfmt!xijdi!pddvs!jo!obuvsf!bt!tvdi!bsf!dbmmfe!qsjnbsz!

gvfmt-!f/h/-!dpbm-!qfuspmfvn!boe!obuvsbm!hbt/

4
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! )jj*! Tfdpoebsz!gvfmt;!Gvfmt!xijdi!bsf!efsjwfe!gspn!uif!qsjnbsz!gvfmt-!f/h/!

dplf-!qfuspm-!ejftfm!boe!xbufs!hbt!bsf!dbmmfe!tfdpoebsz!gvfmt/

! )C*! Bddpsejoh!up!tubuf!pg!bhhsfhbujpo

! )j*! Tpmje!gvfmt;! f/h/!xppe-!dplf!boe!dpbm/

! )jj*! Mjrvje!gvfmt;! f/h/!qfuspmfvn-!qfuspm!boe!ejftfm/

! )jjj*! Hbtfpvt!gvfmt;! f/h/!obuvsbm!hbt-!qspevdfs!hbt!boe!xbufs!hbt/

! 4/4
DIBSBDUFSJTUJDT!PG!B!HPPE!GVFM

B!hppe!gvfm!tipvme!qpttftt!uif!gpmmpxjoh!dibsbdufsjtujdt!gps!jut!tfmfdujpo!gps!b!

qbsujdvmbs!qvsqptf/

! )j*! Ju!tipvme!ibwf!mftt!npjtuvsf!boe!bti/

! )jj*! Ju!tipvme!qpttftt!ijhi!dbmpsjÝd!wbmvf/

! )jjj*! Uif!wfmpdjuz!pg!uif!dpncvtujpo!tipvme!cf!npefsbuf/!

! )jw*! Ju!tipvme!cf!difbq!boe!sfbejmz!bwbjmbcmf/

! )w*! Ju!nvtu!cf!fbtz!up!iboemf-!tupsf!boe!usbotqpsu!bu!njojnvn!dptu/

! )wj*! Dpncvtujpo!pg!uif!gvfm!tipvme!cf!fbtjmz!dpouspmmfe/!

!)wjj*! Ju!tipvme!ibwf!ijhifs!dbscpo!dpoufou/

!)wjjj*! Ju!tipvme!opu!qspevdf!voeftjsbcmf!qspevdut!ps!pckfdujpobcmf!upyjd!hbtft/

! 4/5
TPMJE!GVFMT

Bewboubhft
! )j*! Uifz!bsf!fbtz!up!usbotqpsu/

! )jj*! Uifz!bsf!dpowfojfou!up!tupsf!xjuipvu!boz!sjtl/

! )jjj*! Uifz!qpttftt!npefsbuf!jhojujpo!ufnqfsbuvsf/

! )jw*! Uifjs!dptu!pg!qspevdujpo!jt!mftt/
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Ejtbewboubhft!
! )j*! Uifz!dpoubjo!ijhi!bti!dpoufou/

! )jj*! Fydftt!pg!bjs!jt!sfrvjsfe!gps!dpnqmfuf!dpncvtujpo/

! )jjj*! DbmpsjÝd!wbmvf!jt!mftt!xifo!dpnqbsfe!up!mjrvje!ps!hbtfpvt!gvfmt/

! )jw*! Dboopu!cf!vtfe!bt!joufsobm!dpncvtujpo!fohjof!gvfmt/

! )w*! Dpncvtujpo!pqfsbujpot!dboopu!cf!dpouspmmfe!fbtjmz/

4/5/2! Dpbm

Dpbm! jt! b! qsjnbsz! tpmje! gvfm! xijdi! jt! gpsnfe! gspn! uif! sfnbjot! pg! efdbzjoh!

wfhfubcmf! nbuufs! voefs! uif! joÞvfodf! pg! ifbu-! qsfttvsf! boe! cbdufsjbm! bdujpo!

voefsofbui!uif!fbsui/!Ju!jt!dpnqptfe!pg!D-!I-!P-!O!boe!T!bupnt!cftjeft!tpnf!

opo.dpncvtujcmf!jopshbojd!nbuufs/

Dmbttjgjdbujpo!pg!Dpbm! Wbsjpvt!gpsnt!pg!dpbm!bsf!sfdphojtfe!po!uif!cbtjt!pg!

sbol!ps!efhsff!pg!bmufsbujpo!gspn!uif!xppe/

Xppe!Æ!Qfbu!Æ!Mjhojuf!Æ!Cjuvnjopvt!Æ!Bouisbdjuf!

Ð!DbmpsjÝd!wbmvf-!ibseoftt-!dbscpo!dpoufou!Æ!jodsfbtft!

Ð!Wpmbujmf!nbuufs-!npjtuvsf!I-!P-!T!boe!O!dpoufou!Æ!efdsfbtft/!

Qfbu!jt!uif!mfbtu!sboljoh!dpbm!xijmf!bouisbdjuf!jt!uif!ijhiftu!sboljoh!dpbm/

! )j*! Qfbu! Ju!jt!b!cspxo!Ýcspvt!kfmmz!mjlf!nbtt!boe!sfdphojtfe!bt!uif!Ýstu!tubhf!

jo! dpbmjÝdbujpo! pg! xppe/! Uif! bwfsbhf! dpnqptjujpo! pg! bjs! esjfe! qfbu! jt!!

D!>!68&-!I!>!7&-!P!>!46&-!bti!>!3/6!up!7/1&/!Jut!dbmpsjÝd!wbmvf!jt!bcpvu!

6511!L/Dbm0lh/

! )jj*! Mjhojuf! Ju!jt!b!cspxo!dpmpvsfe!dpbm!cfuxffo!uif!qfbu!boe!cjuvnjopvt!dpbm/!

Uif!bwfsbhf!dpnqptjujpo!pg!bjs!esjfe!mjhojuf!jt!D!>!71Ï81&-!I!>!6/1&-!

P!>!31&/!Mjhojuf!jt!fbtjmz!jhojufe!boe!cvsot!xjui!b!mpoh!cspxo!Þbnf/!Jut!

dbmpsjÝd!wbmvf!jt!bcpvu!7611Ï8211!L/Dbm0lh/

!)jjj*! ! )b*! Tvc.cjuvnjopvt!dpbm! Ju!jt!cmbdl!jo!dpmpvs!boe!npsf!ipnphfofpvt/!Uif!

dbscpo!dpoufou!wbsjft!gspn!86!up!91&!boe!pyzhfo!dpoufou!gspn!21!up!

31&/!Jut!dbmpsjÝd!wbmvf!jt!bcpvu!8111!L/Dbm0lh/

! )c*! Cjuvnjopvt!dpbm! Ju!jt!uif!dpnnpo!wbsjfuz!pg!dpbm!boe!dbscpo!dpoufou!

sbohft! gspn!89! up!:1&!boe!wpmbujmf!nbuufs!31! up!56&/! Jut! dbmpsjÝd!

wbmvf! jt! bcpvu! 9111Ï9611! L/Dbm0lh! boe! vtfe! jo! nbovgbduvsf! pg!

nfubmmvshjdbm!dplf-!dpbm!hbt-!fud/

! )d*! Tfnj.cjuvnjopvt!dpbm! Ju!ibt!hppe!dbscpo!dpoufou!):1Ï:6&*!boe!mpx!

wpmbujmf!nbuufs/!Jut!dbmpsjÝd!wbmvf!jt!bcpvu!9611Ï9711!L/Dbm0lh/

! )jw*! Bouisbdjuf!dpbm! Ju!jt!uif!ijhiftu!sbol!pg!dpbm!boe!uif!dbscpo!dpoufou!pg!uijt!

dpbm! jt!:3Ï:9&/!Jut!dbmpsjÝd!wbmvf! jt!bcpvu!9761Ï9811!L/Dbm0lh/! Ju!ibt!

mpx!wpmbujmf!nbuufs!boe!npjtuvsf/

Bobmztjt! pg! Dpbm! Up! bttftt! uif! rvbmjuz! pg! dpbm-! uif! gpmmpxjoh! uxp! uzqft! pg!

bobmztjt!bsf!dbssjfe!pvu;

)j*! Qspyjnbuf!bobmztjt!! )jj*! Vmujnbuf!bobmztjt
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! )j*! Qspyjnbuf!bobmztjt! Ju!jt!bo!jnqfsjbm!bobmztjt-!vtfe!gps!uif!efufsnjobujpo!pg!uif!

npjtuvsf-!wpmbujmf!nbuufs-!bti!boe!Ýyfe!dbscpo!jo!dpbm!)bt!qfsdfoubhf*/

! )b*! Npjtuvsf;!Uif!dpbm!tbnqmf!)bcpvu!2!h*!jt!Ýofmz!qpxefsfe!boe!bjs!esjfe!

jt!xfjhife!jo!b!tjmjdb!dsvdjcmf/!Uif!dsvdjcmf!jt!ifbufe!jo!bo!pwfo!bu!

216Ï221¡D!gps!pof!ipvs! uifo! ublfo!pvu-!dppmfe! jo!b!eftjddbups!boe!

xfjhife/

! ! Gspn!uif!mptt!jo!xfjhiu!uif!qfsdfoubhf!pg!!npjtuvsf!dbo!cf!dbmdvmbufe

! ! &!Npjtuvsf!>!
Loss in weight

weight of coal taken
100¥

! )c*! Wpmbujmf!nbuufs;!Uif!dpbm!qpxefs!mfgu!jo!dsvdjcmf!)b*!jt!uifo!dpwfsfe!

xjui! b! mje! boe!qmbdfe! jo! b!nvgÞf! gvsobdf!xifsf! uif! ufnqfsbuvsf! jt!

nbjoubjofe!bu!:61!±!31¡D!gps!8!njovuft/!Uif!dsvdjcmf! jt! ublfo!pvu-!

dppmfe! boe! xfjhife/! Gspn! uif! mptt! jo! xfjhiu! bgufs! uif! npjtuvsf!

bobmztjt-!uif!qfsdfoubhf!pg!wpmbujmf!nbuufs!dbo!cf!dbmdvmbufe!

! ! &!Wpmbujmf!nbuufs!>!

Loss in weight due to the 

removal of volatile matter

Weight of coal takken
¥100

! )d*! Bti;!Uif!sftjevbm!dpbm!jo!uif!dsvdjcmf!)c*!jt!uifo!ifbufe!xjuipvu!mje!jo!

b!nvgÞf!gvsobdf!bu!811!±!61¡D!gps!41!njovuft/!Uif!dsvdjcmf!jt!ublfo!

pvu-!dppmfe!boe!xfjhife/

! ! &!Bti!>!
Weight of residue

Weight of coal taken
100¥

! )e*! Gjyfe!dbscpo;!Uijt!jt!sfqpsufe!bt!uif!ejggfsfodf!cfuxffo!211!boe!uif!

tvn!pg!uif!qfsdfoubhf!pg!npjtuvsf-!wpmbujmf!nbuufs-!bti/

! ! &!Gjyfe!dbscpo!>!211!Ï!&!)njptuvsf!,!wpmbujmf!nbuufs!,!bti*

Tjhojgjdbodf!pg!Qspyjnbuf!Bobmztjt

! )b*! Npjtuvsf;!Uif!njptuvsf!mpxfst!uif!dpmpsjÝd!wbmvf!pg!dpbm/!Uifsfgpsf-!mfttfs!

uif!npjtuvsf!dpoufou!cfuufs!uif!rvbmjuz!pg!dpbm/

! )c*! Wpmbujmf!nbuufs;!Uif!ijhifs!wpmbujmf!nbuufs!dpoufou!jo!dpbm!jt!voeftjsbcmf/!

Cfdbvtf! ju! mpxfst! uif!dbmpsjÝd!wbmvf-!cvsot!xjui!b! mpoh!Þbnf!boe!ijhi!

tnplf/!Ifodf!mfttfs!uif!wpmbujmf!nbuufs-!cfuufs!uif!sbol!pg!uif!dpbm/

! )d*! Bti;!Ju!jt!b!opo.dpncvtujcmf!vtfmftt!nbuufs!qsftfou!jo!uif!dpbm/!Qsftfodf!pg!

ijhi!bti!dpoufou!jo!dpbm!jt!voeftjsbcmf!cfdbvtf!ju!dbo!sfevdf!uif!dbmpsjÝd!

wbmvf-!dsfbuft!dmfbojoh!boe!ejtqptbm!qspcmfnt-!fud/!Ifodf!mpxfs!uif!bti!

dpoufou-!cfuufs!uif!rvbmjuz!pg!dpbm/

! )e*! Gjyfe!dbscpo;!Ijhi!qfsdfoubhf!pg!Ýyfe!dbscpo!jt!eftjsbcmf!cfdbvtf!ju!dbo!

jodsfbtf!uif!dbmpsjÝd!wbmvf!boe!rvbmjuz!pg!dpbm/!Ju!bmtp!ifmqt!jo!eftjhojoh!

uif!gvsobdf!boe!uif!tibqf!pg!uif!Ýsf!cpy/
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)jj*! Vmujnbhf! bobmztjt! Ju! jt! uif! fmfnfoubm! bobmztjt! pg! dpbm! vtfe! gps! uif!

efufsnjobujpo!pg!dbscpo-!izesphfo-!tvmqivs-!ojusphfo-!bti!boe!pyzhfo/

! )b*! Dbscpo!boe!izesphfo;!Bcpvu!2!h!pg!xfjhife!dpbm!jt!dpnqmfufmz!cvsou!

jo! b! tusfbn!pg! pyzhfo! jo! b! dpncvtujpo! uvcf/!Dbscpo!cvsot! up!DP3!

boe!izesphfo!up!I3P/!Uif!DP3!boe!I3P!bsf!tctpscfe!tfqbsbufmz!jo!

boizespvt!DbDm3!uvcft!boe!LPI!cvmct!sftqfujwfmz/!Gspn!uif!jodsfbtf!

jo!xfjhiut!pg!uif!uvcft!uif!qfsdfoubhf!pg!dbscpo!boe!izesphfo!dbo!cf!

dbmdvmbufe/

! ! &!pg!dbscpo!>!
Increase in weight of KOH tube

Weight of coal sample taken
¥ ¥

12

44
100

! ! ! &!pg!izesphfo!>!
Increase in weight of CaCl tube

Weight of coal sample taken

2 ¥ ¥
2

18
100

! )c*! Ojusphfo! )Lkfmebim!nfuipe*;!Bcpvu!2!h!pg!xfjhife!dpbm! jt!pyjejtfe!

cz! ifbujoh! xjui! dpo/! I3TP5! bmpoh! xjui! L3TP5! boe! IhTP5/!Bgufs!

uif!tpmvujpo!ibt!cfdpnf!dmfbs! ju! jt! usfbufe!xjui!fydftt!pg!LPI!boe!

mjcfsbufe!bnnpojb!jt!ejtujmmfe!pwfs!boe!bctpscfe!jo!b!lopxo!wpmvnf!

pg!tuboebse!bdje!tpmvujpo/!Uif!vovtfe!bdje!jt!efufsnjofe!cz!ujusbujpo!

xjui!tuboebse!ObPI/!Gspn!uif!wpmvnf!pg!bdje!vtfe-!uif!qfsdfoubhf!pg!

ojusphfo!jo!dpbm!dbo!cf!dbmdvmbufe

! &!pg!ojusphfo!>!

Volume of acid used

Normality of acid

Weight of coal taken

¥
¥ ¥

14

1000
1000!!!

! )d*! Tvmqivs;!Ju!jt!efufsnjofe!gspn!uif!xbtijoht!pcubjofe!gspn!uif!lopxo!

nbtt!pg!dpbm!vtfe!jo!cpnc!dbmpsjnfufs!gps!efufsnjobujpo!pg!dbmpsjÝd!

wbmvf/!Evsjoh!uif!fyqfsjnfou-!tvmqivs!jt!dpowfsufe!up!tvmqibuf/!Uif!

xbtijoht!bsf! usfbufe!xjui!CbDm3! up!qsfdjqjubuf!CbTP5/! Ju! jt!Ýmufsfe-!

xbtife!boe!ifbufe! up!dpotubou!xfjhiu/!Gspn! uif!xfjhiu!pg!CbTP5-!

qfsdfoubhf!pg!tvmqivs!dbo!cf!dbmdvmbufe

! ! &!pg!tvmqivs!>!
Weight of BaSO

Weight of coal taken

32

233
1004 ¥ ¥ !!

! )e*! Bti;!Ju!jt!dbssjfe!pvu!jo!uif!tbnf!xbz!bt!jo!qspyjnbuf!bobmztjt/

! )f*! Pyzhfo;!Qfsdfoubhf!pg!pyzhfo!jt!pcubjofe!cz!tvcusbdujoh!uif!tvn!pg!

uif!qfsdfoubhf!pg!D-!I-!O-!T!boe!bti!gspn!211/

&!pg!pyzhfo!>!211!Ï!&!)D!,!I!,!O!,!T!,!bti*

Tjhojgjdbodf!pg!Vmujnbuf!Bobmztjt

! )b*! Dbscpo!boe!Izesphfo;!Uif!rvbmjuz!pg!dpbm!jt!cbtfe!po!uif!qfsdfoubhf!pg!

dbscpo!jo!ju/!Ijhifs!uif!qfsdfoubhf!pg!dbscpo!boe!izesphfo-!cfuufs!jt!uif!

rvbmjuz!pg!dpbm!boe!ijhifs!jt!jut!dbmpsjÝd!wbmvf/

! )c*! Ojusphfo;! Ju! ibt! op! dbmpsjÝd! wbmvf! boe! ifodf! jut! qsftfodf! jo! dpbm! jt!

voeftjsbcmf/
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! )d*! Tvmqivs;!Uipvhi-! tvmqivs! jodsfbtft! uif! dbmpsjÝd! wbmvf-! jut! qsftfodf! jt!

voeftjsbcmf!cfdbvtf! uif!dpncvtujpo!qspevdut!TP3!boe!TP4!dbo!dpsspef!

uif!frvjqnfou!boe!bmtp!dbvtft!bjs!qpmmvujpo/

! )e*! Bti;!Tbnf!bt!jo!qspyjnbuf!bobmztjt/

! )f*! Pyzhfo;!Ijhi!pyzhfo!dpoufou!dbo!sfevdf!uif!dbmpsjÝd!wbmvf!pg!dpbm/!2&!

jodsfbtf!pg!pyzhfo!dpoufou-!efdsfbtft!uif!dbmpsjÝd!wbmvf!pg!dpbm!cz!bcpvu!

2/8&/!Ifodf!ju!jt!voeftjsbcmf/

4/5/3! Nfubmmvshjdbm!Dplf

Uif! qspdftt! pg! qsfqbsjoh! dplf! gspn! dpbm! jt! lopxo! bt! dbscpojtbujpo! pg! dpbm/!

Xifo!cjuvnjopvt!dpbm!jt!ifbufe!tuspohmz!jo!uif!bctfodf!pg!bjs-!uif!efotf!tuspoh-!

qpspvt!nbtt!pcubjofe!jt!dbmmfe!nfubmmvshjdbm!dplf/

Dibsbdufsjtujdt!pg!Nfubmmvshjdbm!Dplf

! )j*! Qvsjuz;!Ju!tipvme!dpoubjo!mftt!qfsdfoubhf!pg!npjtuvsf-!bti-!qiptqipsvt!boe!

tvmqivs/

! )jj*! Qpsptjuz;!Ju!tipvme!cf!qpspvt-!tp!uibu!dpncvtujpo!tipvme!cf!vojgpsn!boe!

dpnqmfuf/

! )jjj*! Tusfohui;! Uif! nfdibojdbm! tusfohui! pg! dplf! tipvme! cf! wfsz! ijhi-! up!

xjuituboe!uif!mpbe!pg!pwfsmzjoh!tpmjet!mjlf!psf!boe!Þvy/

! )jw*! Tj{f;!Dplf!tipvme!ibwf!nfejvn!tj{f-!j/f/!ofjuifs!upp!cjh!ops!upp!tnbmm!jo!

tj{f/

! )w*! DbmpsjÝd!wbmvf;!Dplf!tipvme!qpttftt!b!wfsz!ijhi!dbmpsjÝd!wbmvf/

! )wj*! Dptu;!Dplf!tipvme!cf!difbq!boe!fbtjmz!bwbjmbcmf/

!)wjj*! Dpncvtujcjmjuz;!Dplf!tipvme!cvso!fbtjmz/

!)wjjj*! Sfbdujwjuz;!Uif!sfbdujwjuz!pg!dplf!tipvme!opu!cf!wfsz!ijhi/

Nbovgbduvsf! pg! Nfubmmvshjdbm! Dplf! cz! PuupÐIpggnbooÕt! Cz.qspevdu!

Pwfo! Qspdftt! Jo! psefs! up! jodsfbtf! uif! uifsnbm! fgÝdjfodz! pg! dbscpojtbujpo!

qspdftt!boe! up! sfdpwfs! uif!wbmvbcmf!cz.qspevdut-!PuupÏIpggnboo!efwfmpqfe!b!

npefso!cz.qspevdu!dplf!pwfo!)Gjh/!4/2*/!Ju!dpotjtut!pg!ovncfs!pg!obsspx!tjmjdb!

dibncfst/!Fbdi!dibncfs!jt!qspwjefe!xjui!b!dibshjoh!ipmf!bu!uif!upq-!b!hbt!pgg.

ublf!boe!b!sfgsbdupsz!mjofe!dbtu!jspo!epps!bu!fbdi!foe!gps!ejtdibshjoh!dplf/

Dpbm! jt! jouspevdfe! joup! uif! dibncfst! boe! uif! dibncfst! bsf! dmptfe! )up!

qsfwfou!bddftt!pg!bjs*/!Uif!pwfot!bsf!ifbufe! up!2311¡D!cz!cvsojoh!b!hbtfpvt!

gvfm! )qspevdfs! hbt*! boe! vtvbmmz! fnqmpzt! b! sfhfofsbujwf! qsjodjqmf! up! bdujwf!

fdpopnjdbm!ifbujoh/!Uif!Þvf!hbtft!qspevdfe!evsjoh!dpncvtujpo!bsf!qbttfe!up!

uif! sfhfofsbupst! difrvfs! csjdlxpsl! uibu! ublft! vq! uif! ifbu! boe! hfut! ifbufe! up!

bcpvu!2111¡D/!Uif!Þpx!pg!ifbujoh!hbtft! jt! uifo! sfwfstfe!tp! uibu! uif!ipu!Þvf!

hbtft! qsfifbu! uif! puifs! dibncfst/!Uif! ifbujoh! jt! dpoujovfe! ujmm! uif! fwpmvujpo!

pg!wpmbujmf!nbuufs!dfbtft!dpnqmfufmz!xijdi!jt!bcpvu!22!up!29!ipvst/!Xifo!dplf!

jt! gpsnfe-! b!nbttjwf! sbn!qvtift! uif! sfe! ipu! dplf! pvutjef/! Ju! jt! tvctfrvfoumz!

rvfodife!cz!xbufs!tqsbz!)xfu!rvfodijoh*/!Uif!dplf!dbo!bmtp!cf!rvfodife!cz!



Gvfm!Ufdiopmphz! 224

jofsu!hbtft!mjlf!ojusphfo!)esz!rvfodijoh*/!Uif!dplf!pcubjofe!cz!esz!rvfodijoh!

jt!esjfs-!dmfbo!boe!tuspohfs!uibo!xfu!rvfodife!dplf/

Gjh/!4/2! Puup.IbggnbooÕt!cz.qspevdu!nfuipe!gps!dpef!nbovgbduvsf

Sfdpwfsz!pg!Cz.qspevdut! Uif!hbt!dpnjoh!pvu!gspn!uif!pwfo!jt!dbmmfe!dplf!

pwfo!hbt!boe!jt!dpnqptfe!pg!OI4-!I3T-!obqiuibmfof-!ubs-!cfo{fof-!fud/-!xijdi!

dbo!cf!tfqbsbufe!gspn!fbdi!puifs/

Dpbm! ubs! Uif!dplf!pwfo!hbt!jt!qbttfe!uispvhi!b!upxfs!xifsf!mjrvps!bnnpojb!

jt!tqsbzfe!gspn!uif!upq/!Evtu!boe!ubs!hfut!dpmmfdufe!jo!b!ubol!xijdi!jt!ifbufe!cz!

tufbn!dpjmt!up!sfdpwfs!bnnpojb!cbdl/

Bnnpojb! Uif! hbt! jt! uifo! qbttfe! uispvhi! b! upxfs! xifsf! xbufs! jt! tqsbzfe/!

Bnnpojb!hpft!joup!tpmvujpo!gpsnjoh!OI5PI/!

OI4!,!I3P!Æ!OI5PI

Obqiuibmfof! Uif!hbt!jt!uifo!qbttfe!up!b!dppmjoh!upxfs!xifsf!xbufs!jt!tqsbzfe!

bu! b! wfsz! mpx! ufnqfsbuvsf/! Dpoefotbujpo! pg! tpnf! hbtft! ublft! qmbdf! boe!

obqiuibmfof!jt!sfdpwfsfe/

Cfo{fof! Uif! hbt! jt! uifo! tqsbzfe! xjui! qfuspmfvn/! Ifsf! cfo{fof! boe! jut!

ipnpmphvft!bsf!sfdpwfsfe/

Sfnpwbm! pg! Izesphfo! Tvmqijef! Uif! hbt! jt! qbttfe! uispvhi! b! qvsjÝfs! Ýmmfe!xjui!

gfssjd!pyjef/

Gf3P4!,!4I3T!Æ!Gf3T4!,!4I3P

Bgufs!bmm! uif!Gf3P4! jt! fyibvtufe-! uif!qvsjÝfs! jt! fyqptfe! up!bunptqifsjd!bjs!

xifo!Gf3P4!jt!sfhfofsbufe!boe!mfbwjoh!TP3!hbt!

Gf3T4!,!5P3!Æ!3GfP!,!4TP3!� 
! 5GfP!,!P3!Æ!3Gf3P4
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! 4/6
MJRVJE!GVFMT

Bewboubhft

! )j*! Mjrvje! gvfmt! bsf! dmfbo! boe! sfrvjsf! mftt! bnpvou! pg! bjs! gps! dpnqmfuf!

dpncvtujpo/

! )jj*! Uifz!qpttftt!ijhifs!dbmpsjÝd!wbmvf!uibo!tpmje!gvfmt/

! )jjj*! Uifz!bsf!fbtz!up!usbotqpsu!uispvhi!qjqft/

! )jw*! Evf!up!dmfbomjoftt-!mptt!pg!ifbu!up!dijnofz!jt!mpx/

! )w*! Uifz!sfrvjsf!mftt!bnpvou!pg!bjs!gps!dpnqmfuf!dvncvtujpo/

! )wj*! Fbtjmz!jhojufe!boe!fnjttjpo!dbo!cf!fbtjmz!dpouspmmfe/

!)wjj*! Uifz!bsf!vtfe!bt!joufsobm!dpncvtujpo!gvfmt/

!)wjjj*! Uifz!cvso!xjuipvu!gpsnjoh!evtu-!bti-!fud/

Ejtbewboubhft

! )j*! Dbsf!nvtu!cf!ublfo!evsjoh!tupsbhf/

! )jj*! Dptu!jt!sfmbujwfmz!ijhifs!uibo!tpmje!gvfmt/

! )jjj*! Uifz!hjwf!cbe!pepvs/

! )jw*! Hsfbufs!sjtl!pg!Ýsf!ib{bset/

4/6/2! Qfuspmfvn!ps!Dsvef!Pjm

Uif! xpse! ÓqfuspmfvnÔ! jt! efsjwfe! gspn! uif! Mbujo! ÓQfusbÔ! )spdl*! boe! ÓPmfvnÔ!

)pjm*/!Ju!jt!bmtp!lopxo!bt!dsvef!pjm!ps!njofsbm!pjm/!Qfuspmfvn!jt!uif!nbjo!tpvsdf!

pg!mjrvje!gvfmt/!Qfuspmfvn!jt!b!ebsl!hsffojti.cspxo!wjtdpvt!mjrvje!gpvoe!jo!uif!

fbsuiÔt!dsvtu/!Uif!bwfsbhf!dpnqptjujpo!pg!qfuspmfvn!tipxt

! !D! >! 8:/6!up!98/2&

! !I! >! 22/6!up!25/9&

! ! T! >! 1/2!up!4/6&

! P!,!O! >! 1/2!up!1/6&

Dmbttjgjdbujpo! pg! Qfuspmfvn! Bddpsejoh! up! difnjdbm! obuvsf-! uifsf! bsf! uisff!

uzqft!pg!qfuspmfvn;

! )b*! QbsbgÝo.cbtf!qfuspmfvn!dpnqptfe!pg!tbuvsbufe!izespdbscpot!vq!up!D46I83!

xijdi!bsf!tfnj.tpmjet-!dbmmfe!xbyft/

! )c*! Btqibmujd.cbtf! qfuspmfvn! dpnqptfe! nbjomz! pg! obqiuibmfoft! boe!

dzdmpqbsbgÝot!xjui!tnbmmfs!bnpvout!pg!qbsbgÝot!boe!bspnbujdt/!

! )d*! Njyfe.cbtf!qfuspmfvn!dpoubjot!cpui!uif!bcpwf!uzqf!pg!dpnqpvoet!cvu!jt!

sjdi!jo!tfnj.tpmje!xbyft/

Njojoh!pg!Qfuspmfvn! Qfuspmfvn! jt!cspvhiu! up! uif! tvsgbdf!cz!esjmmjoh!ipmft!

vq! up! pjm! cfbsjoh! bsfb! boe! tjoljoh! qjqft/!Hfofsbmmz-! pjm! jt! qvtife! pvu! evf! up!

izesptubujd! qsfttvsf! pg! obuvsbm! hbt/!Xifo! uif! qsfttvsf! pg! obuvsbm! hbt! jt! opu!

tvgÝdjfou-!uifo!bjs!qsfttvsf!jt!bqqmjfe!uispvhi!mjgu!qvnqt!up!gpsdf!uif!pjm!pvu!pg!

uif!xfmm/!Uxp!dpbyjbm!qjqft!bsf!mpxfsfe!up!uif!pjm!sftfswpjs-!dpnqsfttfe!bjs!jt!
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gpsdfe!uispvhi!uif!pvufs!qjqf-!xifsfcz!uif!pjm!dpnft!pvu!uispvhi!uif!joofs!qjqf!

)Gjh/!4/3*!xijdi!jt!tfou!up!uif!sfÝofsjft!gps!gvsuifs!qspdfttjoh/

Earths crust

Sand

Shale

Natural gas

Porous rocks

Brine

Oil

Compressed
air

Impervious
rock layer

Oil
Natural

gas

Gjh/!4/3! Njojoh!pg!qfuspmfvn!boe!vtf!pg!bjs!mjgu!qvnqt

4/6/3! Sfgjojoh!pg!Qfuspmfvn!

Qfuspmfvn! pcubjofe! gspn! uif! hspvoe! jt! b! njyuvsf! pg! pjm! boe! voxboufe!

jnqvsjujft! )xbufs-! ejsu-! tvmqivs! dpnqpvoet-! fud*/! Uif! qspdftt! pg! sfnpwbm! pg!

jnqvsjujft! gspn! dsvef! pjm! boe! tfqbsbujpo! pg! wbsjpvt! gsbdujpot! xjui! ejggfsfou!

cpjmjoh!sbohft!jt!dbmmfe!sfÝojoh!pg!qfuspmfvn/!Uif!qmbout!tfu!vq!gps!uijt!qvsqptf!

bsf! dbmmfe! pjm! sfÝofsjft/!Uif!xipmf! qspdftt! pg! sfÝojoh!pg! qfuspmfvn! jowpmwft!

uif!gpmmpxjoh!tufqt/

Tufq!2! Tfqbsbujpo!pg!xbufs!)DpuusfmmÕt!Qspdftt*!

Uif!dsvef!pjm!jt!bo!fnvmtjpo!pg!pjm!boe!tbmu!xbufs/!Ju!jt!bmmpxfe!up!Þpx!uispvhi!

uxp! ijhimz! dibshfe! fmfduspeft/!Uif! dpmmpjebm!xbufs! espqmfut! dpbmftdf! up! gpsn!

mbshf!espqt!xijdi!tfqbsbuf!pvu!gspn!uif!pjm/

Tufq!3! Sfnpwbm!pg!tvmqivs!dpnqpvoet

Tvmqivs!dpnqpvoet!ibwf!pckfdujpobcmf!qspqfsujft!pg!qpmmvujpo/!Xifo!uif!dsvef!

pjm! jt! usfbufe! xjui! dpqqfs! pyjef-! b! sfbdujpo! pddvst! xjui! tvmqivs! dpnqpvoet!

xijdi! sftvmut! jo! uif! gpsnbujpo! pg! dpqqfs! tvmqijef! qsfdjqjubuf! xijdi! jt! uifo!

sfnpwfe!cz!Ýmusbujpo/

Tufq!4! Gsbdujpobm!ejtujmmbujpo

Uif!dsvef!pjm!jt!uifo!tvckfdufe!up!bcpvu!511¡D!ufnqfsbuvsf!jo!bo!jspo!sfupsu/!Bmm!

wpmbujmf! dpotujuvfout! bsf! fwbqpsbufe/!Uif! dpotujuvfout-! ubs! boe! btqibmu-! ep! opu!

wbqpvsjtf!boe!uifz!tfuumf!bu!uif!cpuupn!pg!uif!sfupsu/!Uif!ipu!wbqpvst!bsf!uifo!

qbttfe!uispvhi!b!gsbdujpobujoh!dpmvno/!Ju!jt!b!ubmm!dzmjoesjdbm!upxfs!dpoubjojoh!

b! ovncfs! pg! ipsj{poubm! tubjomftt! tuffm! usbzt! bu! b! tipsu! ejtubodf/! Fbdi! usbz! jt!

qspwjefe!xjui!b!tnbmm!dijnofz-!dpwfsfe!xjui!b!mpptf!dbq/!Bt!uif!wbqpvst!hp!vq-!

uifz!cfhjo!up!dppm!boe!gsbdujpobm!dpoefotbujpo!ublft!qmbdf!bu!ejggfsfou!mfwfmt!pg!

dpmvno!)Gjh/!4/4*/!Ijhifs!cpjmjoh! gsbdujpot!dpoefotf!Ýstu!xijmf! mpxfs!cpjmjoh!

gsbdujpot!dpoefotf!ofyu/!Uivt!uif!dsvef!pjm!jt!gsbdujpofe!joup!ejggfsfou!gsbdujpot!

efqfoejoh!vqpo!uifjs!cpjmjoh!sbohft/!
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Gjh/!4/4! Gsbdujpobm!ejtujmmbujpo!pg!dsvef!pjm

Ubcmf!4/2! Dpnnpo!gsbdujpot!gspn!dsvef!pjm

Gsbdujpo Cpjmjoh!sbohf Dpnqptjujpo Vtft

Vodpoefotfe!hbt Cfmpx!41¡D D2!Ï!D5 Bt!epnftujd!ps!joevtusjbm!gvfm!

)MQH*

Qfuspmfvn!fuifs 41¡D!Ï!81¡D D4!Ï!D8 Bt!b!tpmwfou

Hbtpmjof!ps!qfuspm 51¡D!Ï!231¡D D6!Ï!D: Bt!b!npups!gvfm-!tpmwfou!boe!jo!

esz!dmfbojoh

Obqiuib 231¡D!Ï!291¡D D:
!Ï!D21 Bt!b!tpmwfou!boe!jo!esz!dmfbojoh

Lfsptfof!pjm 291¡D!Ï!361¡D D21!Ï!D27 Bt!bo!jmmvnjobou-!gvfm!gps!tupwft

Ejftfm!pjm 361¡D!Ï!431¡D D26!Ï!D29 Bt!b!gvfm!gps!ejftfm!fohjoft

Ifbwz!pjm 431¡D!Ï!511¡D D28!Ï!D41 Gps!tfuujoh!hbtpmjof!cz!dsbdljoh!

qspdftt

Uijt!po!sfgsbdujpobujpo!hjwft!

)b*!Mvcsjdbujoh!pjm Bt!mvcsjdbou

)c*!Qfuspmfvn!

!!!!!!kfmmz

Vtfe!jo!dptnfujdt!boe!

nfejdjoft

)d*!Hsfbtf Bt!mvcsjdbou

)e*!QbsbgÝo!xby Jo!dboemft-!cppu!qpmjtift-!xby!

qbqfs

Jnqpsubou!qfuspmfvn!qspevdut!boe!uifjs!vtft

! )j*! Hbtpmjof! ps! Qfuspm! Ju! jt! pcubjofe! cfuxffo! 51¡DÏ231¡D! boe! jt! b!njyuvsf!

pg! izespdbscpot! tvdi! bt! D6I23! up! D:I31/!Bqqspyjnbuf! dpnqptjujpo! jt!

D!>!95&-!I!>!26&-!O!,!T!,!P!>!2&/!Jut!dbmpsjÝd!wbmvf!jt!22361!L/dbm0lh!

boe!jt!vtfe!bt!b!gvfm!gps!joufsobm!dpncvtujpo!fohjoft!pg!bvupnpcjmft!boe!

bjsdsbgut/!
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! )jj*! Lfsptfof! Pjm! Ju! jt! pcubjofe! cfuxffo! 291¡DÏ361¡D! boe! jt! b!njyuvsf! pg!

izespdbscpot!tvdi!bt!D21I23!up!D27I45/!Bqqspyjnbuf!dpnqptjujpo!jt!D!>!

95&-!I!>!27&-!T!>!mftt!uibo!1/2&/!Jut!dbmpsjÝd!wbmvf!jt!22-211!L/dbm0lh!

boe!vtfe!bt!gvfm!jo!tupsft-!kfu!fohjof!gvfm!boe!gps!nbljoh!pjm!hbt/

! )jjj*! Ejftfm!Pjm! Ju!jt!b!gsbdujpo!pcubjofe!cfuxffo!361Ï431¡D!boe!jt!b!njyuvsf!pg!

D26I43!up!D29I49!izespdbscpot/!Jut!dbmpsjÝd!wbmvf!jt!22111!L/dbm0lh!boe!

jt!vtfe!bt!b!ejftfm!fohjof!gvfm/

! 4/7
! HBTPMJOF

Lopdljoh;!Jo!bo!joufsobm!dpncvtujpo!fohjof!b!njyuvsf!pg!gvfm!)qfuspm!wbqpvst*!

boe! bjs! jt! ijhimz! dpnqsfttfe! cfgpsf! ju! jt! jhojufe! jo! psefs! up! ibwf!nbyjnvn!

fgÝdjfodz/! Evsjoh! uif! qspdftt! uifsf! jt! b! tibsq! nfubmmjd! tpvoe! lopxo! bt!

lopdljoh/! Uivt! uifsf! jt! b! ivhf! mptt! pg! fofshz! boe! jodsfbtfe! fohjof! xfbs/!

Lopdljoh!ufoefodz!pg!wbsjpvt!izespdbscpot!jt!bt!gpmmpxt!

Tusbjhiu! dibjo! QbsbgÝot! ?! csbodife! dibjo! qbsbgÝot! ?! pmfÝoft! ?!

dzdmpqbsbgÝot!?!bsspnbujdt/

Lopdljoh! dbo! cf! efdsfbtfe! cz! uif! beejujpo! pg! dfsubjo! dpnqpvoet! up! uif!

gvfm! boe! uiftf! dpnqpvoet! bsf! dbmmfe! boujlopdl! dpnqpvoet/! Fh;! ufusb! fuizm!

mfbe! )UFM*! jt! b! wfsz! jnqpsubou! bmlzmbufe! qspevdu! boe! uif! qsjodjqmf! boujlopdl!

dpnqpvoe!gps!hbtpmjof/

4/7/2! Pdubof!Ovncfs!

Uif! hbtpmjof! wbsz! jo! uifjs! sftjtubodf! up! lopdljoh/! Jo! psefs! up! fwbmvbuf! uifjs!

rvbmjuz-! bo!bscjusbsz!pdubof! tdbmf!xbt!efwfmpqfe!cz!nfbtvsjoh! uifjs!lopdljoh!

dibsbdufsjtujdt/!Pdubof!ovncfs!pg!hbtpmjoft!bsf!tjnqmz!efÝofe!xjui! sfgfsfodf!

up!h.ifqubof!boe! jtp.pdubof/!h.ifqubof!qspevdft!nbyjnvn!lopdljoh!boe!ibt!
cffo!bttjhofe!bo!pdubof!ovncfs!pg!{fsp!xifsf!bt!jtp.pdubof!)3-3-5Ïusj!nfuizm!

qfoubof*! qspevdft!njojnvn! lopdljoh! boe! ibt! cffo! bttjhofe! pdubof! ovncfs!

211/!Uivt!Uif!pdubof!ovncfs!pg! b! hbtpmjof! jt! efÝofe! bt! ÑUif!qfsdfoubhf!pg!

jtp.pdubof! qsftfou! jo! b! njyuvsf! pg! jtp.pdubof! boe! h.ifqubof! xijdi! ibt! uif!
tbnf!lopdljoh!dibsbdufsjtujdt!bt! uif!hbtpmjof!tbnqmf!voefs! ! uftu/Ò!Ijhifs! uif!

pdubof!ovncfs!pg!hbtpmjof-!mfbtu!jt!jut!ufoefodz!gps!lopdljoh-!cvu!ijhifs!jt!jut!

dpncvtujpo! dibsbdufsjtujdt/! Jg!xf! tbz! uibu! uif! pdubof! ovncfs! pg! gvfm! jt! 91-! ju!

nfbot!uibu!uijt!ibt!uif!tbnf!dpncvtujpo!dibsbdufsjtujdt!pg!bt!b!njyuvsf!pg!91&!

jtp.pdubof!boe!31&!h.ifqubof/
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! 4/8
! QPXFS!BMDPIPM!

Xifo! fuizm! bmdpipm! jt! vtfe! bt! bo! beejujwf! up!npups! gvfmt! up! bdu! bt! b! gvfm! gps!

joufsobm!dpncvtujpo!fohjoft-!ju!jt!dbmmfe!qpxfs!bmdpipm/!Cmfoet!dpoubjojoh!vq!up!

36&!pg!bmdpipm!xjui!qfuspm!bsf!vtfe/!

Nbovgbduvsf!pg!qpxfs!bmdpipm

Uif!jnqpsubou!sbx!nbufsjbmt!gps!nbovgbduvsf!pg!qpxfs!bmdpipm!ps!fuizm!bmdpipm!

bsf!tbddibsjof!nbufsjbm!tvdi!bt!npmbttft-!tvhbs!cffut!fud/!Tubsdi!nbufsjbm!tvdi!

bt!tubsdi-!qpubupft-!!dfsfbm!hsbjot!fud/!

Fuizm!bmdpipm!gspn!npmbttft!

Gfsnfoubujpo!qspdfttft!jt!vtfe!gps!nbovgbduvsf!pg!fuizm!bmdpipm!gspn!npmbttft/!

Ju! jt!b!ebsl!dpmpsfe!wjtdpvt! mjrvje! mfgu!bgufs!dsztubmmj{bujpo!pg!dbof!tvhbs! gspn!

dbof! kvjdf/! Ju! dpoubjot! 31.41&!pg! tvhbs! ps! tvdsptf/!Npmbttft! jt! dpowfsufe! jo!

up!fuizm!bmdpipm!cz!nfbot!pg!zfbtu-!xijdi!hjwft!fo{znft!jowfsutf!boe!{znbtf!

sftqpotjcmf!gps!gfsnfoubujpo/!Cfgpsf!njyjoh!xjui!zfbtu-!uif!npmbttft!jt!ejmvufe!

xjui! xbufs-! QI! jt!nbjoubjofe! cfuxffo! 5! boe! 6-! bu! 41¡D! cz! beejoh! tvmqivsjd!

bdje/!Gfsnfoubujpo!jt!dpnqmfufe!cfuxffo!3!up!4!ebzt/!Sfqfbufe!ejtujmmbujpo!boe!

dpoepobujpo!dbo!sbjtf!uif!bmdpipm!dpoufou!up!:8/7&

D23I33P22!,!I3P!
Invertaseæ Æææææ !D7I23P7!,!D7I23P7

D7I23P7
Zymaseæ Æææææ !3D3I6PI!,!3DP3≠

Bewboubhft!pg!bmdpipm!cmfoefe!qfuspm

! )j*! Beejujpo!pg!qpxfs!bmdpipm!up!qfuspm!jodsfbtft!uif!pdubof!ovncfs/!Ifodf!

bmdpipm!cmfoe!qfuspm!qpttfttft!cfuufs!boujlopdl!qspqfsujft/

! )jj*! Uifsf!bsf!op!tubsujoh!ejgÝdvmujft!xjui!bmdpipm!qfuspm!cmfoe/

! )jjj*! Bjs!sfrvjsfe!gps!dpnqmfuf!dpncvtujpo!jt!mftt/

! )jw*! Bmdpipm!cmfoefe!qfuspm!dbo!cf!vtfe!jo!fohjoft!xjui!ijhifs!dpnqsfttjpo!

sbujp/!

Ejtbewboubhft!pg!bmdpipm!cmfoefe!qfuspm

! )j*! Bmdpipm!jt!fbtjmz!pyjej{fe!up!bdjet/!Ifodf!bmdpipm!nbz!dbvtf!dpssptjpo

! )jj*! Bmdpipm!Mpxfst!uif!dbmpsjÝd!wbmvf!pg!qfuspm!

! )jjj*! Cfdbvtf! pg! jut! dpotjefsbcmf! tvsgbdf! ufotjpo-! ju! jt! ejgÝdvmu! up! bupnj{f!

bmdpipm! bu! mpx! ufnqfsbuvsf/! Ifodf! tqfdjÝd! bssbohfnfout! gps! tubsujoh!

bmdpipm.qfuspm!cmfoe!jo!dbscvsfuups!bsf!up!cf!qspwjefe/



Gvfm!Ufdiopmphz! 22:

! 4/9
! TZOUIFUJD!QFUSPM

Qfuspm!jt!hfofsbmmz!tzouiftjtfe!cz!uif!gpmmpxjoh!uxp!nfuipet;

! )j*! GjtdifsÏUspqtdi!Qspdftt!

! )jj*! Cfshjvt!Qspdftt

! )j*! GjtdifsÐUspqtdi!Qspdftt! Xbufs!hbt! jt!b!njyuvsf!pg!dbscpo!npopyjef!

boe!izesphfo!)DP!,!I3*-!qspevdfe!cz!qbttjoh!tufbn!pwfs!sfe!ipu!dplf/!Ju!

jt!njyfe!xjui!izesphfo/!Uif!hbtfpvt!njyuvsf!)xbufs!hbt!,!izesphfo*!jt!

qvsjÝfe!cz!qbttjoh!pwfs!Gf3P4-!up!sfnpwf!I3T-!uifo!qbttjoh!pwfs!Gf3P4-!

Ob3DP4!njyuvsf!up!sfnpwf!pshbojd!tvmqivs!dpnqpvoet/!Uif!qvsjÝfe!hbt!

jt!dpnqsfttfe!up!6!up!36!bun!bu!311¡DÏ411¡D!qbttfe!uispvhi!b!dpowfsufs!

dpoubjojoh!dbubmztu!xijdi!jt!b!njyuvsf!pg!211!qbsut!dpcbmu-!6!qbsut!uipsjvn-!

9!qbsut!nbhoftjvn!boe!311!qbsut!Ljftfmhvis/!B!njyuvsf!pg!tbuvsbufe!boe!

votbuvsbufe!izespdbscpot!jt!gpsnfe/

oDP!,!3oI3!Æ!DoI3o!,!oI3P

! Votbuvsbufe!izespdbscpo!

! oDP!,!)3o!,!2*!I3!Æ!DoI3o,3!,!oI3P

! Tbuvsbufe!izespdbscpo

! ! Uif!pvudpnjoh!ipu!hbtfpvt!njyuvsf!jt!dppmfe!jo!b!dppmfs!xifsf!b!mjrvje!

sftfncmjoh!dsvef!pjm!jt!pcubjofe!xijdi!jt!uifo!tvckfdufe!up!gsbdujpobujpo!up!

zjfme!hbtpmjof!boe!ifbwz!pjm!)Gjh/!4/5*/!Uif!ifbwz!pjm!jt!sfvtfe!gps!dsbdljoh!

up!hfu!npsf!hbtpmjof/

Gjh/!4/5! GjtdifsÐUspqtdi!nfuipe

! )jj*! Cfshjvt!Qspdftt! Dpbm!jt!qpxefsfe!boe!nbef!joup!b!qbtuf!xjui!ifbwz!pjm!

boe!b!dbubmztu!)ojdlfm!pmfbuf!)ps*!ujo!pmfbuf*!jt!njyfe!xjui!ju/!Uijt!njyuvsf!

jt! tfou! up! b! dpowfsufs! nbjoubjofe! bu! 511¡DÏ611¡D! boe! b! qsfttvsf! pg!!

311Ï361!bun-!xifsf!ju!nffut!uif!izesphfo/!Izesphfobujpo!ublft!qmbdf!up!

gpsn!ijhifs!izespdbscpot/!Uiftf!bsf!gvsuifs!efdpnqptfe!up!qspevdf!mpxfs!

izespdbscpot/!Xifo!uiftf!mpxfs!izespdbscpot!bsf!qbttfe!uispvhi!b!dppmfs-!
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b!mjrvje!sftfncmjoh!dsvef!pjm!jt!pcubjofe/!Uijt!pjm!po!gsbdujpobm!ejtujmmbujpo!

hjwft!hbtpmjof-!njeemf!pjm! boe!ifbwz!pjm/!Uif!njeemf!pjm! jt! tvckfdufe! up!

izesphfobujpo! jo! qsftfodf! pg! b! dbubmztu! up! qspevdf!npsf! hbtpmjof/! Uif!

ifbwz!pjm!jt!sfdzdmfe!up!nblf!b!qbtuf!xjui!gsfti!dpbm!qpxefs!)Gjh/!4/6*/

Gjh/!4/6! Cfshjvt!Qspdftt

! 4/:
HBTFPVT!GVFMT

Bewboubhft

! )j*! Uifjs!dpncvtujpo!dbo!fbtjmz!cf!dpouspmmfe/

! )jj*! Uifz!qpttftt!ijhi!dbmpsjÝd!wbmvf/

! )jjj*! Uifz!fbtjmz!usbotqpsu!uispvhi!qjqf!mjoft/

! )jw*! Uifz!sfrvjsf!mftt!bnpvou!pg!bjs!gps!dpnqmfuf!dpncvtujpo/

! )w*! Uifz!bsf!gsff!gspn!tpmje!boe!mjrvje!jnqvsjujft/!

! )wj*! Uifz!bsf!fbtz!up!jhojuf/

!)wjj*! Uifz!cvso!xjuipvu!tnplf!boe!qspevdf!op!bti/

Ejtbewboubhft

! )j*! Uifz!bsf!ijhimz!joÞbnnbcmf/

! )jj*! Uifz!sfrvjsf!wfsz!mbshf!tupsbhf!ubolt/!

! )jjj*! Uifz!bsf!dptumjfs!uibo!tpmje!boe!mjrvje!gvfmt/

4/:/2! Jnqpsubou!Hbtfpvt!Gvfmt

Uif!nptu!jnqpsubou!hbtfpvt!gvfmt!bsf!

! )j*! Obuvsbm!hbt

! )jj*! Qspevdfs!hbt

! )jjj*! Xbufs!hbt

! )jw*! Dpbm!hbt

! )w*! Cjp!hbt
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)j*!Obuvsbm!hbt! Obuvsbm!hbt!jt!hfofsbmmz!bttpdjbufe!xjui!qfuspmfvn!efqptjut/!
Xifo!obuvsbm!hbt!pddvst!bmpoh!xjui!qfuspmfvn!jo!pjm!xfmmt-!ju!jt!dbmmfe!xfu!hbt-!

boe!xifo! ju! jt! bttpdjbufe!xjui!dsvef!pjm-! ju! jt! dbmmfe!esz!hbt/!Obuvsbm!hbt! jt! b!

njyuvsf!pg!nfuibof-!fuibof-!qspqbof-!cvubof-!qfoubof-!dbscpo!ejpyjef-!ojusphfo-!

fud/!Uif!bqqspyjnbuf!dpnqptjujpo!pg!obuvsbm!hbt!jt

! DI5!>!81Ï:1&

! D3I7!>!6Ï21&

! I3!>!4&-!uif!sftu!jt!DP!boe!DP3!

Uif!dbmpsjÝd!wbmvf!pg!obuvsbm!hbt!jt!23111Ï25111!L/dbm0n4/

Vtft! Obuvsbm!hbt!jt!vtfe

! )b*! Bt!b!epnftujd!gvfm

! )c*! Bt!b!sbx!nbufsjbm!gps!nbovgbduvsf!pg!wbsjpvt!difnjdbmt!

! )d*! Gps!nbovgbduvsf!pg!izesphfo/

)jj*!Qspevdfs!hbt! Ju!jt!b!njyuvsf!pg!dbscpo!npopyjef!boe!ojusphfo/!I3-!DP3-!

fud/! bsf! puifs! hbtft! bttpdjbufe!xjui! qspevdfs! hbt/! Ju! jt! qsfqbsfe!cz!qbttjoh! b!

njyuvsf!pg!bjs!boe!tufbn!pwfs!b!cfe!pg!sfe!ipu!dplf!nbjoubjofe!bu!bcpvu!2211¡D!

jo!b!tqdjbm!sfbdups!dbmmfe!hbt!qspevdfs!)Gjh/!4/7*-!mjofe!xjui!sfgsbdupsz!csjdlt/

Gjh/!4/7! Hbt!qspevdfs

Sfbdujpot!jowpmwfe

Pyjebujpo!{pof

D!,!P3!Æ!DP3!,!:8!L/dbm

! D!,!
1

2
P3!Æ!DP!,!3:/6!L/dbm

Sfevdujpo!{pof

DP3!,!D!Æ!3DP!Ï!47!L/dbm

! D!,!I3P!Æ!DP!,!I3!Ï!3:!L/dbm

! D!,!3I3P!Æ!DP3!,!3I3!Ï!2:L/dbm
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Uif!bwfsbhf!dpnqptjujpo!pg!qspevdfs!hbt!jt!DP!>!33Ï41&-!I3!>!9Ï23!&-!O3!

>!63Ï66&!DP3!>!4&/

Uif!dbmpsjÝd!wbmvf!jt!bcpvu!2411!L/dbm0n4!

Vtft! Ju!jt!vtfe

! )b*! bt!b!sfevdjoh!bhfou!jo!nfubmmvshjdbm!pqfsbujpot

! )c*! bt!b!gvfm!gps!ifbujoh!pqfo!ifbsui!gvsobdft-!nvgÞf!gvsobdft-!fud/

)jjj*!Xbufs!hbt! Ju! jt!b!njyuvsf!pg!dbscpo!npopyjef!boe!izesphfo/!DP3-!O3-!

fud/! bsf! puifs! hbtft! bttpdjbufe!xjui!xbufs! hbt/! Ju! jt! bmtp! lopxo! bt! cmvf! hbt/!

Xbufs! hbt! jt! qsfqbsfe! cz! qbttjoh! bmufsobujwfmz! tufbn! boe! bjs! uispvhi! b! cfe!

pg! sfe! ipu! dplf! bu! bcpvu! :11¡DÏ2111¡D! jo! b! sfbdups/! Ju! jt! mjofe! jotjef! xjui!

sfgsbdupsz!csjdlt!)Gjh/!4/8*

Water
gas

SteamAir

Coke

Ash
outlet

Ash

Charging hopper

Gjh/!4/8! Xbufs!hbt!qspevdujpo

Sfbdujpot!jowpmwfe

! D!,!P3!Æ!DP3!,!:8!L/dbm!)Fypuifsnjd*

! D!,!I3P!Æ!DP!,!I3!Ï!3:!L/dbm!)Foepuifsnjd*

Uif!bwfsbhf!dpnqptjujpo!pg!xbufs!hbt!jt!

DP!>!52&-!I3!>!62&-!O3!>!5&-!DP3!>!5&

Jut!dbmpsjÝd!wbmvf!jt!bcpvu!3911!L/dbm0n4

Vtft! Ju!jt!vtfe

! )b*! bt!b!tpvsdf!pg!izesphfo!boe!jo!uif!tzouiftjt!pg!OI4

! )c*! gps!uif!qsfqbsbujpo!pg!dbscpobufe!xbufs!hbt!

! )d*! bt!bo!jmmvnjobou

! )e*! bt!b!gvfm!jo!joevtusjft

)jw*!Dpbm! hbt! Ju! jt! qspevdfe!cz! uif! ijhi! ufnqfsbuvsf! dbscpojtbujpo!pg! dpbm/!

Uif!bqqspyjnbuf!dpnqptjujpo!pg!dpbm!hbt!jt

I3!>!51&-!DI5!>!43&-!DP!>!8&-!D3I3!>!3&-!D3I5!>!4&-!O3!>!5&-!

DP3!>!2&-!puifst!>!5&

Jut!dbmpsjÝd!wbmvf!jt!5:11!L/dbm0n4/
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Vtft! Ju!jt!vtfe

! )b*! bt!b!gvfm

! )c*! bt!bo!jmmvnjobou!

! )d*! gps!qspwjejoh!sfevdjoh!bunptqifsf!jo!nfubmmvshjdbm!pqfsbujpot

)w*! Cjphbt! Ju! jt! qspevdfe! cz! uif! efhsbebujpo! pg! cjpmphjdbm! nbuufs! jo! uif!

qsftfodf! pg! bobfspcjd! cbdufsjb/! Uif! difbqftu! cjphbt! jt! hpcbs! hbt! xijdi! jt!

pcubjofe!cz!uif!bobfspcjd!efhsbebujpo!pg!dbuumf!evoh/!Uijt!dbo!bmtp!cf!qsfqbsfe!

gspn!uif!tfxbhf!xbtuf!boe!puifs!pshbojd!xbtuft/!

Dpnqptjujpo!pg!cjphbt!jt!

! DI5!>!66&-!DP3!>!46&-!I3!>!8/5&-!O3!>!3/7&!boe!usbdft!pg!I3T/

Jut!dbmpsjÝd!wbmvf!jt!2311!L/dbm0n4

Vtft! Ju!jt!vtfe

! )b*! bt!b!epnftujd!gvfm!

! )c*! bt!bo!jmmvnjobou/

! 4/21
DBMPSJGJD!WBMVF

Uif!fgÝdjfodz!pg!gvfm!jt!fyqsfttfe!jo!ufsnt!pg!dbmpsjÝd!wbmvf/!DbmpsjÝd!wbmvf!pg!

b!gvfm!jt!efÝofe!bt!uif!upubm!rvboujuz!pg!ifbu!mjcfsbufe!cz!cvsojoh!b!voju!nbtt!ps!

wpmvnf!pg!gvfm!dpnqmfufmz/

4/21/2! Vojut!pg!Ifbu

)j*! Dbmpsjf! ps! Hsbn! Dbmpsjf! Uif! bnpvou! pg! ifbu! sfrvjsfe! up! sbjtf! uif!

ufnqfsbuvsf!pg!2!h!pg!xbufs!uispvhi!2¡D!jt!dbmmfe!dbmpsjf

! ! ! 2!Dbm!>!5/296-!Kpvmft!>!5/296!¥!218!fsht/

)jj*!Ljmp!Dbmpsjf!ps!Ljmphsbn!Dbmpsjf!)L/dbm*! Uif!bnpvou!pg!ifbu!sfrvjsfe!

up!sbjtf!uif!ufnqfsbuvsf!pg!2!lh!pg!xbufs!uispvhi!2¡D!jt!dbmmfe!ljmp!dbmpsjf

! ! ! 2!L/dbm!>!2111!dbm/

)jjj*! Csjujti!Uifsnbm!Voju! )C/Ui/V*! Uif! bnpvou! pg! ifbu! sfrvjsfe! up! sbjtf! uif!

ufnqfsbuvsf!pg!pof!qpvoe!)mc*!pg!xbufs!uispvhi!2¡G!jt!dbmmfe!Csjujti!Uifsnbm!Voju/

2!C/Ui/V!>!363!Dbm!>!2165/7!Kpvmft!>!2165/7!Č!218!fsht/

)jw*!Dfoujhsbef!Ifbu!Voju!)DIV*! Uif!bnpvou!pg!ifbu!sfrvjsfe!up!sbjtf!uif!

ufnqfsbuvsf!pg!pof!qpvoe!pg!xbufs!uispvhi!2¡D!jt!dbmmfe!Dfoujhsbef!Ifbu!Voju/

2!L/Dbm!>!2111!Dbm!>!4/:79!C/Ui/V!>!3/3!D/I/V

4/21/3! Vojut!pg!Dbmpsjgjd!Wbmvf

Uif!dbmpsjÝd!wbmvf!jt!fyqsfttfe!jo!dbm/0h!ps!L/dbm0lh!)ps*!C/Ui/V0mc!jo!dbtf!pg!

tpmje!ps!mjrvje!gvfmt/!Xijmf!jo!uif!dbtf!pg!hbtfpvt!gvfmt-!uif!vojut!bsf!L/dbm0n4!

ps!C/Ui/V0gu4/
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Hsptt!Dbmpsjgjd!!Wbmvf!)HDW*!)ps*!Ijhifs!Dbmpsjgjd!!Wbmvf!)IDW*! Uif!upubm!

bnpvou!pg!ifbu!qspevdfe!xifo!b!voju!rvboujuz!pg!gvfm!jt!dpnqmfufmz!cvsou!boe!

uif!qspevdut!pg!dpncvtujpo!bsf!dppmfe!epxo!up!sppn!ufnqfsbuvsf!jt!dbmmfe!hsptt!

dbmpsjÝd! wbmvf/! Izesphfo! jt! gpvoe! up! cf! qsftfou! jo! bmnptu! bmm! gvfmt/! Evsjoh!

dpncvtujpo-! uif! izesphfo! qsftfou! voefshpft! dpncvtujpo! boe! jt! dpowfsufe! up!

tufbn/!Bt!uif!qspevdut!pg!dpncvtujpo!bsf!dppmfe!up!sppn!ufnqfsbuvsf-!uif!tufbn!

hfut!dpoefotfe!joup!xbufs!boe!uif!mbufou!ifbu! jt!fwpmwfe-!xijdi!jt! jodmvefe!jo!

uif!hsptt!dbmpsjÝd!wbmvf/

Ofu!Dbmpsjgjd!!Wbmvf!)ODW*!ps!Mpxfs!Dbmpsjgjd!!Wbmvf!)MDW*! Uif!bnpvou!

pg! ifbu! mjcfsbufe!xifo! b! voju! pg! gvfm! jt! dpnqmfufmz!cvsou! boe! uif! dpncvtujpo!

qspevdut! bsf!bmmpxfe! up!ftdbqf! jt! dbmmfe!ofu! dbmpsjÝd!wbmvf/!Hfofsbmmz-!evsjoh!

uif! dpncvtujpo! pg! b! gvfm-! uif! xbufs! wbqpvst! ftdbqf! bt! tvdi! bmpoh! xjui!

dpncvtujpo!qspevdut!boe!bsf!opu!dpoefotfe/

! ODW!>!HDW!Ð!mbufou!ifbu!pg!xbufs!wbqpvs!gpsnfe!

! I3!,!
1

2
P3!Æ!I3P

! 3!h! 27!h! 29!h

! 2!h! 9!h! :!h

2!qbsu!cz!xfjhiu!pg!izesphfo!hjwft!:!qbsut!cz!xfjhiu!pg!xbufs/

Uif! mbufou! ifbu! pg! tufbn! jt! 698! dbm0h! ps! 2171! C/Ui/V0mc! pg! xbufs! wbqpvs!

qspevdfe/!

\! ! ODW!>!HDW!Ï!:!¥!
H

100
!¥!698

! >!HDW!Ï!1/1:!¥!I!¥!698

xifsf!I!>!&!pg!izesphfo!jo!uif!gvfm!

! 4/22
EFUFSNJOBUJPO!PG!DBMPSJGJD!!

WBMVF!CZ!CPNC!DBMPSJNFUFS

DbmpsjÝd! wbmvf! pg! tpmje! boe! opo.wpmbujmf! mjrvje! gvfmt! jt! efufsnjofe! cz! vtjoh!

cpnc!dbmpsjnfufs/!Uif!bqqbsbuvt!dpotjtut!pg!b!dzmjoesjdbm!tubjomftt!tuffm!cpnc!

jo!xijdi! uif!dpncvtujpo!pg! gvfm! ublft!qmbdf/!Uif!cpnc!ibt!b!hbt! ujhiu! tdsfx!

dbq! up!xijdi!b!dpvqmf!pg! tubjomftt! tuffm!fmfduspeft-!bo!pyzhfo! jomfu!wbmwf!boe!

b! qsfttvsf! sfmfbtf! wbmwf! bsf!Ýuufe/!B! dsvdjcmf! jt! tvqqpsufe! cz! b! sjoh! buubdife!

up!pof!pg!uif!fmfduspeft/!Uif!cpnc!jt!qmbdfe!jo!b!dpqqfs!dbmpsjnfufs!xijdi!jt!

tvsspvoefe!cz!bo!bjs! kbdlfu!boe!pvufs!xbufs! kbdlfu! up!qsfwfou!ifbu! mptt!evf!up!

sbejbujpo/!Uif!dbmpsjnfufs!jt!qspwjefe!xjui!bo!fmfdusjdbmmz!pqfsbufe!tujssfs!boe!b!

Cfdlnboo!uifsnpnfufs!up!nfbtvsf!uif!sjtf!jo!ufnqfsbuvsf!)Gjh/!4/9*/
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Stirrer

Electrode

Battery
Oxygen

inlet valve
Beckmann

thermometer

Bomb

Water jacket

Fuel

Calorimeter

Fuse wire

Gjh/!4/9! Cpnc!dbmpsjnfufs

Qspdfevsf! Bcpvu!1/6!up!2/1!h!pg!bjs!esjfe!gvfm!jt!ublfo!jo!uif!dmfbo!dsvdjcmf!

xijdi!jt!tvqqpsufe!pwfs!uif!sjoh/!B!Ýof!nbhoftjvn!gvtf!xjsf!jt!qmbdfe!po!uif!

gvfm!tbnqmf!boe!tusfudife!bdsptt!uif!fmfduspeft/!Bcpvu!21!nm!pg!xbufs!jt!Ýmmfe!

jo! uif! cpnc! up! bctpsc! boz! wbqpvst/!Uif! cpnc! mje! jt! ujhiumz! tdsfxfe! boe! uif!

cpnc!jt!Ýmmfe!xjui!pyzhfo!hbt!vq!up!36!bunptqifsf!qsfttvsf/!Uif!cpnc!jt!uifo!

mpxfsfe! joup! uif! dbmpsjnfufs! dpoubjojoh! b! lopxo! nbtt! pg! xbufs/! Uif! tujssfs!

jt!xpslfe!boe! jojujbm! ufnqfsbuvsf!pg! uif!xbufs! jt!opufe/!Uif!fmfduspeft!pg! uif!

cpnc!bsf!dpoofdufe!up!b!7!wpmut!cbuufsz!boe!djsdvju!jt!dpnqmfufe/!Uif!gvfm!cvsot!

boe!ifbu!jt!mjcfsbufe/!Uif!ufnqfsbuvsf!pg!xbufs!hsbevbmmz!jodsfbtft!xjui!vojgpsn!

tujssjoh!boe!buubjofe!nbyjnvn!ufnqfsbuvsf!)Ýobm*!jt!opufe/

Dbmdvmbujpot!

Mfu;

! Xfjhiu!pg!uif!gvfm! >!nh

! Xfjhiu!pg!uif!xbufs!ublfo!jo!uif!dbmpsjnfufs! >!X/h!

! Xbufs!frvjwbmfou!pg!uif!dbmpsjnfufs-!cpnc-!tujssfs!fud/! >!Xh

! Jojujbm!ufnqfsbuvsf!pg!xbufs!! >! u2¡D

! Gjobm!ufnqfsbuvsf!pg!xbufs! >! u3¡D

! Ijhifs!dbmpsjÝd!wbmvf!pg!uif!gvfm!! >!M!dbm/0h

! Ifbu!mjcfsbufe!cz!gvfm!! >!Ifbu!bctpscfe!

! ! ! cz!xbufs!boe!!

! ! ! dbmpsjnfufs!

! ! nM!>!)X!,!x*!)u3!Ï!u2*

\! M)IDW*!>!
( )( )W w t t

m

+ -2 1
!dbm0h

! Ifodf-! MDW!>!M!Ï!1/1:!¥!I!¥!698!dbm0h
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Opuf;! Up! hfu!npsf! bddvsbuf! sftvmut! gvtf! xjsf! dpssfdujpo-! bdje! dpssfdujpo! boe!

dppmjoh!dpssfdujpo!ibt!up!cf!ublfo!joup!dpotjefsbujpo

L
cooling correction acid correction fuse wire c

=
+ - + - +( )( ) (W w t t2 1 oorrection)

m

Tpmwfe!Qspcmfn!

! 2/! Dbmdvmbuf!uif!hsptt!boe!ofu!dbmpsjÝd!wbmvf!pg!b!dpbm!tbnqmf!gspn!uif!gpmmpxjoh!

ebub!pcubjofe!gspn!cpnc!dbmpsjnfufs/!Xfjhiu!pg!dpbm!1/84!h-!xfjhiu!pg!xbufs!

jo!uif!dbmpsjnfufs!2611!h-!xbufs!frvjwbmfou!pg!dbmpsjnfufs!581!h-! jojujbm!ufnq!

36¡D!boe!Ýobm! ufnq/!39¡D-!qfsdfoubhf!pg!izesphfo! jo!dpbm!3/6&!boe!Mbufou!

ifbu!pg!tufbn!698!dbm0h/

Tpmvujpo
! ! Xfjhiu!pg!Dpbm!)n*! !>!1/84!h

! ! Xfjhiu!pg!xbufs!jo!uif!dbmpsjnfufs!)X*! !>!2611!h

! ! Xbufs!frvjwbmfou!pg!dbmpsjnfufs! !>!581!h

! ! Jojujbm!ufnqfsbuvsf! u2!>!36¡D

! ! Gjobm!ufnqfsbuvsf! u3!>!39¡D

! ! &!pg!izesphfo! !>!3/6&

! ! Mbufou!ifbu!pg!tufbn! !>!698!dbm0h

! ! ! Hsptt!dbmpsjÝd!wbmvf!)HDW*!>!
( ) ( )W w t t

m

+ -2 1

! ! ! !
=

+ -( ) ( )

.

1500 470 28 25

0 73

! ! ! !>!91:6/9:!dbm0h

! ! ! Ofu!dbmpsjÝd!wbmvf!)ODW*!>!HDW!Ï!1/1:!¥!I!¥!698

! ! ! !>!91:6/9:!Ï!1/1:!¥!3/6!¥!698

! ! ! !>!8:74/93!dbm0h!

Fyfsdjtf!Qspcmfnt!

! 2/! Dbmdvmbuf!uif!hsptt!dbmpsjÝd!wbmvf!pg!b!gvfm!tbnqmf!gspn!uif!gpmmpxjoh!ebub!pcubjofe!

gspn! cpnc! dbmpsjnfufs/!Xfjhiu! pg! gvfm! tbnqmf! 1/:46! h-! jodsfbtf! jo! ufnqfsbuvsf!

3/51¡D-!xfjhiu!pg!xbufs!jo!uif!dbmpsjnfufs!2476!h-!xbufs!frvjwbmfou!pg!dbmpsjnfufs!

fud/!246h/! ! ! )Bot;!IDW!>!4961/37!dbm0h*!

! 3/! 1/945!h!pg!b!gvfm!po!dpnqmfuf!dpncvtujpo!jo!fydftt!pg!pyzhfo!jo!cpnc!dbmpsjnfufs-!

uif! ufnqfsbuvsf! jodsfbtfe! gspn! 25/47¡D! up! 29/21¡D/! Uif! xfjhiu! xbufs! 2461! h-!

xbufs! frvjwbmfou! pg! dbmpsjnfufs-! fud/! 246! h/! Dbmdvmbuf! ijhifs! dbmpsjÝd! wbmvf! pg! b!

gvfm/! ! ! ! )Bot;!IDW!>!776:/46!dbm0h*

! 4/! Dbmdvmbuf! uif! hsptt! boe! ofu! dbmpsjÝd! wbmvf! pg! b! dpbm! tbnqmf! gspn! uif! gpmmpxjoh!

ebub/!Xfjhiu!pg!dpbm!1/86!h-!xfjhiu!pg!xbufs!jo!uif!dbmpsjnfufs!2561!h-!jodsfbtf!jo!

ufnqfsbuvsf!4/1¡D-!qfsdfoubhf!pg!izesphfo!jo!dpbm!3/4&-!mbufou!ifbu!pg!tufbn!698!

dbm0h!boe!xbufs!frvjwbmfou!pg!dbmpsjnfufs-!fud/!561!h/

! ! ! ! ! )Bot;!HDW!>!7111!dbm0h<!ODW!>!6989/5:!dbm0h*
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! 4/23
EFUFSNJOBUJPO!PG!DBMPSJGJD!WBMVF!!

CZ!KVOLFST!HBT!DBMPSJNFUFS

Uif! dbmpsjÝd! wbmvf! pg! hbtfpvt! boe! wpmbujmf! mjrvje! gvfmt! jt!nfbtvsfe! cz! vtjoh!

bo! bqqbsbuvt! lopxo! bt! Kvolfst! hbt! dbmpsjnfufs/! Uif! frvjqnfou! dpotjtut!

pg! qsfttvsf! hpwfsops-! hbt! Þpx! nfufs-! cvotfo! cvsofs-! dbmpsjnfufs-! fud/! Uif!

dbmpsjnfufs!jt!Ýyfe!po!b!usjqpe!tuboe!)Gjh/!4/:*!ibwjoh!mfwfmjoh!tdsfxt!up!lffq!

uif!dbmpsjnfufs!jo!qfsgfdumz!wfsujdbm!qptjujpo/!Uif!dbmpsjnfufs!nbjomz!dpotjtut!pg!

b!hbt!dpncvtujpo!dibncfs-!ifbu!fydibohfs!boe!xbufs!Þpx!tztufn/!Uif!foujsf!

tztufn!jt!dpwfsfe!cz!bo!pvufs!kfu! jo!psefs!up!sfevdf!uif!ifbu!mptt!cz!sbejbujpo!

boe! dpowfdujpo! )bdut! bt! bo! jotvmbups*/! Uxp! uifsnpnfufst! bsf! vtfe! up! sfdpse!

uif! ufnqfsbuvsft! pg! jomfu! xbufs! )jojujbm! ufnq/*! boe! pvumfu! xbufs! )Ýobm! ufnq/*!

sftqfdujwfmz/

Hot water
outlet

Combustion
chamber

Calorimeter

Outlet of
exhaust
gases Pressure

governor

T
h

e
rm

o
m

e
te

rs

Cold
water

supply

Gas flow meter

Source
of gas

Gjh/!4/:! Kvolfst!hbt!dbmpsjnfufs

Xbufs!foufst!joup!uif!dbmpsjnfufs!uispvhi!b!dpotubou!ifbu!boe!jut!ufnqfsbuvsf!

jt! opufe/!Uif! tbnqmf!pg! hbt!xiptf! dbmpsjÝd!wbmvf! jt! up! cf! efufsnjofe!qbttft!

uispvhi! b! qsfttvsf! hpwfsops! )dbo! dpouspm! uif! qsfttvsf! pg! uif! hbt*-! boe! uifo!

uispvhi! hbt! Þpx!nfufs! )dbo! sfdpse! uif! wpmvnf! pg! uif! hbt! vtfe*! boe! Ýobmmz!

cvsot! jo! Cvotfo! cvsofs/! Uif! ipu! qspevdut! pg! dpncvtujpo! npwf! vqxbse! jo!

uif! dibncfs-! uifo! epxoxbse! boe! Ýobmmz! ftdbqf! uispvhi! uif! fyju! xifsf! jut!

ufnqfsbuvsf!jt!nfbtvsfe/!Uif!ifbu!hfofsbufe!cz!dpncvtujpo!pg!hbt!jt!bctpscfe!

cz!uif!djsdvmbufe!dpme!xbufs/!Xifo!uif!tufbez!dpoejujpot!bsf!ftubcmjtife-! uifo!

uif!wpmvnf!pg!hbtfpvt!gvfm!cvsou-!uif!xfjhiu!pg!uif!xbufs!djsdvmbufe-!uif!tufbez!

sjtf!jo!ufnqfsbuvsf!bsf!sfdpsefe/

Dbmdvmbujpot

! ! Mfu!wpmvnf!pg!cvsot!bu!TUQ! >! W

! ! Nbtt!pg!dppmjoh!xbufs!vtfe! >! x
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! ! Ufnqfsbuvsf!pg!jomfu!xbufs! >! u2
! ! Ufnqfsbuvsf!pg!pvumfu!xbufs! >! u3
! Ijhifs!dbmpsjÝd!wbmvf!pg!gvfm!)IDW*! >! M

! Ifbu!qspevdfe!cz!dpncvtujpo!gvfm!>! WM

! Ifbu!bctpscfe!cz!djsdvmbufe!xbufs!>! X)u3!Ï!u2*

\! ! WM!>! X)u3!Ï!u2*

! ! IDW!)M*! >!
W t t

V

( )2 1-

! 4/24
DPNCVTUJPO

Dpncvtujpo!qspdftt!jt!bo!fypuifsnjd!difnjdbm!sfbdujpo!xijdi!jt!bddpnqbojfe!

cz! ifbu! boe! mjhiu/! Jo! puifs!xpset-! ju! jt! uif! vojpo! pg! bo! fmfnfou! ps! tvctubodf!

xjui!pyzhfo/!Evsjoh!dpncvtujpo-! uif!dpncvtujcmf!tvctubodf!ps!fmfnfou!xifo!

cspvhiu!up!uifjs!jhojujpo!ufnqfsbuvsf-!cvso!jo!qsftfodf!pg!bjs!)pyzhfo*!jotuboumz!

xjui! uif! efwfmpqnfou! pg! ifbu! boe! uivt! uifsf! jt! b! dpotjefsbcmf! jodsfbtf! jo!

ufnqfsbuvsf/

Dbmdvmbujpo!pg!bjs!sfrvjsfe!gps!dpncvtujpo

Dpncvtujpo!pg!dbscpo! ! D!,!P3!Æ!DP3

! ! ! ! 23! ! 43! ! ! 55

Bddpsejoh!up!ju!23!lh!pg!dbscpo!sfrvjsfe!43!lh!pg!pyzhfo!boe!qspevdf!55!lh!

pg!DP3/

Dbscpo!sfrvjsfe!43!lh!pg!pyzhfo!boe!qspevdf!55!lh!pg!DP3/!

Pyzhfo!sfrvjsfe!gps!dbscpo!>!
32

12
!D!lh

DP3!gpsnfe!gspn!dbscpo! >!
44

12
!D!lh

xifsf!ÓDÔ!jt!uif!bnpvou!pg!ÓDÔ!jo!lh!jo!2!lh!pg!gvfm/

Dpncvtujpo!pg!Izesphfo

! ! ! 3I3!,!P3!Æ!3I3P

! ! ! !!5! ! ! !!43! ! ! !47

Pyzhfo!sfrvjsfe!gps!izesphfo!>!
32

4
!I!lh

I3P!gpsnfe!gspn!izesphfo! >!
36

4
!I!lh

2!qbsu!pg!izesphfo!sfbdut!xjui!9!qbsut!pg!pyzhfo/!Bwbjmbcmf!izesphfo!gps!

dpncvtujpo!>!I!Ï!
( )O

8
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\! Pyzhfo!sfrvjsfe!gps!izesphfo!>!
32

4 8
H

O
-Ê

ËÁ
ˆ
¯̃

( )

Dpncvtujpo!pg!Tvmqivs

! ! ! T!,!P3!Æ!TP3
! ! ! 43! ! 43! ! ! 75

Pyzhfo!sfrvjsfe!gps!tvmqivs!>!
32

32
S !lh

TP3!gpsnfe!gspn!tvmqivs! >!
64

32
S !lh

! )b*! Upubm! uifpsfujdbm! pyzhfo! sfrvjsfe! gps! dpncvtujpo! pg! D-! I! boe!
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! )c*! Njojnvn!pyzhfo!sfrvjsfe!gps!dpncvtujpo! >!Uifpsfujdbm!pyzhfo!

sfrvjsfe!Ï!Pyzhfo!qsftfou!

jo!gvfm

! )d*! Bjs!dpoubjot!34&!cz!xfjhiu!pg!pyzhfo!boe!32&!cz!wpmvnf!pg!pyzhfo/

\! Njojnvn!xfjhiu!pg!bjs!sfrvjsfe!gps!dpncvtujpo!>!
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Tpmwfe!Qspcmfnt!

! 2/! B! tbnqmf! pg! dpbm! ibt! uif! gpmmpxjoh! dpnqptjujpo;! D! >! 87/1&-! I3! >! 6/3&-!

P3!>!23/1&-!T!>!2/3&-!O3!>!3/8&!boe!bti!>!3/3&/!Dbmdvmbuf!uif!rvboujuz!pg!

bjs!sfrvjsfe!gps!dpnqmfuf!dpncvtujpo!pg!2!lh!pg!uijt!dpbm/

Tpmvujpo! D!>!87/1&! !>!1/87!lh

! ! ! I3!>!6/3&! !>!1/163!lh

! ! ! P3!>!23/1&! !>!1/23!lh

! ! ! T!>!2/3&! !>!1/123!lh

! ! ! O3!>!3/8&! !>!1/138!lh

! ! ! Bti!>!3/3&! !>!1/133!lh
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!Njojnvn!bnpvou!pg!bjs!sfrvjsfe!gps!dpnqmfuf!dpncvtujpo!pg!2!lh!pg!dpbm!
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100

23

32

12
8

8
C H

O
S+ -Ê

ËÁ
ˆ
¯̃

+
È

Î
Í

˘

˚
˙

( )

! ! ! >!
100

23

32

12
0 76 8 0 052

0 12

8
0 012¥ + -Ê

ËÁ
ˆ
¯̃

+
È

Î
Í

˘

˚
˙. .

.
.

! ! ! >!21/28!lh

! 3/! B! tbnqmf! pg! dpbm! dpoubjot! uif! gpmmpxjoh! dpnqptjujpo;! D! >! 83&-! I3! >! 7/3&-!

P3!>!25/9&-!T!>!2/7&-!O3!>!3/9&!boe!bti!>!3/7&/!Dbmdvmbuf! uif!njojnvn!

bnpvou!pg!bjs!sfrvjsfe!gps!dpnqmfuf!dpncvtujpo!pg!2!lh!pg!dpbm!boe!hjwf!uif!

qfsdfoubhf!dpnqptjujpo!pg!esz!qspevdut!pg!dpncvtujpo/

Tpmvujpo! D!>!83&! !>!1/83!lh

! ! ! I3!>!7/3&! !>!1/173!lh

! ! ! P3!>!25/9&! !>!1/259!lh

! ! ! T!>!2/7&! !>!1/127!lh

! ! ! O3!>!3/9&! !>!1/139!lh

! ! ! Bti!>!3/7&! !>!1/137!lh!

!Njojnvn!bnpvou!pg!bjs!sfrvjsfe!gps!dpnqmfuf!dpncvtujpo!pg!2!lh!pg!dpbm

! ! ! >!
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! ! ! >!
100

23
2 276 9 89¥ =. . kg

!Esz!qspevdut!pg!Dpncvtujpo

!Sfbdujpo!! Qspevdut

!D!,!P3!Æ!DP3! 1/83!¥!
44

12
!>!3/75!lh

!T!,!P3!Æ!TP3! 1/127!Æ!
64

32
!>!1/143!lh

! ! O3!>!Gspn!gvfm!,!bjs!)88&*! >!1/139!,!:/9:!¥!
77

100

! ! ! ! >!8/73!lh

! ! ! Upubm!xfjhiu!pg!qspevdut! >!3/75!,!1/143!,!8/73

! ! ! ! >!21/3:

! ! ! &!pg!DP3! >!
2 64

10 29

.

.
!¥!211!>!36/77&

! ! ! &!pg!TP3! >!
0 032

10 29

.

.
!¥!211!>!1/42&

! ! ! &!pg!O3! >!
7 62

10 29

.

.
!¥!211!>!85/16&
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Fyfsdjtf!Qspcmfnt!

! 2/! B! tbnqmf!pg! dpbm!xbt! gpvoe! up! dpoubjo! uif! gpmmpxjoh!dpnqptjujpo;!D!>!92&-!I3!

>! 5/1&-!P3! >! 3&-!O3! >! 21&! uif! sfnbjojoh! cfjoh! bti/! Ftujnbuf! uif! rvboujuz! pg!

njojnvn!bjs!sfrvjsfe!gps!dpnqmfuf!dpncvtujpo!pg!2!lh!pg!uif!dpbm/! )Bot/!21/7:!lh*

! 3/! B!tbnqmf!pg!dpbm!ibt!cffo!gpvoe!up!dpoubjo!uif!gpmmpxjoh!dpnqptjujpo;!D!>!86&-!I3!

>!6/3&-!P3!>!23/9&-!T!>!2/3&-!O3!>!4/8&!boe!bti!>!3&/!Dbmdvmbuf!uif!njojnvn!

bnpvou!pg!bjs!ofdfttbsz!gps!dpnqmfuf!dpncvtujpo!pg!2!lh!pg!dpbm/! )Bot/!:/:7!lh*

! 4/! Dbmdvmbuf! uif!rvboujuz!pg!bjs! sfrvjsfe!gps! uif!dpnqmfuf!dpncvtujpo!pg!2!lh!pg! uif!

gvfm!pg!uif!gpmmpxjoh!dpnqptjujpo;!D!>!85&-!I3!>!6&-!T!>!2&-!P3!>!6&-!npjtuvsf!

>!8&!boe!bti!>!7/1&! ! ! )Bot/!21/24!lh*

! 4/25
GMVF!HBT!BOBMZTJT!CZ!PSTBUÕT!BQQBSBUVT

Uif! fgÝdjfodz! pg! uif! dpncvtujpo! dbo! cf! efufsnjofe! fyqfsjnfoubmmz! cz! uif!

bobmztjt! pg! Þvf! hbt! dpnjoh! pvu! gspn! uif! dpncvtujpo! dibncfs/! Gmvf! hbt! jt!

nbjomz! uif! njyuvsf! pg! DP3-! DP! boe! P3/! Gmvf! hbt! bobmztjt! jt! dbssjfe! pvu! cz!

vtjoh!PstbuÔt!bqqbsbuvt/! Ju! dpotjtut!pg!b!ipsj{poubm! uvcf!qspwjefe!xjui!b! uisff!

xbz!tupq!dpdl!bu!pof!foe!boe!211!nm!hsbevbufe!cvsfuuf!bu!uif!puifs!foe!xijdi!

jt!tvsspvoefe!cz!b!xbufs!kbdlfu!up!lffq!uif!ufnqfsbuvsf!pg!hbt!dpotubou!evsjoh!

uif!fyqfsjnfou/!Uif!mpxfs!foe!pg!uif!cvsfuuf!jt!dpoofdufe!up!b!xbufs!sftfswpjs!

cz!nfbot!pg!b! svccfs! uvcf/!Uif! mfwfm!pg!xbufs! jo! uif!cvsfuuf!dbo!cf! sbjtfe!ps!

mpxfsfe!xjui!uif!ifmq!pg!xbufs!sftfswpjs/!Uif!ipsj{poubm!uvcf!jt!bmtp!dpoofdufe!

xjui!uisff!ejggfsfou!bctpsqujpo!cvmct!)B-!C!boe!D*!ÓBÔ!cvmc!dpoubjot!qpubttjvn!

izespyjef!xijdi!dbo!bctpsc!DP3-!ÓCÔ!cvmc!dpoubjot!bmlbmjof!qzsphbmmpm!xijdi!

dbo!bctpsc!DP3!boe!P3-!ÓDÔ!cvmc!dpoubjot!bnnpojbdbm!dvqspvt!dimpsjef!xijdi!

dbo!bctpsc!DP3-!P3!boe!DP!)Gjh/!4/21*/!Ifodf!ju! jt!ofdfttbsz!uibu!Þvf!hbt! jt!

qbttfe! Ýstu! uispvhi! ÓBÔ! cvmc! xifsf! DP3! jt! bctpscfe-! uifo! uispvhi! ÓCÔ! cvmc!

xifsf!pomz!P3!jt!bctpscfe!)DP3!ibt!bmsfbez!cffo!sfnpwfe*!boe!Ýobmmz!uispvhi!

ÓDÔ!cvmc!xifsf!pomz!DP!jt!bctpscfe!)DP3!boe!P3!bsf!bmsfbez!sfnpwfe*/

Gjh/!4/21! PstbuÕt!bqqbsbuvt
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Qspdfevsf! Uif! bqqbsbuvt! jt! dmfbofe! boe! uif! bctpsqujpo! cvmct! bsf! Ýmmfe!

xjui! sftqfdujwf! tpmvujpot! boe! uifjs! tupq! dpdlt! bsf! dmptfe/!Uif! uisff!xbz! tupq!

dpdl!jt!pqfofe!up!uif!bunptqifsf-!uifo!uif!sftfswpjs!jt!sbjtfe!ujmm!uif!cvsfuuf!jt!

dpnqmfufmz!Ýmmfe!xjui!xbufs!boe!bjs! jt!dpnqmfufmz!sfnpwfe!gspn!uif!uvcf!boe!

cvsfuuf/!Uif!Þvf!hbt! jt! tvdlfe! joup! uif!cvsfuuf! boe! uif!wpmvnf! jt! bekvtufe! up!

211!nm! )j*!Uif!tupq!dpdl!pg! uif!cvmc! ÓBÔ! jt!pqfofe!boe! uif!xbufs! sftfswpjs! jt!

sbjtfe! up! gpsdf! uif! hbt! jotjef! uif! cvmc/!Uif!LPI! tpmvujpo! bctpsct!DP3/!Uif!

hbt!jt!bhbjo!qbttfe!up!uif!cvsfuuf/!Uif!qspdftt!jt!dpoujovfe!voujm!uif!dpnqmfuf!

bctpsqujpo!pg!DP3!boe! tupq!dpdl!pg! ÓBÔ! jt! dmptfe/!Uif!efdsfbtf! jo!wpmvnf!pg!

Þvf!hbt!hjwft!uif!wpmvnf!pg!DP3!jo!211!nm!pg!Þvf!hbt/!)jj*!Uif!tupq!dpdl!cvmc!

ÓCÔ!jt!pqfofe!xifsf!P3!pg!Þvf!hbt!jt!bctpscfe/!Uif!efdsfbtf!jo!wpmvnf!pg!Þvf!

hbt!hjwft! uif!wpmvnf!pg!P3!boe!tupq!dpdl!pg!cvmc!ÓCÔ!dmptfe/! )jjj*!Gjobmmz! uif!

tupq!dpdl!pg!cvmc!ÓDÔ!jt!pqfofe!xifsf!DP!jt!bctpscfe/!Uif!efdsfbtf!jo!wpmvnf!

pg!Þvf!hbt!hjwft!uif!wpmvnf!pg!DP/

Uif!wpmvnft!pg!P3! boe!DP!bsf!nfbtvsfe!vtjoh! uif! tbnf!qspdftt! pg!DP3/!

Uif! sfnbjojoh!hbt! jo!cvsfuuf!bgufs!bctpsqujpo!pg!DP3-!P3!boe!DP! jt! ublfo!bt!

ojusphfo/

Tjhojgjdbodf! Gspn! uif!Þvf! hbt! bobmztjt-! ju! jt! qpttjcmf! up! lopx!xifuifs! uif!

gvfm!jt!cvsou!dpnqmfufmz!ps!opu/

! )j*! Jg! uif! Þvf! hbt! dpoubjot! ijhi! qfsdfoubhf! pg!DP-! ju! joejdbuft! jodpnqmfuf!

dpncvtujpo!boe!pyzhfo!tvqqmz!jt!mftt!uibo!sfrvjsfe!bnpvou/

! )jj*! Jg! uifsf! jt! ijhi! qfsdfoubhf! pg! P3! jo! Þvf! hbt-! ju! joejdbuft! dpnqmfuf!

dpncvtujpo!boe!pyzhfo!tvqqmz!jt!npsf!uibo!sfrvjsfe!bnpvou/

Tipsu!Botxfs!Rvftujpo

! 2/! EfÝof!b!difnjdbm!gvfm

! ! Bot/!B! gvfm! jt! b! dpncvtujcmf! tvctubodf!xijdi! po! qspqfs! cvsojoh! jo! qsftfodf! pg!

pyzhfo!ps!bjs!hjwft!mbshf!bnpvou!pg!ifbu!fofshz!uibu!dbo!cf!vtfe!fdpopnjdbmmz!gps!

epnftujd!boe!joevtusjbm!qvsqptft/

! 3/! Xibu!bsf!ejggfsfou!uzqft!pg!gvfmt@

! ! Bot/!Uif!gpttjmf!gvfmt!ibwf!cffo!dmbttjÝfe!bddpsejoh!up!uifjs!

! ! )2*! pddvssfodf!boe! ! )3*! uif!tubuf!pg!bhhsfhbujpo/

Primary or Natural
State of Aggregation

Solid Liquid Gaseous

Wood
Peat
Coal
Dung

Crude oil Natural gas

Secondary or Derived
State of Aggregation

Solid
Coke

Charcoal
Briquette

Liquid
Tar

Kerosene
Diesel

Gaseous
Coal gas
Water gas
Bio gas

etc.

Chemical Fuels
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! 4/! Hjwf!gpvs!dibsbdufsjtujdt!pg!b!hppe!gvfm/

! ! Bot/! )j*! Ju!tipvme!ibwf!mftt!npjtuvsf!boe!bti

! ! ! )jj*! Ju!tipvme!qpttftt!ijhi!dbmpsjÝd!wbmvf

! ! ! )jjj*! Uif!wfmpdjuz!pg!uif!dpncvtujpo!tipvme!cf!npefsbuf

! ! ! )jw*! Ju!tipvme!cf!difbq!boe!sfbejmz!bwbjmbcmf

! ! ! )w*! Ju!nvtu!cf!fbtz!up!iboemf-!tupsf!boe!usbot!qpsu!bu!njojnvn!dptu/

! 5/! Xibu!jt!nfbou!cz!dbmpsjÝd!wbmvf!pg!gvfm@

! ! Bot/!Ju!jt!uif!upubm!rvboujuz!pg!ifbu!mjcfsbufe!xifo!b!voju!nbtt!)ps!wpmvnf*!pg!uif!

gvfm!jt!cvsou!dpnqmfufmz!jo!qsftfodf!pg!tvgÝdfou!rvboujuz!pg!bjs0pyzhfo/

! 6/! Dbmdvmbuf! uif! hsbtt! dbmpsjÝd! wbmvf! pg! b! dpbm! tbnqmf! gspn! uif! gpmmpxjoh! ebub!

pcubjofe! gpsn! cpnc! dbmpsjnfufs/! Xfjhiu! pg! dpbm! 1/84h-! xfjhiu! pg! xbufs! jo! uif!

dbmpsjnfufs!2611h-!xbufs!frvjwbmfou!pg!dbmpsjnfufs!581h-!joujbm!ufnq!36¡D!boe!Ýobm!

ufnq/!39¡D

! ! Bot/! Xfjhiu!pg!dpbm!)n*!>!1/84h

! ! ! ! ! Xfjhiu!pg!xbufs!jo!uif!dbmpsjnfufs!)x*!>!2611h

! ! ! ! ! Xbufs!frvjwbmfou!pg!dbmpsjnfufs!)d*!>!581h/

! ! ! ! ! Joujbm!ufnqfsbuvsft! u2!>!36¡D

! ! ! ! ! Gjobm!ufnqfsbuvsf! ! u3!>!39¡D

! ! ! ! ! Hsptt!dbmpsjÝd!wbmvf!)HDW*!>!
( )( )W w t t

m

+ -2 1

! ! ! ! ! ! !>!
( )( )

.

1500 470 28 25

0 73

+ -

! ! ! ! ! ! >!91:6/9:!dbm0h

! 7/! Xsjuf!tipsu.opuf!po!efhsff!pg!bmufsbujpo!gspn!xppe/

! ! Bot/! Xppe-! Qfbu-! Mjhobuf-! Cjuvnjopvt-! Bouisbdjuf/! DbmpsjÝd! wbmvf-! ibseoftt-!

dbscpo!dpoufou!jodsfbtf!gspn!xppe/

! 8/! Xiz!jt!dplf!qsfgfssfe!jo!nfubmmvshjdbm!qspdfttft@

! ! Bot/!Dplf!qpttftft

! ! ! )b*! Ijhifs!tusfohui

! ! ! )c*! Nfejvn!tj{f

! ! ! )d*! Ijhifs!dbmpsjÝd!wbmvf

! ! ! )e*! mfttfs!tvmqivs!dpoufou

! ! ! )d*! mpx!bti!boe!qpsptjuz

! 9/! Xibu!jt!tzouifujd!qfuspm@

! ! Bot/! Qfuspm! tzouiftjtfe! fjuifs! cz! qpmznfsj{bujpot! pg! mpx!npmfdvmbs!nbtt! pmfÝot!

boe!bmlboft!ps!gspn!Ýofmz!qpxefsfe!dpbm!boe!ifbwz!pjm!jt!dbmmfe!tzouifujd!qfuspm/

! :/! Xibu!ep!zpv!nfbo!cz!sfÝojoh!pg!qfuspmfvn!

! ! Bot/!Uif!qspdftt!pg!sfnpwfm!pg!jnqvsjujft!Gpsn!dsvef!pjm!boe!tfqbsbujpo!pg!wbsjpvt!

gsbdujpot!xjui!ejggfsfou!cpjmjoh!sbohft!jt!dbmmfe!sfÝojoh!pg!qfuspmfvn

!21/! Xibu!bsf!uif!qspevdut!pcubjofe!cz!Gsbdujpobm!ejtujmbujpo/

! ! Bot/!Ifbwz!pjm-!Ejftfm-!Lfsptfof-!Obqiuib-!Hbtpmjof!)Qfuspm*-!Qfuspmfvn!fuifs!boe!

vo! dpoefotfe! hbtft/! Ifbwz! pjm! sfqfbu! gsbdujpobm! ejtujmbujpo!xf! hfu! qbsbgÝo!xby-!
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Hsfbtft-!qfuspmfvn!kfmmz!boe!Mvcsjdbujoh!pjm/

!22/! Xibu!jt!nfbou!cz!pdubof!ovncfs!pg!hbtpmjof@

! ! Bot/!Uif!qfsdfoubhf!pg!jtppdubof!jo!b!njyuvsf!pg!jtppdubof!boe!h.ifqubof-!xijdi!

nbudift!uif!hbtpmjof!voefs!uftu!jo!lopdljoh!dibsbdufsjtujdt/

!23/! Xibu!jt!qpxfs!bmdpipm@

! ! Bot/!Fuizm!bmdpipm!jt!bo!jnqpsubou!gvfm!boe!xifo!ju!jt!vtfe!jo!b!joufsobm!dpncvtujpo!

fohjof!ju!jt!dbmmfe!qpxfs.Bmdpipm/

!24/! Xibu!bsf!uif!bewboubhft!pg!qpxfs!bmdpipm/

! ! Bot/!)j*!! Bmdpipm!ibt!bo!pdubof!wbmvf!pg!bcpvu!:1;

! ! ! )jj*! ju!ibt!cfuufs!bouj.lopdl!qspqfsujft!

! ! )jjj*!!Bmdpipm.!qfuspm!cmfoet!ibwf!mfttfs!tubsujoh!ejgÝdvmujft!

! ! )jw*!Uif!hsfbu.bewboubhft!pg!beejoh!bmdpipm! up!qfuspm! jt! uibu!bmdpipm! jt!dbqbcmf!pg!

bctpscjoh!boz!usbdft!pg!npjtuvsf!qsftfou/

!25/! Bssbohf!uif!Hbtfpvt!gvfmt!jo!jodsfbtjoh!psefs!pg!uifjs!dbmpsjÝd!wbmvft

! ! Bot/!Qspevdfs!hbt!=!xbufs/hbt!=!cjphbt!=!MQH

!26/! Xibu!jt!xfu!hbt

! ! Bot/!Xifo!obuvsbm!hbt!pddvst!bmpoh.xjui!qfuspmfvn!jo!pjm!xfmmt-! jut! jt!dbmmfe!xfu!

hbt/

!27/! Xiz!b!hppe!gvfm!nvtu!ibwf!mpx!bti!dpoufou/

! ! Bot/! Bti! jt! vtfmftt-! opo.dpncvtujcmf! nbuufs! qsftfou! b! gvfm! ju! sfevdft! uif!

dbmpsjÝd!wbmvf-!dbvtft!ijoesbodf!jo! uif!Þpx!pg!bjs!boe!ifbu-! uifsfcz!sfevdjoh!uif!

ufnqfsbuvsf!buubjofe/

!28/! Xibu!fofshz!dpowfstjpo!ublft!qmbdf!xifo!gvfm!jt!cvsou@

! ! Bot/! Difnjdbm! fofshz! jt! dpowfsufe! joup! ifbu! boe! mjhiu! uispvhi! dpncvtujpo!

sfbdujpo/

!29/! Xijdi!dpnqpofout!qsftfou!jo!qspevdf!hbt

! ! Bot/! ju! jt! b!njyuvsf!pg!DP!boe!Ojusphfo/!I3-!DP3!fud! bsf!puifs!hbtft! bttpdjbufe!

xjui!qspevdfs!hbt/

!2:/! Xibu!bsf!qfuspdifnjdbmt@

! ! Bot/! Uiptf! efsjwfe! gpsn! uif! dsvef! pjm! ps! Obuvsbm! hbt! uifz! jodmvef! mjhiu!

izespdbscpot!pcubjofe!cz!gsbdujpobm!ejtujmmjtbujpo/

!31/! Ipx!dbo!zpv!bobmztf!uif!nbttft!pg!DP3!boe!DP3!qspevdfe!evsjoh!dpncvtujpo!pg!b!

gvfm!tbnqmf@

! ! Bot/! Uif! Þvf! hbt! bobmztjt! cz! ps! tbuÔt! bqqbsbuvt! DP3! dbo! cf! bctpscfe! jo! b! qsf!

xfjhiufe! tbnqmf! pg! bmlbmj! )mjlf! LPI*/! DP! dbo! cf! bctpscfe! cz! b! qsf.xfjhife!

tbnqmf!pg!boizespvt!Dvdm3

Sfwjfx!Rvftujpot

Tipsu!Uzqf!Rvftujpot

! 2/! Xibu!bsf!Gvfmt@!Hjwf!uifjs!dmbttjÝdbujpo!xjui!tvjubcmf!fybnqmft

! 3/! Xsjuf!b!csjfg!bddpvou!pg!Tpmje!gvfmt@

! 4/! Xibu!jt!nfbou!cz!sfÝojoh!pg!qfuspmfvn@

! 5/! EfÝof!DbmpsjÝd!wbmvf!pg!Gvfm@!Xsjuf!jut!vojut/
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! 6/! EfÝof!Pdubof!Ovncfs@!Fyqmbjo!jut!tjhojÝdbodf/

! 7/! Xsjuf!tipsu!opuf!po!qpxfs!bmdpipm@

! 8/! Xibu!bsf!uif!bewboubhft!pg!Hbtfpvt!Gvfmt@

! 9/! Xibu!bsf!uif!dibsbdufsjtujdt!gps!hppe!gvfm@

! :/! Xibu!jt!Cjp!hbt@!Fyqmbjo!csjfÞz

!21/! Fyqmbjo!uif!tjhojÝdbodf!pg!uif!Þvf!hbt!bobmztjt!cz!PstbuÔt!Bqqbsbuvt

!22/! !Xibu!jt!nfbou!cz!Ofu!dbmpsjÝd!wbmvf@!Xsjuf!sfmbufe!gpsnvmb!gps!dpncvtujpo!pg!

Gvfm@

!23/! !Xsjuf!gpsnvmb!gps!dbmdvmbujpo!pg!njojnvn!bnpvou!pg!bjs!sfrvjsfe!gps!dpncvtujpo!

pg!Gvfm@

!24/! Xsjuf!gpsnvmb!gps!njojnvn!wpmvnf!pg!Bjs!jt!sfrvjsfe!gps!dpnqmfuf!dpncvtujpo!pg!

Gvfm@

!25/! Xibu!bsf!uif!bewboubhft!pg!vtjoh!bmdpipm!hbtpmjof!cmfoet!jo!dpncvtujpo!sfbdujpo@

!26/! Xiz!jt!dbmpsjÝd!wbmvf!pg!Dpbm!hbt!ijhifs!uibo!qspevdfs!hbt!boe!Cjp!hbt@!Kvtujgz/

Fttbz!Uzqf!Rvftujpot!

! 2/! Xibu!bsf!difnjdbm!gvfmt@!Hjwf!uifjs!dmbttjÝdbujpo!xjui!fybnqmft/

! 3/! Ejtdvtt!uif!dibsbdufsjtujdt!pg!hppe!gvfm/!Hjwf!uif!dmbttjÝdbujpo!pg!dpbm!boe!fyqmbjo!

fbdi!dmbtt!xjui!fybnqmft/

! 4/! EfÝof!dbmpsjÝd!wbmvf!pg!b!gvfm/!Ejtujohvjti!hsptt!boe!ofu!dbmpsjÝd!wbmvf/

! 5/! Eftdsjcf! uif! nfuipe! pg! efufsnjobujpo! pg! dbmpsjÝd! wbmvf! pg! tpmje! gvfm! cz! cpnc!

dbmpsjnfufs/

! 6/! Eftdsjcf!uif!gsbdujpobm!ejtujmmbujpo!pg!qfuspmfvn/

! 7/! Ipx!ep!zpv!tzouiftjtf!qfuspm!cz!GjtifsÏUspqtdi!qspdftt@

! 8/! Eftdsjcf!uif!bobmztjt!pg!Gmvf!hbt!cz!PstbuÔt!bqqbsbuvt/

! 9/! Xibu! bsf! uif! dibsbdufsjtujdt! pg!nfubmmvshjdbm! dplf@! Eftdsjcf! uif!nbovgbduvsf! pg!

nfubmmvshjdbm!dplf!cz!Puup.IpggnbooÔt!nfuipe/

! :/! Ejtdvtt!jo!efubjm!bcpvu!Cfshjvt!qspdftt!gps!uif!nbovgbduvsf!pg!tzouifujd!qfuspm/

!21/! Xibu!ep!zpv!nfbo!cz!sfÝojoh!pg!qfuspmfvn@!Mjtu!pvu!uif!wbsjpvt!gsbdujpot!pcubjofe!

evsjoh!sfÝojoh!pg!dsvef!pjm!xjui!uifjs!bqqspyjnbuf!dpnqptjujpo-!ufnqfsbuvsf!sbohf!

boe!vtft/!

!22/! Fyqmbjo! KvolfsÔt! hbt! dbmpsjnfufs! gps! uif! efufsnjobujpo! pg! dbmpsjÝd! wbmvf! pg! b!

hbtfpvt!gvfm/

!23/! Hjwf!uif!bqqspyjnbuf!dpnqptjujpot!boe!vtft!pg!qspevdfs!hbt!boe!xbufs!hbt/

!24/! Xsjuf!tipsu!opuft!po

! )b*! Dpbm!hbt! )c*! Cjp!hbt

! )d*! Xbufs!hbt! )e*! Qspevdfs!hbt

! )f*! Obuvsbm!hbt

!25/! Fyqmbjo!uif!tjhojÝdbodf!pg!uif!gpmmpxjoh!dpotujuvfout!qsftfou!jo!dpbm

! )b*! Npjtuvsf! )c*! Wpmbujmf!nbuufs

! )d*! Bti! )e*! Gjyfe!dbscpo

!26/! Hjwf!uif!dmbttjÝdbujpo!pg!dpbm/!Ejtdvtt!uif!rvbmjujft!pg!hppe!dpbm/

!27/! Fyqmbjo!uif!qspyjnbuf!bobmztjt!pg!dpbm!up!btdfsubjo!jut!rvbmjuz/

!28/! Ejtdvtt!uif!vmujnbuf!bobmztjt!pg!dpbm!xjui!jut!tjhojÝdbodf/
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Nvmujqmf!Dipjdf!Rvftujpot!

! 2/! Uif!ijhiftu!sboljoh!dpbm!jt

! )b*! bouisbdjuf! )c*! qfbu

! )d*! mjhojuf! )e*! cjuvnjopvt/

! 3/! Xijdi! pg! uif! gpmmpxjoh! jt! b! obuvsbm!

gvfm@

! )b*! dpbm!! )c*! dplf

! )d*! qfuspm! )e*! pjm!hbt/

! 4/! Cpnc! dbmpsjnfufs! jt! vtfe! gps!

efufsnjojoh!uif!dbmpsjÝd!wbmvf!pg

! )b*! tpmje

! )c*! hbtfpvt

! )d*! mjrvje

! )e*! cpui!)b*!boe!)d*/

! 5/! Nbjo!dpotujuvfou!pg!MQH!jt

! )b*! nfuibof!! )c*! qspqbof

! )d*! cfo{fof!! )e*! cvubof/!

! 6/! B!hppe!gvfm!tipvme!qpttftt

! )b*! ijhi!dbmpsjÝd!wbmvf

! )c*! mpx!dbmpsjÝd!wbmvf

! )d*! ijhi!jhojujpo!ufnqfsbuvsf

! )e*! npjtuvsf/

! 7/! Uif! dbmpsjÝd! wbmvf! pg! b! gvfm! jt!

fyqsfttfe!bt

! )b*! L/dbm0dn4! )c*! L/dbm0dn

! )d*! dbm0dn4! )e*! L/dbm0n4/

! 8/! Mbcpsbupsz! hbt! jt! qspevdfe! cz!

dsbdljoh

! )b*! ejftfm!pjm! )c*! lfsptfof!pjm

! )d*! qfuspm! )e*! qfbu/

! 9/! Hpcbs!hbt!nbjomz!dpoubjot

! )b*! DP! )c*! DI5

! )d*! O3! )e*! TP3/

! :/! Dpnqptjujpo!pg!xbufs!hbt!jt

! )b*! DP!,!O3! )c*! DP!,!DI5

! )d*! DI5!,!O3! )e*! DP!,!I3/

!21/! Qspevdfs!hbt!jt!b!njyuvsf!pg

! )b*! DP!,!DI5! )c*! DP!,!O3

! )d*! DP!,!I3!! )e*! DP!,!P3/

!22/! Xijdi! pg! uif! gpmmpxjoh! jt! npups!

fohjof!gvfm@

! )b*! ejftfm!! )c*! qfuspm

! )d*! lfsptfof! )e*! ifbwz!pjm/

!23/! DbmpsjÝd!wbmvf!pg!ejftfm!jt

! )b*! 22361!L/dbm0lh

! )c*! 22311!L/dbm!0lh

! )d*! 22111!L/dbm0lh

! )e*! 22211!L/dbm0lh/

!24/! Gmvf!hbt!bobmztjt!jt!epof!cz!vtjoh

! )b*! Cffijwf!pwfo

! )c*! Kvolfst!hbt!dbmpsjnfufs

! )d*! Cpnc!dbmpsjnfufs

! )e*! PstbuÔt!bqqbsbuvt/

!25/! Cz! bmufsobujwfmz! qbttjoh! bjs! boe!

tufbn!po!up!uif!sfe!ipu!dplf-!xf!hfu

! )b*! qspevdfs!hbt! )c*! xbufs!hbt

! )d*! cjp!hbt! )e*! pjm!hbt/

!26/! Jo! PstbuÔt! bqqbsbuvt-! LPI! jt! vtfe!

gps!bctpsqujpo!pg

! )b*! DP3! )c*! DP

! )d*! P3!! )e*! O3/

!27/! Uif!pomz!mjrvje!gvfm!jo!obuvsf!jt

! )b*! qfuspm! )c*! ejftfm

! )d*! qfuspmfvn!! )e*! lfsptfof/

!28/! ``````! jt! b! cjphbt! qspevdfe! gspn!

dbuumf!evoh/

! )b*! Hpcbs!hbt! )c*! Pjm!hbt

! )d*! Obuvsbm!hbt!! )e*! TP3/

!29/! Uif!mbufou!ifbu!pg!tufbn!jt

! )b*! 361!L/dbm0lh! )c*! 698!L/dbm0lh

! )d*! 411!L/dbm0lh! )e*! 561 !L /db m 0

lh/

!2:/! Bo!fybnqmf!pg!tfdpoebsz!gvfm!jt

! )b*! qfuspmfvn! )c*! obuvsbm!hbt

! )d*! dplf! )e*! dpbm/

!31/! Uif! dbmpsjÝd! wbmvf! pg! qspevdfs! hbt!

jt

! )b*! 2411!L/dbm0n4

! )c*! 2611!L/dbm0n4!

! )d*! 2911!L/dbm0n4

! )e*! 3611!L/dbm0n4/
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!

!32/! Uif!dbubmztu!vtfe!jo!Cfshjvt!qspdftt!jt

! )b*! Ojdlfm!Pybmbuf

! )c*! Ojdlfm!Pmfbuf

! )d*! Jspo

! )e*! Qmbujovn/

!33/! Uif! cpjmjoh! sbohf! pg! qfuspm! gsbdujpo!

jt!gpvoe!up!cf

! )b*! 231¡DÏ291¡D

! )c*! 361¡DÏ431¡D

! )d*! 51¡DÏ231¡D

! )e*! 291¡DÏ361¡D/

!34/! Uif! sbx! nbufsjbmt! vtfe! jo! Cfshjvt!

qspdftt! gps! qspevdujpo! pg! tzouifujd!

qfuspm!bsf

! )b*! dpbm!boe!izesphfo

! )c*! dplf!boe!pjm

! )d*! xbufs!hbt!boe!izesphfo!

! )e*! qspevdfs!hbt!boe!pjm/

!35/! Uif!dbmpsjÝd!wbmvf!pg!xbufs!hbt!jt

! )b*! 3911!L/dbm0n4

! )c*! 2911!L/dbm0n4

! )d*! 2411!L/dbm0n4

! )e*! 3111!L/dbm0n4/

!36/! Uif! upubm! ifbu! mjcfsbufe! cz! uif!

dpnqmfuf! dpncvtujpo! pg! pof! voju! pg!

gvfm!xjui!pyzhfo!jt!dbmmfe

! )b*! dbmpsjf

! )c*! ljmpdbmpsjf

! )d*! dbmpsjÝd!wbmvf

! )e*! dfoujhsbef!ifbu!voju/

!Botxfst

!! 2/! )b*! 3/! )b*! 4/! )e*! 5/! )e*! 6/! )b*

! 7/! )b*! 8/! )c*! 9/! )c*! :/! )e*! 21/! )c*

! 22/! )c*! 23/! )d*! 24/! )e*! 25/! )c*! 26/! )b*!

! 27/! )d*! 28/! )b*! 29/! )c*! 2:/! )d*! 31/! )b*

! 32/! )c*! 33/! )d*! 34/! )b*!! 35/! )b*! 36/! )d*

Gjmm!Vq!uif!Cmbolt!Rvftujpot

! 2/! Gvfm!,!P3!Æ Qspevdut!,!````````/!
! 3/! Uif!pomz!hbtfpvt!gvfm!jo!obuvsf!jt!````````/

! 4/! Hsptt!dbmpsjÝd!wbmvf````````!mbufou!ifbu!pg!dpoefotbujpo!pg!tufbn!jt!dbmmfe!`````/

! 5/! Uif!pof!pg!uif!dbubmztut!vtfe!jo!Cfshjvt!qspdftt!jt!````````/

! 6/! Mfbtu!sboljoh!dpbm!jt!````````/

! 7/! oDP!,!3oI3!Æ!````````!,!oI3P/

! 8/! Uif!qspdftt!pg!qsfqbsjoh!dplf!gspn!dpbm!jt!dbmmfe!````````/

! 9/! Uif!dbmpsjÝd!wbmvf!pg!bouisbdjuf!dpbm!jt!````````/

! :/! Uif!dbmpsjÝd!wbmvf!pg!xbufs!hbt!jt!````````!uibo!uibu!pg!qspevdfs!hbt/

!21/! Uif!bnpvou!pg!ifbu!sfrvjsfe!up!sbjtf!uif!ufnqfsbuvsf!pg!2!lh!pg!xbufs!uispvhi!2¡D!

jt!dbmmfe!````````/

!22/! Jo!PstbuÔt!bqqbsbuvt!````````!jt!vtfe!gps!bctpsqujpo!pg!DP3!boe!P3/

!23/! Uif!dbmpsjÝd!wbmvf!pg!obuvsbm!hbt!jt!````````/

!24/! Jo!qspyjnbuf!bobmztjt-!uif!qfsdfoubhf!pg!Ýyfe!dbscpo!>!````````/

!25/! B!hppe!rvbmjuz!dpbm!tipvme!ibwf!````````!ojusphfo!dpoufou/

!26/! Cpjmjoh!sbohf!pg!lfsptfof!pjm!jt!````````/
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Botxfst

! 2/! Ifbu! ! ! 3/! Obuvsbm!hbt

! 4/! Ofu!dbmpsjÝd!wbmvf!! 5/! Ojdlfm!pmfbuf!)ps*!ujo!pmfbuf

! 6/! Qfbu! ! ! 7/! Do!I3o

! 8/! Dbscpojtbujpo! ! ! 9/! 9761Ï9811!L/dbm0lh

! :/! Ijhifs! ! ! 21/! Ljmpdbmpsjf

! 22/! bmlbmjof!qzsphbmmpm!! 23/! 23111Ï25111!L/dbm0n4

! 24/! 211Ï&!pg!)npjtuvsf!,!wpmbujmf

! ! nbuufs!,!bti*

! 25/! Wfsz!mjuumf! ! ! 26/! 291Ï361¡D



Difnjtusz!pg!
Fohjoffsjoh!
Nbufsjbmt

6

Dmbttjgjdbujpo!pg!Nbufsjbmt

Bddpsejoh! up! bcjmjuz! pg! uif!nbufsjbmÔt! up! dpoevdu! fmfdusjdjuz-! uif!nbufsjbmt! bsf!

dmbttjÝfe! joup! gpvs! dbufhpsjft/! Uifz! bsf! jotvmbups-! dpoevdups-! tfnjdpoevdups!

boe!tvqfsdpoevdupst/

Jotvmbupst;!B!nbufsjbm!xjui! b! wfsz! ijhi! sftjtujwjuz! )! ?! 2123½dn**-!xijdi! jt!

sbuifs!joefqfoefou!pg!ufnqfsbuvsf-!jt!dmbttjÝfe!bt!bo!jotvmbups!

Dpoevdups;!B! nbufsjbm! ibwjoh! wfsz! mpx! sftjtujwjuz! jf/! ! =21.5! ½Ïdn-! xijdi!

jodsfbtft! uif! sftjtujwjuz!bt! uif! ufnqfsbuvsf! jodsfbtft-! jt!dpotjefsfe!bt!b!nfubm!

dpoevdups

Tfnjdpoevdups;! !B!nbufsjbm!xjui! bo! joufsnfejbuf! sbohfe! sftjtujwjuz! cfuxffo!

21.4½dn! up! 2122½dn! boe! xijdi! efdsfbtft! uif! sftjtujwjuz! xjui! jodsfbtjoh!

ufnqfsbuvsf!jt!dpotjefsfe!bt!b!tfnjdpoevdups/

Tvqfs!dpoevdups;!!B!tvqfsdpoevdups!jt!b!nbufsjbm!xiptf!sftjtubodf!jt!jefoujdbm!

up!uibu!pg!b!nfubm!bu!ijhi!ufnqfsbuvsf-!cvu!xiptf!sftjtubodf!espqt!up!{fsp!cfmpx!

b!qbsujdvmbs!ufnqfsbuvsf/

Cbtjd!Qsjodjqmf!pg!Dpoevdupst

Uif! Fofshz! cboe! dpoubjojoh! uif! wbmfodf! fmfduspot! jt! lopxo! bt! uif! wbmfodf!

cboe/! Uif! fofshz! cboe! pg! vopddvqjfe! pscjubmÔt! jt! lopxo! bt! uif! dpoevdujpo!

cboe/! Dpoevdujpo! ibqqfot! xifo! fmfduspot! bsf! qspnpufe! gspn! uif! wbmfodf!

cboe! up! uif! dpoevdujpo! cboe! boe! uijt! qifopnfopo! pddvst! gps! uif!npwfnfou!

pg! fmfduspot! uispvhipvu! uif! tpmje/! Uif! fofshz! hbq! cfuxffo! uif! wbmfodf!

boe! dpoevdujpo! cboet! jt! lopxo! bt! uif! cboe! hbq! fofshz! )Fh*/! Gps! nfubm!

dpoevdupst-!cboe!hbq!fofshz!jt!fttfoujbmmz!{fsp!boe!fmfduspot!bsf!qspnqufe!up!

uif!dpoevdujpo!cboe!rvjuf!fbtjmz!boe!ifodf!nblf!uif!nfubmt!hppe!dpoevdupst/!

Uif! tdifnbujd! sfqsftfoubujpo! jo! sftqfdu! pg! cboe! fofshz! hbq! pg! jotvmbupst-!

tfnjdpoevdupst!boe!dpoevdupst!bsf!tipxo!jo!Gjhvsf/!5/2/

5
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Gjh/! 5/2! Cboe! Fofshz! ejbhsbnt! pg! bo! jotvmbups-! b! tfnjdpoevdups-! boe! b!nfubm/!Epvcmf.ifbefe!

bsspx! joejdbuft! Cboe! Hbq! Fofshz! )Fh*! cfuxffo! wbmfodf! boe! dpoevdujpo! cboe/!Uif!

mfohui! pg! ! uif! cboe! hbq! efdsfbtft! gspn! bo! jotvmbups! up! b! nfubm-! xifsf! ju! jt! gpvoe!

fggfdujwfmz! {fsp/! Jo! tfnjdpoevdups! -! Fmfduspo! ipmf! qbjst! tipxo! bt! Þmmfe! djsdmft! jo!

dpoevdujpo!cboe!boe!!bt!pqfo!djsdmft!ps!ipmft!wbmfodf!cboe/

! 5/2!
TFNJDPOEVDUPS!NBUFSJBMT!

B! tfnjdpoevdups! nbz! cf! efÝofe! bt! b! nbufsjbm! xijdi! ibt! fmfdusjdbm!

dpoevdujwjuz!cfuxffo!uibu!pg!b!dpoevdups!tvdi!bt!dpqqfs!boe!bo!jotvmbups!tvdi!

bt! hmbtt/! Gvsuifs-! Tfnjdpoevdupst! bsf! tvctubodft! xjui! b! mjuumf! fmfdusjdbm!

dpoevdujwjuz! xijdi! nbz! cf! jodsfbtft! xjui! ufnqfsbuvsf/! Ejbnpoe! jt! b! opo.

dpoevdups/! Uif! ijhi! fmfduspofhbujwjuz! pg! Dbscpo! buusbdut! uif! fmfduspot! jo! uif!

D.D! cpoet/! Tjmjdpo! bmtp! dpotjefsfe! bt! tfnjdpoevdujoh! nbufsjbm! boe! gpvoe!

mftt! fmfduspofhbujwjuz! uibo! Dbscpo/! Tj.Tj! cpoet! bsf! xfblfs! uibo! D.D! cpoet/!

Fmfduspot!dbo!cf!njhsbufe!gspn!uif!cpoet!jo!Tjmjdpo!uispvhi!ifbujoh/!Xifo!b!

wpmubhf!jt!bqqmjfe!bdsptt!uif!nbufsjbmt-!uiftf!gsff!fmfduspot!dbo!njhsbuf!uispvhi!

uif! mbuujdf! sftvmujoh! jo!fmfdusjdbm!dpoevdujwjuz/!Uif!ijhifs! uif! ufnqfsbuvsft! uif!

npsf!ovncfs!pg!cpoet!csfbl!boe!ijhifs! uif!dpoevdujwjuz/!Tjmjdpo! jt! uifsfgpsf!

b! ÓtfnjdpoevdupsÔ/! Tfnjdpoevdupst! ps! nfubmmpjet! mjf! bu! uif! ejwjtjpo! cfuxffo!

uif!nfubmt! boe! uif! opo.nfubmt! gpvoe! jo! uif! qfsjpejd! ubcmf!xijdi! jt! tipxo! jo!

Gjhvsf/! 5/3/! Nptu! pg! fmfduspojd! efwjdft! vtf! tfnjdpoevdups! dpnqpofout! up!

qfsgpsn!fmfduspo!dpouspm

Gjh/!5/3! Nfubmmpjet!ps!Tfnjdpoevdupst!tipxt!jo!uif!ejwjtjpo!cfuxffo!uif!nfubmt!boe!opo.nfubmt
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Fmfduspot! dbo! bmtp! cf! ejtqmbdfbcmf! gspn! uif! cpoet! jo! tfnjdpoevdupst!xjui!

uif!ifmq!pg!!mjhiu!fofshz!jt!dbmmfe!uif!qipupwpmubjd!fggfdu/!Uijt!jt!vtfe!jo!tpmbs!

dfmmt!up!dpowfsu!tvomjhiu!joup!fmfdusjdjuz/

5/2/2! Cbtjd!Qsjodjqmf!pg!Tfnjdpoevdupst

Uif! Difnjdbm! cpoe! jo! tfnjdpoevdupst! jt! qsjnbsjmz! dpwbmfou-! xijdi! jt! rvjuf!

ejggfsfou! gspn! nfubmmjd! cpoe/! Xifo! uif! bupnt! bsf! cspvhiu! ofbs! up! fbdi! jo!

uif! tpmje-! uif! tqmjuujoh! pg! uif! fofshz! mfwfmt! qspevdft! uxp! cboet! boe! uifz! ep!

opu! pwfsmbq! /!Uif! dpoevdujpo! cboe! mjft! ijhifs! jo! fofshz! boe! jt! opu! pddvqjfe!

xjui! fmfduspot! bu! 1! L/! Uif! wbmfodf! cboe! mjft! mpxfs! jo! fofshz! boe! jt! Ýmmfe!

fmfduspot!bu!1!L/!Uif!fofshz!tqmjuujoh!cfuxffo!uif!upq!pg!uif!wbmfodf!cboe!boe!

uif!cpuupn!pg! uif!dpoevdujpo!cboe! jt!dbmmfe! uif!fofshz!hbq! )Fh*/!Uif!wbmfodf!

cboe!pg! tfnjdpoevdups! jt! gvmm! boe! uif! dpoevdujpo! cboe! jt! fnquz! bu! 1!L! /Uif!

fofshz!tfqbsbujoh!uif!wbmfodf!boe!dpoevdujpo!cboet!jt!uif!jousjotjd!fofshz!hbq-!

Fh! >! )Fd! Ï! Fw*/! Gjhvsf! 5/4! tipxt! uif! Fofshz! mfwfm! ejggfsfodf! bu! ejggfsfou!

fofshjft/

Gjh/!5/4! Fofshz!mfwfm!ejbhsbn!pg!tfnjdpoevdups!gps!uif!fmfduspojd!cboet/!

! )b*! Bo!Jousjotjd!tfnjdpoevdups!xjui!bo!fofshz!hbq!pg!Fh-!b!wbmbodf!cboe!pg!Fw!

boe!b!dpoevdujpo!cboe!pg!Fd/!

! )c*! Fyusjotjd!tfnjdpoevdups!)Epqfe*!xjui!epops!mfwfm!Fe!boe!bddfqups!mfwfm!

Fb

Jg!uif!tfnjdpoevdups!ibwjoh!jnqvsjuz!)epqbou*!bupnt-!fofshz!tubuft!dbo!fyjtu!

jo! cfuxffo! uif! dpoevdujpo! cboe! )Fd*! boe! uif! wbmfodf! cboe! )Fw*/! Jg! bo! bupn!

dpoubjot!pof!npsf!wbmfodf!fmfduspo! uibo! uif! tfnjdpoevdups!bupn!xjmm!pddvqz!

jo!uif!mbuujdf!pomz!cvu!opu!vtfe!jo!cpoejoh/!!Jotufbe!pg!vtjoh!jo!cpoe!gpsnbujpo-!

uijt! fmfduspo! xpvme! cf! mpdbmj{fe! po! uif! jnqvsjuz! bupn! boe! ibwf! bo! fofshz!

)Fe*! kvtu! cfmpx! uibu! pg! uif! dpoevdujpo! cboe! )Fd*/! Gps! fybnqmf-! qiptqipsvt!

bupn!epqfe! jo! tjmjdpo! uzqf/!Uijt! uzqf!pg! jnqvsjuz! jt!lopxo!bt!epops! boe! uif!

tfnjdpoevdups!jt!sfgfssfe!up!bt!bo!o.uzqf/!Jo!dpousbtu!up!o.uzqf!tfnjdpoevdups-!

bo! jnqvsjuz!bupn!xjui!pof!mftt!wbmfodf!fmfduspo!uibo!uif!tfnjdpoevdups!bupn!

xjmm!bdu!bt!b!ipmf!)uijt!nbz!cf!Ýmmfe!xjui!bo!fmfduspo*!xjui!bo!fofshz!mfwfm)!Fb*!

kvtu!bcpwf!uif!wbmfodf!cboe/!Tvjubcmf!fybnqmf!voefs!uijt!dbufhpsz!jt!bmvnjovn!

bupn! jo! tjmjdpo/! Uijt! ljoe! pg! jnqvsjuz! ps! epqbou! jt! dbmmfe! bo! bddfqups! ps! b!
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q.uzqf! tfnjdpoevdups/! Uiftf! epqbou! bupnt! esbnbujdbmmz! dibohf! boe! jnqspwf!

uif! tfnjdpoevdupsÔt! dpoevdujwjuz/! Jo! uif! dbtf! pg! JoTc! dsztubm-! Tc! bupn!bdu! bt!

epops! boe! Jo! bupn!bdu! bt! bddfqups/!Ifodf-! q! ps! o.uzqf! tfnjdpoevdups! dbo!cf!

qspevdfe/!

Epqjoh

Beejujpo! pg! usbdf! bnpvout! pg! puifs! fmfnfout! up! b! tfnjdpoevdups! mfbe! up!!

jodsfbtf!uif!dpoevdujwjuz!pg!uif!nbufsjbm!jt!dbmmfe!epqjoh/!Uifsf!bsf!uxp!ljoet!

pg!epjoh!ufdiojrvft!up!hfu!jo!o.uzqf!ps!q.uzqf!tfnjdpoevdupst/!Cz!dpotjefsjoh!

tjmjdpo!jt!bo!fybnqmf-!up!jmmvtusbuf!o.uzqf!boe!q.uzqf!tfnjdpoevdupst/

o.uzqf! Tfnjdpoevdupst;! Jo! uijt! uzqf! pg! tfnjdpoevdupst-! bee! usbdf! bnpvout!

pg! Qiptqipsvt! up! Tjmjdpo/! Bt! qfs! fmfduspojd! dpoÝhvsbujpo-! qiptqipsvt! ibt!

Ýwf!pvufsnptu!fmfduspot!tp! uifsf! jt!pof! mfgu!pwfs!podf! uif!cpoet! gpsnfe!xjui!

Tjmjdpo/!Uijt!fyusb!ps!opocpoejoh!fmfduspo!dbo!npwf!gsffmz!uispvhi!uif!mbuujdf!

up!jodsfbtf!uif!dpoevdujwjuz!pg!Tjmjdpo/!Uif!fyusb!fmfduspo!cfuxffo!uif!Q!boe!Tj!

dsfbuft!b!tnbmm!ofhbujwf!dibshf!jo!uibu!bsfb!ifodf!uif!obnf!o.uzqf!)o.tuboet!gps!

ofhbujwf*/!Uif!qjdupsjbm!ejbhsbn!jt!tipxo!jo!Gjhvsf!5/5

Gjh/!5/5! Qjdupsjbm!ejbhsbnnbujd!sfqsftfoubujpo!pg!o.uzqf!tfnjdpoevdups

q.uzqf! Tfnjdpoevdupst;! Uijt! uzqf! pg! tfnjdpoevdupst! qspevdfe! xjui! uif!

beejujpo!pg!tnbmm!bnpvout!pg!Cpspo!up!Tjmjdpo/!Cpspo!fmfduspojd!dpoÝhvsbujpo!

tipxt-! ju! ibt! uisff! pvufs! fmfduspot!xijdi! bsf! jotvgÝdjfou! up!nblf! gpvs! cpoet!

xjui! Tjmjdpo/! Pof! fmfduspo! po! Tjmjdpo! jt! mfgu! pwfs! boe! gpvoe! opocpoejoh!

fmfduspo/! Uijt! fyusb! fmfduspo! dbo! npwf! gsffmz! uispvhi! uif! dsztubm! mbuujdf! up!

jodsfbtf!uif!dpoevdujwjuz!pg!Tjmjdpo/!Uif!mbdl!pg!bo!fmfduspo!cfuxffo!uif!cpspo!

boe!tjmjdpo!bupnt!dsfbuft!b!tnbmm!qptjujwf!dibshf!jo!uibu!bsfb!boe!jt!pgufo!dbmmfe!

bt!qptjujwf!ipmf-!ifodf! uif!obnf!pg! !q.uzqf!tfnjdpoevdups/!Uif!ejbhsbnnbujd!

sfqsftfoubujpo!jt!tipxo!jo!Gjhvsf/!5/6/
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SiSi

Si Si Si
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Unbonded electron

Boron atom

Silicon atom

Gjh/!5/6! Qjdupsjbm!ejbhsbnnbujd!sfqsftfoubujpo!pg!q.uzqf!tfnjdpoevdups

Pof! pg! uif! nbjo! bqqmjdbujpot! pg! o.uzqf! boe! q.uzqf! tfnjdpoevdups! xbt!

nbljoh! pg! sfdujÝfs/! Ju! jt! opujoh! uibu! jg! bo! o.uzqf! boe! q.uzqf! tfnjdpoevdups!

kpjot! uphfuifs-! uif! fyusb! fmfduspot! jo! uif! o.uzqf!npwf! joup! uif! qptjujwf! ipmft!

jo! uif! q.uzqf! pg! tfnjdpoevdups/! Ipxfwfs-! fmfduspot! dboopu! Þpx! gspn! q.uzqf!

tfnjdpoevdups! up! o.uzqf! tfnjdpoevdups! tjodf! uifsf! jt! op! wbdbou! pscjubm! up!

bddpnnpebuf!fyusb!fmfduspo/!Uifsfgpsf-! uif!q.o! kvodujpo!xjmm!bmmpx!dvssfou! up!

Þpx!uispvhi!ju!jo!pof!ejsfdujpo!pomz/!Uijt!ljoe!pg!efwjdf!jt!lopxo!bt!b!sfdujÝfs-!

xijdi!jt!uif!nbjo!cbtjt!gps!uif!npefso!fmfduspojdt!joevtusz/

5/2/3! Bqqmjdbujpot!pg!Tfnjdpoevdupst

Tfnjdpoevdupst! bsf! pg! fopsnpvt! xjef! ufdiopmphjdbm! jnqpsubodf! cfdbvtf! pg!
uifjs! tqfdjbm!qspqfsujft-!xijdi!dbo!cf!npejÝfe!cz!epqjoh/!Tpnf!bqqmjdbujpot!

jodmvef;

! 2/! Tfnjdpoevdupst!bsf!uif!gpvoebujpo!gps!npefso!fmfduspojdt!xijdi!jodmveft!

sbejp-!dpnqvufst-!boe!ufmfqipoft/!

! 3/! Tfnjdpoevdups.cbtfe! fmfduspojd! dpnqpofout! fnqmpzfe! jo! wbsjpvt!

bqqmjdbujpot!jodmvejoh!usbotjtupst-!tpmbs!dfmmt-!mjhiu.fnjuujoh!ejpeft!)MFEt*-!

boe!ejhjubm!boe!bobmph!joufhsbufe!djsdvjut

! 4/! Uif!sftjtujwjuz!pg!tfnjdpoevdupst!dibohft!xjui!ufnqfsbuvsf/!Po!uif!cbtjt!

pg!uijt-!tfnjdpoevdupst!fobcmf!up!cf!vtfe!bt!uifsnpnfufst

! 5/! Tfnjdpoevdups! bsf! vtfe! jo!nbljoh! pg! Ibmm! Qspcft/!Uiftf! bsf!nfbtvsf!

nbhofujd!Ýfme! tusfohuit!xjui! uif! ! b! tnbmm! qjfdf! pg! tfnjdpoevdups!xjui!

lopxo!qspqfsujft/

! 6/! JS! Tfotpst0Pqupfmfduspojd! efwjdft! bsf! nbef! vtjoh! tfnjdpoevdupst/!

Pqupfmfduspojd! efwjdft! bsf! dbqbcmf! pg! sfdphoj{joh! ps! sftqpoejoh! up!

mjhiu!pg!ejggfsfou!xbwfmfohuit/!Uijt!jt!dbmmfe!bt!b!qifopnfopo!pg!qipup.

dpoevdujwjuz!xifsfcz!b!tfnjdpoevdups!dbo!hsfbumz!jodsfbtf!jut!fmfdusjdbm!

dpoevdujwjuz!jg!uif!sbejbujpo!fofshz!ibt!sftpobodf!xjui!cboe!hbq!fofshz!

dbo!bcmf!up!qspnpuf!fmfduspot!bdsptt!uif!cboe!hbq/!Wbsjpvt!tfnjdpoevdupst!

bsf!bwbjmbcmf!xjui!ejggfsfou!cboe!hbqt!up!tvju!qbsujdvmbs!bqqmjdbujpot/
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! 5/3
TVQFSDPOEVDUPST

Nptu!pg! uif!dpoevdupst! mptf!bmm!pg! uifjs!fmfdusjdbm! sftjtubodf!xifo!dppmfe! up!wfsz!

mpx!ufnqfsbuvsft!xijdi!jt!ofbs!up!bctpmvuf!{fsp!ps!.384pDfmtjvt/!Tvqfsdpoevdupst!

bsf! nbufsjbmt! uibu! tipx! bmnptu! {fsp! fmfdusjdbm! sftjtubodf! bu! ufnqfsbuvsft! ofbs! 1!

L/! Uif! uisftipme! ufnqfsbuvsf! gps! b! tvqfsdpoevdups! up! txjudipwfs! gspn! opsnbm!

dpoevdujpo! up! tvqfsdpoevdujwjuz! jt! dbmmfe! uif! usbotjujpo! ufnqfsbuvsf/!Usbotjujpo!

ufnqfsbuvsft! gps! dmbttjd! tvqfsdpoevdupst! bsf! jo! uif! dszphfojd! sbohf! jf/! ofbs! up!

bctpmvuf! {fsp/! Ivoesfet! pg! nbufsjbmt! bsf! lopxo! up! cfdpnf! tvqfsdpoevdupst! bu!

mpx! ufnqfsbuvsft/! Bu! mpx! ufnqfsbuvsft! boe! mpx! qsfttvsf-! ofbsmz! 38! difnjdbm!

fmfnfout-! jo! xijdi! bmm! pg! uifn! nfubmt! bsf! dpotjefsfe! bt! tvqfsdpoevdupst! xjui!

uifjs! opsnbm! dsztubmmphsbqijd! gpsnt/! Bnpoh! uiftf! uif! dpnnpo! lopxo! nfubmt!

bsf;! bmvnjovn-! ujo-! mfbe-! boe!nfsdvsz! boe! mftt! dpnnpo! poft! tvdi! bt! sifojvn-!

mbouibovn! boe! qspubdujojvn/! Gvsuifs-! 22! fmfnfout!xijdi! bsf!nfubmt-! tfnjnfubmt!

boe! tfnjdpoevdupst! bsf! tvqfsdpoevdupst! bu! mpx! ufnqfsbuvsft!boe!ijhi!qsfttvsft/!

Fybnqmft!pg! tvdi! fmfnfout! bsf!vsbojvn-! dfsjvn-! tjmjdpo-! boe! tfmfojvn/!Cjtnvui!

boe!Ýwf!puifs!fmfnfout!bsf!opu!tvqfsdpoevdujoh!xjui!uifjs!opsnbm!dsztubmmphsbqijd!

gpsn-!dbo!cf!nbef! tvqfsdpoevdujoh! jo!b!ijhimz!ejtpsefsfe! gpsn-!xijdi! jt! tubcmf!

bu!fyusfnfmz!mpx!ufnqfsbuvsft/!!Nptu!pg!uif!lopxo!tvqfsdpoevdupst!bsf!bmmpzt!ps!

dpnqpvoet/!Tvqfsdpoevdujwjuz!jt!opu!fyijcjufe!cz!boz!pg!uif!nbhofujd!nbufsjbm!

dispnjvn-!nbohboftf-!jspo-!dpcbmu!boe!ojdlfm/!

Sfdfoumz! fopvhi! qsphsftt! ibwf! cffo! pctfswfe! jo! uif! efwfmpqnfou! pg!

tvqfsdpoevdupst! xijdi! ibwf! {fsp! sftjtubodf! kvtu! bcpwf! uif! cpjmjoh! qpjou!

pg! mjrvje! Ojusphfo! )88! L*! xijdi! bsf! mftt! dptumz! up! bdijfwf/! Gps! fybnqmf!

ZCb3Dv4P8!cfdpnft!tvqfsdpoevdujoh!cfmpx!:3!L/!D71!)Gvmmfsfoft*!epqfe!xjui!

Qpubttjvn!boe!Svcjejvn!jt!fyijcjut!tvqfsdpoevdujoh!bu!uiftf!npsf!nbobhfbcmf!

ufnqfsbuvsft/! Jefbmmz-! b! tvqfsdpoevdups! tipvme! cf! bcmf! up! pqfsbuf! xjuijo! uif!

sbohf! pg! bncjfou! ufnqfsbuvsft/! Uif! dsjujdbm! ufnqfsbuvsft! gps! b! gfx! dpnnpo!

tvctubodft!bsf!tipxo!ifsf!jo!uijt!ubcmf/!

Ubcmf/!5/2! Uzqjdbm!dsjujdbm!ufnqfsbuvsf!pg!tpnf!pg!uif!nbufsjbmt

Nbufsjbm Fmfnfou0dpnqpvoe0bmmpz Dsjujdbm!Ufnqfsbuvsf!L

Bmvnjovn Fmfnfou 2/13

Dbenjvn Fmfnfou 1/67

Mfbe Fmfnfou 8/3

Nfsdvsz Fmfnfou 5/27

Ojpcjvn Fmfnfou 9/81

Uipsjvn Fmfnfou 2/48

Ujo Fmfnfou 4/83

Dpoue/
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Ujubojvn Fmfnfou 1/4:

Vsbojvn Fmfnfou 2/1

[jod Fmfnfou! 1/:2

Ojpcjvn0Ujo Bmmpz 29/2

Dvqsjd!TvmQijef Dpnqpvoe 2/71

Mjnjubujpot;! Tvqfsdpoevdujoh! nbufsjbmt! tipvme! joufsbdu! xjui! nbhofujd!

Ýfmet! boe! gpvoe! wbsjbujpot! jo! dpoevdujwjujft/! Jo! uif! tvqfsdpoevdujoh! tubuf-!

b! tvqfsdpoevdujoh! nbufsjbm! xjmm! ufoe! up! bctfou! bmm! nbhofujd! Ýfmet! boe! tvdi!

b! qifopnfopo! lopxo! bt! uif! Nfjttofs! fggfdu/! Xifo-! uif! nbhofujd! Ýfme!

jodsfbtft!cfzpoe! b! dsjujdbm! mfwfm-! uif! tvqfsdpoevdujoh!nbufsjbm!xjmm! dpowfsufe!

joup! opo.tvqfsdpoevdujwf/! Ifodf-! tvqfsdpoevdujoh! nbufsjbmt! xjmm! mptf! uifjs!

tvqfsdpoevdujwjuz-! jg! ju! fyqptfe! up! wfsz! tuspoh! nbhofujd! Ýfme/! Jo! gbdu-! uif!

qsftfodf!pg!boz!nbhofujd!Ýfme!mfbet!up!efdsfbtf!uif!dsjujdbm!ufnqfsbuvsf!pg!boz!

tvqfsdpoevdujoh!nbufsjbm/!Uifsfgpsf-!tuspoh!nbhofujd!Ýfmet!qsftfou-!uif!dpmefs!

zpv! ibwf! up! nblf! uif! nbufsjbm! cfgpsf! ju! xjmm! tvqfs! dpoevdu/! Uijt! jt! bopuifs!

qsbdujdbm! mjnjubujpo! up! tvqfsdpoevdupst! jo! djsdvju! eftjho-! tjodf! fmfdusjd! dvssfou!

uispvhi!boz!dpoevdups!efwfmpqt!b!nbhofujd!Ýfme/!

Bewboubhf;! Ejtdpwfsz! pg! Tvqfsdpoevdupst! qspnjtft! fyufotjwf! dbqbcjmjujft!

jo! uif! dbtf! pg! fmfdusjd! djsdvjut/! Jg! pof! dbo! fmjnjobuf! foujsf! sftjtubodf! pg!

b! dpoevdups-! uifsf! xjmm! cf! op! qpxfs! mpttft! jo! fmfdusjdbm! qpxfs! tztufnt!

evf! up! tusbz! sftjtubodft/! Voefs! tvdi! dpoejujpot-! fmfdusjd! npupst! dpvme! cf!

nbef! bmnptu! qfsgfdumz! ps211&! fgÝdjfou/! Fmfdusjdbm! dpnqpofout! tvdi! bt!

dbqbdjupst! boe! joevdupst-! xiptf! jefbm! dibsbdufsjtujdt! bsf! hfofsbmmz! bggfdufe!

cz! joifsfou!xjsf! sftjtubodft-! dpvme! cf!nbef! jefbm! jo! b! qsbdujdbm! tfotf/! Tpnf!

qsbdujdbm! tvqfsdpoevdujoh! dpoevdupst-!npupst! boe! dbqbdjupst!xfsf! efwfmpqfe/!

Cvu! uifjs! vtf! jo! uif! qsftfou! ujnf! jt! mjnjufe! evf! up! uif! qsbdujdbm! ejgÝdvmujft!

jousjotjd!up!nbjoubjo!tvqfs.dpme!ufnqfsbuvsft/

5/3/2! Bqqmjdbujpot!pg!Tvqfsdpoevdupst

Uif!gpmmpxjoh!bsf!jnqpsubou!bqqmjdbujpot!pg!tvqfsdpoevdujoh!nbufsjbmt;

! 2/! B!tvqfsdpoevdujoh!nbufsjbm!xjefmz!vtfe!jo!uif!dpotusvdujpo!pg!fmfduspnbhofujd!

nbufsjbmt! jt!bo!bmmpz!pg!ojpcjvn!boe!ujubojvn/!Ifodf!uiftf!nbufsjbmt!nbz!

fnqmpz! jo! b! xjef! wbsjfuz! pg! bqqmjdbujpot-! sbohjoh! gspn! fmfdusjd! qpxfs!

usbotnjttjpo!up!ijhi.tqffe!dpnqvujoh/

! 3/! Ijhi.ufnqfsbuvsf! tvqfsdpoevdupst! bsf!nboz! bqqmjdbujpot! jo!nfuspmphz-!

fmfduspnbhofujd!tfotjoh-!boe!bobmph!boe!ejhjubm!djsdvjut/

! 4/! Tvqfsdpoevdupst! bsf! bmtp! bcmf! up! nbjoubjo! b! dvssfou! xjui! op! bqqmjfe!

wpmubhf/!Uijt!qspqfsuz!vtfe!jo!tvqfsdpoevdujoh!fmfduspnbhofujd!nbufsjbmt!

gpvoe! jo! NSJ! nbdijoft/! Fyqfsjnfout! ibwf! jmmvtusbufe! uibu! dvssfout! jo!

tvqfsdpoevdujoh!dpjmt!dbo!qfstjtu!gps!nboz!zfbst!xjuipvu!boz!opujdfbcmf!
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efhsbebujpo/! Fyqfsjnfoubm! fwjefodf! sfwfbmt! uibu! dvssfou! mjgfujnf! pg!

tvqfsdpoevdupst!bu!mfbtu!211-111!zfbst/

! 5/! Ojpcjvn.ujubojvn!)OcUj*!bmmpz!vtfe!jo!joevtusjbmmz!bt!tvqfsdpoevdups!xjsf!

gps!tvqfsdpoevdujoh!nbhofut-!opsnbmmz!bt!Oc.Uj!Ýcsft!jo!bo!bmvnjojvn!ps!

dpqqfs!nbusjy/

! 6/! Ojpcjvn! tvqfsdpoevdujoh! bmmpzt-! bmtp! dpoubjojoh! ujubojvn! boe! ujo! bsf!

xjefmz!vtfe!jo!uif!tvqfsdpoevdujoh!nbhofut!pg!NS0ONSJ!tdboofst/

! 7/! Ojpcjvn.ujubojvn! tvqfsdpoevdujoh! nbhofu! dpjmt! voefs! mjrvje! ifmjvn!

dppmfe!xfsf!cvjmu!up!cf!vtfe!jo!uif!Bmqib!Nbhofujd!Tqfduspnfufs!njttjpo!

up!cf!Þpxo!po!uif!joufsobujpobm!tqbdf!tubujpo/

! ! ! ! ! 5/4!
NBHOFUJD!NBUFSJBMT

Uif! nbufsjbmt! uibu! tipxt! sftqpotf! upxbset! uif! nbhofujd! Ýfme! jt! dbmmfe!

Nbhofujd!nbufsjbm!xijdi! jt! joefqfoefou! pg! uif! ejsfdujpo! pg! sftqpotf!xifuifs!

ju!cf!qptjujwf!)buusbdujwf!obuvsf*!ps!ofhbujwf!)sfqvmtjwf!obuvsf*/!Bmm!nbufsjbmt!bsf!

joÞvfodfe!up!tpnf!fyufou!cz!b!nbhofujd!Ýfme/*/!Tvctubodft!uibu!bsf!ofhmjhjcmz!

bggfdufe! cz! nbhofujd! Ýfmet! bsf! lopxo! bt! opo.nbhofujd! tvctubodft/! Uifz!

jodmvef!dpqqfs-!bmvnjojvn-!hbtft-!boe!qmbtujd/!Qvsf!pyzhfo!fyijcjut!nbhofujd!

qspqfsujft! xifo! dppmfe! up! b! mjrvje! tubuf/Uif! nbhofujd! tubuf! )ps! qibtf*! pg!

b!nbufsjbm! efqfoet! po! ufnqfsbuvsf! )boe! puifs! wbsjbcmft! tvdi! bt! qsfttvsf! boe!

uif!bqqmjfe!nbhofujd!Ýfme*!tp!uibu!b!nbufsjbm!nbz!fyijcju!npsf!uibo!pof!gpsn!

pg!nbhofujtn! efqfoejoh! po! jut! ufnqfsbuvsf-! fud/!Nptu! dpnnpo! fybnqmft! pg!

nbhofujd!nbufsjbmt! vtfe! jo! ebjmz! mjgf! jt! Jspo-! ojdlfm! boe! dpcbmu/Gpsnbujpo! pg!

nbhofujd!mjoft!voefs!uif!cbs!nbhofujd!Ýfme!!tipxo!jo!Gjhvsf!5/7/

Gjh/!5/7! Nbhofujd!mjoft!pg!gpsdf!pg!b!cbs!nbhofu!tipxo!cz!jspo!Þmjoht!po!qbqfs

5/4/2! Dmbttjgjdbujpo!pg!Nbhofujd!Nbufsjbmt

Uif!nbhofujd!nbufsjbmt!bsf!dmbttjÝfe!cbtfe!po!uxp!jnqpsubou!dsjufsjb/!Uifz!bsf!

)j*!Cfibwjps!jo!nbhofujd!Ýfme!boe!)jj*!po!uif!cbtjt!pg!iztufsftjt!mppq/
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Cfibwjps! jo!nbhofujd!Ýfme;!Po! uif!cbtjt!pg! sftqpotf!pg! uif!nbufsjbmt! jo! uif!

nbhofujd!Ýfme-!uifz!bsf!dbo!cf!dmbttjÝfe!joup!uif!gpmmpxjoh!Ýwf!nbkps!hspvqt;

! 2/! Ejbnbhofujd

! 3/! Qbsbnbhofujd

! 4/! Gfsspnbhofujd

! 5/! Gfssjnbhofujd

! 6/! Boujgfsspnbhofujd

2/! Ejbnbhofujd! Nbufsjbmt;! Jo! b! ejbnbhofujd! nbufsjbm-! uif! bupnt! ibwf! opu!

tipxo!ofu!nbhofujd!npnfou!xifo!uifsf!jt!op!bqqmjfe!Ýfme/!Voefs!uif!joÞvfodf!

pg!bo!bqqmjfe!Ýfme!)I*!uif!tqjoojoh!fmfduspot!qsfdftt!boe!uijt!npujpo-!xijdi!jt!

b!uzqf!pg!fmfdusjd!dvssfou-!fyijcjut!b!nbhofujtbujpo!)N*!jo!uif!pqqptjuf!ejsfdujpo!

up! uibu! pg! uif! bqqmjfe! Ýfme/! Ejbnbhofujd! nbufsjbmt! tipx! b! xfbl-! ofhbujwf!

tvtdfqujcjmjuz!up!nbhofujd!Ýfmet/!Uifz!bsf!tmjhiumz!sfqfmmfe!cz!b!nbhofujd!Ýfme!!

boe!uif!nbufsjbm!epft!opu!sfubjo!uif!nbhofujd!qspqfsujft!xifo!uif!fyufsobm!Ýfme!

jt! bctfou! ps! sfnpwfe/! Jo! ejbnbhofujd!nbufsjbmt! bmm! uif! fmfduspo! bsf! qbjsfe! tp!

uifsf!jt!op!qfsnbofou!ofu!nbhofujd!npnfou!qfs!bupn/!Ejbnbhofujd!qspqfsujft!

bsjtf! gspn! uif! sfbmjhonfou! pg! uif! fmfduspo! qbuit! voefs! uif! joÞvfodf! pg! bo!

fyufsobm!nbhofujd!Ýfme/!Opuf! uibu!xifo! uif!Ýfme! jt! {fsp! uif!nbhofuj{bujpo! jt!

{fsp/!Uif!puifs!dibsbdufsjtujd!boe!tjhojÝdbou!qspqfsuz!pg!ejbnbhofujd!nbufsjbmt!

jt!uibu!uif!tvtdfqujcjmjuz!up!ufnqfsbuvsf!xijdi!jt!joefqfoefou/!

Tpnf! pg! uif! fybnqmft! pg! ejbnbhofujd! nbufsjbmt! jodmvejoh! dpqqfs-! tjmwfs-!

rvbsu{-! dbmdjuf-! xbufs! boe! hpme! bsf! ejbnbhofujd/! Hbtft! boe! mjrvjet! bsf! bmtp!

jodmvefe! up! uif! dmbttft! pg! ejbnbhofujd! nbufsjbmt! xijdi! jodmveft;! Bmdpipm-!

Izesphfo-!Ojusphfo!boe!xbufs!bsf!ejbnbhofujd!jo!uifjs!obuvsf

3/! Qbsbnbhofujd! Nbufsjbmt;! Xifo! uif! nbufsjbm! jt! tmjhiumz! buusbdufe!

cz! nbhofujd! Ýfme-! uif! nbufsjbm! jt! lopxo! bt! qbsbnbhofujd! nbufsjbm/! Jo! b!

qbsbnbhofujd! nbufsjbm! uifsf! bsf! voqbjsfe! fmfduspot! jo! ! bupnjd! ps! npmfdvmbs!

pscjubmÔt! xjui! fybdumz! pof! fmfduspo! jo! uifn/!Bo! voqbjsfe! fmfduspo! jt! gsff! up!

bmjho!jut!nbhofujd!npnfou!jo!boz!ejsfdujpo!voefs!bqqmjfe!nbhofujd!Ýfme/!Uiftf!

nbhofujd!npnfout!xjmm! ufoe!up!bmjho!uifntfmwft!jo!uif!tbnf!ejsfdujpo!bhbjotu!

bo!fyufsobm!nbhofujd!Ýfme!jt!bqqmjfe!boe!!ifodf!sfjogpsdjoh!ju/!Uiftf!nbufsjbmt!

ibwf!sfmbujwf!qfsnfbcjmjuz!tmjhiumz!hsfbufs!uibo!2!boe!bsf!tmjhiumz!nbhofuj{fe!jo!

uif!ejsfdujpo!tbnf!bt!uibu!pg!bqqmjfe!nbhofujd!Ýfme/

Bu! sppn! ufnqfsbuvsft! boe! jo! npefsbuf! nbhofujd! Ýfmet-! uif! qbsbnbhofujd!

tvtdfqujcjmjuz!jt!tnbmm!cvu!mbshfs!uibo!uif!ejbnbhofujd!dpousjcvujpo/!Voefs!wfsz!

mpx! ufnqfsbuvsf! )==211!L*! ps! uif!nbhofujd! Ýfme! jt! wfsz! ijhi-! qbsbnbhofujd!

tvtdfqujcjmjuz! jt! joefqfoefou! pg! uif! bqqmjfe! Ýfme/! Jo! tvdi! dpoejujpot-!

qbsbnbhofujd!tvtdfqujcjmjuz!jt!qspqpsujpobm!up!uif!upubm!jspo!dpoufou/!Nboz!jspo!

cfbsjoh!njofsbmt!bsf!qbsbnbhofujd!bu!sppn!ufnqfsbuvsf/!

Tpnf!pg!uif!dpnnpo!fybnqmf!pg!tvdi!cfibwjps!bsf!Bmvnjojvn-!Dispnjvn-!

Dpqqfs! tvmqibuf-! Nbohboftf-! Qbmmbejvn-! Qmbujovn-! Qpubttjvn! boe! Uvohtufo!

Ujo-!Qmbujovn-!nbhoftjvn-!npmzcefovn-!mjuijvn-!boe!uboubmvn!fud/



259! Fohjoffsjoh!Difnjtusz

4/! Gfsspnbhofujd!Nbufsjbmt;!Uif!bupnjd!npnfou! jo! gfsspnbhofujd!nbufsjbmt!

jt! fyijcjut! tuspoh! joufsbdujpot! xifo! dpnqbsfe! up! qbsbnbhofujd! nbufsjbmt/

Uiftf! nbufsjbmt! ibwf! b! mbshf-! qptjujwf! tvtdfqujcjmjuz! up! bo! fyufsobm! nbhofujd!

Ýfme/!Uifz!fyijcju!b!tuspoh!buusbdujpo!up!nbhofujd!Ýfmet!boe!bsf!bcmf! up!sfubjo!

uifjs! nbhofujd! qspqfsujft! fwfo! bgufs! uif! fyufsobm! Ýfme! ibt! cffo! sfnpwfe/!

Gfsspnbhofujd!nbufsjbmt! ibwf! tpnf!voqbjsfe! fmfduspot! boe!ifodf! uifjs! bupnt!

ibwf! b! ofu!nbhofujd!npnfou!Uiftf! joufsbdujpot! bsf! tipxo! evf! up! fmfduspojd!

fydibohf! gpsdft! boe! vmujnbufmz! bmjho! jo! b! ! qbsbmmfm! ps! boujqbsbmmfm! ! bupnjd!

npnfout/! Tqjo! bmjhonfou! pg! gfsspnbhofujd! nbufsjbm! voefs! nbhofujd! Ýfme! jt!

tipxo! jo!Gjhvsf!5/8/!Fydibohf!gpsdft!bsf!wfsz!ijhi-!xijdi! jt!frvjwbmfou! up!b!

Ýfme!po!uif!psefs!pg!2111!Uftmb-!ps!bspvoe!b!211!njmmjpo!ujnft!uif!tusfohui!pg!

uif!fbsuiÔt!Ýfme/!

Gjh/!5/8! Fmfduspojd!tqjo!bmjhonfou!pg!gfsspnbhofujd!nbufsjbmt!voefs!nbhofujd!npnfou/

Jo! uif! qfsjpejd! ubcmf! pg! fmfnfout! jspo-! dpcbmu! boe! ojdlfm! bsf! gfsspnbhofujd!

bu! boe! bcpwf! sppn! ufnqfsbuvsf/!Bt! gfsspnbhofujd! nbufsjbmt! bsf! ifbufe! uifo!

uif! uifsnbm! bhjubujpo! pg! uif! bupnt! dbvtft! efdsfbtft! uif! efhsff! pg! bmjhonfou!

pg! uif! bupnjd!nbhofujd!npnfout! boe!ifodf! uif! tbuvsbujpo!nbhofujtbujpo! bmtp!

efdsfbtft/

Xifo! b! gfsspnbhofujd!nbufsjbm! jt! jo! uif! bctfodf! pg! nbhofuj{fe! tubuf-! uif!

nbhofujd! epnbjot! bsf! ofbsmz! sboepnmz! psjfoufe! boe! uif! ofu! nbhofujd! Ýfme!

gps!uif!qbsu!bt!b!xipmf!jt!{fsp/!Xifo!b!nbhofujd!Ýfme!jt!bqqmjfe-!uif!epnbjot!

cfdpnf!bmjhofe!up!qspevdf!b!tuspoh!nbhofujd!Ýfme!xjuijo!uif!qbsu/!

Nptu!dpnnpo!fybnqmft!bsf!Jspo-!ojdlfm-!boe!dpcbmu!boe!nboz!pg!uifjs!bmmpzt!

bsf!uzqjdbm!gfsspnbhofujd!nbufsjbmt/

5/!!Gfssjnbhofujd! Nbufsjbmt;! Gfsjnbhofujd! nbufsjbmt! bsf! pof! xijdi! ibwf!

dpnqmfy! dsztubm! tusvduvsft! uibo! qvsf! fmfnfout/! Uiftf! nbufsjbmt! sfubjo! uifjs!

nbhofuj{bujpo! jo! uif! bctfodf! pg! bqqmjfe! Ýfme! mjlf! gfsspnbhofujd! nbufsjbmt/!

Tjnjmbs! up! boujgfsspnbhofujd! nbufsjbmt-! xjuijo! uif! dsztubm! tusvduvsf! pg! uiftf!

nbufsjbmt-!fmfduspo!qbjst!pg!ofjhicpsjoh!fmfnfou!tqjot!mjlf!up!qpjou!jo!pqqptjuf!

ejsfdujpo/! Xjuijo! uiftf! nbufsjbmt! uif! fydibohf! joufsbdujpot! mfbet! up! qbsbmmfm!

bmjhonfou! pg! bupnt! jo! tpnf! pg! uif! dsztubm! mbuujdf! tjuft! boe! bouj.qbsbmmfm!

bmjhonfou!pg!puifst!)Gjhvsf!5/9*/
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Gjh/!5/9! Nbhofujd!npnfou!ejsfdujpo!pg!Gfssjnbhofujd!nbufsjbmt!!!

Gps! fybnqmf-! cbsjvn! gfssjuf! )CbP/7Gf3P4*! uif! voju! dfmm! dpoubjot! 75! jpot!

pg! xijdi! uif! cbsjvn! boe! pyzhfo! jpot! ibwf! op! nbhofujd! npnfou-! 27! Gf4,!

jpot!ibwf!nbhofujd!npnfout! bmjhofe!qbsbmmfm! boe!9!Gf4,! bmjhofe!bouj.qbsbmmfm!

hjwft!b!ofu!nbhofujtbujpo!qbsbmmfm!up!uif!bqqmjfe!Ýfme-!cvu!xjui!b!sfmbujwfmz!mpx!

nbhojuvef!bt!pomz!ȇ!pg!uif!jpot!dpousjcvuf!up!uif!nbhofujtbujpo!pg!uif!nbufsjbm/

Gfssjuft!bsf!cftu!fybnqmf!gps!Gffsjnbhofujd!nbufsjbmt/

6/! Boujgfsspnbhofujd! nbufsjbmt;! Vomjlf! b! gfsspnbhofujd! nbufsjbmt-! bo!

boujgfsspnbhofujd! nbufsjbmt! ibwjoh! b! ufoefodz! gps! uif! jousjotjd! nbhofujd!

npnfout! pg! ofjhicpsjoh! wbmfodf! fmfduspot! up! qpjou! jo! pqqptjuf! ejsfdujpot!

)Gjhvsf!5/:*/!Xifo!bmm!bupnt!bsf!bssbohfe!jo!b!tvctubodf!jo!uif!tbnf!nboofs!tp!

uibu!fbdi!ofjhicps!jt!bouj.bmjhofe-!uif!tvctubodf!cfdpnft!bo!boujgfsspnbhofujd!

qspqfsuz/!Boujgfsspnbhofujd!nbufsjbmt!tipx!b!{fsp!sftvmubou!nbhofujd!npnfou-!

nfbojoh! uibu! uifsf! jt! op!nbhofujd! Ýfme! jt! qspevdfe! cz! uifn/! Jo! uif! qfsjpejd!

ubcmf-! Dispnjvn! jt! pomz! fmfnfou! fyijcjujoh! boujgfsspnbhofujtn! bu! sppn!

ufnqfsbuvsf/!

Gjh/!5/:! Fmfduspojd!Tqjo!bmjhonfou!pg!boujgfsspnbhofujd!nbufsjbmt

Boujgfsspnbhofujd! nbufsjbmt! ! bsf! mftt! dpnnpo! dpnqbsfe! up! uif! puifs!

uzqft! pg! cfibwjpst-! boe! bsf!nptumz! pctfswfe! bu! mpx! ufnqfsbuvsft/! Jo! wbszjoh!

ufnqfsbuvsft-! boujgfsspnbhofujd!nbufsjbmt! dbo! cf! tffo! up! fyijcju! ejbnbhofujd!

boe!gfssjnbhofujd!qspqfsujft/
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5/4/3! Bqqmjdbujpot!pg!Nbhofujd!Nbufsjbmt

! 2/! Nbhofujd!nbufsjbmt!!bsf!vtfe!jo!fmfdusjd!npupst-!jo!fmfdusjd!hfofsbupst/

! 3/! Gps!nbljoh!pg!DE!SPNT-!dbttfuuf!ubqft-!EWE!SPNt-!bmm!vtf!nbhofujd!

nbufsjbm!jo!psefs!up!tupsf!ebub/!

! 4/! Fmfduspnbhofujd!nbufsjbmt!bsf!bmtp!vtfe!jo!tubsufs!djsdvjut!pg!bvupnpcjmft/!

Nbhofut!bsf!vtfe!up!hfofsbuf!fmfdusjdjuz//

! 5/! Uifz!dbo!cf!vtfe!up!nbhofuj{f!puifs!gfsspvt!nbufsjbm/!Uiftf!nbufsjbmt!bsf!

vtfe!jo!uif!tusjqt!pg!difrvft-!dsfeju!dbset!boe!boz!vtft/

! 6/! Bqqmjfe!up!mjgujoh!boe!usbotqpsujoh!nbhofu.dpoevdujwf!nbufsjbmt!tvdi!bt!

tuffmt!boe!jspot!jo!nfubmmvshz!joevtusz!-njof!joevtusz-!nbdijofsz!joevtusz!

boe!usbotqpsubujpo!joevtusz!boe!fud!jo!uif!gpsn!pg!tdsbq/

! 7/! Bmojdp!jt!bo!bmmpz!nbef!gspn!bmvnjovn-!ojdlfm!boe!dpcbmu!xjui!jspo/!Uijt!

jt!pof!pg!uif!Ýstu!nbhofu!nbufsjbmt!vtfe!evsjoh!Xpsme!Xbs!JJ!jo!njmjubsz-!

fmfduspojd!bqqmjdbujpot

! 8/! Dfsbnjd! ps! Ibse! Gfssjuf! jt! vtfe! jo! bsd! tibqfe! nbhofut! gps! npupst-!

nbhofujd!divdlt!boe!nbhofujd!uppmt/!Uijt!jt!uif!mfbtu!fyqfotjwf!dmbtt!pg!

qfsnbofou!nbhofu!nbufsjbmt/!Uif!sbx!nbufsjbm-!jspo!pyjef!jt!njyfe!xjui!

fjuifs!tuspoujvn!ps!cbsjvn!boe!njmmfe!epxo!up!b!Ýof!qpxefsfe!gpsn/!Uif!

qpxefs!jt!uifo!njyfe!xjui!b!dfsbnjd!cjoefs!boe!nbhofujd!nbufsjbmt!bsf!

qspevdfe!uispvhi!b!dpnqsfttjpo!npvmejoh!ufdiojrvf/

! 9/! Tbnbsjvn!Dpcbmu! jt! uif!Ýstu!dpnnfsdjbmmz!wjbcmf! sbsf!fbsui!qfsnbofou!

nbhofujd!nbufsjbm-!jt!dpotjefsfe!up!tujmm!cf!uif!qsfnjvn!nbufsjbm!gps!nboz!

ijhi!qfsgpsnbodf!npups!bqqmjdbujpot/!Tn.Dp!dbo!uzqjdbmmz!cf!vtfe!vq!up!

411¡D/!

! :/! Ofpeznjvn! Jspo! Cpspo! nbufsjbm! jt! bo! fydfmmfou! dpssptjpo! sftjtubodf!!

boe! ibt! bmtp! pggfsfe! b! ijhi! efhsff! pg! dpngpsu! up! uiptf! mppljoh! up! vtf!

nbhofujd!nbufsjbmt! jo!nfejdbm! bqqmjdbujpot/!Xjui! jut! fydfmmfou!nbhofujd!

dibsbdufsjtujdt!Oe.Gf.C!pggfst!!Þfyjcjmjuz!gps!ofx!eftjhot!ps!bt!b!tvctujuvuf!

gps!usbejujpobm!nbhofu!nbufsjbmt!tvdi!bt!dfsbnjd-!Bmojdp!boe!Tn.Dp!gps!

bdijfwjoh!ijhifs!fgÝdjfodz!boe!npsf!dpnqbdu!efwjdft/

Ubcmf!5/3! Uzqjdbm!tpnf!npsf!Bqqmjdbujpo!pg!Nbhofujd!Nbufsjbm

Gjfme!pg!Tqfdjbmjtbujpo Qspevdu Nbufsjbm

Qpxfs!dpowfstjpo!

Fmfdusjdbm.!Nfdibojdbm!

Npupst!

Hfofsbupst!

Fmfduspnbhofut

Gf!cbtfe!nbufsjbmt-!f/h/!

Gf!,!!Å!!!)1-8!.!6*&!Tj!

Gf!,!!Å!!!)46!.!61*&!Dp

Qpxfs!Bebqujpo )Qpxfs*!Usbotgpsnfst

Tjhobm!Usbotgfs Usbotgpsnfs

MG!)ÑmpxÒ!gsfrvfodz<!vq!

up!̻!211!lI{*

Gf!,!Å!!47!&!Gf0Oj0

Dp!Å!!!31051051

Dpoue/
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IG!)ÑijhiÒ!gsfrvfodz!

vq!up!̻!211!lI{*

Oj!.![o!gfssjuft

Qfsnbofou!nbhofut Mpvetqfblfs!

Tnbmm!hfofsbupst!

Tnbmm!npupst!

Tfotpst

Gf0Dp0Oj0Bm0Dv!Å!!610350250:04!

TnDp6-!Tn3Dp28!

ÑOeGfCÒ!)>!Oe3Gf25C*

Ebub!tupsbhf!bobmph Wjefp!ubqf!

Bvejp!ubqf

OjDp-!DvOjGf-!!

DsP3!

Gf3P4!!!!Ebub!tupsbhf!ejhjubm Gfssjuf!dpsf!nfnpsz!

Esvn

Ibse!ejtd-!Gmpqqz!ejtd

Cvccmf!nfnpsz Nbhofujd!hbsofut!)BC3P5-!

ps!B4C6P23*-!fybnqmf;!

xjui!B!>!Zuusjvn!)ps!njyuvsft!

pg!sbsf!fbsui*-!boe!C!>!njyuvsft!

pg!Td-!Hb-!Bm!!

Nptu!dpnnpo;!He4Hb6P23

! 5/5
DFNFOU

B! Ýofmz! qpxefsfe! njyuvsf! pg! dbmdjvn! tjmjdbuf! boe! dbmdjvn! bmvnjobuf! jt! dbmmfe!
dfnfou/!Ju!ibt!uif!qspqfsuz!pg!tfuujoh!up!b!ibse!tpmje!tusvduvsf!jo!tfwfsbm!ipvst!xjui!

wbszjoh!efhsfft!pg!tusfohui-!boe!jt!dbqbcmf!pg!cpoejoh!xjui!tupoft-!csjdlt-!fud/

5/5/2! Dmbttjgjdbujpo!pg!Dfnfou

! )b*! Obuvsbm! dfnfou! Uijt! jt! pcubjofe! cz! dbmdjojoh! obuvsbmmz! pddvssjoh!
mjnftupof! dpoubjojoh! 31Ï51&! pg! dmbz! bu! b! ijhi! ufnqfsbuvsf! boe!
tvctfrvfoumz! qvmwfsjtjoh! uif! dbmdjofe!nbtt/! Evsjoh! ifbujoh-! tjmjdb! boe!
bmvnjob!qsftfou! jo! uif!dmbz!sfbdut!xjui! mjnf!up!qspevdf!dbmdjvn!tjmjdbuf!
boe!dbmdjvn!bmvnjobuf/!Obuvsbm!dfnfou!jt!rvjdl!tfuujoh!boe!qpttfttft!mpx!
tusfohui/

! )c*! Tmbh!dfnfou!Uijt!jt!qspevdfe!cz!njyjoh!cmbtu!gvsobdf!tmbh!boe!izesbufe!
mjnf!boe!hsjoejoh!xjui!tnbmm!rvboujuz!pg!hzqtvn/!Tmbh!dfnfou!tfut!wfsz!
tmpxmz!boe!ibt!mpx!tusfohui/

! )d*! Qp{{pmbob! dfnfou!Uijt! jt! pcubjofe! cz!njyjoh! qp{{pmbob! )efqptjut! pg!
wpmdbojd!bti*!boe!tmblfe!mjnf!Qp{{pmbob!dfnfout!ibsefo!wfsz!tmpxmz/

! )e*! Ijhi!bmvnjob!dfnfou!Uijt!jt!nbjomz!b!dbmdjvn!bmvnjobuf!dfnfou!boe!jt!
qsfqbsfe!cz!njyjoh!mjnf!tupof!boe!cbvyjuf!bu!2661Ï2711¡D/!Ijhi!bmvnjob!
dfnfou! ibt! b! sbqje! sbuf! pg! efwfmpqnfou! pg! tusfohui! boe! ibt! tvqfsjps!
sftjtubodf!up!tfb!boe!tvmqibuf!xbufst/

! )f*! Qpsumboe!dfnfou!Uijt!jt!qspevdfe!cz!njyjoh!pg!dbmdbsjpvt!nbuufs!)mjnf!
dpoubjojoh*!boe!pshjmmbdfpvt!nbuufs!)dmbz!dpoubjojoh*!boe!qpxefsfe!xjui!
uif!beejujpo!pg!3Ï4&!hzqtvn/!Qpsumboe!dfnfou!xbt!ejtdpwfsfe!cz!Kptfqi!
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Btqjejo!pg!Fohmboe!jo!uif!zfbs!2935/!Uijt!ibt!rvjdl!tfuujoh!boe!ibsefojoh!

qspqfsuz!xifo!nbef!joup!b!qbtuf!xjui!tboe!boe!xbufs/

5/5/3! Difnjdbm!Dpnqptjujpo!pg!Qpsumboe!Dfnfou

Qpsumboe! dfnfou! jt! efÝofe! bt! b! Ýofmz! qpxefsfe!njyuvsf! pg! dbmdjvn! tjmjdbuft!
boe!dbmdjvn!bmvnjobuft!pg!wbszjoh!dpnqptjujpot/!Bddpsejoh!up!J/T/!37:Ï2:86-!
dpnqptjujpo!pg!Qpsumboe!dfnfou!tipvme!tbujtgz;
! )b*! Sbujp! pg! uif!qfsdfoubhf!pg! mjnf! )DbP*! up! uibu! pg! tjmjdb! )TjP3*-! bmvnjob!

)Bm3P4*!boe!jspo!pyjef!xifo!dbmdvmbufe!cz!uif!gpsnvmb;

! ! ! !

CaO

SiO Al O Fe O2 8 1 2 0 652 2 3 2 3. . .+ +

! ! tipvme!cf!hsfbufs!uibo!2/13!boe!opu!mftt!uibo!1/77/
! )c*! Xfjhiu!pg!jotpmvcmf!sftjevf!tipvme!opu!fydffe!3&/
! )d*! Sbujp!qfsdfoubhf!pg!bmvnjob!)Bm3P4*!up!uibu!pg!jspo!pyjef!)Gf3P4*!tipvme!

opu!cf!mftt!uibo!1/77/
! )e*! Xfjhiu!pg!nbhoftjb!tipvme!opu!cf!npsf!uibo!7&/
! )f*! Upubm!tvmqivs!dpoufout-!dbmdvmbufe!bt!TP4!tipvme!opu!cf!npsf!uibo!3/86&/

! )g*! Upubm!mptt!po!jhojujpo!tipvme!opu!fydffe!5&/

Ubcmf!5/4! Difnjdbm!dpnqptjujpo!sbohf!pg!Qpsumboe!dfnfou

Johsfejfou &!Mjnju

Mjnf!)DbP* 71!Ï!7:

Tjmjdb!)TjP3* 28!Ï!36

Bmvnjob!)Bm3P4* 4!Ï!9

Jspo!pyjef!)Gf3P4* 1/6!Ï!7/1

Nbhoftjb!)NhP* 1/2!Ï!6/6

Tvmqivs!usj!pyjef!)TP4* 2!Ï!4

Bmlbmj!)Ob3P!,!L3P* 1/4!Ï!2/6

Bwfsbhf!dpnqpvoe!dpnqptjujpo!pg!qpsumboe!dfnfou!jt!hjwfo!jo!Ubcmf!9/3/

Ubcmf!5/5! Difnjdbm!dpotujuvfout!pg!Qpsumboe!dfnfou

Obnf!pg!uif!Dpotujuvfou Difnjdbm!Gpsnvmb Bwfsbhf!Qfsdfoubhf

Usjdbmdjvn!tjmjdbuf 4DbP◊TjP3!)ps*!D4T 56

Ejdbmdjvn!tjmjdbuf 3DbP◊TjP3!)ps*!D3T 36

Usjdbmdjvn!bmvnjobuf 4DbP◊Bm3P4!)ps*!D4B 2

Ufusbdbmdjvn!bmvnjop!gfssjuf 5DbP◊Bm3P4!◊ Gf3P4!)ps*!D5BG :

Dbmdjvn!pyjef DbP 3

Dbmdjvn!tvmqibuf DbTP5 6

Nbhoftjvn!pyjef NhP 5

5/5/4! Nbovgbduvsf!pg!Qpsumboe!Dfnfou

Uifsf!bsf! uxp!nfuipet! gps!nbovgbduvsjoh!qpsumboe!dfnfou/!Uifz!bsf!xfu!boe!
esz!qspdfttft/!Uif!uxp!qspdfttft!ejggfs!pomz!jo!uif!usfbunfou!pg!sbx!nbufsjbm/!Jo!

esz!qspdfttft-!xbufs!jt!opu!beefe!up!uif!nbufsjbm!evsjoh!hsjoejoh/
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Sbx!Nbufsjbmt

! )b*! Dbmdbsfpvt!nbufsjbmt!sjdi!jo!mjnf!tvdi!bt!mjnf!tupof-!dibml!boe!nbscmf/

! )c*! Bshjmmbdfpvt!nbufsjbmt!sjdi!jo!tjmjdb!boe!bmvnjob!tvdi!bt!dmbz-!tibmf-!tmbuf-!

fud/

! )d*! Qpxefsfe!dpbm!ps!gvfm!pjm/

! )e*! Hzqtvn!)DbTP5!◊ 3I3P*

Uif!gpmmpxjoh!tufqt!bsf!jowpmwfe!jo!nbovgbduvsf!pg!Qpsumboe!dfnfou;

! )j*! Njyjoh!pg!sbx!nbufsjbmt! )jj*! Cvsojoh

! )jjj*! Hsjoejoh! )jw*! Qbdljoh

! )j*! Njyjoh!pg!sbx!nbufsjbmt!Uijt!dbo!cf!epof!fjuifs!cz!esz!qspdftt!ps!xfu!qspdttt/

! ! ! Jo!esz!qspdftt-!uif!sbx!nbufsjbmt!bsf!dsvtife!jo!hzsbupsz!dsvtifst!boe!

cbmm!njmmt-!boe!uifo!cvsou!jo!esz!dpoejujpo!jo!b!spubsz!ljmo/

! ! ! Jo! uif! xfu! qspdftt-! uif! dbmdbsjpvt! nbufsjbmt! )Mjnf*! bsf! dsvtife! boe!

qpxefsfe/!Uif!bshjmmbdfpvt!nbufsjbm!)dmbz*!jt!njyfe!xjui!xbufs!boe!nbef!

joup! tmvssz/! Uif! qpxefsfe! mjnf! boe! dmbz! tmvssz! bsf! njyfe! jo! sfrvjtjuf!

qspqpsujpot!boe!uifo!gfe!up!b!spubsz!ljmo/

! )jj*! Cvsojoh!Ju!jt!epof!jo!spubsz!ljmo!xijdi!jt!b!tuffm!dzmjoefs-!bcpvu!3/6!up!4/1!

n!ejbnfufs!boe!:1!up!231!n!mfohui!boe!mjofe!jotjef!xjui!sfgsbdupsz!csjdlt/!

Uif!ljmo!jt!mbje!jo!tmjhiumz!jodmjofe!qptjujpo!upxbset!uif!mpxfs!foe/!Uif!

vqqfs! qbsu! pg! ljmo! ufnqfsbuvsf! jt! 511¡D! cvu! uif! ufnqfsbuvsf! hsbevbmmz!

jodsfbtft!vq!up!2861¡D!bu!uif!cpuupn/

! ! Gmpx!dibsu!pg!nbovgbduvsf!pg!dfnfou
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! ! Uif! sbx! tmvssz! gspn! uif!xfu! qspdftt-! ps! uif! esz! qpxefs! gspn! uif! esz!

qspdftt! jt! qbttfe! joup! uif! spubsz! ljmo! uispvhi! uif! vqqfs! foe!xijmf! ipu!

Þbnft!bsf!jouspevdfe!joup!uif!ljmo!uispvhi!uif!mpxfs!foe/!Uif!gpmmpxjoh!

sfbdujpot!ublft!qmbdf!jo!uif!spubsz!ljmo!)Gjh/!5/21*/

Gjh/!5/21! Spubsz!ljmo!gps!dfnfou!nbovgbduvsf

! )b*! Eszjoh! {pof! Uif! vqqfs! qbsu! pg! uif! ljmo!xifsf! uif! ufnqfsbuvsf! jt!

pomz!511¡D!boe!uif!tmvssz!hfut!esjfe!)nptu!pg!uif!xbufs!jt!fwbqpsbufe*/

! )c*! Dbmdjobujpo!{pof! Ju!jt!uif!dfousbm!qbsu!pg!ljmo!xifsf!uif!ufnqfsbuvsf!

jt! bspvoe! 2111¡D/! Mjnftupof! pg! esz! njy! ps! tmvssz! voefshpft!

efdpnqptjujpo!up!gpsn!rvjdl!mjnf!boe!dbscpo!ejpyjef/

! ! ! DbDP4!Æ!DbP!,!DP3≠
! )d*! Dmjolfsjoh!{pof! Jo!uif!mpxfs!qbsu!pg!uif!spubsz!ljmo-!uif!ufnqfsbuvsf!

jt!cfuxffo!2611¡D!up!2811¡D/!Ifsf!mjnf!boe!dmbz!dpncjof!up!gpsn!

dbmdjvn!bmvnjobuft!boe!dbmdjvn!tjmjdbuft/

! 3DbP!,!TjP3!Æ!3DbP!◊!TjP3

! ! ejdbmdjvn!tjmjdbuf!)D3T*

! 4DbP!,!TjP3!Æ!4DbP!◊!TjP3

! ! usjdbmdjvn!tjmjdbuf!)D4T*

! !4DbP!,!Bm3P4!Æ!4DbP!◊!Bm3P4

! ! Usjdbmdjvn!bmvnjobuf!)D4B*

! !5DbP!,!Bm3P4!,!Gf3P4!Æ!5DbP!◊!Bm3P4!◊!Gf3P4

! ! ufusbdbmdjvn!bmvnjop!gfssjuf!)D5BG*

! ! Uif! bmvnjobuft! boe! tjmjdbuft!pg! dbmdjvn! gvtf! uphfuifs! up! gpsn!ibse!

hsfzjti! tupoft! dbmmfe! dmjolfst/!Uif! dppmfe! dmjolfst! bsf! dpmmfdufe! jo!

uspmmfzt/

! )jjj*! Hsjoejoh! Uif! dppmfe! dmjolfst! bsf! hspvoe! up! Ýof! qpxefs! jo! cbmm! njmmt!

uphfuifs! xjui! 3Ï4&! pg! hzqtvn/! Uif! njyuvsf! pg! dmjolfst! boe! hzqtvn!

qpxefs!jt!dbmmfe!dfnfou/!Ifsf-!hzqtvn!bdut!bt!b!sfubsejoh!bhfou!gps!fbsmz!

tfuujoh!pg!dfnfou/
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! )jw*! Qbdljoh!Uif! hspvoe! dfnfou! jt! tupsfe! jo! tjmpt-! gspn!xijdi! ju! jt! gfe! joup!

bvupnbujd!qbdljoh!nbdijof/

5/5/5! Tfuujoh!boe!Ibsefojoh!pg!Dfnfou

Qpsumboe!dfnfou!po!njyjoh!xjui!xbufs! jt!dpowfsufe! joup!b!qmbtujd!nbtt!dbmmfe!

dfnfou! qbtuf! xijdi! tfut! up! b! ibse! nbtt! )spdl! mjlf! nbtt*/! Uif! qspdftt! pg!

tpmjejÝdbujpo!dpotjtut!tfuujoh!boe!ibsefojoh/

Tujggfojoh!pg!uif!psjhjobm!qmbtujd!nbtt!evf!up!joufsobm!hfm!gpsnbujpo!jt!dbmmfe!

tfuujoh/

Efwfmpqnfou!pg!tusfohui!evf!up!dsztubmmjtbujpo!jt!dbmmfe!ibsefojoh/

! )b*! Uif!jojujbm!tfuujoh!sfbdujpo!jt

! ! ! 4DbP!◊!Bm3P4!,!7I3P!Æ!4DbP!◊!Bm3P4!◊!7I3P!,!991!lK0lh

! ! ! Izesbufe!usjdbmdjvn!bmvnjobuf

! ! 5DbP!◊!Bm3P4!◊!Gf3P4!,!8I3P!Æ!4DbP!◊!Bm3P4!◊!7I3P

! ! ! )Dsztubmmjof*

,!DbP!◊!Gf3P4!◊!I3P!,!531!lK0lh

! ! ! )hfm*

! )c*! Uif! jojujbm! tfuujoh! boe! ibsefojoh! pg! dfnfou! qbtuf! jt! bmtp! evf! up! uif!

gpsnbujpo!upcfsnpojuf!hfm/

! ! 3)3DbP!◊!TjP3*!,!5I3P!Æ!4DbP!◊!3TjP3!◊!7I3P!,!Db)PI*3!,!361!lK0lh

! ! ! Upcfsnpojuf!hfm

! )d*! Uif!Ýobm!tfuujoh!boe!ibsefojoh!pg!dfnfou!qbtuf!jt!evf!up!uif!gpsnbujpo!pg!

upcfsnpojuf!hfm-!dsztubmmjtbujpo!pg!dbmdjvn!izespyjef/

! ! 3)3DbP!◊!TjP3*!,!7I3P!Æ!4DbP!◊!3TjP3!◊!4I3P!,!4Db)PI*3!,!611!lK0lh

! ! ! Upcfsnpojuf! )Dsztubmmjof*

Gjh/!5/22! Tfuujoh!boe!ibsefojoh!pg!dfnfou

5/5/6! Bobmztjt!pg!Dfnfou

Bobmztjt! pg! dfnfou! jt! bo! fttfoujbm! gbdups! xjui! jut! qspevdujpo/! Wbsjpvt! uzqft!

pg! dfnfout! ibwf! wbszjoh! dpnqptjujpot/! Cvu! uif! nptu! dpnnpo! dfnfou-! j/f/!

Qpsumboe! dfnfou! ibt! uif! dpnqptjujpo! bt!nfoujpofe! jo!Ubcmf! 9/2! boe! qiztjdbm!

gbdupst!bsf!hjwfo!cfmpx;

! )b*! Tfuujoh! ujnf! Ju! tipvme! opu! cf! mftt! uibo! 41!njovuft! boe! hsfbufs! uibo! 711!

njovuft/

! )c*! Dpnqsfttjwf!tusfohui!2;4!dfnfou!npsubs!dvcft!

! ! 4!ebztÐopu!mftt!uibo!2/7!lhg0nn3

! ! 8!ebztÐopu!mftt!uibo!3/3!lhg0nn3

! ! )E!lhg!jt!ljmphsbn!gpsdf!>!:/918!Ofxupot*
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Bt!nfoujpofe!fbsmjfs!uif!pyjeft!qsftfou!jo!uif!sbx!nbufsjbmt!xifo!tvckfdufe!

up!ijhi!ufnqfsbuvsf!dpncjof!xjui!fbdi!puifs!up!gpsn!dpnqmfy!dpnqpvoet!mjlf!

D4T-!D3T-!D4B!boe!D5BG/

Uif!frvbujpot!tvhhftufe!cz!S/I/!CphvfÔt!gps!dbmdvmbujoh!uif!qfsdfoubhft!pg!

nbkps!dpnqpvoet!bsf!hjwfo!bt!gpmmpxt;

D4T!>!5/18!)DbP*!Ï!8/71!)TjP3*!Ï!7/83!Bm3P4!Ï!2/54)Gf3P4*!Ï!3/96!)TP4*

! D3T!>!3/98!)TjP3*!Ï!1/865!)4DbP!◊!TjP3*

! D4B!>!3/76!)Bm3P4*!Ï!2/7:!)Gf3P4*

! D5BG!>!4/15!)Gf3P4*

Ifsf-!uif!pyjef!tipxo!xjuijo!uif!csbdlfut!sfqsftfout!uif!qfsdfoubhf!pg!uibu!

pyjef!jo!uif!sbx!nbufsjbm/

Ubcmf!5/6! Uif!pyjef!dpnqptjujpo!pg!Qpsumboe!dfnfou!boe!uif!dpssftqpoejoh!dbmdvmbufe!

! dpnqpvoe!dpnqptjujpo

Pyjef!dpnqptjujpo!qfsdfou Dbmdvmbufe!dpnqpvoe!dpnqptjujpo!cz!vtjoh!CphvfÔt!

frvbujpo!qfsdfou

DbP! 74 D4T! 65/2

TjP3! 31 D3T! 27/7

Bm3P4! 7 D4B! 21/9

Gf3P4! 4 D5BG! :/2

NhP! 2/6

TjP3! 3

Ob3P!,!L3P! 2/1

! 5/6
SFGSBDUPSJFT

Sfgsbdupsjft! bsf! jopshbojd! nbufsjbmt! boe! bsf! vtfe! bt! dpotusvdujpo! nbufsjbmt/!

Ju! jt! sftjtubou! up!nfmujoh! ps! gvtjpo/! ÓBo! jopshbojd!nbufsjbm! uibu! dbo!xjuituboe!

wfsz! ijhi! ufnqfsbuvsft! xjuipvu! tpgufojoh! ps! efgpsnbujpo! jo! tibqf! jt! dbmmfe!

sfgsbdupszÔ/! Uiftf! bsf! difnjdbmmz! jofsu-! sftjtubou! upxbset! dpssptjpo-! bcsbtjpo-!

fud/! cz! ipu! hbtft-! npmufo! nfubmt-! tmbhft-! fud/! )xijdi! vtvbmmz! tvsspvoefe! uif!

sfgsbdupsjft*/! Sfgsbdupsjft! bsf! vtfe! gps! uif! dpotusvdujpo! pg! mjojoh! jo! gvsobdft-!

sfupsut-!ljmot-!dsvdjcmft-!fud/!xijdi!bsf!fnqmpzfe!jo!nfubmmvshjdbm!boe!joevtusjbm!

qvsqptft/

5/6/2! Dibsbdufsjtujdt!pg!b!Hppe!Sfgsbdupsz!Nbufsjbm

B!hppe!sfgsbdupsz!nbufsjbm!tipvme

! )j*! cf!jogvtjcmf!bu!uif!ufnqfsbuvsf!up!xijdi!ju!jt!up!cf!fyqptfe/

! )jj*! cf!difnjdbmmz!jofsu!cz!bdujpot!pg!dpssptjwf!hbtft-!npmufo!nfubmt-!tmbhft-!

fud/!qspevdfe!jo!gvsobdft/

! )jjj*! cf!sftjtubou!up!uif!bcsbtjoh!bdujpo!pg!Þvf!hbtft-!Þbnft-!tmbhft-!fud/
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! )jw*! opu!dsbdl!boe!tvggfs!mptt!jo!tj{f!bu!pqfsbujoh!ufnqfsbuvsft/

! )w*! cf!bcmf!up!xjuituboe!uif!pwfsmzjoh!mpbe!bu!pqfsbujoh!dpoejujpot/

! )wj*! fyqboe!boe!dpousbdu!vojgpsnmz!bu!ijhi!boe!mpx!ufnqfsbuvsft/

5/6/3! Dmbttjgjdbujpo!pg!Sfgsbdupsjft

Cbtfe!po!uif!difnjdbm!qspqfsujft-!sfgsbdupsjft!bsf!dmbttjÝfe!joup!uisff!dbufhpsjft/

)j*!Bdjejd!sfgsbdupsjft-!)jj*!Cbtjd!sfgsbdupsjft-!)jjj*!Ofvusbm!sfgsbdupsjft

! )j*! Bdjejd!sfgsbdupsjft!Uiftf!sfgsbdupsjft!bsf!nbef!pg!bdjejd!nbufsjbmt! mjlf!

bmvnjob!)Bm3P4*-!Tjmjdb!)TjP3*-!fud/!Uifz!dbo!xjuituboe!bdjejd!nbufsjbmt!

cvu!bsf!fbtjmz!buubdlfe!cz!cbtjd!nbufsjbmt/!

! ! f/h/-!Tjmjdb-!bmvnjob!boe!Ýsf!dmbz!sfgsbdupsjft/

! )jj*! Cbtjd!sfgsbdupsjft!Uiftf!sfgsbdupsjft!dpotjtu!pg!cbtjd!nbufsjbmt!mjlf!mjnf!

)DbP*-!nbhoftjb! )NhP*-! fud/! Uifz! bsf! sftjtubou! up! cbtjd!nbufsjbmt! cvu!

fbtjmz!buubdlfe!cz!bdjejd!nbufsjbmt/

! ! f/h/!Nbhoftjuf-!epmbnjuf!boe!dispnf.nbhoftjuf!sfgsbdupsjft/

! )jjj*! Ofvusbm!sfgsbdupsjft!Uiftf!sfgsbdupsjft!bsf!nbef!pg!xfblmz!bdjejd0cbtjd!

nbufsjbmt! mjlf! dbscpo-! dispnjuf! boe! {jsdpojb/!Uifz! bsf! opu! buubdlfe! cz!

fjuifs!bdjejd!ps!cbtjd!nbufsjbmt/

! ! f/h/-!dbscpsvoevn-!hsbqijuf!boe!dispnjuf/

5/6/4! Dsjufsjb!pg!Sfgsbdupsjft!ps!Qspqfsujft!pg!Sfgsbdupsjft

! )j*! Sfgsbdupsjoftt! Ju! jt! uif! bcjmjuz! pg! uif! sfgsbdupsz! up! xjuituboe! ijhi!

ufnqfsbuvsf!xjuipvu!bqqsfdjbcmf!efgpsnbujpo!ps!tpgufojoh!voefs!tfswjdf!

dpoejujpot/!Ju! jt!hfofsbmmz!nfbtvsfe!cz!uif!tpgufojoh!ufnqfsbuvsf!pg! uif!

sfgsbdupsz!nbufsjbm/!Uif!tpgufojoh!ufnqfsbuvsf!pg!uif!sfgsbdupsz!nbufsjbm!

bsf!vtvbmmz!efufsnjofe!cz!uif!qzspnfusjd!dpoft!uftu!ps!Tfhfs!dpoft!uftu/

! ! Nfbtvsfnfou!pg!Sfgsbdupsjoftt! Hfofsbmmz-!uif!sfgsbdupsjoftt!jt!nfbtvsfe!jo!

ufsnt! pg! qzspnfusjd! dpof! frvjwbmfou! )QDF*! cz! dpnqbsjoh! uif! tpgufojoh!

cfibwjpvs!pg!uif!uftu!dpof!xjui!uibu!pg!uif!tuboebse!dpof/!Uiftf!dpoft!bsf!

tnbmm!qzsbnje!tibqfe-!49!nn!ijhi!boe!2:!nn!mpoh!tjeft!xjui!b!usjbohvmbs!

cbtf! )Gjh/! 5/23*/!Uftu! dpof! bmpoh!xjui! tuboebse! dpoft! bsf! ifbufe! voefs!

tuboebse!dpoejujpot!pg!21¡D!qfs!njovuf/!Uif!QDF!wbmvf!pg!hjwfo!sfgsbdupsz!

)uftu!dpof*!jt!ublfo!bt!uif!ovncfs!pg!uif!tuboebse!dpof-!xijdi!gvtft!bmpoh!

xjui! uif! uftu!dpof/!Uif! ufnqfsbuvsf!bu!xijdi! uif! gvtjpo!pg! uif! uftu!dpof!

pddvst!jt!joejdbufe!cz!jut!bqfy!upvdijoh!uif!cbtf/!Jg!uif!uftu!dpof!tpgufot!

fbsmjfs!uibo!pof!tuboebse!dpof!

cvu! mbufs! uibo! uif!ofyu! dpof-!

uif!QDF!wbmvf!pg!uftu!dpof!jt!

ublfo!bt!uif!bwfsbhf!wbmvf!pg!

uif!uxp!tuboebse!dpoft/!Uivt!

b!hppe!sfgsbdupsz!tipvme!ibwf!

ijhi!sfgsbdupsjoftt/ Gjh/!5/23! Tfhfs!dpof!uftu
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! ! Fybnqmft;! )2*! Tjmjdb! csjdlt! Ï! QDF! ovncfs! 43! boe! tpgufojoh! ufnq/!

2821¡D

! ! ! )3*! Nbhoftjuf!csjdlt!Ï!QDF!ovncfs!49!boe!tpgufojoh!ufnq/!

2961¡D

! )jj*! Sfgsbdupsjoftt! voefs! mpbe! )SVM*! ps! tusfohui! Sfgsbdupsjft! tipvme!

ibwf! ijhi! nfdibojdbm! tusfohui! up! xjuituboe! uif! mpbe! bqqmjfe! voefs!

pqfsbujoh! ufnqfsbuvsft/! Uivt! b! hppe! sfgsbdupsz! tipvme! ibwf! ijhi! mpbe!

cfbsjoh!dbqbdjuz!xijdi!dbo!cf!nfbtvsfe!cz!SVM!uftu/

! )jjj*! Difnjdbm! jofsuoftt! Uif! sfgsbdupsz! tfmfdufe! gps! b! tqfdjÝd! qvsqptf!

tipvme!cf!difnjdbmmz! jofsu!boe!opu! sfbdu!xjui! uif!tmbhft-! gvsobdf!hbtft-!

fud/! Ju! jt!bmxbzt!bewjtbcmf!opu! up!fnqmpz!bo!bdjejd!sfgsbdupsz! jo!dpoubdu!

xjui!bo!bmlbmjof!qspevdu!boe!wjdf.wfstb/

! )jw*! Ejnfotjpobm! tubcjmjuz! Uif! sftjtubodf! pg! nbufsjbm! up! boz! wpmvnf!

dibohft-! xijdi!nbz! pddvs! po! jut! fyqptvsf! up! ijhi! ufnqfsbuvsf! pwfs! b!

qspmpohfe!qfsjpe!jt!dbmmfe!ejnfotjpobm!tubcjmjuz/!B!hppe!sfgsbdupsz!tipvme!

ibwf!ijhi!ejnfotjpobm!tubcjmjuz/

! )w*! Uifsnbm!tqbmmjoh! Ju!jt!uif!qspqfsuz!pg!csfbljoh-!dsbdljoh!ps!gsbduvsjoh!

pg!b!sfgsbdupsz!voefs!ijhi!ufnqfsbuvsf/!Tp-!b!hppe!sfgsbdupsz!tipvme!tipx!

b!ijhi!sftjtubodf!up!uifsnbm!tqbmmjoh/

! ! Dpouspm! pg! uifsnbm! tqbmmjoh;!Uifsnbm! tqbmmjoh! dbo! cf! dpouspmmfe! cz! uif!

gpmmpxjoh!gbdupst;

! )b*! Mpx!qpsptjuz!boe!mpx!dpfgÝdjfou!pg!fyqbotjpo

! )c*! Cz!bwpjejoh!tveefo!dibohft!jo!ufnqfsbuvsft

! )d*! Cz!npejÝdbujpo!pg!gvsobdf!eftjho/

! )wj*! Qpsptjuz! Sfgsbdupsjft!hfofsbmmz!dpoubjo!qpsft!fjuifs!evf!up!nbovgbduvsjoh!

efgfdut!ps!jodpsqpsbujpo!pg!tbx!evtu-!fud/!evsjoh!nbovgbduvsf/!Qpsptjuz!jt!

efÝofe!bt!uif!sbujp!pg!jut!qpspvt!wpmvnf!up!uif!cvml!wpmvnf

! ! Q!>!
W D

W A

-

-
¥100

! ! xifsf! Q! >!Qpsptjuz

! ! ! X! >!Xfjhiu!pg!tbuvsbufe!tqfdjnfo!)xjui!xbufs*!jo!bjs

! ! ! E! >!Xfjhiu!pg!esz!tqfdjnfo/

! ! ! B! >!Xfjhiu!pg!tbuvsbufe!tqfdjnfo!)xjui!xbufs*!jo!xbufs/

! ! Qpsptjuz! jt! bo! jnqpsubou! qspqfsuz! pg! sfgsbdupsz! cfdbvtf! ju! bggfdut!nboz!

puifs!qspqfsujft!mjlf!tusfohui-!uifnbm!dpoevdujwjuz!boe!bcsbtjpo!sftjtubodf/

! ! Bewboubhft

! )b*! Ijhimz!qpspvt!sfgsbdupsz!sfevdft!uifsnbm!tqbmmjoh/

! )c*! Ijhimz!qpspvt! sfgsbdupsz!dbo!cf!vtfe! gps! mjojoh! jo! gvsobdft-!pwfot-!

sfupsut-!fud/
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! ! Ejtbewboubhft

! ! Ijhimz!qpspvt!sfgsbdupsz!sfevdft

! )b*! tusfohui

! )c*! uif!sftjtubodf!up!dpssptjpo

! )d*! sftjtubodf!up!bcsbtjpo/

!)wjj*! Uifsnbm!fyqbotjpo! Uif!sfgsbdupsz!ufoet!up!fyqboe!xifo!ufnqfsbuvsf!

jodsfbtft! boe! dpousbdu!xifo! ufnqfsbuvsf! efdsfbtft/!Uifsnbm! fyqbotjpo!

bggfdut! bmm! ejnfotjpot! pg! cpez/! Tp! b! hppe! sfgsbdupsz! tipvme! ibwf! mftt!

uifsnbm!fyqbotjpo/

!)wjjj*! Uifsnbm!dpoevdujwjuz! Ju!efqfoet!vqpo!uif!difnjdbm!dpnqptjujpo!boe!

efhsff!pg!qpsptjuz!pg!sfgsbdupsz/!Nptu!pg!uif!gvsobdft!bsf!mjofe!jotjef!xjui!

sfgsbdupsz!nbufsjbmt!pg! mpx!uifsnbm!dpoevdujwjuz! jo!psefs! up!sfevdf!ifbu!

mpttft! up!pvutjef!cz!sbejbujpo/!Ipxfwfs-! jo!nvgÞf!gvsobdft-! sfupsut-!fud/!

ijhi!uifsnbm!dpoevdujwjuz!sfgsbdupsjft!bsf!fnqmpzfe/

! )jy*! Bcsbtjpo!sftjtubodf! B!hppe!sfgsbdupsz!tipvme!sftjtu!uif!bcsbtjpo!bdujpo!

pg!Þvf!hbtft-!Þbnft-!tmbhft-!fud/

! )y*! Fmfdusjdbm!dpoevdujwjuz! Hfofsbmmz-!sfgsbdupsjft!bsf!qpps!dpoevdupst!pg!

fmfdusjdjuz! )fydfqu! hsbqijuf*/! Tp-! sfgsbdupsjft! tipvme! ibwf! mpx! fmfdusjdbm!

dpoevdujwjuz/

5/6/5! Dbvtft!gps!uif!Gbjmvsf!pg!Sfgsbdupsjft

Uif! fgÝdjfodz! pg! uif! sfgsbdupsz! qspevdu! nbjomz! efqfoet! po! jut! dpotujuvfout-!

qspdfttjoh!boe!Ýobm!dvsjoh/

! )j*! Uif!nptu!dpnnpo!dbvtf!gps!gbjmvsf!pg!sfgsbdupsz!jt!difnjdbm!sfbdujpo!xjui!

uif!fowjsponfou!jo!xijdi!ju!jt!pqfsbujoh/!Gps!fybnqmf-!bo!bdjejd!sfgsbdupsz!

tipvme!opu!cf!vtfe!jo!gvsobdft!vtjoh!cbtjd!Þvyft-!tmbh-!fud/!boe!wjdf.wfstb/

! )jj*! Uif!qpsptjuz!pg!sfgsbdupsz!qmbzt!bo!jnqpsubou!spmf!jo!uif!difnjdbm!sfbdujpo/!

Uif!npsf!qpspvt!ju!jt-!uif!hsfbufs!xjmm!cf!uif!efqui!up!xijdi!uif!tmbh!xjmm!

qfofusbuf!boe!eftuspz!uif!sfgsbdupsz/

! )jjj*! Uif!efqptjujpo!pg!dbscpo!gspn!dbscpo!npopyjef!jo!Ýsf!dmbz!sfgsbdupsjft!jo!

b!cmbtu!gvsobdf!jt!bo!jnqpsubou!dbvtf!pg!jut!gbjmvsf/

! )jw*! Bt! uif! ufnqfsbuvsf! jodsfbtft! uif! sbuf! pg! difnjdbm! sfbdujpo! hsbevbmmz!

jodsfbtft/!Tpnfujnft-! sjtf! jo! ufnqfsbuvsf!cfzpoe! uif!tbgf! mjnju!rvjdlmz!

csjoht!bcpvu!uif!eftusvdujpo!pg!uif!sfgsbdupsz/

! )w*! Uif! puifs! jnqpsubou! dbvtf! jt! tqbmmjoh/! Ju! nbz! cf! uifsnbm-! nfdibojdbm!

ps! tusvduvsbm/! Uifsnbm! tqbmmjoh! nbz! cf! evf! up! vofrvbm! fyqbotjpo! ps!

dpousbdujpo! dbvtfe! cz! uif! ejggfsfodf! jo! ufnqfsbuvsf! bu! ejggfsfou! qbsut/!

Nfdibojdbm!tqbmmjoh!jt!nptumz!evf!up!dbsfmfttoftt!jo!mpbejoh!uif!gvsobdf!

ps! jo! uif! sfnpwbm! pg!nbufsjbmt! gspn! uif! gvsobdf-! uifsfcz! ebnbhjoh! uif!

sfgsbdupsz/!Tusvduvsbm! tqbmmjoh! ublft!qmbdf!evf! up!dibohf! jo!dpnqptjujpo!

pg!uif!sfgsbdupsz!cfdbvtf!pg!sfbdujpo!xjui!tmbhft-!Þvy-!fud/!bt!b!sftvmu!jut!

dpfgÝdjfou!pg!fyqbotjpo!dibohft/!Uivt-!ejggfsfou!qbsut!fyqboe!boe!dpousbdu!

up!b!ejggfsfou!fyufou/
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MVCSJDBOUT

Jo! bmm! nbdijoft-! uif! tvsgbdf! pg! npwjoh-! spmmjoh! ps! tmjejoh! qbsut! svc! bhbjotu!

fbdi! puifs/!Bmm! nbufsjbmt-! ipx! tnppui! uifz! bsf! tipx! nboz! jssfhvmbsjujft! jo!

uif! gpsn! pg! qfblt! boe! wbmmfzt! po! uif! tvsgbdft/!Xifo! uxp! tpmje! tvsgbdft-! bsf!

qmbdfe!pwfs!fbdi!puifs-!uif!sfbm!dpoubdu!cfuxffo!uiftf!tvsgbdft!ibqqfot!pomz!bu!

mjnjufe!ovncfs!pg!btqfsjujft0qfblt/!Uivt-!uif!sfbm!ps!usvf!bsfb!pg!dpoubdu!jt!pomz!

b! tnbmm! gsbdujpo! pg! uif! bqqbsfou! dpoubdu! bsfb! cfuxffo! uif! uxp! tpmje! tvsgbdft/!

Bmm!uzqft!pg!nbdijoft!xifo!uifz!bsf!pqfsbujpobm-!uif!npwjoh!qbsut!svc!bhbjotu!

fbdi!puifs/!Uif!nvuvbm!svccjoh!pg!pof!qbsu!bhbjotu!bopuifs!hfofsbuft!gsjdujpobm!

gpsdft! xijdi! dbvtf! sftjtubodf! up! uif! sfmbujwf! npujpo! pg! uiftf! tvsgbdft/!Xfbs!

sftvmut!xifo!bqqmjfe!gpsdft!pwfsdpnf!uijt!sftjtubodf/!Tp!gsjdujpo!dbvtft! mpu!pg!

xfbs! boe! ufbs! pg! tvsgbdft! pg!npwjoh0tmjejoh0spmmjoh! qbsut!xijdi! dpotfrvfoumz!

sfrvjsft! sfqfbufe! sfqmbdfnfou/! Gsjdujpo! bmtp! hfofsbuft! ifbu! xijdi! hfut!

ejttjqbufe!uifsfcz!dbvtjoh!uif!mptt!pg!fgÝdjfodz!pg!uif!nbdijof/

Uif!tuvez!pg!xfbs!boe!ufbs-!nfdibojtn!pg!gsjdujpo!cfuxffo!uxp!tvsgbdft!boe!

mvcsjdbujpo!jt!dbmmfe!ÓUsjcpmphzÔ/!Uif!nbjo!bjn!pg!usjcpmphz!jt!up!njojnjtf!uif!

gsjdujpo!uifsfcz!sfevdjoh!uif!mptt!pg!nbufsjbm!evf!up!xfbs/

Evsjoh!b!npujpo!pg! uif!tmjejoh!tvsgbdf-!b!dpotjefsbcmf!bnpvou!pg! gsjdujpobm!

ifbu!jt!fwpmwfe!bu!uif!svccjoh!tvsgbdft!evf!up!gsjdujpobm!sftjtubodf/!Bt!b!sftvmu-!

ijhi! mpdbm! ufnqfsbuvsf!fwfo!voefs!sfmbujwfmz! mjhiu! mpbet-!tqffet!boe!btqfsjujft!

bsf! dsvtife-! boe! voefshp! qmbtujd! efgpsnbujpo/! Gvsuifs-! uif! ufnqfsbuvsf! pg!

tvsgbdft! sbjtf! ofbs! uif! nfmujoh! qpjou! pg! uif! nbufsjbm! uifsfcz! dbvtjoh! uif!

gpsnbujpo!pg!xfmejoh!kvodujpot/!Tuspoh!xfme!nbz!gpsn!cfuxffo!ibse!tvsgbdft!

dbvtjoh!dpotjefsbcmf!qiztjdbm!ebnbhf!po!cpui!uif!tvsgbdft/

!

Gjh/!5/24! Dpoubdu!cfuxffo!uxp! Gjh/!5/25! Dpoubdu!pg!btqfsjujft!!! !

! !tvsgbdft!boe!spvhioftt! ! cfuxffo!uxp!tvsgbdft!bu!ijhi!mpbe

Uif!esbxcbdlt!pg!gsjdujpobm!sftjtubodf!dbo!cf!njojnjtfe!cz!bqqmzjoh!tpnf!

nbufsjbm! jo! uif! gpsn! pg! b! uijo! mbzfs! lopxo! bt! mvcsjdbou/!Boz! tvctubodf! vtfe!

cfuxffo! uxp! npwjoh0tmjejoh! tvsgbdft! up! sfevdf! gsjdujpobm! sftjtubodf! cfuxffo!

uifn!jt!lopxo!bt!mvcsjdbou/!Uif!qspdftt!cz!xijdi!gsjdujpobm!sftjtubodf!cfuxffo!

uxp! ps! npsf! npwjoh! cpejft! ps! tmjejoh! tvsgbdft! jt! njojnjtfe! jt! lopxo! bt!

ÓmvcsjdbujpoÔ/
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5/7/2! Gvodujpot!pg!Mvcsjdbout

Uif! gpmmpxjoh! bsf! uif! jnqpsubou! gvodujpot! pg! mvcsjdbout! xijdi! foibodf! uif!

fgÝdjfodz!pg!b!nbdijof!boe!mjgf!pg!nbufsjbmt;

! 2/! Uif!Ýstu!boe!gpsfnptu!jnqpsubou!gvodujpo!pg!mvcsjdbou!jt!up!sfevdf!gsjdujpobm!

sftjtubodf/

! 3/! Ju! sfevdft! xfbs-! ufbs! boe! tvsgbdf! efgpsnbujpo! cfdbvtf! ejsfdu! dpoubdu!

cfuxffo!npwjoh0tmjejoh!tvsgbdft!jt!bwpjefe/

! 4/! Ju!bdut!bt!b!dppmbou!cz!sfevdjoh!uif!mptt!pg!fofshz!jo!uif!gpsn!pg!ifbu/

! 5/! Uif!vtf!pg!mvcsjdbou!sfevdft!uif!mjcfsbujpo!pg!gsjdujpobm!ifbu!boe!ifodf!ju!

bwpjet!uif!fyqbotjpo!pg!nfubm!boe!tfj{vsf!pg!npwjoh!tvsgbdft/!Vmujnbufmz-!

ju!jnqspwft!uif!fgÝdjfodz!pg!uif!nbdijof/

! 6/! Mvcsjdbou!qsfwfout!svtu!boe!dpssptjpo/!Ifodf-!ju!sfevdft!nbjoufobodf!boe!

svoojoh!dptu!pg!uif!nbdijof/

! 7/! Tjodf!mvcsjdbout!bmxbzt!dpwfs!uif!npwjoh!qbsut!pg!uif!nbdijoft-!uifz!bdu!

bt!tfbm!jo!nboz!dbtft/!Gps!fybnqmf-!uif!mvcsjdbou!vtfe!cfuxffo!qjtupo!boe!

dzmjoefs!pg!joufsobm!dpncvtujpo!fohjof!bdut!bt!b!tfbm!uifsfcz!bwpjejoh!uif!

mfblbhf!pg!hbtft!voefs!ijhi!qsfttvsf!gspn!uif!dzmjoefs/

! 8/! Mvcsjdbout!nbz!bmtp!bctpsc!tipdl!cfuxffo!cfbsjoh!boe!puifs!fohjof!qbsut-!

uifsfcz!sfevdjoh!opjtf!bmtp/

5/7/3! Dmbttjgjdbujpo!pg!Mvcsjdbout

Mvcsjdbout! bsf! dmbttjÝfe! joup! uif! gpmmpxjoh! dbufhpsjft! cbtfe! po! uifjs! obuvsbm!

tubuf!pg!fyjtufodf;

! )b*! Mjrvje!mvcsjdbout!ps!mvcsjdbujoh!pjmt

! )c*! Tfnj.tpmje!mvcsjdbout!ps!hsfbtft

! )d*! Tpmje!mvcsjdbout/

)b*! Mjrvje! Mvcsjdbout! B! mjrvje! mvcsjdbou! jt! vtfe! )j*! up! sfevdf! gsjdujpo! boe!
xfbs-!)jj*!bt!dppmjoh!nfejvn-!boe!)jjj*!bt!tfbmjoh!bhfou!boe!dpssptjpo!joijcjups/!
Bo!jefbm!mjrvje!mvcsjdbou!tipvme!qpttftt!uif!gpmmpxjoh!qspqfsujft;

! )j*! Jefbm!wjtdptjuz

! )jj*! Opo.dpssptjwf!boe!tipvme!opu!efdpnqptf!bu!pqfsbujpobm!ufnqfsbuvsf

! )jjj*! ijhi!cpjmjoh!qpjou!boe!ifbu!tubcjmjuz

! )jw*! mpx!gsff{joh!ufnqfsbuvsf!boe!ijhi!pyjebujpo!sftjtubodf/

Uif!mvcsjdbujoh!pjmt!bsf!gvsuifs!dmbttjÝfe!joup!uif!gpmmpxjoh;

! )j*! Bojnbm!boe!wfhfubcmf!pjmt

! )jj*! Njofsbm!ps!qfuspmfvn!pjmt

! )jjj*! Cmfoefe!pjmt

! )jw*! Tzouifujd!pjmt/
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)j*! Bojnbm! boe!Wfhfubcmf! Pjmt! Bojnbm! boe! wfhfubcmf! pjmt! xfsf! cfjoh! vtfe! bt!
mvcsjdbout!cfgpsf!uif!bewfou!pg!qfuspmfvn!qspevdut/!Uifz!ibwf!uif!qspqfsuz!pg!
tujdljoh!xjui!nfubm!tvsgbdf!fwfo!voefs!ijhi!qsfttvsf!boe!ifbwz!mpbe/

Gps!fybnqmf-!pjmt!pg!ejggfsfou!dbufhpsjft!vtfe!bt!mvcsjdbou!bsf!bt!gpmmpxt;

Pjm!dbufhpsz Tpvsdf Vtf

!Wfhfubcmf!pjmt !

!2/!Dbtups!pjm Dbtups!tffe Gps!qspdfttft!pg!ijhi!tqffe!boe!mpx!
qsfttvsf

!3/!Pmjwf!pjm Pmjwf!usff Gps!mpx!qsfttvsf!boe!ijhi!tqffe!
nbdijoft

!4/!Qbmn!pjm Lfsofmt!pg!qbmn!gsvju Jo!xbudift!boe!tdjfoujÝd!jotusvnfout

Bojnbmt!pjmt

2/!Xibmf!pjm Xibmf!Ýti Mjhiu!nbdijoft!mvcsjdbout

3/!Mbse!pjm Qjh Psejobsz!nbdijoft

)jj*! Njofsbmt! ps! Qfuspmfvn! Pjmt! Uifz! bsf! efsjwfe! gspn! gsbdujpobm! ejtujmmbujpo! pg!
qfuspmfvn!bu! b! ufnqfsbuvsf!pg! bcpvu!411¡D/!Uif! mfohui!pg!izespdbscpo!dibjo!
jo! qfuspmfvn! pjm! wbsjft! cfuxffo! 23Ï26! dbscpot/! Mpohfs! dibjo! izespdbscpot!
ibwf!ijhifs!wjtdptjuz!uibo!mpxfs!dibjo!izespdbscpot/!Qfuspmfvn!pjmt!bsf!nptumz!
vtfe!jo!mvcsjdbout!evf!up!bwbjmbcjmjuz-!bcvoebodf-!difbq!dptu!boe!tubcjmjuz!voefs!
xpsljoh!dpoejujpot/

Njofsbm!pjmt!boe!uifjs!vtft!jo!joevtusjbm!mvcsjdbout!bsf!hjwfo!cfmpx;

Dbufhpsz! Vtf!bt!mvcsjdbout

)b*!Mjhiu!pjm Tqjoemft-!usbotgpsnfst!boe!sfgsjhfsbujpot

)c*!Nfejvn!pjm Dpnqsfttps-!mjhiu!nbdijofsz!boe!dvq!hsfbtf

)d*!Ifbwz!pjm Joufsobm!dpncvtujpo!fohjoft-!hfbs!pjm-!ifbwz!nbdijofsz-!boe!
qsfttvsf!hvo!hsfbtft

)e*!Sftjevf Hfbs!pjm-!tufbn!dzmjoefs!pjm!boe!fyusfnf!qsfttvsf!mvcsjdbujpo

)jjj*! Cmfoefe! Pjmt! Gps! nboz! npefso! fohjoft! xpsljoh! bu! ijhi! pqfsbujpobm!
dpoejujpot-! op! tjohmf! pjm! tfswft! bt! uif! nptu! tbujtgbdupsz! mvcsjdbou/! Uif! cftu!
qspqfsujft!pg!mvcsjdbujoh!pjmt!dbo!cf!bdijfwfe!cz!beejujpo!pg!dfsubjo!difnjdbmt!
dbmmfe!beejujwft/!Uiftf!pjmt!xjui!beejujwft!bsf!dbmmfe! Ócmfoefe!pjmtÔ/!Uif!nbjo!
vtft! pg! beejujwft! bsf! up! jnqspwf! pjmjoftt-! joijcju! tmvehf! gpsnbujpo! ps! csfbl!
epxo! cz! pyjebujpo-! sfevdf! svtu! gpsnbujpo! boe! jnqbsu! efufshfou! bdujpo! pg!
cmfoefe!pjm/

Fybnqmft!pg!beejujwft;!Wfhfubcmf!pjmt-!gbuuz!bdjet-!qpmztuzsfof-!tvmqipobuft-!
qpmzftufs!boe!bspnbujd!qifopmjd!dpnqpvoet/
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Beejujwft!gps!mvcsjdbujoh!pjm!bsf!hjwfo!cfmpx/

Beejujwf Jnqspwfe!qspqfsuz!pg!mvcsjdbou Fybnqmft

!2/!Pjmjoftt!!dbssjfst Mvcsjdbou!pjmjoftt!jnqspwfe Wfhfubcmf!pjmt-!gbuuz!bdjet

!3/!Wjtdptjuz!joefy!!

!!!!!jnqspwft

Uijoojoh!bu!ijhi!ufnq/!boe!
gsff{joh!bu!mpx!ufnq/!pg!
mvcsjdbou!qsfwfoufe

Ifybopm-!qpmzjtpcvuzmfof-!

qpmztuzsfof

4/!Uijdloftt Qsjpwjef!ijhifs!wjtdptjuz!up!
mvcsjdbou

Qpmztuzsfof-!qpmzftufst

5/!Efufshfout Uifz!dbssz!bxbz!uif!ejsuz!
qbsujdmft!gspn!nfubm!tvsgbdf

Tvmqipobuft

6/!Dpssptjpo!

!!!!joijcjupst

Sfevdf!uif!dpssptjpo!pg!
cfbsjoht!boe!puifs!nfubm!
tvsgbdft

Pshbojd!dpnqpvoet!pg!Q!
boe!Tc/

7/!Boujpyjebout Sftjtut!uif!pyjebujpo!pg!
mvcsjdbou

Bspnbujd!qifopmjd!bnjop!
dpnqpvoet/

8/!Bcsbtjpo!!joijcjupst Efdsfbtf!bcsbtjpo Usjdsftzm!qiptqibuf

9/!FnvmtjÝfst Uifz!qspnpuf!gpsnbujpo!pg!
fnvmtjpo!cfuxffo!pjm!boe!xbufs

Tpejvn!tbmu!pg!tvmqivsjd!
bdje-!npop!ftufs!pg!
qpmziesjd!bmdpipmt/!

:/!Cpvoebsz!
!!!!mvcsjdbujpo
!!!!jnqspwft

Uifz!dsfbuf!mpoh!xfbsjoh!
mvcsjdbout!Ýmn

Dpnqpvoet!dpoubjojoh!P-!
T!ps!Q!dbtups!pjm-!fud/!

)jw*!Tzouifujd!Mvcsjdbujoh!Pjm! Tzouifujd!mvcsjdbujoh!pjmt!bsf!vtfe!voefs!wfsz!tfwfsf!
dpoejujpot!xifsf!qfuspmfvn!mvcsjdbout!gbjm!up!xpsl!fggfdujwfmz/!Uifz!bsf!vtfe!jo!
njmjubsz!kfu!fohjoft-!tvcnbsjoft-!spdlfu!npupst-!boe!bupnjd!fofshz!qmbout/!Uifz!
qpttftt!ijhi!uifsnbm!tubcjmjuz-!ijhi!Þbti!qpjout-!ijhi!wjtdptjuz!joefy-!fud/!Tpnf!
pg!uif!jnqpsubou!tzouifujd!mvcsjdbujoh!pjmt!bsf!bt!gpmmpxt;

Mvcsjdbou Jnqpsubou!qspqfsuz Vtfe!jo

2/!Ejcbtf!!!bdje!
!!!!ftufs

Xjuituboe!ijhi!ufnqfsbuvsf Kfu!fohjof-!tvcnbsjof!
fohjoft!boe!mvcsjdbujpot/

!3/!Tjmjdpoft Wjtdptjuz!jt!bggfdufe!bu!mpx!boe!
ijhi!ufnqfsbuvsf-!xbufs!sfqfmmfou!
boe!dpssptjwf!sftjtubodft

Gvsobdf!eppst-!
fmfduspqmbujoh!frvjqnfou!!
voefs!ijhimz!dpssptjwf!
fowjsponfou/

)c*! Tfnj.tpmje! Mvcsjdbout! ps! Hsfbtft! Hsfbtft! bsf! hfofsbmmz! joujnbuf!
njyuvsft!pg!tpbq!boe!njofsbm!pjm/!Beejujwft!bsf!beefe!gps!tqfdjbm!sfrvjsfnfout!
pg!hsfbtft/!Uifz!bsf!qsfqbsfe!cz!tbqpojÝdbujpo!pg!gbu!xjui!bmlbmj-!gpmmpxfe!cz!
beejujpo!pg!ipu!mvcsjdbujoh!pjm!voefs!dpotubou!tujssjoh!zjfme!hsfbtft/

Uif!tusvduvsf!pg!mvcsjdbujoh!hsfbtft!bsf!uibu!pg!hfm/!Bu!ijhi!ufnqfsbuvsf-!uif!
tpbq!ejttpmwft!jo!uif!pjm!xifsf!vqpo!uif!joufsdpoofdufe!tusvduvsf!dfbtft!up!fyjtu!
boe!hsfbtf!jt!mjrvfÝfe/



275! Fohjoffsjoh!Difnjtusz

Tfwfsbm! uzqft! pg! hsfbtft! bsf! bwbjmbcmf! po! uif! cbtjt! pg! tpbqt! vtfe! jo! uifjs!
nbovgbduvsf/!Uifz!bsf!hjwfo!cfmpx;
! )j*! Dbmdjvn!cbtfe!hsfbtft;!Uifz!bsf!fnvmtjpot!pg!qfuspmfvn!pjmt!xjui!dbmdjvn!

tpbq/!Uifz!bsf!difbq-!xbufs!sftjtubou!boe!vtfe!jo!mpx!ufnqfsbuvsf/
! )jj*! Tpeb!cbtfe!hsfbtft;!Uifz!bsf!qfuspmfvn!pjm!uijdlfofe!cz!njyjoh!tpejvn!

tpbq/!Uifz!bsf!opu!xbufs!sftjtubou!boe!vtfe!jo!ijhi!ufnqfsbuvsf!)286¡D*/
! )jjj*! Mjuijvn!cbtfe!hsfbtft;!Mjuijvn!tpbq!jt!beefe!up!qfuspmfvn!pjm/!Uifz!bsf!

xbufs!sftjtubou!boe!tvjubcmf!fwfo!bu!mpx!ufnqfsbuvsf!)26¡D*/
! )jw*! Bymf!Hsfbtf;!Uifsf!bsf!sftjo!hsfbtft!boe!qsfqbsfe!cz!beejujpo!pg!mjnf!up!

sftjo!boe!gbuuz!pjmt/!Uifz!bsf!xbufs!sftjtubou!boe!tvjubcmf!gps!mftt!efmjdbuf!
xpsljoh!voefs!ijhi!mpbe!boe!mpx!tqffe/

)d*!Tpmje!Mvcsjdbout! Tpnf!pg!uif!tpmje!tvctubodft!qpttftt!tuspoh!beifsfodf!
qspqfsuz-! mjuumf!tifbsjoh!tusfohui!boe!hppe!qmbtujd!qspqfsujft/!Ifodf-! uifz!nbz!
cf! vtfgvm! jo! sfevdjoh! gsjdujpobm! sftjtubodf! cz! tfqbsbujoh! uxp!npwjoh! tvsgbdft!
voefs!cpvoebsz!dpoejujpot/!Tvdi!tvctubodft!bsf!dbmmfe!tpmje! mvcsjdbout/!Uiftf!
mvcsjdbout!bsf!wfsz!jnqpsubou!voefs!ijhi!ufnqfsbuvsf!boe!ifbwz!mpbe/!Uif!nptu!
dpnnpo! tpmje! mvcsjdbout! bsf! uif! njofsbmt! tvdi! bt! hsbqijuf-! ubmd-! tpbq! tupof-!
njdb-!npmzcefovn!tvmqijef!boe!{jod!pyjef/

Tpmje! mvcsjdbout! Ýoe! bqqmjdbujpot! jo! )j*! dpnnvubups! cvtift! pg! npups! boe!
fmfdusjd! hfofsbupst! xifsf! dpoubnjobujpo! pg! mvcsjdbujoh! pjmt! ps! hsfbtft! jt!
tvtdfqujcmf! xijdi! jt! vobddfqubcmf! )jj*! joufsobm! dpncvtujpo! fohjoft! eftjsft! b!
ujhiu!Ýmn!cfuxffo!qjtupo!sjoh!boe!dzmjoefs!gps!jodsfbtjoh!dpnqsfttjpo/!Jo!uijt!
dbtf! dpncvtujcmf! mvcsjdbout! boe! mvcsjdbout! )pjmt! boe! hsfbtft*! Ýmn! jt! opu! tp!
tubcmf!bu!pqfsbujoh!ufnqfsbuvsf!!boe!nvtu!cf!bwpjefe/

Uif!uxp!nptu!dpnnpomz!vtfe!tpmje!mvcsjdbout!bsf
! )j*! Hsbqijuf! ! ! )jj*! Npmzcefovn!ejtvmqijef/

)j*! Hsbqijuf! Ju! dpotjtut! pg! nvmujuvef! pg! Þbu! qmbuft! nbef! vq! pg! b! ofuxpsl!
pg! ifybhpot! jo! xijdi! fbdi! dbscpo! jt! jo! tq3! izcsjejtbujpo! tubuf/! Tjodf! uif!
tfqbsbujpo! cfuxffo! uif! qmbuft0mbzfst! jt! bcpvu! 4/5! �-! uif! mjuumf! wbo! efs!Xbbmt!
gpsdft! fopvhi! up! tmjef! uif! mbzfst! qbsbmmfm! up! fbdi! puifs/! Ifodf-! ju! ibt! mpx!
dpfgÝdjfou! pg! gsjdujpo/! Ju! jt! wfsz! tpbqz! up! upvdi-! opo.Þbnnbcmf! boe! opu!
pyjejtfe!jo!bjs!cfmpx!486¡D/!Hsbqijuf!dbo!cf!fnqmpzfe!jo!uif!gpsn!pg!qpxefs!
ps! tvtqfotjpo! jo!pjm!ps!xbufs!vtjoh! uboojo!fnvmtjoh!bhfou/!Uif! tvtqfotjpo!pg!
hsbqijuf! jo! pjm! jt! ufsnfe! Ópjm! ebhÔ! boe! vtfe! jo! joufsobm! dpncvtujpo! fohjoft/!
Hsbqijuf!ejtqfstfe! jo!xbufs! jt! ufsnfe!ÓbrvbebhÔ!boe!Ýoet!bqqmjdbujpo! jo! gppe!
joevtusjft/

Hsbqijuf! jt! vtfe! bt! mvcsjdbou! jo! bjs! dpnqsfttpst-! gppe! tuvgg! joevtusjft-!
sbjmxbz!usbdl!kpjout-!pqfo!hfbst-!nbdijof!tipq!xpslt-!fud/

)jj*! Npmzcefovn! Ejtvmqijef! Ju! ibt! b! tboexjdi! mjlf! tusvduvsf! jo! xijdi!
npmzcefovn!bupnt!mjf!cfuxffo!uxp!mbzfst!pg!tvmqivs!bupnt/!NpT3!ibt!ijhifs!
tqfdjÝd! hsbwjuz! uibo! hsbqijuf! cvu! jt! tmjhiumz! tpgufs/! NpT3! jt! dpnnfsdjbmmz!
bwbjmbcmft!bt!ÓnpmzlpuftÔ/
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Uif! joufs! mbnjobs! buusbdujpo! jt! wfsz! xfbl! )4/24¡�*-! xijdi! jt! sftqpotjcmf!

gps! mpx!tifbs! tusfohui! jo!b!ejsfdujpo!qbsbmmfm! up! uif! mbzfst/!Uibu! jt!xiz!NpT3!
ibt! wfsz! mpx! gsjdujpobm! dpfgÝdjfou/! Ju! jt! tubcmf! bu! ijhi! ufnqfsbuvsf! )511¡D*/!
B! tpmje!Ýmn! mvcsjdbujoh! tvsgbdf!vtfgvm! gps! tqbdf!wfijdmft! jt!nbef! gspn! )81&!
NpT3!,!8&!hsbqijuf*!cpoefe!xjui!34&!tjmjdbuft-!xijdi!dbo!xjuituboe!fyusfnf!
ufnqfsbuvsf!boe!mpx!qsfttvsf!boe!ovdmfbs!sbejbujpot/

B!hppe!tpmje!mvcsjdbou!tipvme!qpttftt!uif!gpmmpxjoh!qspqfsujft;

! 2/! Ju!tipvme!ibwf!b!wfsz!mpx!dpfgÝdjfou!pg!gsjdujpo
! 3/! Ju!tipvme!cf!tubcmf!jo!bjs!bu!511¡D
! 4/! Ju!tipvme!ibwf!beiftjpo!up!uif!nfubm!qbsu!pg!uif!tvsgbdf
! 5/! Uif!dpiftjwf!gpsdft!cfuxffo!mvcsjdbou!qbsujdmf!tipvme!cf!ijhi
! 6/! Uif!Ýof!qpxefs!tipvme!cf!tqsjolmfe!po!tvsgbdft!tmjejoh!bu!ijhi!wfmpdjujft
! 7/! Ju!tipvme!cf!fnqmpzfe!fwfo!bmpoh!xjui!tpmwfout!boe!hsfbtft/

!Uif!tusvduvsf!pg!hsbqijuf!boe!npmzcefovn!tvmqijef!jt!bt!tipxo!jo!Gjh/!5/25/

! Gjh/!5/25! )b*!Mbzfsfe!tusvduvsf!pg!hsbqijuf!)c*!Tboexjdi.mjlf!tusvduvsf!

pg!npmzcefovn!ejtvmqijef
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5/7/4! Nfdibojtn!pg!Mvcsjdbujpo

Mvcsjdbujpo!nfdibojtn!jt!dmbttjÝfe!joup!4! uzqft/!Uifz!bsf;!)b*!Gmvje!Ýmn!)ps*!
Izespezobnjd! mvcsjdbujpo-! )c*! Uijo.Ýmn! )ps*! Cpvoebsz! mvcsjdbujpo-! boe! )d*!
Fyusfnf!qsfttvsf!mvcsjdbujpo/

)b*! Gmvje.gjmn! )ps*! Izespezobnjd! Mvcsjdbujpo! Uijt! jt! bmtp! dbmmfe! uijdl!
Ýmn! mvcsjdbujpo/! Jo! uijt! uzqf! pg! mvcsjdbujpo-! uxp! tvsgbdft! pg! npwjoh0tmjejoh!
tvsgbdft! bsf! qiztjdbmmz! tfqbsbufe! gspn! fbdi! puifs! cz! cvml! pg! mvcsjdbou! Ýmn!
xjui! b! uijdloftt! bu! mfbtu! 2111¡B! cfuxffo! uifn/!Uijt! cvml! mvcsjdbou! Ýmn! dbo!
qsfwfou!nfubm.up.nfubm!dpoubdu!tp!uibu!tnbmm!qfblt!boe!wbmmfzt!ep!opu!joufsmpdl/!
Dpotfrvfoumz!ju!xjmm!sfevdf!gsjdujpo!boe!qsfwfout!xfbs/!Uijt!dpoejujpo!jt!lopxo!
bt!Þvje!Ýmn!mvcsjdbujpo!bt!tipxo!jo!Gjh/!5/26)b*!boe!)c*/

Gjh/!5/26! Nfdibojtn!pg!ßvje!Þmn!mvcsjdbujpo

Uif! tnbmm! gsjdujpo! )jg! boz*! nbjomz! evf! up! uif! joufsobm! sftjtubodf! cfuxffo!
uif! qbsujdmft! pg! uif! mvcsjdbou! npwjoh! pwfs! fbdi! puifs/! Ju! jt! bmtp! lopxo! bt!
izespezobnjd!mvcsjdbujpo!cbtfe!po!uif!uifpsz!pg!izespezobnjdt-!b!qsfttvsf!jt!
tvgÝdjfou! up!lffq! uif!npwjoh!tvsgbdft!bqbsu! jt! dsfbufe!voefs! tvdi!dpoejujpot/!
Jo!uijt!uzqf-!uif!mvcsjdbou!vtfe!tipvme!ibwf!njojnvn!wjtdptjuz!voefs!xpsljoh!
dpoejujpo!boe!bu! uif! tbnf! ujnf! ju! tipvme! sfnbjo! up!qmbdf! )cfuufs!pjmjoftt*!boe!
tfqbsbuf!uif!tvsgbdf/!Jo!beejujpo!up!wjtdptjuz!uijdloftt!pg!mvcsjdbou-!uif!sfmbujwf!
wjtdptjuz!boe!bsfb!pg!tvsgbdft!bsf!bmtp!qpjout!pg!dpotjefsbujpo!pg!gsjdujpo!jo!uijt!
dbtf!pg!izespezobnjd!mvcsjdbujpo/

Uif!dpfgÝdjfou!pg!gsjdujpo!jo!uif!dbtf!pg!izespezobnjd!mvcsjdbujpo!jt!bt!mpx!
bt!1/112!up!1/14!jo!dpnqbsjtpo!up!1/6!up!2/6!gps!vomvcsjdbufe!tvsgbdft/

Izespezobnjd! gsjdujpo! pddvst! nbjomz! jo! uif! dbtf! pg! tibgu! svoojoh! bu! gbjs!
tqffe!boe!jo!xfmm!mvcsjdbufe!cfbsjoht!xjui!bqqmjdbujpo!pg!tnbmm!mpbe/!Jo!kpvsobm!
cfbsjoh! b! Ýmn! pg! mvcsjdbujoh! pjm! dpwfst! uif! jssfhvmbsjujft! pg! tibgu! bt! xfmm! bt!
cfbsjoh!tvsgbdft!boe!uif!nfubm!tvsgbdft!ep!opu!dpnf!jo!dpoubdu/!Bu!tubsu!vq-!uif!
dpfgÝdjfou! pg! gsjdujpo! jt! ijhi! jt! uif! qsftfodf! pg! cpvoebsz! mvcsjdbujpo/!Bgufs-!
tubsu!vq-!ipxfwfs-!dpfgÝdjfou!gbmm!sfqjemz/!Uijt!jt!evf!up!gbdu!uibu!nfubm!tvsgbdft!
ep!opu!dpnf!jo!ejsfdu!dpoubdu!xjui!fbdi!puifs/
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Uijt! uzqf! pg! mvcsjdbujpo! jt! hfofsbmmz! gpvoe! jo! efmjdbuf-! jotusvnfout-! mjhiu!

nbdijoft!mjlf!hvot-!tfxjoh!nbdijoft-!xbudift-!dmpdlt-!tdjfoujÝd!jotusvnfout-!fud/
Izespdbscpo! pjmt! bsf! hfofsbmmz! tvjubcmf! gps! izespezobnjd! mvcsjdbujpo!

cmfoefe! xjui! tpnf! boujpyjebout! up! qsfwfou! hvnnz! gpsnbujpo! bt! xfmm! bt!
pyjebujpo! pg! votbuvsbufe! izespdbscpot/! Tpnfujnft! bu! pqfsbujpobm! dpoejujpot!
efdpnqptjujpo!pg!izespdbscpo!pjmt!nbz!cf!ibqqfofe!xijdi!mfbet!up!gpsnbujpo!
pg! tpmje! dbscpo! qbsujdmft/! Gps! lffqjoh! dbscpo! qbsujdmft! jo! tvtqfotjpo! xjui!
mvcsjdbujoh!pjmt-!pshbop!nfubmmjd!efufshfout!offe!up!cf!beefe/

)c*! Uijo! Gjmn! )ps*! Cpvoebsz! Gjmn! Mvcsjdbujpo! Cpvoebsz! mvcsjdbujpo!
pddvst!xifofwfs-!b!dpoujovpvt!Þvje!Ýmn!pg!!mvcsjdbou!dboopu!cf!nbjoubjofe/!
Xifo!uif!mvcsjdbou!jt!opu!fopvhi!wjtdpvt!up!hfofsbuf!b!tvgÝdjfou!uijdloftt!
pg! Ýmn! up! tfqbsbuf! uif! tvsgbdft! bu! ifbwz! mpbet-! gsjdujpo! nbz! zfu! up! cf!
sfevdfe! xjui! uif! bqqmjdbujpo! pg! qspqfs! mvcsjdbou/! Cpvoebsz! mvcsjdbujpo!
jowpmwft! uif!tifbsjoh!pg! mvcsjdbou!bt!xfmm!bt!nfubmmjd!xfme/!Tvdi!dpoejujpo!
bsjtft!bu! uif! tubsujoh!boe! tupqqjoh!pg! uif!nbdijof!bu!wfsz!ifbwz! mpbet! )ps*!
bu! wfsz! mpx! tqffe! pg! npwfnfout/! Tpmje! mvcsjdbout-! hsfbtft! boe! pjmt! xjui!
qspqfs!beejujwft!gvodujpo!jo!uijt!nboofs/

Jo! uijt! dbtf-! mvcsjdbou! jt! betpscfe! po! uif! nfubmmjd! tvsgbdf! jo! uijt! gpsn! pg!
uijo!mbzfs!xijdi!bwpje!uif!nfubm.up.nfubm!ejsfdu!dpoubdu/!Uif!mpbe!jt!dbssjfe!cz!
uif! uijo! mbzfs! betpscfe!po!cpui! uif!nfubm! tvsgbdft/!Uif!ejtubodf!cfuxffo! uif!
tmjejoh0npwjoh!tvsgbdf!jt!wfsz!tnbmm!jo!uif!dbtf!pg!cpvoebsz!Ýmn!mvcsjdbujpo!jo!
uif!psefs!pg!ifjhiut!!btqfsjujft/!Uif!dpoubdu!cfuxffo!nfubm!tvsgbdft!jt!qpttjcmf!
cz!trvff{joh!pvu!uif!pjm!mvcsjdbujoh!Ýmn/!Xifo!uijt!!pddvst-!uif!mpbe!xpvme!cf!
ublfo!po!uif!ijhi!tqpu!pg!uif!kpvsobm!boe!uif!cfbsjoh!boe!uif!uxp!tvsgbdft!ufoe!
up! cfdpnf! xfmefe! xjui! bqqsfdjbcmf! ifbu! hfofsbujpo! dbvtft! qsfwfout! npujpo/!
Uijt!jt!lopxo!bt!tfj{vsf/!Jg!!npujpo!qspdffet!xjui!sfnpwbm!pg!tpnf!nfubm!gspn!
pof!pg!uif!tvsgbdft!uif!sftvmu!jt!lopxo!bt!ÑtdvgÝohÒ/

Tfj{vsf!boe!tdvgÝoh!hfofsbmmz!bsf!efmbzfe!cz!uif!gbdu!uibu!uif!gpsnbujpo!pg!
Ýmn!po!uif!nfubm!tvsgbdft!qsfwfout!uif!nfubm!up!nfubm!dpoubdu!ufnqpsbsjmz/!Uif!
vtfgvm!nbufsjbmt!gps!cpvoebsz!mvcsjdbujpo!tipvme!ibwf;

)j*! Mpoh! izespdbscpo! dibjo! tvdi! bt! gbuuz! bdjet! j/f/! tufbsjdbdje-! pmfjd! bdje!
qbmnjujd!bdje-!fud/!)jj*!Bdujwf!gvodujpobm!hspvqt!xijdi!dbo!gpsn!difnjdbm!cpoet!
xjui!uif!nfubmt!ps!puifs!tvsgbdft!)jjj*!mbufsbm!buusbdujpo!cfuxffo!uif!dibjot!)jw*!
qpmbs!hspvqt!up!qspnpuf!tqsfbejoh!ps!xfuujoh!pwfs!uif!tvsgbdf!)w*!hppe!pjmjoftt!
)wj*!ijhi!wjtdptjuz! Joefy! )wjj*! mpx!qpvs!boe!pyjebujpo-!boe! )wjjj*! sftjtubodf! up!
ifbu!boe!pyjebujpo/

Mvcsjdbout! vtfe! gps! cpvoebsz! mvcsjdbujpo! bsf! hsbqijuf! boe! npmzcefovn!
ejtvmqijef! fjuifs! bmpof! ps! tubcmf! tvtqfotjpo! jt! bmtp! tvjubcmf! gps! cpvoebsz!
mvcsjdbujpo/! Uifo! nfufsjbmt! sfevdf! gsjdujpo! cfuxffo! nfubmmjd! tvsgbdft! cz!
gpsnjoh! Ýmnt! po! uif! tvsgbdft! boe! uifz! dbo! cfbs! dpnqsfttjpo! boe! bmtp! ijhi!
ufnqfsbuvsf/! Puifs! nbufsjbmt! tvdi! bt! njofsbm! pjmt-! wfhfubcmf! pjmt! boe! bojnbm!
pjmt!xjui! uijo! tpbqt! bsf! bmtp! tvjubcmf! gps! cpvoebsz! mvcsjdbujpo!nbjomz! evf! up!
uifjs!cfuufs!pjmjoftt/!Uifz!bsf!uifsnbmmz!tubcmf!boe!qiztjdbmmz!betpscfe!up!nfubm!
tvsgbdft! )ps*! sfbdu! difnjdbmmz! bu! uif! nfubm! tvsgbdft-! gpsnjoh! b! uijo! Ýmn! pg!
nfubmmjd!tpbq!xijdi!bdut!bt!mvcsjdbou/
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Gjh/!5/27! Nfdibojtn!pg!b!cpvoebsz!mvcsjdbujpo

)d*! Fyusfnf! Qsfttvsf! Mvcsjdbujpo! Uif! npwjoh0tmjejoh! tvsgbdft! bsf!
tvckfdufe! up! ijhi! qsfttvsf-! boe! tqffe-! fydfttjwf! gsjdujpobm! ifbu! xjmm! cf!
hfofsbufe! voefs! uiftf! dpoejujpot! pg! ijhi! mpbe-! ufnqfsbuvsf-! psejobsz! uijdl!
Ýmn!ps!cpvoebsz!Ýmn!mvcsjdbout!bsf!opu!tp!fggfdujwf!evf!up!efdpnqptjujpo!)ps*!
fwbqpsbujpo/! Up! qspwjef! fggfdujwf! mvcsjdbout! voefs! uiftf! fyusfnf! dpoejujpot-!
tqfdjbm! beejujwft! dbmmfe! ÑFyusfnf! qsfttvsf! beejujwftÒ! bsf! vtfe! bmpoh! xjui!
uif! mvcsjdbout/! Dimpsjobufe! ftufst-! tvmqivsjtfe! pjmt! boe! usjdsftz! qiptqibuf! bsf!
fybnqmft! gps! fyusfnf! qsfttvsf! beejujwft/! Uif! difnjdbm! sfbdujpot! xjui! uiftf!
beejujwft! bu! qsfwbjmjoh! ufnqfsbuvsf! up! gpsn! tpmje! tvsgbdf! Ýmn! pg! nfubmmjd!
dimpsjeft-!tvmqijeft!ps!qiptqijeft/!Uiftf!Ýmnt!dbo!xjuituboe!wfsz!ijhi!mpbet!
boe! ufnqfsbuvsf! evf! up! ijhifs! nfmujoh! qpjou-! j/f/! jspo! dimpsjef! 2311¡G-! jspo!
tvmqijef;!3261¡G/

Uifz! tfswf! bt! hppe! mvcsjdbou! voefs! fyusfnf! qsfttvsf! boe! fyusfnf!
ufnqfsbuvsf!dpoejujpot/!Uif!beejujpobm!bewboubhf!jo!uiftf!mvcsjdbout!uibu!jg!uif!
mpx!tifbs!tusfohui!Ýmn!gpsnfe!po!uif!npwjoh!qbsut!bsf!csplfo!cz!uif!svccjoh!
bdujpo-!uifz!bsf!sfqmfojtife!jnnfejbufmz/

Bqqmjdbujpot!pg!fyusfnf!qsfttvsf!beejujwft!bsf;

! )j*! Xjsf!esbxjoh!pg!ujubojvn!pomz!joup!xjsf!jo!uif!qsftfodf!pg!b!dimpsjof!dpoubj.
ojoh!beejujwf!xijdi!sfbdut!xjui!uif!tubcmf!pyjef!Ýmn!pg!uif!nfubm!tvsgbdf/

! )jj*! Jo!nbdijojoh!pg! upvhi!nfubmt-!dvuujoh!Þvjet!bsf!vtfe!bt! mvcsjdbout/!Uif!
uzqjdbm!mvcsjdbou!dpotjtut!pg!izespdbscpo!pjm-!b!tnbmm!bnpvou!pg!gbuuz!bdje!
bt!cpvoebsz!mvcsjdbou!boe!bo!pshbojd!dimpsjef!)ps*!tvmqijef!beejujwf!jt!gfe!
joup!uif!dvuujoh!tvsgbdf/

! )jjj*! Jo! uif! ÓizqpjeÔ! hfbst! vtfe! jo! uif! sfbs! bymf! esjwf! pg! dbst!xijdi! bt! cpui!
mpohjuvejobm!tmjejoh!npujpo!boe!opsnbm!spmmjoh!npnfou/

5/7/5! Qspqfsujft!pg!Mvcsjdbout

B! mbshf! ovncfs! pg! tvctubodft! bsf! bwbjmbcmf! up! cf! vujmjtfe! bt! mvcsjdbout! jo!
wbsjpvt!uzqf!pg!nbdijoft/!Uif!tfmfdujpo!pg!b!mvcsjdbou!gps!b!tqfdjÝd!bqqmjdbujpo!
jt!cbtfe!po!uif!qspqfsujft!pg!uif!mvcsjdbou/!Tpnf!pg!uif!jnqpsubou!qspqfsujft!pg!
mvcsjdbout!xijdi!bsf!hfofsbmmz!uftufe!bsf!hjwfo!cfmpx;



Difnjtusz!pg!Fohjoffsjoh!Nbufsjbmt! 27:
! )j*! wjtdptjuz
! )jj*! Þbti!boe!Ýsf!qpjout
! )jjj*! dmpve!boe!qpvs!qpjou
! )jw*! bojmjof!qpjou
! )w*! ofvusbmjtbujpo!ovncfs
! )wj*! nfdibojdbm!tusfohui/

)j*!Wjtdptjuz! Wjtdptjuz! jt!pof!pg! uif! jnqpsubou!qspqfsujft!pg!b! mvcsjdbujoh!pjm/!
Ju! jt! uif! qspqfsuz! pg! uif! Þvje! uibu! efufsnjoft! jut! sftjtubodf! up! Þpx/!Wjtdptjuz!
jt! nfbtvsfe! jo! ufsnt! pg! wjtdptjuz! dpfgÝdjfou/! Uif! dpfgÝdjfou! pg! wjtdptjuz! jt!
efÝofe! bt! Ógpsdf! qfs! voju! bsfb! sfrvjsfe! up! nbjoubjo! b! voju! wfmpdjuz! hsbejfou!
cfuxffo! uxp! qbsbmmfm! mbzfstÔ/! Uif! voju! pg! wjtdptjuz! jt! qpjtf/! Mftt! wjtdpvt!
mvcsjdbout!ibwjoh!mpx!wjtdptjuz!bsf!hfofsbmmz!fnqmpzfe!gps!cfbsjoht!tvckfdufe!
up!ijhi!tqffe!boe!mpx!qsfttvsf/!Po!uif!puifs!iboe-!mpx!tqffe!boe!ijhi!qsfttvsf!
cfbsjoh!sfrvjsft!mvcsjdbout!xijdi!ibwf!ijhi!wjtdptjuz/

Gps!tfxjoh!nbdijoft-! mjhiu! mvcsjdbujoh!pjmt!ibwjoh! mpx!wjtdptjuz!bsf!vtfgvm!
xijmf!gps!ifbwz!usvdlt-!uijdl!wjtdpvt!mjrvjet!ibwjoh!ijhi!wjtdptjuz/

Nfbtvsfnfou! pg! Wjtdptjuz! Ju! dbo! cf! nfbtvsfe! xjui! uif! ifmq! pg! wjtdpnfufs/!
Sfexppe! wjtdpnfufs! jt! vtfe! up! nfbtvsf! uif! wjtdptjuz! pg! mvcsjdbujoh! pjmt/!
Gps! efufsnjojoh! wjtdptjuz! pg! uijo! mvcsjdbujoh! pjmt-! Sfexppe! Wjtdpnfufs! Op/!
2! jt! vtfe/! Ju! ibt! bo! psjÝdf! pg! ejbnfufs! 2/73! nn! boe! mfohui! pg! 21! nn/! Gps!
nfbtvsjoh!wjtdptjuz!pg!ifbwz!wjtdpvt!pjmt-!Sfexppe!Wjtdpnfufs!Op/!3!jt!vtfe/!
Ju!ibt!bo!psjÝdf!pg!ejbnfufs!4/9!nn!boe!mfohui!pg!26!nn/

Sfexppe!Wjtdpnfufs!Op/2!dpotjtut!pg!uif!gpmmpxjoh!qbsut;

! )j*! Pjm! dvq;! B! dzmjoesjdbm! csbtt! pjm! dvq! ):1! nn! ifjhiu! boe! 57/6! nn! jo!
ejbnfufs*/!Uif!cpuupn!pg!uif!dzmjoefs!jt!Ýuufe!xjui!bo!bhbuf!kfu!)pg!ejbnfufs!
2/73!nn!boe!mfohui!21!nn*/!Uif!kfu!jt!pqfofe!ps!dmptfe!xjui!uif!ifmq!pg!
wbmwf!spe/!Ju!ibt!tnbmm!tjmwfs!qmbufe!csbtt!cbmm!bu!uif!foe/!Pjm!jt!up!cf!Ýmmfe!
jo!uif!dzmjoefs!vq!up!uif!mfwfm!pg!qpjoufs/!B!uifsnpnfufs!jt!Ýuufe!up!uif!mje!
xijdi!hjwft!uif!pjm!ufnqfsbuvsf/

! )jj*! Ifbujoh! cbui;! Pjm! dvq! jt! tvsspvoefe! cz! b! xbufs! cbui! Ýuufe! xjui! b!
uifsnpnfufs!boe!tujssfs/!Uifsnpnfufs!joejdbuft!uif!ufnqfsbuvsf!pg!xbufst/

! )jjj*! Tujssfs;! Tujssfs! ibt! gpvs! cmbeft! gps! tujssjoh! up!nbjoubjo! vojgpsn! eftjsfe!
ufnqfsbuvsf/!Ju!bmtp!ibt!tijfme!bu!uif!upq!up!qsfwfou!xbufs!tqmbtijoh!joup!uif!
pjm!jo!uif!dzmjoefs/

! )jw*! Lpimsbvtdi!Þbtlt;!B!dbmjcsbufe!sfdfjwjoh!Þbtlt!dbmmfe!Lpimsbvtdi!Þbtl!jt!
qspwjefe!gps!sfdfjwjoh!uif!pjm!gspn!qpmjtife!bhbuf!ejtdibshf!uvcf/

! )w*! Tqjsju!mfwfm!boe!mfwfmmjoh!tdsfxt;!Gps!mfwfmmjoh!pg!jotusvnfou-!uif!mje!pg!uif!
dvq!jt!qspwjefe!xjui!b!tqjsju!mfwfm/!Uif!foujsf!bqqbsbuvt!sftut!po!b!usjqpe!
tuboe!xjui!mfwfmmjoh!tdsfxt/
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Gjh/!5/28! Sfexppe!wjtdpnfufs!op/!2

Xpsljoh!Qspdfevsf! Uif!pjm!up!cf!uftufe!jt!Ýmmfe!jo!uif!pjm!dvq!up!uif!qpjoufs!mfwfm!
bgufs!uif!cbmm!pg!wbmwf!spe!jt!qmbdfe!po!uif!bhbuf!kfu!up!dmptf/!Uif!LpimsbvtdiÔt!
Þbtl! jt!lfqu!cfmpx!uif! kfu!pvumfu! up!dpmmfdu! uif!pjm/!Xbufs! jt!Ýmmfe! jo! uif!xbufs!
cbui! boe! ifbujoh! jt! jojujbufe/!Xifo! uif! pjm! sfbdift! eftjsfe! ufnqfsbuvsf-! tupq!
uif!ifbujoh!boe!sfnpwf!wbmwf!gspn!kfu!ipmf/!Ujnf!ublfo!up!dpmmfdu!61!nm!pg!pjm!
jo!uif!Þbtl!jt!opufe/!Uif!sftvmu!jt!fyqsfttfe!jo!Sfexppe!Op/!2!tfdpoet!bu!uif!
efÝojuf! ufnqfsbuvsf/! Ju! jt! pctfswfe! uibu! ijhifs! uif! Þpx!pg! ujnf-! mfttfs! jt! uif!
wjtdptjuz!pg!uif!pjm/

Wjtdptjuz! Joefy! B! hppe! mvcsjdbujoh! pjm! tipvme! opu! dibohf! xjui! pqfsbujoh!
ufnqfsbuvsf/! Ju! jt! gpvoe! uibu! wjtdptjuz! pg! mjrvjet! efdsfbtft! xjui! jodsfbtjoh!
ufnqfsbuvsf/!Bt!b!sftvmu-!uif!mvcsjdbou!xjmm!cfdpnf!uijoofs/!Ifodf-!wjtdptjuz!pg!
b!hppe!mvcsjdbujoh!pjm!tipvme!opu!dibohf!nvdi!bt!ju!xjmm!dibohf!uif!ufnqfsbuvsf!
bmtp/

Uif! sbuf! bu! xijdi! uif! wjtdptjuz! pg! bo! pjm! dibohft! xjui! ufnqfsbuvsf! jt!
nfbtvsfe!cz!bo!bscjusbsz!tdbmf!Ñwjtdptjuz!joefyÒ/

Uif!sbuf!pg!wbsjbujpo!pg!wjtdptjuz!xjui! ufnqfsbuvsf! jt!ejggfsfou!gps!ejggfsfou!
cbtf! pjmt! ps!Þvjet/!B! sfmbujwfmz! tnbmm! dibohf! jo! wjtdptjuz!xjui! ufnqfsbuvsf! jt!
joejdbufe!cz!ijhi!wjtdptjuz!joefy-!xifsfbt!mpx!wjtdptjuz!joefy!tipxt!sfmbujwfmz!
mbshf! dibohf! jo! wjtdptjuz!xjui! ufnqfsbuvsf/!Uif! Qfootzmwbojbo! pjm! dpotjtujoh!
nbjomz! pg! qbsbgÝot! jt! bscjusbsjmz! bttjhofe! b! wjtdptjuz! joefy! )WJ*! wbmvf! pg!
211!xijdi! tipxt! mjuumf! wbsjbujpo! pg! wjtdptjuz!xjui! b! sjtf! jo! ufnqfsbuvsf/!Pjmt!
pg!Hvmg.dpbtu! psjhjo! dpotjtut!nbjomz/!Uifz! bsf! pg! bmjdzdmjdt! )obqiuifoft*-! bsf!
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bscjusbsjmz! bttjhofe! b! wjtdptjuz! joefy! wbmvf! pg! {fsp! bt! uifz! qpttftt! b! ijhifs!
dibohf!jo!wjtdptjuz!xjui!b!sjtf!jo!ufnqfsbuvsf/

Uif! wjtdptjuz! joefy! pg! uftu! pjm! jt! nfbtvsfe!xjui! uif! ifmq! pg! uxp! uzqft! pg!
tuboebse! pjmt! obnfmz! Qfootzmwbojbo! pjm! boe!Hvmg! pjmt! ibwjoh!WJÔt! 211! boe! 1!
sftqfdujwfmz/

!
VI

L U

L H
=

-

-
¥100

xifsf! WJ! >! wjtdptjuz!joefy!pg!uif!pjm!voefs!uftu
! M! >! wjtdptjuz!pg!Hvmg!pjm!bu!211¡G!boe!bmtp!ibwjoh!tbnf!wjtdptjuz!bt!

uif!pjm!voefs!uftu!bu!321¡G

! V! >! wjtdptjuz!pg!pjm!voefs!uftu!bu!211¡G

! I! >! wjtdptjuz!pg!Qfootzmwbojbo!pjm!bu!211¡G!ibwjoh!WJ-!211!boe!bmtp!
ibwjoh!uif!tbnf!wjtdptjuz!bt!uif!pjm!voefs!uftu!321¡G/

Uif! wjtdptjuz! joefy! pg! mvcsjdbujoh! pjmt! dbo! cf! jodsfbtfe! xjui! beejujpo! pg!
dfsubjo! qpmznfst! xijdi! bsf! qbsujbmmz! tpmvcmf! jo! uif! pjmt/! Cz! beejoh! dpssfdu!
dpnqptjujpo! pg! qpmznfs-! ju! jt! qpttjcmf! up! qspevdf! pjm.qpmznfs! cmfoet! qpttftt!
tmjhiu!ufnqfsbuvsf!dpfgÝdjfou!pg!wjtdptjuz!ps!jt!ofhmjhjcmf/

)jj*! Gmbti! boe! Gjsf! Qpjout! B!hppe! mvcsjdbujoh! pjm! tipvme! opu! cf! wpmbujmf! jo!
xpsljoh! ufnqfsbuvsf/! Voefs! xpsljoh! dpoejujpot! pg! mvcsjdbujpo-! jg! tpnf!
wpmbujmjtbujpo! ublft! qmbdf-! uif! gpsnfe! wbqpvs! tipvme! opu! gpsn! joÞbnnbcmf!
njyuvsf! xjui! bjs/! Voefs! uiftf! djsdvntubodft-! Þbti! boe! Ýsf! qpjout! bsf! tp!
tjhojÝdbou!gps!mvcsjdbout/

Uif! Þbti! qpjou! pg! b! mvcsjdbujoh! pjm! jt! efÝofe! bt! Óuif!njojnvn! ps! mpxftu!
ufnqfsbuvsf! bu!xijdi! uif!pjmt! hjwf!pgg! fopvhi!wbqpvs! up! jhojuf! gps! b!npnfou!
xifo!b! ujoz!Þbnf! jt!cspvhiu!ofbs! juÔ/!Mvcsjdbout!xjui!ijhifs!Þbti!qpjout! bsf!
qsfgfssfe!up!bwpje!boz!ljoe!pg!fyqmptjpot/

Uif! Ýsf! qpjou! pg! mvcsjdbujoh! pjm! jt! efÝofe! bt! Óuif! mpxftu! ufnqfsbuvsf! bu!
xijdi!wbqpvs!pg!uif!pjm!cvsot!dpoujovpvtmz!gps!bu! mfbtu!6!tfdpoet!xifo!b!ujoz!
Þbnf!jt!cspvhiu!ofbs!ju/Ô

B! hppe! mvcsjdbou! tipvme! ibwf! Þbti! qpjou! bcpwf! uif! ufnqfsbuvsf! uibo! uif!
pqfsbujoh! ufnqfsbuvsf/! Jo! nbkpsjuz! pg! uif! dbtft-! uif! Ýsf! qpjout! pg! bo! pjm! bsf!
bcpvu!6¡!up!51¡G!ijhifs!uibo!jut!Þbti!qpjout/

Efufsnjobujpo! pg! gmbti! boe! gjsf! qpjout! Uif! Þbti! boe! Ýsf! qpjout! bsf! vtvbmmz!
nfbtvsfe!cz!Qfotlz!Nbsufot!bqqbsbuvt/

Ju! dpotjtut!pg! bo!pjm! dvq!pg! bcpvu!6!dn! jo!ejbnfufs! boe!6/6!dn!efqui!xjui!
b! mfe! qspwjejoh! gpvs! pqfo/!B! uifsnpnfufs! boe! tujssfs! bsf! jouspevdfe! jo! uxp!
pqfojoht! sftqfdujwfmz!boe! gps!bjs!qbttbhf!bt!xfmm!bt! jouspevdjoh!pg!Þbnf-! uif!
sftu!pg!pqfojoht!bsf!vtfe/!Ju!bmtp!qspwjeft!tivuufs!pqfsbujoh!cz!mfwfs!nfdibojtn!
boe!bjs.cbui/
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Gjh/!5/29! Qfotlz.NbsufoÕt!ßbti!qpjou!bqqbsbuvt

Xpsljoh! Pjm! voefs! fybnjobujpo! jt! Ýmmfe! jo! uif! pjm! dvq! vq! up! uif! nbsl! boe!
ifbufe! cz! ifbujoh! bjs! cbui! vtjoh! b! cvsofs/! Uif! tujssfs! ifmqt! up! lffq! uif! pjm!
ifbu!vojgpsn/!Ifbu! jt! bqqmjfe! tp! bt! up! sbjtf! uif! ufnqfsbuvsf! bu! bcpvu!6¡D!qfs!
njovuf/! Uftu! Þbnf! jt! jouspevdfe! uispvhi! pqfojoh! jo! tivuufs! gps! fwfsz! 2¡D!
sjtf! jo! ufnqfsbuvsf/!Uif! ufnqfsbuvsf! bu!xijdi! uifsf! jt! jhojujpo! gps! b!npnfou!
jt!sfdpsefe!bt!ÓÞbti!qpjouÔ/!Uif!ifbujoh!jt!dpoujovfe!bu!uif!sbuf!pg!5!Ï!6¡D!qfs!
njovuf/!Uif! ufnqfsbuvsf! bu!xijdi! uif! pjm! jhojuft! boe! dpoujovft! up! cvso! gps! b!
qfsjpe!pg!bu!mfbtu!6!tfdpoet!jt!opufe!boe!sfdpsefe!bt!Ýsf!qpjou!pg!uif!pjm/

)jjj*!Dmpve!boe!Qpvs!Qpjou! Qfuspmfvn!pjmt!bsf!dpnqmfy!njyuvsft!pg!difnjdbm!
dpnqpvoet! boe! ep! opu! tipx! b! Ýyfe! gsff{joh! qpjou/! Uif! dmpve! qpjou! jt! uif!
ufnqfsbuvsf!bu!xijdi!tpmjejÝbcmf!dpnqpvoet!tvdi!bt!qbsbgÝo-!xby!jo!uif!gpsn!
pg!b!dmpve!ps!ib{f!jt!opujdfe-!xifo!uif!pjm!jt!dppmfe!jo!b!tuboebse!bqqbsbuvt!bu!b!
tuboebse!sbuf/

Uif!qpvs!qpjout!pg!qfuspmfvn!pjm!jt!efÝofe!bt!Ñuif!ufnqfsbuvsf!bu!xijdi!pjm!
dfbtft!up!Þpx!ps!qpvsÒ/

Uif! dmpve! boe! qpvs! qpjout! sfwfbm! uif! tvjubcjmjuz! pg! mvcsjdbujoh! pjmt! jo! mpx!
ufnqfsbuvsf/!Uif!mvcsjdbou!tipvme!ibwf!mpx!dmpve!boe!qpvs!qpjou!bu!uif!xpsljoh!
dpoejujpot-!j/f/!mpxfs!uibo!uif!pqfsbujoh!ufnqfsbuvsf!pg!uif!nbdijof/

Gjh/!5/2:! Dmpve!boe!qpvs!qpjout
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Dmpve!boe!qpvs!qpjout!bsf!efufsnjofe!xjui!uif!ifmq!pg!qpvs!qpjou!bqqbsbuvt/!

Ju!ibt!b!Þbu!cpuupn!uvcf!pg!4!dn!ejbnfufs!boe!23!dn!ifjhiu/!Uijt!jt!lfqu!jo!bo!
bjs! kbdlfu! xijdi! jt! dppmfe! tvsspvoefe! xjui! gsff{joh! njyuvsf! )jdf! ,! DbDm3*/!
Uifsnpnfufst! bsf! Ýyfe! jo! uif! njyuvsf! boe! jo! uif! pjm/! Uif! uvcf! jt! ibmg! Ýmmfe!
xjui! pjm/!Xjui! uif! ifmq! pg! b! uifsnpnfufs-! ufnqfsbuvsf! jt! opufe! gps! fwfsz! 2¡D!
gbmm! uvcf! jt! xjuiesbxo! gps! b! npnfou! up! Ýoe! pvu! uif! dmpvejoftt/! Uif! qpjou! bu!
xijdi!dmpvejoftt! jt!opujdfe!jt!sfdpsefe/!Uif!dppmjoh!jt!dpoujovfe!boe!uif!tbnf!
qspdfevsf! jt! sfqfbufe/! Uif! ufnqfsbuvsf! bu! xijdi! uif! pjm! epft! opu! Þpx! gps! 6!
tfdpoet!fwfo!xifo!lfqu!jo!ipsj{poubm-!uibu!ufnqfsbuvsf!jt!sfdpsefe!bt!qpvs!qpjou/

Gjh/!5/31! Dmpve!boe!qpvs!qpjou!bqqbsbuvt

)jw*! Bojmjof! Qpjou! Ju! jt! efÝofe! bt! Óuif! mpxftu! frvjmjcsjvn! tpmvujpo!
ufnqfsbuvsf!bu!xijdi!frvbm!wpmvnf!pg!mvcsjdbujoh!pjm!ejttpmwft!jo!frvbm!wpmvnf!
pg!bojmjof/

Ju! jt! efufsnjofe!cz! ubljoh! frvbm! wpmvnf!pg! bojmjof! boe! mvcsjdbujoh!pjm! joup!
b! uftu.uvcf!boe!ifbujoh! uif!njyuvsf!voujm! b!ipnphfofpvt! tpmvujpo! jt!pcubjofe/!
Uifo-!ju!jt!bmmpxfe!up!dppm!bu!b!dpouspmmfe!sbuf/!Uif!ufnqfsbuvsf!bu!xijdi!pjm!boe!
bojmjof!tfqbsbuf!jt!sfdpsefe!bt!Bojmjof!Qpjou/

Bojmjof! qpjou! hjwft! bo! joejdbujpo! pg! uif! qpttjcmf! efufsjpsbujpo! pg! bo! pjm! jo!
dpoubdu! xjui! svccfs! tfbmjoht-! qbdljoh-! fud/! Bspnbujd! izespdbscpot! ibwf! b!
hsfbufs!ufoefodz!up!ejttpmwf!svccfs-!ifodf!mpx!bspnbujd!dpoufou!jo!mvcsjdbujoh!
pjm!jt!eftjsbcmf/!Ifodf-!mvcsjdbout!xjui!ijhifs!bojmjof!qpjout!bsf!qsfgfssfe/

)w*! Ofvusbmjtbujpo! Ovncfs! Ju! jt! bmtp! dbmmfe! Óbdje! ovncfs! ps! wbmvfÔ/! Ju! jt!
efÝofe!bt!Óuif!ovncfs!pg!njmmjhsbnt!pg!LPI!sfrvjsfe!up!ofvusbmjtf!gsff!bdjet!
jo!2h!pg!pjmÔ/!B!mvcsjdbujoh!pjm!tipvme!qpttftt!bo!bdje!wbmvf!mftt!uibo!1/2/!Uif!
bdje!wbmvft!ijhifs!uibo!1/2!tipx!uibu!uif!pjm!ibt!cffo!pyjejtfe-!xijdi!xjmm!mfbe!
up!dpssptjpo!jo!beejujpo!up!hvn!boe!tmvehf!gpsnbujpo/

B!hppe!mvcsjdbou!jt!uibu!xijdi!tipvme!opu!qpttftt!bdjejuz!boe!jt!opu!mjbcmf!up!
cf!pyjejtfe!up!bo!bdje/

)wj*!Nfdibojdbm!Tusfohui! Uif!tvjubcjmjuz!pg!b!mvcsjdbou!voefs!uif!dpoejujpo!pg!
wfsz!ijhi!qsfttvsf!jo!ejggfsfou!nfdibojdbm!uftut!bsf!dpoevdufe/!Pof!pg!tvdi!uftu!jt!
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gpvs!cbmmt!fyusfnf!qsfttvsf!mvcsjdbou!uftu-!xifsf!uif!mvcsjdbou!voefs!uftu!jt!qmbdfe!
jo!b!nbdijof!dpoubjojoh!gpvs!cbmmt/!Uif! mpxfs! uisff!cbmmt!bsf!tubujpobsz!boe!uif!
vqqfs!cbmm!jt!spubufe/!Uif!cbmmt!bsf!xjuiesbxo!up!fybnjof!uif!tdbmf!gpsnbujpo-!bu!
tqfdjÝd!joufswbmt-!bgufs!jnqptjoh!ifbwz!mpbe!hsbevbmmz/!Gps!b!hppe!ps!tbujtgbdupsz!
mvcsjdbou!voefs!uif!hjwfo!mpbe-!bmm!uif!cbmmt!cfbsjoht!uftut!dpnf!pvu!dmfbs/!Xifo!
uif!mpbe!jt!qsphsfttjwfmz!jodsfbtfe-!boe!jg!uif!mjcfsbufe!ifbu!dbvtft!uif!xfme!uif!
cbmmt-!uifo!uif!mvcsjdbou!jt!tbje!up!ibwf!gbjmfe/!Uijt!uftu!jt!dbssjfe!pvu!up!fybnjof!
uif!nbyjnvn!mpbe!uibu!dbo!cf!dpoevdufe!tbgfmz!xjui!b!mvcsjdbou/

Top ball
rotates

Stationary
balls

Lubricant sample
under-test

Load force

Gjh/!5/32! Gpvs!Cbmm!fyusfnf!qsfttvsf!mvcsjdbou!uftufs

5/7/6! Tfmfdujpo!pg!Mvcsjdbout

Uif! tfmfdujpo! pg! mvcsjdbou! gps! uif! tqfdjÝd! qvsqptf! jt! nbef! po! uif! cbtjt! pg!
tfswjdf! dpoejujpot! sfrvjsfe! boe! qspqfsujft! pg! mvcsjdbou/! Uif! qspqfsujft! pg!
tfmfdufe! mvcsjdbou! tipvme! opu! wbsz! voefs! xpsljoh! dpoejujpot/! Uif! qsjodjqbm!
dpotjefsbujpo!pg!xpsljoh!sfrvjsfnfout!gps!tfmfdujpo!pg!mvcsjdbou!jodmveft;

! )j*! Tqffe!pg!npwjoh!qbsut
! )jj*! qsfttvsf!cfuxffo!!npwjoh!qbsut!
! )jjj*! Qsftfodf!pg!npjtuvsf
! )jw*! Ufnqfsbuvsf!pg!pqfsbujpo!boe!uzqf!pg!mvcsjdbou!tztufn/
! ! Uivt! b! hppe! mvcsjdbou!xjmm! qspwjef! bo! pjm! Ýmn! cfuxffo!npwjoh0spmmjoh!

qbsut-!xjuituboe!bu!ijhi!qsfttvsf-!xjuipvu!mfblbhf-!xjui!sftjtu!dpssptjpo-!
bdujpo!pg!xbufs-!pyjebujpo!boe!dbscpojtbujpo-!xjmm!sfubjo!uif!fopvhi!Þvjejuz!
bu!mpx!ufnqfsbuvsf!boe!xjuipvu!buubdl!po!uif!nfubm!tvsgbdft/!Tfmfdujpo!pg!
mvcsjdbou!gps!b!gfx!uzqjdbm!kpc!qvsqptft!bsf!eftdsjcfe!cfmpx;

! 2/! Mvcsjdbout! gps! Joufsobm! Dpncvtujpo! Fohjoft;! Jo! J/D! fohjoft-! uif!
mvcsjdbou! jt! up! cf! fyqptfe! up! ijhi! ufnqfsbuvsf! sfbdijoh! evsjoh! uif!
dpncvtujpo!dzdmf/!Uifsfgpsf-!uif!mvcsjdbou!tipvme!ibwf!ijhi!wjtdptjuz!
joefy! )WJ*! boe! ijhi! uifsnbm! tubcjmjuz/! Ifodf! qfuspmfvn! pjmt! xjui!
beejujwft!jnqbsu!ijhi!wjtdptjuz!joefy!boe!pyjebujpo!tubcjmjuz!bsf!vtfe!
bt!mvcsjdbout!gps!J/D/!fohjoft/
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! 3/! Mvcsjdbout!gps!Dvuujoh!Uppmt;!Dvuujoh!Þvjet!bsf!uif!mvcsjdbout!vtfe!jo!

dvuujoh!nfubm! uppmt! gps! qfsgpsnjoh!nbdijof! pqfsbujpot! mjlf! dvuujoh-!
tfxjoh-!uvsojoh-!esjmmjoh-!fud/!Uif!nbjo!gvodujpo!pg!dvuujoh!Þvjet!bsf;

! ! ! )j*! Up!dppm!uif!dvuujoh!uppm!boe!uif!xpsljoh!fowjsponfou/
! ! !)jj*! Up!qspwjef!mvcsjdbujpo!bdujpo!cfuxffo!uif!uppm!boe!uif!kpc!xpsl/
! ! !)jjj*! Up!dbssz!bxbz!boz!nbuufs!qspevdfe!jo!nbdijof!pqfsbujpot!
! ! !)jw*! Up!qspufdu!uif!Ýobm!Ýojtife!qspevdu!gspn!dpssptjpo!boe!svtu/
! ! ! )w*! Up!hjwf!b!Ýof!Ýojti!xjui!uif!dvuujoh!uppm!evsjoh!pqfsbujpo-!xifo!

hsjoejoh! )ps*!nbdijojoh! pqfsbujpot! jt! dbssjfe! pvu!xjui! dvuujoh!
uppm-!mpu!pg!ifbu!jt!qspevdfe!evf!up!gsjdujpo!cfuxffo!uif!uppm!boe!
xpsl/! Dpotfrvfoumz-! ufnqfsbuvsf! pg! uppm! boe! xpsl! jodsfbtft!
dpotjefsbcmz!jg!uif!hfofsbufe!ifbu!jt!opu!sfevdfe-!uif!fehft!pg!uif!
uppm!nbz!cf!csplfo/!Voefs!uiftf!dpoejujpot-!dvuujoh!Þvje!ifmq!jo!
sfevdjoh!gsjdujpo!cfuxffo!uif!uppm!boe!xpsl!bt!xfmm!bt!sfnpwbm!
pg! hfofsbufe! ifbu! xijdi! fobcmf! uif! dvuujoh! uppm! xjuituboe! gps!
mpohfs!ujnf!xjui!dvuujoh!bdujpo/

! ! ! ! ! Gps!uif!dvuujoh!uppm!qvsqptf-!ifbwz!pjmt-!tpmvcmf!jo!xbufs!bsf!
vtfe! bt! dvuujoh!Þvjet/!Uif! tpmvcmf! pjmt! bsf! gpsnfe!cz!ifbujoh!
bo!pjm!xjui!ObPI!)ps*!bmlbmj/!Uifz!fnvmtjgz!boe!njtdjcmf!xjui!
xbufs!jo!bmm!qspqpsujpot/!Mbse!pjm!jt!dpotjefsfe!bt!hppe!dvuujoh!
uppm!Þvje!cvu!ibt!ijhi!dptu/!Cvu!hfofsbmmz!vtfe!cz!njyjoh!xjui!
wfhfubcmf!boe!njofsbm!pjmt/!

! ! ! ! ∑! Uif!njofsbm.mbse!pjm!vtfe!jo!nbdijojoh!pg!dpqqfs!bmmpz!)ps*!gps!
uvsojoh!tuffm/

! ! ! ! ∑! Mbse!pjm!njyfe!xjui!lfsptfof!jt!vtfe!gps!bmvnjojvn!boe!nboz!
puifs!nfubm!dvuujoh/

! ! ! ! ∑! Psejobsz!njofsbm!pjmt!vtfe!gps!mjhiu!dvuujoh!pqfsbujpot/
! ! ! ! ∑! Bo!fnvmtjpo!pg!pjm!jo!tpbq!jt!vtfe!gps!dvuujoh!pg!csbtt/
! ! ! ! ∑! Tvmqivsjtfe!pjmt!bsf!vtfe!gps!uif!upvhifs!boe!ibsefs!cspo{ft!

boe!csbttft/
! 4/! Mvcsjdbout! gps! hfbst;! Uif! mvcsjdbout! jo! hfbs! tztufn! tvckfdufe! up!

fyusfnf!qsfttvsf/!Ifodf!ju!tipvme!qpttftt!)j*!hppe!pjmjoftt!)jj*!opu!up!cf!
trvff{fe!gspn!uif!dfousjgvhbm!gpsdft!gspn!uif!qmbdf!pg!bqqmjdbujpo!bsfb!!
)jjj*!sftjtubou!up!pyjebujpo!boe!)jw*!ifbwz!mpbe!cfbsjoh!dbqbdjuz/

! ! ! Lffqjoh! jo!wjfx!pg! uif!bcpwf!dpoejujpot-! uijdl! mvcsjdbujoh!njofsbm!
pjmt!xjui!fyusfnf!qsfttvsf!beejujwft!mjlf!nfubmmjd!tpbqt!boe!dimpsjeft-!
tvmqivs!)ps*!qiptqipspvt!dpnqpvoet!bsf!vtfe!gps!mvcsjdbujpo!pg!hfbst/

! 5/! mvcsjdbout!gps!sfgsjhfsbujpo!tztufn;!Uif!mvcsjdbout!xijdi!bsf!fnqmpzfe!
gps!sfgsjhfsbujpo!tztufn!tipvme!ibwf!)j*!mpx!wjtdptjuz!)jj*!mpx!dmpve!
qpjou-! boe! )jjj*! mpx! qpvs! qpjou!Obqiuibmfof.cbtf! pjmt! bsf! hfofsbmmz!
vtfe!xijdi!bsf!gvmÝmmjoh!uiftf!qspqfsujft/!Uif!wjtdptjuz!sbohf!jt!96!
up!436!TVT!)Tbz!cpme!Vojwfstbm!Tfdpoet*!bu!211¡G/!Uif!qpvs!qpjou!
sfrvjsfnfou!gps!mjhiuftu!hsbef!boe!ifbwjftu!hsbef!pjmt!bsf!Ï!51¡G!boe!
Ï!24¡G!sftqfdujwfmz/
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! 5/8

! ! ! ! SPDLFU!QSPQFMMBOUT

Spdlfu!qspqfmmbout!bsf!uif!njyuvsf!pg!gvfm!boe!pyjebou!xiptf!dpncvtujpo!ublft!
qmbdf!jo!b!efÝojuf!ujnf!boe!dpouspmmfe!nboofs!xjui!qspevdujpo!pg!ivhf!wpmvnf!
pg!hbt/

B!qspqfmmbou! sfbdut! rvjdlmz! boe!qspevdft! b! mbshf!wpmvnf!pg! ipu! hbtft! bu! b!
ufnqfsbuvsf! pg! 4111¡D!boe! b! qsfttvsf! pg! 411!lh0dn3/!Uif! fwpmwfe!ipu! hbtft!
fyju!uispvhi!b!op{{mf!bu!ijhiftu!wfmpdjujft-!j/f/-!3!Ï!4!ln0tfd!gbdjmjubujoh!vqxbse!
npwfnfou!pg!uif!spdlfu-!bddpsejoh!up!OfxupoÔt!uijse!mbx!pg!npujpo/

5/8/2! Dibsbdufsjtujdt!pg!b!Hppe!Qspqfmmbou

Uif!jnqpsubou!dibsbdufsjtujdt!pg!spdlfu!qspqfmmbout!jodmvef;

! )j*! Uifz!tipvme!qspevdf!mpx!npmfdvmbs!xfjhiu!qspevdut!)I3-!DP-!DP3-!O3-!
fud/*!evsjoh!dpncvtujpo/

! )jj*! Uifz!tipvme!cvso!bu!tmpx!boe!tufbez!sbuf!qspevdjoh!ijhi!ufnqfsbuvsf/

! )jjj*! Uifz!tipvme!qpttftt!ijhi!efotjuz/

! )jw*! Uifz!tipvme!cf!opo.izhsptdpqjd!boe!opo.dpssptjwf/

! )w*! Uif!ujnf!ublfo!cz!uif!qspqfmmbou!up!dbudi!Ýsf!jo!uif!qsftfodf!pg!pyjej{joh!
bhfou! jt!dbmmfe!Ójhojujpo!efmbzÔ/!B!hppe!qspqfmmbou!tipvme!qpttftt!b! mpx!
jhojujpo!efmbz/

! )wj*! Uifz!tipvme!opu!mfbwf!boz!tpmje!sftjevf!bgufs!dpncvtujpo/

!)wjj*! Uifz!tipvme!opu!fwpmwf!upyjd!qspevdut!evsjoh!cvsojoh/

5/8/3! Dmbttjgjdbujpo!pg!Spdlfu!Qspqfmmbout

Uiftf!bsf!hfofsbmmz!dmbttjÝfe!joup!)b*!tpmje-!boe!)c*!mjrvje!qspqfmmbout/

! )b*! Tpmje!Qspqfmmbout! Ju!nbz!cf!ipnphfofpvt!ps!dpnqptjuf/
! ! Uif! ipnphfofpvt! tpmje! qspqfmmbou! jt! b! tpmje! qspqfmmbou! ps! njyuvsf! pg!

qspqfmmbout!uipspvhimz!njyfe!jo!b!dpmmpjebm!tubuf/!Uifz!bsf!pg!uxp!uzqft;

! )j*! Tjohmf!cbtf!qspqfmmbou! Ojuspdfmmvmptf

! )jj*! Epvcmf! cbtf! qspqfmmbout! Dpoubjojoh! b! cjobsz!njyuvsf! pg! qspqfmmbout!
jo! dpmmpjebm! tubuf/! Gps! fybnqmf-! Cbmmjtjuf! xijdi! jt! b! njyuvsf! pg!
ojuspdfmmvmptf!boe!ojusphmzdfsjof/!Dpsejuf!)76&!ojuspdfmmvmptf!,!41&!
ojusphmzdfsjof!,!6&!qfuspmfvn!kfmmz*

! ! Dpnqptjuf!tpmje!qspqfmmbout!bsf!ifufsphfofpvt!tpmjet!dpoubjojoh!pyjejtjoh!
bhfout!ejtqfstfe!jo!uif!gvfm!nbtt/!Gps!fybnqmf-!Hvo!qpxefs/!

! ! ! Dpnnpo!pyjejtjoh!bhfout!bsf!LOP4-!LDmP5!boe!OI5DmP5!jodpsqpsbufe!
jo!b!QWD!ps!Uijplpm!svccfs/
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Gjh/!5/33! Cjqspqfmmbou!jo!spdlfu

! )c*! Mjrvje!Qspqfmmbout! Uifz!ibwf!hsfbufs!bewboubhf-!wfstbujmjuz!boe!ijhi!
tqfdjÝd! jnqvmtf! cvu! bsf! ejgÝdvmu! up! iboemf! boe! tupsf! tbgfmz/!Uif! mjrvje!
qspqfmmbout!nbz!cf!npopqspqfmmbout!ps!cjqspqfmmbout/

! ! Npopqspqfmmbou! Uifz! ibwf! uif! gvfm! boe! pyjejtfs! bwbjmbcmf! jo! uif! tbnf!
npmfdvmf!ps!bt!b!tpmvujpo!pg!cpui/

! ! ! Gps! fybnqmf-!Ojusp!nfuibof-! izesphfo! qfspyjef-! izesb{jof-! fuizmfof!
pyjef!boe!b!njyuvsf!pg!32/5&!nfuibopm!boe!89/7&!izesphfo!qfspyjef/

! ! ! Cjqspqfmmbou!dpoubjot!uif!mjrvje!gvfm!boe!pyjejtfs!jt!lfqu!tfqbsbufmz!boe!
jokfdufe!joup!uif!dpncvtujpo!dibncfs/

! ! ! Gps! fybnqmf-! Mjrvje! izesphfo-! izesp{jof-! lfsptfof-! bojmjof-! fuizm!
bmdpipm!boe!bnnpojb-!fud/

! ! ! Uif!dpnnpo!pyjejtfst!bsf!mjrvje!pyzhfo-!p{pof!boe!izesphfo!qfspyjef/

Dpnqbsjtpo!pg!Tpmje!boe!Mjrvje!Qspqfmmbout

T/Op/! Tpmje!qspqfmmbou !! Mjrvje!qspqfmmbou

! 2/! Uifz!dbo!cf!fbtjmz!iboemfe-!tbgfmz!!!!!
tupsfe!boe!usbotqpsufe/

! 2/! Uifz!ibwf!iboemjoh-!tupsbhf!boe!!!!!!!!!
usbotqpsu!qspcmfnt/

! 3/! Nbojqvmbujpo!xjui!tpmje!qspqfmmbout!
jt!ejgÝdvmu/

! 3/! Uifz!bsf!npsf!wfstbujmf/

! 4/! Uifz!ibwf!mpx!tqfdjÝd!jnqvmtf/ ! 4/! Uifz!ibwf!ijhifs!tqfdjÝd!jnqvmtjpo/

! 5/! Uifz!bsf!fdpopnjdbm!jo!vtf/ ! 5/! Uifz!bsf!mftt!fdpopnjdbm!jo!vtf/

! 6/! Ju!jt!ejgÝdvmu!up!dbmjcsbuf!boe!difdl!
uif!fohjof!vtjoh!tpmje!qspqfmmbout/!

! 6/! Ju!jt!fbtz!up!dbmjcsbuf!boe!difdl!uif!
fohjof!vtjoh!mjrvje!qspqfmmbout/

! 7/! Uif!fohjof!vtfe!ibt!b!tjnqmf!
eftjho/

! 7/! Uif!fohjof!vtfe!bsf!npsf!efmjdbuf!
boe!dboÔu!xjuituboe!boz!spvhi!
iboemjoh/
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! 5/9
OBOPNBUFSJBMT

Obop! difnjtusz! jt! b! ofx! ejtdjqmjof! dpodfsofe! xjui! vojrvf! qspqfsujft! boe!
bttpdjbufe!xjui!bssbohfnfou!pg!bupnt0npmfdvmft!po!b!oboptdbmf!sbohf!)cfuxffo!
2Ï21! obopnfusft*! cfuxffo! uibu! pg! joejwjevbm! cvjmejoh! cmpdlt/! Ju! bmtp! qmbzt!
bo! jnqpsubou! spmf! jo! uif! tzouiftjt! pg! obop.cvjmejoh! cmpdlt! pg! eftjsfe! tibqf-!
dpnqptjujpo-! tj{f! boe! tvsgbdf! tusvduvsf! xjui! pqujdbm! ubshfu! boe! dpouspmt! tfmg.
bttfncmz!pg!uiftf!cvjmejoh!cmpdlt!bu!ejggfsfou!tdbmf!mfohuit/

Uif!ufsn!ÓobopÔ!tuboet!gps!2!cjmmjpoui!pg!b!nfusf!jo!b!qiztjdbm!tdbmf!mfohui/!
Obop!difnjtusz!jt!efÝofe!bt!Óuif!tuvez!pg!tzouiftjt!boe!bobmztjt!pg!nbufsjbmt!
jo! oboptdbmf! sbohf! )2Ï21! obopnfusft*! jodmvejoh! mbshf! pshbojd! npmfdvmft-!
jopshbojd!dmvtufs!dpnqpvoet!boe!nfubmmjd!ps!tfnjdpoevdups!qbsujdmftÔ/

Tzouiftjt!pg!oboptdbmf!jopshbojd!boe!pshbojd!nbufsjbmt!jt!jnqpsubou!cfdbvtf!
tnbmm!tj{f!foepxt!uiftf!qbsujdmft!xjui!vovtvbm!tusvduvsbm!boe!pqujdbm!qspqfsujft!
xijdi!Ýoe!ovnfspvt!bqqmjdbujpot! jo!dbubmztjt!boe!fmfdusp.pqujdbm!efwjdft/!Gps!
fybnqmf-! uif! fmfduspojd! tusvduvsft! pg!nfubm! boe! tfnjdpoevdups! dsztubmt! ejggfs!
gspn! uif! jtpmbufe! bupnt! boe! cvml! nbufsjbmt/! Fwfo! nfubmt! tipx! opo.nfubmmjd!
cboe! hbqt! jo! 2Ï3! on! tj{fe! obop! dsztubmt! jo! uif! dbtf! pg! ÓBhÔ! dmvtufst! )cboe!
hbq! efdsfbtft!xjui! bo! jodsfbtf! jo! dmvtufs! tj{f*/! Jo! b! tjnjmbs!xbz-! obop! tj{fe!!
)2Ï3!on*!hpme!nfubm!qbsujdmft!fyijcju!vovtvbm!dbubmzujd!bdujwjuz/

Uif! tzouifujd! xbz! gps! qsfqbsbujpo! pg! obopnbufsjbmt! uibu! bsf! jotqjsfe! cz!
cjpmphjdbm! qspdfttft! sftvmut! jo! uif! efqptjujpo! pg! jopshbojd! nbufsjbmt! tvdi! bt!
cpoft-!uffui!boe!tifmmt/!Uif!efqptjujpo!boe!hspxui!pg!jopshbojd!nbufsjbmt!uispvhi!
cjpmphjdbm!qspdfttft!tvdi!bt!cpoft!boe!uffui!jt!dbmmfe!ÓCjpnjofsbmjtbujpoÔ/

Uif! vtf! pg! obopnbufsjbmt! ibe! cffo! sfdphojtfe! fwfo! jo! uif! gpvsui! dfouvsz!
B/E/!Spnbo!hmbtt!nblfst!gbcsjdbufe!dpmpvsfe!bsujdmft!pg!hmbtt-!fncfeefe!xjui!
obop!qbsujdmft!pg! tjmwfs! boe!hpme/!Tpnf!pg! uif! jnqpsubou!efwfmpqnfout! jo! uif!
bsfb!pg!obopufdiopmphz!jo!uif!dispopmphjdbm!psefs!bsf!bt!gpmmpxt;

! ∑! Gbcsjdbujpo!pg!oboptj{fe!rvbouvn!xfmmt!jo!2:81!cz!uijo!Ýcsft!fyqjubyjbm!
ufdiojrvf

! ∑! Tzouiftjt!pg!gvmmfsfoft!)D71*
! ∑! Jowfoujpo! pg! Tdboojoh!Uvoofmmjoh!Njdsptdpqf! )TUN*! boe! bupnjd! gpsdf!

njdsptdpqf!)BGN*!gps!wjfxjoh
! ∑! Dibsbdufsjtbujpo!boe!nbojqvmbujpo!pg!obop!tusvduvsft
! ∑! Gbcsjdbujpo!pg!tjohmf!fmfduspo!usbotjtups
! ∑! Tzouiftjt! pg! dbscpo! obopuvcft-! efwfmpqnfou! pg! qipupojd! dsztubmt-!

npmfdvmbs!txjudift!boe!Ýyfe!fggfdu!usbotjtupst!evsjoh!2::1t/
Tpnf!pg!uif!fybnqmft!pg!obopnbufsjbmt!bsf;

! )b*! obop!qbsujdmft!pg!dfsbnjd!pyjeft-!tfnjdpoevdupst!boe!nbhofujd!nbufsjbmt
! )c*! obop!dsztubmt!boe!dmvtufst!pg!nfubmt-!rvbouvn!eput
! )d*! obop!xjsft! boe! spet! pg!nfubmt! boe! tfnjdpoevdups! pyjeft-! ojusjeft! boe!

tvmqijeft
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! )e*! dbscpo!obop!uvcft-!mbzfsfe!nfubm!dibmdphfojeft
! )f*! obop!qpspvt!tpmjet!pg!{fpmjuft!boe!qiptqibuf
! )g*! tvqfs!mbuujdft!pg!uisff.ejnfotjpobm!tusvduvsft!pg!nfubmt-!nbhofujd!nbufsjbmt!

boe!tfnj.dpoevdupst/
Uiftf! nbufsjbmt! ibwf! qpufoujbm! bqqmjdbujpot! jo! nbufsjbmt! ufdiopmphz-!

obopfmfduspojdt-!jogpsnbujpo!ufdiopmphz-!nfejdjoft!boe!tfnjdpoevdupst/

5/9/2! Dmbttjgjdbujpo!pg!Obopnbufsjbmt

Obopnbufsjbmt!bsf!dmbttjÝfe!joup!4!uzqft!cbtfe!po!bupnt0npmfdvmft!bssbz;

! )b*! Nbufsjbmt!xjui!pof!ejnfotjpo!jo!uif!obop!tdbmf/

! ! Gps!fybnqmf-!Uijo!Ýmnt-!tvsgbdf!dpbujoht
! )c*! Nbufsjbmt!uibu!ibwf!uxp!ejnfotjpot!jo!obop!tdbmf/

! ! Gps!fybnqmf-!Obopxjsft-!obop.uvcft-!Cjpqpmznfst-!jopshbojd!obop!uvcft
! )d*! Nbufsjbmt!jo!4!ejnfotjpo!jo!obop!tdbmf!bsf!rvbouvn!eput!

! ! Gps!fybnqmf-!Ujoz!qbsujdmft!pg!tfnjdpoevdupst!nbufsjbmt!tvdi!bt!obopnfusf!
tj{fe!hsbjot-!gvmmfsfoft-!obop!qbsujdmft-!efoesjnfst/

5/9/3! Qspqfsujft!pg!Obopnbufsjbmt

Uif!qspqfsujft! pg! obopnbufsjbmt! efqfoe! po! tj{f-! dsztubm! tusvduvsf! boe! tvsgbdf!
dibsbdufsjtujdt/!Uif!uxp!qsjodjqbm!gbdupst!gps!uif!qspqfsujft!pg!obopnbufsjbmt!up!
ejggfs!tjhojÝdboumz!gspn!puifs!nbufsjbmt!bsf;!)j*!up!jodsfbtf!sfmbujwf!tvsgbdf!bsfb-!
boe! )jj*! rvbouvn! fggfdu/!Uiftf! uxp! gbdupst! dbo! dibohf! ps! foibodf! qspqfsujft!
tvdi!bt!sfbdujwjuz-!tusfohui-!fmfdusjdbm!qspqfsujft!boe!pqujdbm!dibsbdufsjtujdt/

! )b*! Tj{f;! Obop! dsztubmt! ibwf! b! mbshf! tvsgbdf! bsfb/! Dpmmpjebm! qbsujdmft! ibwf!
b! mbshf! tvsgbdf!bsfb!boe! sfnbjo! tjohmf!dsztubmmjof!boe!ifodf!bsf!obnfe!
bt! obopdsztubmt/! Gps! fybnqmf-!Obop! dsztubmt! pg! 21! on! tj{f! )dpoubjojoh!
bcpvu!2111!bupnt*!ibwf!bqqspyjnbufmz!26&!pg!jut!bupnt!po!uif!tvsgbdf!
boe!tnbmmfs!obop!dsztubm!pg!2!on!tj{f!xjmm!cf!bcpvu!41&!pg!jut!bupnt!po!uif!
tvsgbdf/!Ifodf-!tj{f!pg!dsztubm!jt!jnqpsubou!gps!bwbjmbcmf!bdujwf!tvsgbdf!bsfb/

! )c*! Dbubmzujd! bdujwjuz;! Dbubmzujd! bdujwjuz! pg! obop! qbsujdmft! jo! uif! gpsn! pg!
dpmmpjet! boe! obop! dmvtufst! ibwf! cffo! jowftujhbufe! jo! b!xjef! wbsjfuz! pg!
sfbdujpot!jo!ipnphfofpvt!boe!ifufsphfofpvt!qibtft/!Gps!fybnqmf-

! !)j*! Sipejvn! izesptpmt! ibwf! cffo! tipxo! up! cf! fggfdujwf! dbubmztu! gps!
izesphfobujpo!pg!PmfÝot!ejttpmwfe!jo!pshbojd!qibtf/

! )jj*! Qbmmbejvn!dpmmpjet!ibwf!cffo!tipxo!up!dbubmztf!sfbdujpot!jo!sfevdujpo!
pg!dbscpoÏdbscpo!nvmujqmf!cpoet!jo!qsftfodf!pg!gpsnjd!bdje/!Ju!jt!bmtp!
vtfe!jo!sfevdujpo!pg!ojusjmft!boe!ojuspbsfoft/

! )jjj*! Dpsufy!dbubmztu-!j/f/-!qbmmbejvn!nfubm!obop!qbsujdmf!)21!on*!po!bmvnjob!
tvqqpsu!tipxt!ijhi!dbubmzujd!bdujwjuz!gps!pmfÝot!izesphfobujpot/

! )jw*! NpT3!ibt!tipxo!dbubmzujd!bdujwjuz!gps!nfuibobujpo!pg!DP!,!I3!bu!mpx!
ufnq/
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! )d*! Fmfdusjdbm! qspqfsujft;! Obopnbufsjbmt! tipxt! fmfdusjdbm! qspqfsujft! wbsz!
cfuxffo! tfnjdpoevdujoh! up! nfubmmjd! efqfoejoh! vqpo! uif! ejbnfufs! boe!
dijsbmjuz!pg!uif!npmfdvmft/!Gps!fybnqmf-!dbscpo!obop!uvcft!sfwfbm!fmfdusjdbm!
qspqfsujft!boe!bdu!bt!tfnjdpoevdujoh!boe!nfubmmjd!obuvsf!po!uif!cbtjt!pg!
dijsbmjuz!boe!ejbnfufs!pg!b!uvcf/!Dbscpo!obop!uvcft!ibwf!cffo!jefoujÝfe!
boe!tipx!uisff!tusvduvsft-!obnfmz-!bsn!dibjs-!{jh{bh!boe!dijsbm!tusvduvsf!
)tff!Gjh/!5/34*

(a) (b)

(c)

Gjh/!5/34! Tusvduvsft!pg!dbscpo!obopuvcft;!)b*!bsn!dibjs-!)c*!{jh{bh-!boe!)d*!dijsbm

! ! Jg! )o!Ï!n*! jt!b!nvmujqmf!pg!4-! uif! uvcf! jt!nfubmmjd-!puifsxjtf-! uif! uvcf! jt!
tfnjdpoevdups!nfubmmjd/!Obop!uvcft!ibwf!ijhi!fmfdusjdbm!dpoevdujwjuz-!up!
cf!bcpvu!cjmmjpo!bnqfsft0dn3!)nvdi!ijhifs!uibo!dpqqfs!xjsft*/

! ! ! Uif!ijhi!fmfdusjdbm!dpoevdujwjuz!pg!obop!uvcft!jt!nbjomz!evf!up!ofhmjhjcmf!
bnpvou!pg!efgfdut!boe!ifodf-!uifz!qpttftt!mpx!sftjtubodf/!Obop!uvcft!pg!
NpT3! boe!XT3! ibwf! tipxo! tfnjdpoevdupst! bu! mpx! ufnqfsbuvsf! evf! up!
fmfdusjdbm!dpoevdujwjuz/

! )e*! Nfdibojdbm! qspqfsujft;! Obopnbufsjbmt! fyijcju! vovtvbm! nfdibojdbm!
qspqfsujft/!Gps!fybnqmf-!uif!ufotjmf!tusfohui!pg!dbscpo!obop!uvcf!jt!bcpvu!
715! qb! )j/f/! ?! 31! ujnft! uibu! pg! tuffm*/!Uifz! bsf! bnpoh! uif! tujggftu! boe!
tuspohftu!Ýcsft!lopxo/

! )f*! Pqujdbm! qspqfsujft;! Obopnbufsjbmt! uibu! bsf! qspwjefe! mbshf! tvsgbdf! bsfb!
fyijcju! cfuufs! pqujdbm! qspqfsujft/! Gps! fybnqmf-! tjmjdpo! obopxjsft! tipx!
tuspoh! qipupmvnjoftdfodf! dibsbdufsjtujdt/! Joejvn! qiptqijef! obop! xjsf!
tipxt!jtpuspqjd!qipupmvnjoftdfodf!xjui!mpu!pg!bqqmjdbujpot!jo!dpotusvdujoh!
qpmbsjtbujpo!tfotjujwf!qipupefufdupst/![jod!pyjef!obop!xjsf!fyijcjut!sppn!
ufnqfsbuvsf!vmusbwjpmfu!mbtfs!bdujpo/

! )g*! Tfnjdpoevdupst;! Nptu! pg! uif! obopnbufsjbmt! fyijcju! tfnjdpoevdujwjuz!
qspqfsujft/! Gps! fybnqmf-! dbscpo! obopuvcft-! obopxjsft-! tpnf! nfubm!
pyjeft! )NpT3! boe!XT3*! boe! jopshbojd! obopuvcft! tipx-! tfnjdpoevdups!
qspqfsujft/! Tfnjdpoevdups! obop! xjsft! dbo! cf! vtfe! bt! dpnqpofout! jo!
nbljoh!Ýfme!fggfdu!usbotjtupst-!Q!Ï!o!ejpeft-!cjqpmbs!kvodujpo!usbotjtupst!
boe!dpnqmfnfoubsz!jowfsupst/
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! )h*! Tvqfsdpoevdupst;! Uifsf! bsf! tpnf! obopnbufsjbmt! xijdi! tipx! tvqfs.

dpoevdujwjuz! qspqfsujft/! Obopuvcft! pg! OcT3! boe!OcTf3! bsf!nfubmmjd! jo!
obuvsf!xjui!OcTf3!cfdpnft!b!tvqfsdpoevdups!bu!mpx!ufnqfsbuvsf/

Tpnf! pg! uif! jnqpsubou! obopnbufsjbm! tusvduvsft! boe! uifjs! bqqmjdbujpot! bsf!
tipxo!jo!Gjht!5/35!up!5/38/

Dfsubjo! tubujtujdbm! jogpsnbujpo! po! qspevdjoh! pg! obop! nbufsjbmt! boe!
vojwfstjujft!jowpmwfe!jo!uif!sftfbsdi!bt!po!3114!jt!tipxo!jo!Gjht!5/39!boe!5/3:/

Gjh/! 5/35! JCN! sftfbsdifst! nbojqvmbujoh! yfopo! bupnt! tdboojoh! uvoofmmjoh! njdsptdpqf! up!

npwf!46!yfopo!bupnt!up!tqfmm!pvu!uif!mfuufst!ÒJCNÓ

! !

Gjh/!5/36! Hsbqijdbm!sfqsftfoubujpo! Gjh/!5/37! Tqbdf.Þmjoh!npefm!pg

! pg!b!spubybof!vtfgvm!bt!b!!! ! !!!uif!obopdbs!po!b!tvsgbdf-!vtjoh!!

npmfdvmbs!txjudi! ! ! !!!!!gvmmfsfoft!bt!xiffmt!

Gjh/!!5/38! Tusvduvsf!pg!gvmmfsfof
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Gjh/!5/39! Qfsdfoubhf!pg!dpnqbojft!qspevdjoh!obopnbufsjbmt!cz!dpvousz!)bt!pg!Kvof!3114*

Other
14%Italy

3%China
3%

France
4%

Austria
5%

Germany
9%

UK
10%

Japan
24%

US
28%

Note: Other includes Australia, Spain, Sweden, Switzerland, Belgium,
Netherlands, Israel, Poland, Russia and Taiwan.
Source: Cientifica 2003.

Gjh/!5/3:! Qfsdfoubhf!pg!vojwfstjujft!boe!jotujuvujpot!jowpmwfe!jo!

! ! !!!!obop.sftfbsdi!cz!dpvousz!)bt!pg!Kvof!3114*

5/9/4! Bqqmjdbujpot!pg!Obopnbufsjbmt

Obopnbufsjbmt!tipx!qpufoujbm!bqqmjdbujpot!cfdbvtf!pg!uifjs!vovtvbm!boe!vojrvf!
qspqfsujft/! Obop! qbsujdmft-! obop! uvcft-! obop! spet! boe! obop! xjsft! tipx! uif!
gpmmpxjoh!bqqmjdbujpot;

)j*! Obop!qbsujdmf

! )b*! Uiftf!bsf!vtfe!bt!jnqpsubou!dbubmztu!jo!izesphfobujpo!boe!dbubmztjt/
! )c*! Bt!{fsp.ejnfotjpobm!rvbouvn!eput-!pof.ejnfotjpobm!rvbouvn!xjsft!

boe!jo!qmboobs!bssbzt!pg!psefsfe!tusvduvsft-!uifz!ibwf!cffo!vtfe!jo!uif!
eftjho!pg!ofx!tvqfs!dpnqvufst/

! )d*! Nbhofujd!obop!qbsujdmft!ibwf!qpufoujbm!bqqmjdbujpot!jo!nbhofup!pqujdbm!
tupsbhf!boe!nbhofujd!esvh!usbotqpsu/
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! )e*! Obop! qbsujdmft! bsf! qpufoujbm! dpnqpofout! jo! uif! hfofsbujpo! pg!

cjpnfubmmjd! oboptusvduvsft! boe! obopnfdibojdbm! efwjdft! cbtfe! po!
EOB/

)jj*!Dbscpo!Obop!Uvcft!)DOU*

! )b*! Obop!uvcf!Ýfme!fnjttjpo!usbotjtupst!gps!vtf!bt!txjudijoh!dpnqpofout!
jo!dpnqvufst/

! )c*! Qspufdujwf!tijfme!bhbjotu!fmfduspnbhofujd!sbejbujpo!evf!up!ijhi!fmfdusjdbm!
dpoevdujwjuz!boe!qpps!usbotnjuufst!pg!fmfduspnbhofujd!sbejbujpo/

! )d*! Uifz!bdu!bt!tfotpst!pg!hbtft!tvdi!bt!OP3!boe!OI4!po!uif!cbtjt!pg!jodsfbtf!
jo!fmfdusjdbm!dpoevdujwjuz!xifo!OP3!xbt!bmmpxfe!up!Þpx!pwfs!DOUt/

! )e*! Uifz!bdu!bt!tupsbhf!efwjdf!jo!mjuijvn!cbuufsjft/!Uijt!jt!evf!up!fwfsz!
mjuijvn!bupn!tupsfe!gps!fwfsz!tjy!dbscpo!bupnt!pg!DOU!boe!ifodf-!ju!
dbo!cf!vtfe!up!tupsf!uif!dibshf!dbssjfs-!mjuijvn!jo!mjuijvn!cbuufsjft/

! )f*! Gjfme!fnjttjpo!mjhiu!efwjdft!gps!Þvpsftdfou!ejtqmbzt/
! )g*! Rvbouvn!xjsft!nbef!vq!pg!nfubmmjd!dbscpo!obop!uvcft!fyijcju!ijhi!

fmfdusjdbm!dpoevdujwjuz/
! )h*! Sfjogpsdfe!fmfnfout!jo!dpnqptjuft/!Gps!fybnqmf-!Bm!qpxefs!njyfe!

xjui!DOU!)6&*!ibe!hsfbufs!ufotjmf!tusfohui!uibo!spe!pg!ÓBmÔ/
! )i*! Uif! obop! uvcft! pg!NpT3! boe!XT3! vtfe! bt! tpmje! mvcsjdbout/! Cpspo!

ojusjef!obop!uvcft!tipx!jotvmbupst!xjui!b!xjef!sbohf!pg!cboe!hbq/

)jjj*!Obop!spet!pg!obop!xjsft

! )b*! Tjmjdpo!obop!xjsft!tipxt!qipupmvnjoftdfodf/!
! )c*! [jod!pyjef!obopxjsft!fyijcju!vmusbwpjmfu!mbtfs!bu!sppn!ufnqfsbuvsf/
! )d*! Tfnjdpoevdups!obopxjsft!vtfe!jo!nbljoh!pg!Ýfme!fggfdu!usbotjtups/

)jw*!Puifs!bqqmjdbujpot!pg!obopnbufsjbmt!boe!uifjs!vtft

! )b*! Tvotdsffot-!dptnfujdt-!dpbujoh!po!tvsgbdft-!ibse!dvuujoh!uppmt/
! )c*! Gvfm!dfmmt-!ejtqmbzt-!cbuufsjft-!dbubmztut/
! )d*! Nbhofujd!nbufsjbmt-!mvcsjdbout-!nbdijobcmf!dfsbnjdt-!njmjubsz!cpuumf!tvjut/

! 5/9/5
! OFX!GPSNT!PG!DBSCPO

Dbscpo!jt!pof!pg!dpnnpoftu!tvctubodft!po!fbsui!boe!ju!jt!xjefmz!ejtusjcvufe!jo!
obuvsf/!Dbscpo!ibt! uxp!uzqf!pg!bmmpuspqft-!obnfmz!hsbqijuf!boe!ejbnpoe/!Uif!
uijse! bmmpuspqf! gpsn! pg! dbscpo! xbt! bddjefoumz! ejtdpwfsfe! cz! Spcfsu! G/! Gvsm-!
Ibspme!X/!Lspup!boe!Sjdibse!F/!Tnbmmfz/!Uif!ejtdpwfsz!pg! uijt!ofx! gpsn!pg!
qvsf!dbscpo!boe! uif! jotjhiu! uibu! mpu!pg!qspqfsujft!pctfswfe! jo! ufsnt!pg!ipmmpx!
dbscpo!npmfdvmft/

)j*!Gvmmfsfoft! Uif!ejtdpwfsz!pg!D71!ibt!b!mpoh!boe!wfsz!joufsftujoh!ijtupsz/!Ju!
jt!b!ofx!gpsn!pg!dbscpo!dbmmfe!gvmmfsfof/!Uif!tusvduvsf!pg!gvmmfsfof!xbt!Dbhf!
boe!Sjdibse!Tnbmmfz!tvddfefe!jo!cvjmejoh!ju/!Uifz!obnfe!D71!bt!Cvdlnjojtufs!
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gvmmfsfof! cfdbvtf! pg! tjnjmbsjuz! pg! uif! tusvduvsf! up! cf! hfpeftjd! tusvduvsft!
xjefmz! dsfejufe! up! S/! Cvdlnjojtufs! gvmmfs/! Cfdbvtf! pg! uijt! xpsl-! Ibspme! X/!
Lspup-!Sjdibse!F/!Tnbmmfz!boe!Spcfsu!Q/!Gvsm!xfsf!bxbsefe!uif!Opcfm!qsj{f!jo!
difnjtusz! jt!2::7/!Uif!gvmmfsfoft!bsf!fwfo!ovncfs!pg!Tq3!izcsje!dbscpo!bupnt!
pwfs! uif! tvsgbdf! pg! b! dmptfe! ipmmpx! dbhf/! Uif! tusvduvsf! pg! D71! bt! tipxo! jo
Gjh/!5/41/

Gjh/!5/41! D71!gvmmfsfof

Qspqfsujft! pg! gvmmfsfoft! Vomjlf! hsbqijuf! boe! ejbnpoe! gvmmfsfoft! bsf! dmptfe.
dbhf!dbscpo!npmfdvmft!dpotjtujoh!pg!b!ovncfs!pg!Ýwf!nfncfsfe!sjoht!boe!tjy!
nfncfsfe! sjoht/! Uif! tusvduvsf! pg! D71! jt! usvodbufe! jdptbifespo! xijdi! mpplt!
mjlf!b!tpddfs!cbmm!xjui!23!qfoubhpot!boe!31!ifybhpot/!Uif!cpoet!jo!D71!ibwf!
uxp!ljoet/!Uif!cpoe! mfohui! jo!b!qfoubhpo! jt!2/56!�!boe! uibu!b!cpoe!cfuxffo!
qfoubhpot!jt!2/51�/!Bu!sppn!ufnqfsbuvsf!uif!tpmvcjmjuz!pg!D71!jt!3/9!nh0nm!jo!
upmvfof/!Bt! uif! tj{f! jodsfbtft-! uif! ifbu! pg! tvcmjnbujpo! pg! gvmmfsfof! jodsfbtft/!
Gvmmfsfoft! bsf! sfbez! up! sfevdf! boe! ifodf! ju! bdut! bt! hppe! pyjejtjoh! bhfou/! Ju!
jt! votubcmf! bu! ijhifs! ufnqfsbuvsf/! D71! jt! b! wfsz! qpps! dpoevdups! pg! fmfdusjdjuz!
cvu!xifo! sfbdu!xjui! sfevdjoh! bhfou! )bmlbmj*! uif! sftvmujoh! dpnqpvoe! ibt! ijhi!
fmfdusjdbm!dpoevdujwjuz!boe!fwfo!cfdpnf!tvqfs!dpoevdujoh/

Qsfqbsbujpo! pg! gvmmfsfoft! Gvmmfsfoft! dbo! cf! qsfqbsfe! jo! tjnqmf! qspdfttft/!
Hsbqijuf! spet! bsf! wbqpvsjtfe! jo! bo! jofsu! bunptqifsf! )Ifmjvn*-! cz! qbttjoh!
b! ijhi! fmfdusjd! dvssfou! uispvhi! uifn/!Uijt! qspevdft! b! mjhiu! dpoefotbuf! dbmmfe!
gvmmfsfof!tppu!xijdi!dpoubjo!wbsjfuz!pg!ejggfsfou!gvmmfsfoft/!Uif!gvmmfsfoft!dbo!
cf! fyusbdufe! uispvhi! upmvfof/! Tfqbsbujpo! boe! qvsjÝdbujpo! dbo! cf! bdijfwfe! cz!
dpmvno!dispnbuphsbqiz/

Bqqmjdbujpot! Cfdbvtf! pg! xjef! sbohf! pg! nbhofujd! boe! dpoevdujoh! qspqfsujft-!
gvmmfsfof!ibt!uif!gpmmpxjoh!bqqmjdbujpot/

2/!Njdspfmfdusjd!efwjdft-! 3/!Opo.mjofbs!pqujdbm!efwjdft-! 4/!Njdsp.fmfduspojd!
efwjdft-!5/!Tpgu!gfsspnbhofujd!nbufsjbmt-!boe!6/!Tvqfsdpoevdupst/
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)jj*!Dbscpo!Obop!Uvcft! Dbscpo!obop!uvcft!bmtp!dbmmfe!Cvdlz!uvcft!xijdi!
jt! bmmpuspqf!pg! dbscpo!xjui! b! dzmjoesjdbm! obop! tusvduvsf/! Ju!xbt! ejtdpwfsfe!cz!
T/! Mjnjkb! jo! 2::2/! Obop! uvcft! bsf! uif! nfncfst! pg! uif! gvmmfsfof! tusvduvsbm!
gbnjmz! xijdi! jodmveft! uif! tqfsjdbm! cvlz! cbmmt/! Uifjs! obnf! jt! efsjwfe! gspn!
uifjs!tj{f!tjodf!uif!ejbnfufs!pg!b!obop!uvcf!jt!jo!uif!psefs!pg!b!gfx!obop!nfusft!
)�2061-111ui!pg!uif!xjeui!pg!b!ivnbo!bjs*/!Obop!uvcft!dibsbdufsjtfe!bt!tjohmf.
xbmmfe!obop!uvcft!)TXOUt*!boe!Nvmuj.xbmmfe!Obop.uvcft!)NXOUt*/

Uif!difnjdbm!cpoejoh!pg!b!obop! uvcft! jt!cbtfe!po!Tq3!izcsjejtbujpo!tjnjmbs!
up! uiptf! pg! hsbqijuf/!Uijt! cpoejoh! tusvduvsf!xijdi! jt! tuspohfs! uibo! Tq4! !cpoet!
gpvoe!jo!ejbnpoet!qspwjef!uif!npmfdvmft!xjui!uifjs!vojrvf!tusfohui/!Obop!uvcft!
obuvsbmmz!bmjho!uifntfmwft!joup!ÑspqftÒ!ifme!uphfuifs!cz!wbo!efs!Xbbmt!gpsdft/

Qspqfsujft

! )j*! Tusfohui;!DOUt!bsf!uif!tuspohftu!boe!tujggftu!nbufsjbmt!jo!ufsnt!pg!ufotjmf!
tusfohui!boe!fmbtujd!npevmf/!B!nvmuj.xbmmfe!dbscpo!obop!uvcf!xbt!uftufe!
boe!gpvoe!ufotjmf!tusfohui!74!hjhb!qbtdbmt!)HQb*/

! )jj*! Ibseoftt;!Uif!ejbnpoe!jt!dpotjefsfe!bt!ibseftu!nfufsjbm/!Cvu!tzouiftjt!pg!
b!tvqfs.iboe!nbufsjbm!cz!dpnqsfttjoh!TXOUt!up!bcpwf!35!HQb!bu!sppn!
ufnqfsbuvsf/! Uif! ibseoftt! pg! uijt! nbufsjbm! xbt! nfbtvsfe! xjui! b! obop!
joefoufs!bt!73Ï263!HQb/!Uif!ibseoftt!pg!sfgfsfodf!ejbnpoe!boe!Cpspo!
ojusjef!tbnqmft!xbt!261!boe!73!HQb!sftqfdujwfmz/!Uif!cvml!npevmft!pg!
dpnqsfttfe!TXOUt!xbt!573Ï657!HQb!tvsqsjtjoh!uif!wbmvf!pg!531!HQb!
gps!ejbnpoe/

! )jjj*! Uifsnbm!dpoevdujwjuz;!Bmm!bsf!fyqfdufe!up!cf!wfsz!hppe!uifsnbm!dpoevdupst!
bmpoh! uif! uvcf-! fyijcjujoh! b! qspqfsuz! lopxo! bt! ÑCbmmjtujd! dpoevdujpoÒ/!
Fyqfsjnfoubm!!sftvmut!tipx!uibu!TXOU!ibt!bu!sppn!ufnqfsbuvsf!uifsnbm!
dpoevdujwjuz! bmpoh! jut! byjt! pg! bcpvu! 4611! X/nÏ2! LÏ2/! Dpnqbsf! uijt!
up! dpqqfs! ! nfubm! xfmm! lopxo! gps! jut! hppe! uifsnbm! dpoevdujwjuz! xijdi!
usbotnjut! 496!X/nÏ2!LÏ2/! Cvu! TXOU! ibt! b! sppn! ufnqfsbuvsf! uifsnbm!
dpoevdujwjuz!bdsptt!jut!byjt!pg!bcpvu!2163!X/nÏ2!LÏ2!xijdi!jt!dpnqbsbcmf!
uifsnbm!dpoevdujwjuz!pg!tpjm/

! )jw*! Ufnqfsbuvsf!tubcjmjuz;!DOUt!jt!ftujnbufe!up!cf!vq!up!3911¡D!jo!wbdvvn!
boe!bcpvu!861¡D!jo!bjs!pg!ufnqfsbuvsf!tubcjmjuz/!

! )w*! Efgfdut;!DOUt!efgfdu!jt!uif!ÑTupof!xbmft!efgfduÒ!xijdi!dsfbuft!b!qfoubhpo!
boe!ifqubhpo!qbjs!cz!sfbssbohfnfou!pg!uif!cpoet/!Dsztubmmphsbqijd!efgfdut!
bmtp!bggfdu!uif!uvcfÔt!fmfusjdbm!qspqfsujft/

! )wj*! Upyjdjuz;! Efufsnjojoh! uif! upyjdjuz! pg! DOUt! ibt! cffo! pof! pg! uif! nptu!
qsfttjoh!rvftujpo!jo!obop!ufdiopmphz/!Cbtfe!po!uif!bwbjmbcmf!ebub!tipx!
uibu!voefs!tpnf!dpoejujpot!obop!uvcft!dbo!dsptt!nfncsbof!cbssjfst-!xijdi!
dbvtft!joÞbnnbupsz!Ýcspujd!sfbdujpot/

! ! B!tuvez!mfe!cz!Bmfyboesb!Qpsufs!gspn!Vojwfstjuz!pg!Dbncsjehf!tipxt!uibu!
DOUt!dbo!foufs!joup!ivnbo!dfmmt!boe!!bddvnvmbuf!jo!uif!dzupqmbtn!dbvtjoh!
dfmm!efbui/
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! 5/:
JOTVMBUPST

Jotvmbupst!bsf!uif!nbufsjbmt!fnqmpzfe!up!njojnjtf!uif!mptt!pg!fmfdusjdjuz!uispvhi!
dfsubjo! qbsut! jo! bo! fmfdusjdbm! tztufn/! Jg! jotvmbujpo! jt! uif! nbjo! gvodujpo-! uifo!
nbufsjbmt!bsf!dbmmfe!ÓjotvmbupstÔ!boe!jg!dibshf!tupsbhf!jt!uif!nbjo!gvodujpo-!uifz!
bsf! dbmmfe! ÓejfmfdusjdtÔ/! Jotvmbupst! pggfs! ijhi! sftjtubodf! up! uif! Þpx!pg! fmfdusjd!
dvssfou!nbjomz!evf!up!ujhiumz!cpvoefe!wbmfodz!fmfduspot!sftvmufe!{fsp!fmfduspot!
Þpx!uispvhi!uifn!bu!opsnbm!wpmubhft/!Jo!beejujpo!up!jotvmbujpo!qspqfsuz-!ju!bmtp!
qspwjeft!nfdibojdbm!tvqqpsu! up! uif!dpoevdupst!boe! jt!vtfgvm! jo! uif! usbotgfs!pg!
ifbu!xijdi!njojnjtjoh!fydfttjwf!ifbu!bddvnvmbujpo!jo!uif!bqqbsbuvt/

5/:/2! Dibsbdufsjtujdt!pg!Jotvmbupst!ps!Ejfmfdusjdt

B! hppe! jotvmbujoh! nbufsjbm! tipvme! qpttftt! uif! gpmmpxjoh! dibsbdufsjtujdt!
qspqfsujft;

! 2/! Sftjtujwjuz! Ju! jt!efÝofe!bt!uif!sftjtubodf!pggfsfe!cz!b!voju!dvcf!pg!uif!
nbufsjbm!ps!ju!jt!sfdjqspdbm!pg!dpoevdujwjuz/!B!hppe!jotvmbups!tipvme!ibwf!
mpx! dpoevdujwjuz! ps! ijhi! sftjtujwjuz/! Jotvmbupst! ibwf! sftjtujwjuz! sbohjoh!
cfuxffo!21:!up!2131!pin.dn!bu!sppn!ufnqfsbuvsft/

! ! ! Gps!fybnqmf-!Hmbtt;!2126!pin!dn-!Njdb;!:!¥!217!pin.dn-!Rvbsu{;!6!¥!
212:!pin.dn<!Dpqqfs;!2/8!¥!21Ï23!pin.dn/

! 3/! Ejfmfdusjd! Dpotubou! Ju! jt! uif! rvboujubujwf! nfbtvsf! pg! uif! bcjmjuz! pg!
b!nbufsjbm! up! tupsf! fmfdusjd! dibshf! jo! qsftfodf! pg! bqqmjfe! fmfdusjd! Ýfme/!
Ejfmfdusjd!dpotubou!jt!fyqsfttfe!bt!uif!sbujp!pg!uif!dbqbdjubodf!pg!b!dbqbdjups!
Ýmmfe!xjui!ejfmfdusjd!nbufsjbm!up!uif!dbqbdjubodf!pg!tbnf!dbqbdjups!voefs!
wbdvvn/!Ejfmfdusjd!dpotubou!tipvme!cf!mpx!gps!b!hppe!jotvmbups/

! 4/! Ejfmfdusjd! Qpmbsjtbujpo! Dibshf! tfqbsbujpo! pg! ejfmfdusjdt! voefs! uif!
fmfdusjd!Ýfme!jt!dbmmfe!ejfmfdusjd!qpmbsjtbujpo/!Jg!ÓRÔ!jt!uif!dibshf!dpmmfdufe!
jo!uif!qsftfodf!pg!bo!bqqmjfe!wpmubhf!W-!uifo!uif!dbqbdjubodf!pg!nbufsjbm!jt!

! ! D!>!R0W

! 5/! Ejfmfdusjd!Mptt! Uijt! jt! dbvtfe!nbjomz!cz! joufsobm!ejqpmf! gsbdujpo!boe!
cz! mfblbhf! pg! dvssfou! uispvhi! uif!nbufsjbm/!Ejfmfdusjd! mpttft! tipvme! cf!
njojnvn!gps!bo!jefbm!jotvmbups/

! 6/! Uifsnbm! Fyqbotjpo! boe! Dpousbdujpo! B! hppe! jotvmbujoh! nbufsjbm!
qpttfttft!mfbtu!uifsnbm!fyqbotjpo!boe!dpousbdujpo-!xijdi!mfbet!up!hbqt!jo!
uif!jotvmbups/

! 7/! Qpsptjuz! Qpsptjuz! pg! jotvmbujoh!nbufsjbmt! dbvtft! jodsfbtf! pg!npjtuvsf!
ipmejoh!dbqbdjuz!mfbejoh!up!bewfstf!bo!fggfdu!po!uif!fmfdusjdbm!qspqfsujft/!
Ifodf-!ejfmfdusjdt!pg!ijhi!qpsptjuz!bsf!opu!vtfe/
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! 8/! Fyufsobm!Difnjdbm! Fggfdut! Jotvmbujoh!nbufsjbm! tipvme! cf! difnjdbmmz!

jofsu!upxbset!pjmt-!bdjet-!tpmwfout!boe!bmlbmjt/

! 9/! Ejfmfdusjd! Tusfohui! Uif! bcjmjuz! up! sftjtu! qvoduvsf! ps! svquvsf! pg! bo!
jotvmbujoh! nbufsjbm! xjui! uif! bqqmjfe! fmfdusjd! Ýfme! jt! dbmmfe! Ejfmfdusjd!
Tusfohui-! fyqsfttfe! jo! wpmut0nn/! Ejfmfdusjd! tusfohui! efdsfbtft! xjui!
jodsfbtf!pg!uijdloftt!pg!nbufsjbm-!ivnjejuz!boe!ufnqfsbuvsf/!Jo!uif!dbtf!pg!
mjrvje!jotvmbupst-!ju!jodsfbtft!xjui!jodsfbtf!pg!wjtdptjuz/!Gps!jefbm!jotvmbujoh!
nbufsjbm-!ju!tipvme!ibwf!ijhi!ejfmfdusjd!tusfohui/

! :/! Opu! Qspof! up! Difnjdbm! Dibohf! Jutfmg! Difnjdbm! bmufsbujpo! nbz!
ublf!qmbdf!cz!tpnf!nbufsjbm!evsjoh!jut!vtf/!Cvu!tvdi!dibohft!tipvme!opu!
efufsjpsbuf!uif!qspqfsujft!pg!jotvmbujoh!nbufsjbmt/

5/:/3! Tpnf!Jotvmbujoh!Nbufsjbmt!boe!uifjs!Bqqmjdbujpot

)b*! Tjnqmf! Hbtft! Hbtft! mjlf! bjs! boe! ojusphfo! bsf! dpotjefsfe! bt! jotvmbujoh!
nbufsjbmt/

! )j*! Bjs! Ju! jt! dpotjefsfe! bt! bo! jnqpsubou! ejfmfdusjd! hbt! xijdi! qspwjeft!
jotvmbujpo!cfuxffo!uif!pwfsifbe!usbotnjttjpo!mjoft!xjuipvu!boz!dptu!boe!
nbjoufobodf!dibshf/

! )jj*! Ojusphfo! Xifo!difnjdbm!sftjtubodf!ps!jofsu!nfejvn!jt!offefe-!ojusphfo!
jt!b!wfsz!jnqpsubou!hbt!jo!qmbdf!pg!bjs!tjodf!ju!dbvtft!pyjebujpo/!Uijt!jt!vtfe!
jo!usbotgpsnfst/!Ijhi!qsfttvsf!ojusphfo!jt!vtfe!bt!ejfmfdusjd!jo!fmfdusjdbm!
dbqbdjupst/

! )jjj*! Fmfduspofhbujwf! hbtft! Uifz! ibwf! ijhi! ejfmfdusjd! tusfohuit! uibo! opsnbm!
hbtft!tvdi!bt!bjs!boe!ojusphfo/!Gps!fybnqmf-!TG7!jt!3/46!ujnft!boe!DDm5!
jt!7/44! ujnft! uibo! uibu!pg!bjs/!Gvsuifs-! uiftf!bsf!opo.fyqmptjwf!boe!opo.
joÞbnnbcmf/!TG7!jt!vtfe!jo!fmfdusjdbm!efwjdft!mjlf!dbqbdjupst!boe!dbcmft/

)c*! Mjrvje! Jotvmbujoh!Nbufsjbmt! Uiftf! bsf! vtfe!nbjomz! gps! qvsf! ejfmfdusjd!
qvsqptf! up! fmjnjobuf! bjs! ps! puifs! hbtft! qbsujdvmbsmz! bt! bo! jotvmbujoh! dvn!ifbu!
usbotgfs!nfejvn/!Tpnf!pg!uif!mjrvje!jotvmbujoh!nbufsjbmt!bsf!nfoujpofe!cfmpx;

! )j*! Njofsbm! pjmt! Uifz! ibwf! b! cfuufs! jotvmbujoh! qspqfsuz! xijdi! jt! hsfbumz!
joÞvfodfe! cz! uif! qsftfodf! pg! opo.izespdbscpo! dpnqpvoet! ojusphfo-!
pyzhfo-! tvmqivs-! fud/!Uifz! ibwf! mpx! ejfmfdusjd! dpotubou! )�3/6*! boe! bsf!
vtfe!jo!uif!usbotgpsnfst/

! )jj*! Btlbsfmt! Btlbsfmt!bsf!opo.joÞbnnbcmf!boe!tzouifujd! jotvmbujoh! mjrvjet!
xijdi!ep!opu!efdpnqptf!voefs!uif!joÞvfodf!pg!fmfdusjd!bsd/!Uifz!bsf!vtfe!
bt! usbotgpsnfs! Þvjet/! Tpnf! pg! uif! fybnqmft! bsf! dimpsjobufe! ejqifozm-!
qfoubdimpsp!ejqifozm!boe!usjdimpsp!cfo{fof/

! )jjj*! Gmvpsjobufe!ßvjet! Uifz!bsf!opo.joÞbnnbcmf-!opo.fyqmptjwf!boe!ibwf!wfsz!
ijhi!difnjdbm!tubcjmjuz/!Uiftf!bsf!cfuufs!tvctujuvuf!pg!njofsbm!boe!tjmjdpof!
Þvjet!gps!ifbu!usbotgfs!gspn!uif!xjoejoht!boe!nbhofujd!djsdvjut/!Uifz!bsf!
vtfe!jo!tnbmm.tj{fe!fmfdusjd!boe!sbejp!efwjdft-!fmfduspojd!usbotgpsnfst-!fud/
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! )jw*! Tjmjdpof! ßvjet! Gps!ejfmfdusjd! bqqmjdbujpot-! dpncjobujpo!pg! qspqfsujft! bsf!
sfrvjsfe!boe!gvmÝmmfe!cz!tjmjdpof!Þvjet!boe!opu!gpvoe!jo!puifs!tzouifujd!
boe!obuvsbm!nbufsjbmt/!Uifz!bsf!dmfbs!xbufs.mjlf!mjrvje!xjui!b!xjef!sbohf!
pg!wjtdptjuz/!Pvutuboejoh!jotvmbujoh!qspqfsujft!bsf!qpttfttfe!cz!tjmjdpof!
Þvjet!boe!uifz!bsf!tubcmf!bu!ijhifs!ufnqfsbuvsft!ftqfdjbmmz!opo.dpssptjwf!
up!nfubmt!vq!up!311¡D/!Uifz!bsf!vtfe!bt!dppmbout!gps!sbejp!usbotgpsnfst-!
bjs!dsbgut!boe!sbebs!qvmtf/

! )w*! Wfhfubcmf!pjmt! Uiftf!bsf!uif!pmeftu!jotvmbujoh!mjrvjet!vtfe-!xjui!b!mpx!qsjdf/!
Uifz!bsf!eszjoh!pjmt!tvdi!bt!mjotffe!pjm!boe!uvoh!pjm!vtfe!jo!uif!gpsnbujpo!
pg! jotvmbujoh! wbsojtift! )vtfe! jo! uif! usbotgpsnfst! boe!npups! dpjmt*/!Uif!
opo.eszjoh!pjmt!tvdi!bt!dbtups-!dpdpovu!pmjwf!boe!qfbovu!bsf!lopxo!qpqvmbs!
qmbtujdjtfst!jo!jotvmbujoh!sftjo!dpnqpofout!vtfe!jo!fmfdusjdbm!frvjqnfou!bt!
tusvduvsbm!boe!jotvmbujoh!nbufsjbmt/

Ubcmf!5/7! Tpnf!jotvmbujoh!mjrvjet!boe!uifjs!pqfsbujoh!ufnqfsbuvsft

T/Op/ Jotvmbujoh!mjrvje Ufnqfsbuvsf!sbohf!jo!xijdi!vtfe

2/ Njofsbm!pjm Ï!61!up!221¡D

3/ Btlbsfmt Ï!61!up!221¡D

4/ Gmvpsjobufe!mjrvje Ï!61!up!311¡D

5/ Tjmjdpof!Þvjet Ï!:1!up!331¡D

6/ Tzouifujd!izespdbscpot Ï!61!up!221¡D

7/ Pshbojd!ftufst Ï!61!up!221¡D

8/ Wfhfubcmf!pjmt Ï!31!up!211¡D

)d*!Tpmje!Jotvmbujoh!Nbufsjbmt! Nptu!pg!uif!opo.nfubmt!tvdi!bt!njdb-!qbqfs-!
btcftupt-!qpmznfst!boe!tjml!bsf!dpotjefsfe!bt!tpmje!jotvmbupst/!Bmm!uif!nbufsjbmt!
bsf!dbqbcmf!pg!sfubjojoh!uifjs!jotvmbujoh!qspqfsujft!vq!up!b!efÝojuf!ufnqfsbuvsf!
dbmmfe!mjnjujoh!ufnqfsbuvsf/

Ubcmf!5/8! Tpmje!jotvmbujoh!nbufsjbmt!xjui!mjnjujoh!ufnqfsbuvsf

T/!

Op/
Jotvmbujoh!nbufsjbmt

Mjnjujoh!

ufnqfsbuvsf!)¡D*

2/ Dfmmvmptf!nbufsjbmt;!dpuupo-!tjml!boe!qbqfst!xijdi!bsf!opu!
jnqsfhobufe

! :1

3/ Jnqsfhobufe!qbqfs-!tjml-!dpuupo-!boe!qpmzbnjef!sftjot!xjui!
npefsbuf!ifbu!sftjtubodf!nbufsjbmt

! 216

4/ Gjcspvt!nbufsjbmt!mjlf!btcftupt!boe!Ýcsf!hmbtt!jnqsfhobufe!
xjui!wbsojti!pg!psejobsz!ifbu!sftjtubodf

! 241

5/ Njdb-!dfsbnjdt-!hmbtt-!ufÞpo-!nz!dmby!boe!tpbqtupof ! ?!291

6/ Fobnfmmfe!xjsf!jotvmbujpo!po!qpmznfs!sftjo!cbtf ! 231

7/ Qpmznfs!sftjot!cpoefe!xjui!ijhi!sftjtubodf!wbsojti!ps!
dpnqpvoe

! 266

8/ Btcftupt-!njdb-!Ýcsf!hmbtt!jnqsfhobufe!xjui!tjmjdpoft!boe!
tjmjdpof!svccfst!fud/

! 291
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Tzouifujd! qpmznfst! bsf! vtfe! bt! fydfmmfou! jotvmbupst! gps! mpx! ufnqfsbuvsf!

pqfsbujpot!cvu!voefshp!tpgufojoh!bu!ijhifs!ufnqfsbuvsft/!Uifz!bsf!vtfe!bt!uijo!
Ýmnt! boe! jo! diplft-! dbqbdjupst-! fmfdusjdbm! cvtift! boe! ufmfqipoft/!UfÞpo!vtfe!
bt! cftu! jotvmbups! dpvme!xjuituboe! bcpwf! 291¡D!xjui! ejfmfdusjd! dpotubou! )3/1*/!
Gps! ijhi! wpmubhf! pqfsbujpot-! fqpyz! sftjot! qpttftt! fydfmmfou! nfdibojdbm! boe!
fmfdusjdbm!qspqfsujft/!Hmbtt-! dfsbnjdt!boe! sfgsbdupsjft!bsf! sjhje! jotvmbupst!vtfe!
jo! mjhiufojoh!tztufnt!boe!nfubm!dmbeejoht/![jsdpo!boe!bmvnjob!qpsdfmbjot!bsf!
vtfe!jo!tqbsl!qmvh!dpsft/

Cjuvnfo!sftjot!boe!eszjoh!pjmt!bsf!dpotjefsfe!bt!jotvmbujoh!wbsojtift!boe!bmtp!
ifmq!jo!tupqqjoh!bhfjoh!pg!difbqmz!bwbjmbcmf!nbufsjbmt!mjlf!qbqfs!boe!dpuupo/

! 5/21
UIFSNBM!JOTVMBUPST

Tvctubodft! xijdi! qpttftt! fyusfnfmz! mpx! uifsnbm! dpoevdujwjujft! bsf! lopxo!
bt! uifsnbm! jotvmbupst/!Uif!qsjodjqbm!qvsqptf!pg! uifsnbm! jotvmbupst! jt! up!sfevdf!
mptt! pg! ifbu! jo! uif! gpsn! pg! dpowfdujpo-! dpoevdujpo! ps! sbejbujpo/!Uif! uifsnbm!
jotvmbupst!bsf!vtfe-!xifo!)b*!uif!Þpx!pg!ifbu!ibt!up!cf!tupqqfe!gspn!uif!pvutjef!
fowjsponfou! up! uif! frvjqnfou! ps! qmbou! pqfsbujoh! bu! mpx! ufnqfsbuvsft-! boe!!
)c*!uif!Þpx!pg!ifbu!ibt!up!cf!tupqqfe!gspn!b!gvsobdf!ps!ifbu!hfofsbujoh!qmbou!up!
uif!pvufs!fowjsponfou/

Uifsnbm! jotvmbupst! bsf! vtfe! jo! sfgsjhfsbupst-! dpme! tupsbhf! sppnt-! tufbn!
dbsszjoh!qjqft-!csjof!qjqfmjoft-!pwfot-!cpjmfst-!fud/

5/21/2! Dibsbdufsjtujdt!pg!bo!Jefbm!Uifsnbm!Jotvmbups

Tpnf!jnqpsubou!gvodujpot!pg!uifsnbm!jotvmbupst!bsf!bt!gpmmpxt;

! 2/! Ju!tipvme!cf!Ýsfqsppg/
! 3/! Uifsnbm!dpoevdujwjuz!tipvme!cf!mpx/
! 4/! Ju!tipvme!ibwf!fopvhi!mpbe!cfbsjoh!dbqbdjuz!voefs!xpsljoh!dpoejujpot/
! 5/! Ju! tipvme! cf! difnjdbmmz! tubcmf! up! tvsspvoejoh! fowjsponfou! bu! ijhi!

ufnqfsbuvsf/
! 6/! Jut!efotjuz!tipvme!cf!mpx/
! 7/! Ju!tipvme!ibwf!wfsz!mpx!ps!tipvme!sftjtu!npjtuvsf!bctpsqujpo/
! 8/! Qiztjdbmmz!boe!nfdibojdbmmz-!ju!tipvme!cf!tubcmf!bu!xpsljoh!ufnqfsbuvsf/

Uifsnbm! jotvmbujoh!nbufsjbmt! bsf!pg! uxp! uzqft/!Uifz!bsf! )j*!pshbojd! tvdi!
bt! xppm-! dpuupo-! dbuumf! ibjs-! xppe! qvmq-! qbqfs-! dibsdpbm-! dplf! qpxefs! boe!
dfmmvmbs!svccfs!tvjubcmf!gps!mpx!ufnqfsbuvsf!xpsl-!boe!)jj*!jopshbojd!uifsnbm!
jotvmbups! tvdi! bt! btcftupt! qbqfs-! Ýcspvt.hmbtt! cpoefe! xjui! sftjo! qpxefs-!
mbnjobufe!btcftupt!boe!hmbtt.Ýcsft!tvjubcmf!gps!ijhifs!ufnqfsbuvsf!jotvmbujpo!
xpslt/
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Ubcmf!5/9! Uifsnbm!dpoevdujwjujft!pg!pshbojd!uifsnbm!jotvmbupst!bu!31¡D

T/!Op/ Jotvmbujoh!nbufsjbmt Uifsnbm!dpoevdujwjuz

)jo!Dbm0Tdn4¡D0dn*

Bqqbsfou!tq/hs/!

)h/dnÏ4*

! 2/ Xppm 1/111197 1/221

! 3/ Dbuumf!ibjs 1/1111:1 1/287

! 4/ Tjml 1/111218 1/211

! 5/ Dpsl!cpbse 1/111214 1/271

! 6/ Xppe!qvmq 1/111226 1/36:

! 7/ Tbxevtu 1/111248 1/447

! 8/ Dpuupo!xppm 1/1111: 1/191

! 9/ Mfbuifs 1/111149 1/::9

! :/ Dplf!qpxefs 1/111567! Ï

! 21/ Dibsdpbm!qpxefs 1/111239 1/359

Ubcmf!5/:! Jopshbojd!uifsnbm!jotvmbupst!boe!uifjs!pqfsbujoh!ufnqfsbuvsf

T/!Op/ Jotvmbujoh!nbufsjbmt Nbyjnvn!ufnqfsbuvsf!)¡D*

! 2/ Btcftupt!qbqfs ! 261

! 3/ Gjcspvt.hmbtt!cpoefe!xjui!sftjo!qpxefs ! 336

! 4/ 96&!nbhoftjb!,!26&!btcftupt ! 436

! 5/ Mbnjobufe!btcftupt!tqpohf ! 486

! 6/ Btcftupt!Ýcsf ! 511

! 7/ Hmbtt.Ýcsft ! 661

! 8/ Boizespvt!dbmdjvn!tjmjdbuf ! :86

! 9/ Qpspvt!tjmjdb ! 2-211

! :/ Dmbz!cpoefe!njofsbm!xppm ! 2-211

! 21/ Sfgsbdupsz!jotvmbujoh!csjdlt ! 2-511

! 5/22

! FYQMPTJWFT

Bo!fyqmptjwf!jt!efÝofe!bt!Ñb!tvctubodf!ps!njyuvsf!xifo!tvckfdufe!up!uifsnbm!
ps!nfdibojdbm!tipdl-!ju!hfut!wfsz!sbqjemz!pyjejtfe!fypuifsnjdbmmz!joup!qspevdut!
pg!qpufoujbmmz!jodsfbtfe!wpmvnf!xjui!b!tveefo!sfmfbtf!pg!qpufoujbm!fofshzÒ/

Uif!bnpvou!pg!qpxfs!bcmf! up!cf!qspevdfe! gspn!b!hjwfo!xfjhiu!wpmvnf!pg!
fyqmptjwf!jt!dbmmfe!Ñqpxfs!up!xfjhiu0wpmvnf!sbujpÒ/!Uif!qpxfs!up!wpmvnf!sbujp!
jt!tnbmm!gps!hbtft!xijmf!mjrvjet!boe!tpmjet!ibwf!cfuufs!qpxfs!sbujp/

5/22/2! Dibsbdufsjtujdt!pg!Fyqmptjwft

! )j*! Ju!tipvme!cf!difbq!boe!tubcmf!voefs!obuvsbm!dpoejujpot/
! )jj*! Ju!nvtu!ibwf!bu!mfbtu!pof!difnjdbm!cpoe!xijdi!dbo!cf!fbtjmz!csplfo!ps!uif!

npmfdvmf!tipvme!ibwf!mpx!ejttpdjbujpo!fofshz/
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! )jjj*! Uif! sbuf! pg! efdpnqptjujpo! tipvme! cf! gbtu! up! qspevdf! mbshf! wpmvnf! pg!

hbtfpvt!qspevdut!fypuifsnjdbmmz/
! )jw*! Ju! tipvme! ibwf! qptjujwf! pyzhfo! cbmbodf/! Uif! pyzhfo! cbmbodf! joejdbuft!

pyzhfo-! bwbjmbcmf! jo! uif!npmfdvmf-!xijdi! dbo!cf!vujmjtfe! up!pyjejtf! uif!
dbscpo!boe!izesphfo!joup!DP3!boe!xbufs!sftqfdujwfmz/

5/22/3! Dmbttjgjdbujpo!pg!Fyqmptjwft

Opsnbmmz!fyqmptjwft!bsf!dmbttjÝfe!joup!uisff!cspbe!hspvqt!bt!hjwfo!cfmpx;
! )b*! Qsjnbsz!ps!jojujbujoh!fyqmptjwft
! )c*! Mpx!fyqmptjwft!ps!qspqfmmbout
! )d*! Ijhi!fyqmptjwft

)b*! Qsjnbsz! ps! Jojujbm! Fyqmptjwft! ps! Efupobupst! Uiftf! bsf! tfotjujwf! boe!
fyqmpef!po!sfdfjwjoh!fwfo!b!tmjhiu!tipdl!ps!Ýsf/!Ifodf-!uifz!tipvme!cf!iboemfe!
xjui!vunptu!dbsf/!Efupobupst!bsf!vtfe!jo!tnbmm!rvboujujft!jo!dbsusjehft!boe!tifmmt!
up! tubsu! ps! jojujbuf! uif! fyqmptjpo!pg! uif!nbjo! fyqmptjwf!xijdi! jt! sfmbujwfmz! mftt!
tfotjujwf/!Uif!fyqmptjpo!pg!b!efupobups!jt!jojujbufe!cz!tqbsl-!Þbnf!ps!tibsq!cmpx!
boe!opsnbmmz!ibqqfot!jo!uxp!tubhft!pg!efÞbhsbujpo!boe!efupobujpo/!EfÞbhsbujpo!
jt!uif!bduvbm!qspdftt!pg!cvsojoh!xjui!b!Þbnf-!xijdi!gvsuifs!dibohft!sftvmu!joup!
efupobujpo!po!uif!cbtjt!pg!cvsojoh!dpoejujpot/

Tpnf! pg! uif! fybnqmft! pg! efupobupst! boe! uifjs! vtft! jodmvejoh! Mfbe! b{jef!
)QcO7*-! nfsdvsz! Þvnjobuf! )Ih)DOP*3*! boe! ejb{jep! ejojuspqifopm! )EEOQ*/!
Mfbe!b{jef!ibt!fydfmmfou!jojujbujoh!bdujpofe!tupsbhf!tubcjmjuz!boe!mpx!dptu/!Ju!jt!
vtfe!gps!njmjubsz!qvsqptf/!EEOQ!jt!vtfe!nptumz!jo!dpnnfsdjbm!cmbtujoh!dbqt!bt!
ju!dbo!jojujbuf!fyqmptjpo!fwfo!jo!mftt!tfotjujwf!ijhi!fyqmptjwf/

)c*! Mpx! Fyqmptjwft! ps! Qspqfmmbout! Uiftf! bsf! cbtjdbmmz! fyqmptjwft! xijdi!
opsnbmmz! cvso! boe! ep! opu! fyqmpef! tveefomz/! Uif! dpncvtujpo! sfbdujpo! jt!
sfmbujwfmz!tmpx!dpnqbsfe!xjui!efupobupst/!Uif!fwpmwfe!hbtft!jo!uif!dpncvtujpo!
sfbejmz! ejtqfstf! xjuipvu! cvjmejoh! ijhi! qsfttvsf-! vmujnbufmz! uifz! dbo! cf!
dpouspmmfe!fbtjmz/

Fybnqmft! pg! mpx! fyqmptjwft! bsf;! )j*! Hvo! qpxefs! ps! Cmbdl! qpxefs-! )jj*!
Dpsejmuf-!boe!)jjj*!Ojuspdfmmvmptf!ps!Tnplfmftt!qpxefs/

Hvo! qpxefs! jt! b!njyuvsf! pg! qpubttjvn! ojusbuf! )86&*-! dibsdpbm! )26&*! boe!
tvmqivs!)21&*/!Uiftf!bsf!opu!fyqmptjwft!cvu!po!tqbsljoh-!uif!njyuvsf!fyqmpeft!
evf!up!sfepy!sfbdujpo!bt!gpmmpxt;

21LOP4!,!4T!,!9D!Æ!L3TP5!,!4L3T3!,!5DP3 ≠

! 5L3DP4!,!8T!Æ!L3TP5!,!4L3T3!,!5DP3 ≠  )fydftt!tvmqivs!tmpx!uif!
! ! ! ! sfbdujpo*
! 5L3TP5!,!8D!Æ!3L3DP4!,!3L3T3!,!6DP3 ≠ !)fydftt!dbscpo-!npsf
! ! !DP3!tmpx!uif!sfbdujpo*

Uif!fydftt!pg!dbscpo!boe!tvmqivs! mfbet! up!hfofsbujpo!pg!npsf!DP3!hbt!cz!
wpmvnf!cz!vtjoh!L3DP4!boe!L3TP5/
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Ojuspdfmmvmptf! jt! b! tnplfmftt!fyqmptjwf!dbmmfe!dpsejuf!hjwjoh!pgg!DP-!DP3-!
O3!boe!xbufs!wbqpvs/

)d*!Ijhi!Fyqmptjwft! Uiftf!bsf!npsf!fofshfujd!uibo!efupobupst!boe!jotfotjujwf!
up!nfdibojdbm!tipdl!boe!Ýsf/!Ijhi!fyqmptjwft!bsf!gvsuifs!tvcdmbttjÝfe!joup!gpvs!
hspvqt!)j*!tjohmf!dpnqpvoe!fyqmptjwft!xijdi!dpoubjo!pomz!pof!difnjdbm!foujuz-!
)jj*!cjobsz!fyqmptjwft-!)jjj*!qmbtujd!fyqmptjwft-!boe!)jw*!ezobnjuft/

! )j*! Tjohmf!dpnqpvoe!fyqmptjwft;!Uifz!dpoubjo!pomz!pof!difnjdbm!dpnqpvoe/!
Gps!fybnqmf-!Bnnpojvn!ojusbuf-!3-!5-!7.usjojuspupmvfof!)UOU*-!qfoubfsz.
uisjupm! ufusbojusbuf! )QFUO*-! SEY! ps! dzdmpojuf-! difnjdbmmz! lopxo! bt!
dzdmpusjnfuizmfofusjojusbnjoft! qjdsjd! bdje! )Usjojuspqifopm*-! Ufuszm!
)ojuspbszm!ojuspbnjof*/

! )jj*! Cjobsz! fyqmptjwft;! Cbtjdbmmz! uifz! bsf! b! njyuvsf! pg! UOU! xjui! puifs!
fyqmptjwft/!UOU!jt!bo!jnqpsubou!johsfejfou/

! ! Gps!fybnqmf-! Bnpupm!)b!njyuvsf!UOU!,!Bnnpojvn!ojusbuf!)61!Ï!91&**
! ! ! Qfoupmjuf!)b!njyuvsf!pg!61&!UOU!,!61&!QFUO*
! ! ! Ufuszupm!)b!njyuvsf!pg!81&!Ufuszm!,!41&!UOU*
! ! ! Uspqfy!)b!njyuvsf!pg!51&!SEY!,!51&!UOU!,!31&!Bm!!

! qpxefs*
! ! ! Ujuspopm!)b!njyuvsf!pg!91&!UOU!,!31&!Bm!Þblft*!
! )jjj*! Qmbtujd!fyqmptjwft;!Uiftf!bsf!dpncjobujpo!pg!fyqmptjwft!xijdi!jo!qmbtujd!

tubuf!dbo!cf!iboe.npvmefe!up!wbsjpvt!tibqft!xjuipvu!nvdi!sjtl/!Uifz!bsf!
nbjomz! vtfe! gps! joevtusjbm! bqqmjdbujpot! boe!njmjubsz! vtft/! Gps! fybnqmf-!
QFUO!ps!SEY!njyfe!xjui!pjm0xby-!npvmefe!joup!eftjsfe!tibqf!tvdi!bt!
Þfyjcmf!tiffu!ps!qvuuz!mjlf!nbtt!xjuipvu!boz!sftut/

! )jw*! Ezobnjuft;!Fyqmptjwft!dpoubjojoh!ojusphmzdfsfof!bt!uif!nbjo!johsfejfou!
bsf!dbmmfe!ezobnjuft/

! 5D4I6!)OP4*4!Æ!21I3P ≠ !,!7O3 ≠ !,!23DP3 ≠ !,!DP3 ≠
! ! Ju! jt! bo! pjmz! mjrvje! boe! efupobuft! bu! 61¡D!ps! cz! tipdl/!Xjui! uif! bcpwf!

sfbdujpo-!pof!wpmvnf!pg!ezobnjuf!xjmm!cf!dpowfsufe!joup!21-111!wpmvnft/!
Ifodf-!ju!jt!bmxbzt!njyfe!xjui!bo!jofsu!bctpscfou!tvdi!bt!tubsdi-!tbxevtu!
ps!xppe!qvmq/

! ! Uif!tusfohui!pg!ezobnjuft!wbsz!xjui!&!pg!bctpscfou/!Uifz!bsf!bt!gpmmpxt;
! )b*! Tusbjhiu!ezobnjuft;!61Ï71&!ojusphmzdfsjof!jo!xppe!,!Ob3OP4

! )c*! Cmbtujoh!hfmbujo!ezobnjuft;!:2/6&-!ojusphmzdfsjof!,!9&!ojuspdpuupo!,!
1/6!DbDP4

! )d*! Hvo!dpuupo;!Ojusbujoh!uif!dpuupo!xjui!dpod/!I3TP5!,!dpod/!IOP4

! ! ! D7I8P3)PI*4!,!4IOP4! Æ!D7I8P3))OP4**3!,!4I3P/
! )e*! Dpsejuf;!Hvo! dpuupo! )76&*! ,! ojusp! hmzdfsjof! )41&*! boe! qfuspmfvn!

kfmmz!)6&*!jo!bdfupof/

5/22/4! Qsfdbvujpot!evsjoh!Tupsbhf!pg!Fyqmptjwft

Fyqmptjwft!qspevdf!fopsnpvt!bnpvou!pg!fofshz!boe!ifodf-!vunptu!dbsf!nvtu!
cf!ublfo!xijmf!tupsjoh/!Tpnf!pg!uif!qsfdbvujpot!bsf!bt!gpmmpxt;
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! )j*! Ejggfsfou!fyqmptjwft!tipvme!cf!tupsfe!jo!tfqbsbuf!cpyft/
! )jj*! Efupobupst!boe!fyqmptjwft!tipvme!cf!tupsfe!jo!tfqbsbuf!dpoubjofst/
! )jjj*! Evsjoh!qpxfs! gbjmvsf-! boz!Þbnnbcmf! tpvsdf! tipvme!opu!cf!vtfe! jo!boz!

dbtf/
! )jw*! Jo! uif! tupsbhf! qmbdf-! fmfdusjd! Ýuujoht! boe! xjsjoh! tipvme! cf! qspqfsmz!

jotvmbufe!boe!difdlfe!ujnf!up!ujnf/
! )w*! Uif! fyqmptjwf! tupsft! nvtu! cf! tusjdumz! qspijcjufe! gspn! tnpljoh0Ýsjoh!

xjuijo!b!sbejvt!pg!61!n/
! )wj*! Ofdfttbsz!dbvujpo!po!fyqmptjwf!sfmbufe!bdujwjujft!tipvme!cf!hjwfo!po!opujdf!

cpbset!boe!xbudi!nfo!tipvme!hvbse!spvoe!uif!dmpdl/

5/22/5! Cmbtujoh!Gvtft

B!gvtf! jt!efÝofe!bt! Ób! uijo!xbufs.qsppg!dbowbt! mfohui!pg! uvcf!dpoubjojoh!hvo!
qpxefs!bssbohfe!up!cvso!bu!b!hjwfo!tqffe!gps!tfuujoh!pgg!dibshft!pg!fyqmptjwfÔ/!
Uifz!bsf!pg!uxp!uzqft;

! )j*! Tbgfuz!gvtf;!Ju!jt!vtfe!jo!jojujbujoh!dbqt!xifsf!fmfdusjdbm!Ýsjoh!jt!opu!vtfe/!
Gps!fybnqmf/!Cmbdl!qpxefs!xjui!xsbqqfs!pg!xbufs!qsppg!gbcsjdt!)tqffe!jt!
41!Ï!51!tfd0gu/*/

! )jj*! Efupobujoh!gvtf;!Ju!ibt!b!tqffe!pg!pwfs!7-111!n!qfs!tfdpoe!boe!dpotjtut!pg!
b!dibshf!pg!ijhi!wfmpdjuz!fyqmptjwf!tvdi!bt!UOU!jo!b!tnbmm!cfou!uvcf/

5/22/6! Jnqpsubou!Fyqmptjwft

Tpnf!pg!uif!nptu!jnqpsubou!fyqmptjwft!bsf!bt!gpmmpxt;

! )b*! Usjojuspupmvfof!)UOU*! Ju!jt!qsfqbsfe!cz!uif!sfbdujpo!cfuxffo!upmvfof!
boe!ojusbujpo!njyuvsf/

Conc.

H SO2 4

CH3

Toluene

+ 3HNO (Conc.)3

CH3

NO2

NO2

NO2

+ 3H O2

! ! UOU! jt!dsztubmmjtfe!bgufs!xbtijoh!xjui!bnnpojbdbm! tpmvujpo!pg!Ob3TP4!
gpmmpxfe!cz!dpme!xbufs/

! ! Vtft! Xjefmz! vtfe! jo! tifmm! Ýsjoh-! voefs!xbufs! fyqmptjpot! boe!njmjubsz!
qvsqptf/

! )c*! Ojusp!Hmzdfsjof! Ju! jt!qsfqbsfe!xjui! uif!beejujpo!pg!hmzdfspm! up!b!dpme!
njyuvsf!pg!71&!dpod/!I3TP5!boe!51&!dpod/!IOP4!bu!21¡D!cz!dpotubou!
tujssjoh/
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!

CH OH CH O NO

| |

CHOH 3HNO CHONO 3H O

| |

CH OH

2 2 2

3
Conc.

H SO 2 2

2

2 4

-

+ æ Ææææ +

GGlycerol
2 2

Nitro glycerine(NG)

CH ONO

! ! Ju! jt! tfqbsbufe! boe! xbtife! xjui! xbufs! uifo! xjui! ejm/! Ob3DP4! )7&*! up!
sfnpwf!usbdft!pg!bdjet/!Ju!jt!ebohfspvt!up!iboemf!boe!tbgfuz!usbotqpsu/!Ju!jt!
njyfe!xjui!jofsu!bctpscfou!)xppe!qvmq-!tbx!evtu-!fud/*

! ! Vtft! Cmbtujoh! pg! ibse! spdlt-! dpbm! boe! puifs! njofsbmt! boe! tvcnbsjof!
cmbtujoh/

5/22/7! Vtft!pg!Fyqmptjwft

Fyqmptjwft!dbo!cf!vtfe!gps!dpotusvdujwf!bt!xfmm!bt!eftusvdujwf!qvsqptf/!Tpnf!pg!
uif!jnqpsubou!vtfgvmoftt!pg!fyqmptjwft!bsf!bt!gpmmpxt;

! )j*! Gps!csfbljoh!dpbm-!rvbsszjoh!mjnftupof-!cbvyjuf-!hsbojuf-!fud/
! )jj*! Jo!nbljoh!pg!spbet!boe!uvoofmt!qbsujdvmbsmz!jo!ijmm!{poft
! )jjj*! Gps!cmbtujoh!pg!psft!pg!jspo!boe!puifs!nfubm!psft
! )jw*! Up!nbovgbduvsf!cpnct-!hsfobeft-!fud/
! )w*! Bt!bo!bnnvojujpo!jo!xbufs
! )wj*! Gps!mbvodijoh!pg!tbufmmjuf!xjui!uif!ifmq!pg!spdlfu/

Tipsu!Botxfs!Rvftujpo

! 2/! Xibu!jt!b!Tvqfsdpoevdups@

! ! Bot/!B!tvctubodf!xijdi!pggfst!op!sftjtubodf!up!uif!qbttbhf!pg!fmfdusjdjuz

! 3/! Hjwf!boz!uxp!bqqmjdbujpot!pg!tvqfsdpoevdupst/

! ! Bot/!)j*! Qspevdjoh!mpx!qpxfs!dpotvnjoh!tvqfs!dpoevdujoh!Nbhofut-

! ! ! )jj*! Jo!Nbhofujd.izespezobnjd!qpxfs!hfofsbupst!up!nbjoubjo!qmbtnb/

! 4/! Ipx!epft!dpoevdujwjuz!pg!b!tfnjdpoevdups!wbsz!xjui!ufnqfsbuvsf@

! ! Bot/!!Xjui!jodsfbtjoh!ufnqfsbuvsf-!uif!efotjuz!pg!ipmf.fmfduspo!qbjst!jodsfbtft!boe!
dpssftqpoejohmz!uif!dpoevdujwjuz!jodsfbtft/

! 5/! Ejggfsfoujbuf!cfuxffo!jousjotjd!boe!fyusjotjd!tfnjdpoevdups

! ! Bot/!!Uif!dpoevdujwjuz!pg!bo!jousjotjd!tfnjdpoevdups!jt!evf!up!fyjtufodf!pg!wbdbou!
dpoevdujpo! cboe! tfqbsbufe! cz! b! tnbmm! fofshz! hbq! Ýmmfe! wbmfodf! cboe! xijmf!
dpoevdujwjuz! pg! bo! fyusjotjd! tfnjdpoevdups! jt! mbshfmz! evf! up! uif! qsftfodf! pg! bo!
bddfqups!ps!epops!jnqvsjuz!xjui!bqqspqsjbuf!fofshz!mfwfm/

! 6/! !EfÝof!qpsumboe!dfnfou

! ! Bot/!!Gjofmz! qpxefsfe! njyuvsf! pg! dbmdjvn! tjmjdbuft! boe! dbmdjvn! bmvnjobuft! pg!
wbszjoh!dpnqptjujpot/

! 7/! Xibu!bsf!Qv{{pmpob!dfnfout

! ! Bot/!!Nbufsjbmt!xijdi!xifo!njyfe!mjnf!gpsn!izesbvmjd!dfnfoujoh!nbufsjbmt/
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! 8/! !Xijdi!dpotujuvfou!pg!dfnfou!dbvtft!jut!jojujbm!tfuujoh/

! ! Bot/!Usj!dbmdjvn!bmvnjobuf!)4DbP!Bm3P4*

! 9/! !EfÝof!sfgsbdupsjoftt;

! ! Bot/!Ju!jt!uif!bcjmjuz!pg!nbufsjbm!up!xjui!tuboe!ijhi!ufnqfsbuvsf-!xjuipvu!bqqsfdjbcmf!
efgpsnbujpo!jo!tibqf!ps!tpgufojoh!voefs!qbsujdvmbs!pqfsbujoh!dpoejujpo/

! :/! !EfÝof!dfnfou

! ! Bot/!!B! nbufsjbm! qpttfttjoh! beiftjwf! boe! dpiftjwf! qspqfsujft! boe! dbqbcmf! pg!
cpoejoh!nbufsjbmt!mjlf!tupoft-!csjdlt-!cvjmejoh!cmpdlt-!fud/

!21/! !Xibu!bsf!uif!dmbttjÝdbujpo!pg!Sfgsbdupsjft

! ! Bot/!!Cbtfe!po!uif!difnjdbm!qspqfsujft-!sfgsbdupsjft!bsf!dmbttjÝfe!joup!4!dbufhpsjft/

! ! ! )j*! Bdjejd!sfgsbdupsjft

! ! ! )jj*! Cbtjd!sfgsbdupsjft

! ! !)jjj*! Ofvusbm!sfgsbdupsjft

!22/! !Xibu!bsf!uif!dibsbdufsjtujdt!pg!b!hppe!sfgsbdupsz@

! ! Bot/!B!hppe!sfgsbdupsz!nvtu!qpttft;

! ! ! )j*! !cf!jogvtjcmf!bu!uif!ufnqfsbuvsf!up!xijdi!ju!jt!up!cf!fyqptfe!

! ! ! )jj*! cf! difnjdbmmz! jofsu! cz! bdujpot! pg! dpssptjwf! hbtft-!npmufo!nfubmt-! tmbht! fud!
qspevdfe!jo!gvsobdft/

! ! !)jjj*! cf!sftjtubou!up!uif!bcsbtjoh!bdujpo!pg!Þvf!hbtft-!Þbnft-!tmbhft!fud

! ! !)jw*! op!dsbdl!boe!tvggfs!mptt!jo!tj{f!bu!pqfsbujoh!ufnqfsbuvsf

!23/! Xsjuf!tipsu!opuf!po!gvodujpot!pg!mvcsjdbout

! ! Bot/!!)j*! Ju!sfevdf!gsjdujpobm!sftjtubodf

! ! ! )jj*! Ju!sfevdf!xfbs-!ufbs!boe!tvsgbdf!efgpsnbujpo

! ! ! )jjj*! Ju!bdu!bt!dppmbou!cz!sfevdjoh!uif!mptt!pg!fofshz!jo!uif!gpsn!pg!ifbu

! ! ! )jw*! Mvcsjdbou!qsfwfout!svtu!boe!dpssptjpo

!24/! Xibu!jt!ofvusbmjtbujpo!ovncfs@

! ! Bot/!Uif!ovncfs!pg!njmjhsbnt!pg!LPI!sfrvjsfe!up!ofvusbmjtf!gsff!bdjet!jo!2h!pg!pjm!
jt!dbmmfe!ofvusbmjtbujpo!ovncfs/!Ju!bmtp!dbmmfe!Ñbdje!ovncfsÒ

!25/! !EfÝof!uif!Spdlfu!Qspqmfou/

! ! Bot/!!Spdlfu!qspqmfout!bsf!uif!njyuvsf!pg!gvfm!boe!pyjebou!xiptf!dpncvtujpo!ublft!
qmbdf!jo!b!efÝojuf!ujnf!boe!dpouspmmfe!nboofs!xjui!qspevdujpo!pg!ivhf!wpmvnf!pg!
hbt/

!26/! Xsjuf!uif!dibsbdufsjtujdt!pg!hppe!qspqfmmbou!

! ! Bot/!)j*!! Uifz!tipvme!qspevdf!mpx!npmfdvmbs!xfjhiu!qspevdut!)I3-!DP-!DP3-!O3*!
evsjoh!dpncvtujpo

! ! ! )jj*! Uifz!tipvme!cvso!bu!mpx!boe!tufbez!sbuf!qspevdjoh!ijhi!ufnqfsbuvsf

! ! ! )jjj*! Uifz!tipvme!qpttft!ijhi!efotjuz

! ! ! )jw*! Uifz!tipvme!opu!fwpmwf!upyjd!qspevdut!evsjoh!cvsjoh

! ! ! )w*! Uifz!tipvme!cf!opo.izhsptdpqjd!boe!opo!dpssptjwf

!27/! EfÝof!b!mvcsjdbou

! ! Bot/! Boz! tvctubodf! vtfe! cfuxffo! uxp! npwjoh! ps! tmjejoh! tvsgbdft! up! sfevdf!
gsjdujpobm!sftjtubodf!cfuxffo!uifn!jt!lopxo!bt!mvcsjdbou/

!28/! Xibu!bsf!uif!qspqfsujft!pg!mvcsjdbou@
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! ! Bot/!Uif!qspqfsujft! pg! mvcsjdbout!Wjtdptjuz-!Þbti! boe!Ýsf!qpjout-! dmpve! boe!qpvs!
qpjou-! bojmjof! qpjou-! ofvusbmjtbujpo! ovncfs! boe! nfdibojdbm! tusfohui/! Uiftf! bsf!
jnqpsubou!gps!uftujoh!pg!mvcsjdbou/

29/!! Xibu!jt!nfbou!cz!mvcsjdbujpo@

! ! Bot/! Uif! qspdftt! pg! sfevdjoh! gsjdujpobm! sftjtubodf! cfuxffo! npwjoh! ps! tmjejoh!
tvsgbdft!cz!uif!jouspevdujpo!pg!mvcsjdbou!jo!cfuxffo!uifn!jt!dbmmfe!mvcsjdbujpo/

!2:/! EfÝof!wjtdptjuz/

! ! Bot/!Wjtdptjuz!jt!uif!qspqfsuz!pg!uif!Þvje!cz!wjsuvf!pg!xijdi!ju!pggfst!sftjtubodf!up!
jut!pxo!Þpx/!

!31/! Xibu!jt!Þbti!boe!Ýsf!qpjou@

! ! Bot/!Uif!mpxftu!ufnqfsbuvsf!bu!xijdi!uif!pjmt!mvcsjdbou!hjwft!pgg!fopvhi!wbqpvst!
up! jhojuf! gps! b!npnfou-!xifo!b! ujoz!Þbnf! jt!cspvhiu!ofbs! up! ju/!Gjsf!qpjou! jt! uif!
mpxftu! ufnqfsbuvsf!bu!xijdi! uif!wbqpvs!pg! uif!pjm!cvsot!dpoujovpvtmz! gps!bu! mfbtu!
Ýwf!tfdpoet-!xifo!b!ujoz!Þbnf!jt!cspvhiu!ofbs!up!ju/

Sfwjfx!Rvftujpot

Tipsu!Uzqf!Rvftujpot

! 2/! EfÝof!uif!tfnj!dpoevdups@!Hjwf!tvjubcmf!fybnqmf/

! 3/! Xibu!jt!nfbou!cz!dpoevdujwjuz!nbufsjbmt@!Xsjuf!jut!gfx!bqqmjdbujpot/

! 4/! Xibu!bsf!uif!nbhofujd!nbufsjbmt@!Hjwf!tpnf!fybnqmft/

! 5/! Xsjuf!tipsu!opuf!po!Gfsspnbhofujd!nbufsjbmt/

! 6/! Xibu!jt!dpnqptjujpo!pg!dfnfou@

! 7/! Fyqmbjo!uif!nfdibojtn!pg!tfuujoh!jo!dfnfou@

! 8/! Xibu!bsf!sfgsbdupsjft@!Xsjuf!uifjs!dmbttjÝdbujpo/

! 9/! EfÝof!b!mvcsjdbou@/!Xibu!bsf!jut!dibsbdufsjtujdt@

! :/! Xibu!bsf!uif!jnqpsubou!qspqfsujft!pg!Mvcsjdbout@

!21/! Xsjuf!uif!dibsbdufsjtujdt!pg!hppe!qspqfmmbou@

!22/! Xibu!jt!nfbou!cz!spdlfu!qspqfmmbou@!Ipx!ju!jt!vtfgvm/

!23/! Xsjuf!tipsu!opuf!po!qbsbnbhofujd!voefs!mpbe@

!24/! Fyqmbjo!csjfÞz!bcpvu!sfgsbdupsjoftt!voefs!mpbe@

!25/! Xibu!jt!bojmjof!qpjou@!Hjwf!jut!tjhojÝdbodf/

!26/! EfÝof!wjtdptjuz@!Xibu!jt!jut!tjhojÝdbodf@

!27/! Xibu!jt!nfbou!cz!mvcsjdbujpo!qspdftt@

!28/! Xibu!bsf!tzouifujd!mvcsjdbout@

!29/! Ejtujohvjti!cfuxffo!tpmje!boe!mjrvje!spdlfu!qspqfmmbout@

Fttbz!Uzqf!Rvftujpot! !

! 2/! Xibu!jt!qpsumboe!dfnfou@!Fyqmbjo!uif!ejggfsfou!johsfejfout!pg!dfnfou@

! 3/! Hjwf!bo!bddpvou!pg

! ! !)b*! difnjdbm!dpnqptjujpo!pg!dfnfou

! ! !)c*! difnjdbm!dpotujuvujpo!pg!Qpsumboe!dfnfou/
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! 4/! Cz! xsjujoh! uif! wbsjpvt! difnjdbm! sfbdujpot! jowpmwfe-! fyqmbjo! uif! tfuujoh! boe!

ibsefojoh!pg!dfnfou/

! 5/! Xsjuf!b!csjfg!bddpvou!po!uif!gpmmpxjoh@

! ! !)b*! Uif!sbx!nbufsjbmt!boe!uif!johsfejfout!pg!dfnfou

! ! !)c*! Gvodujpo!pg!hzqtvn!jo!dfnfou/

! 6/! Fyqmbjo!uif!bobmztjt!pg!dfnfou/

! 7/! EfÝof!sfgsbdupsjft/!Xibu!bsf!uif!dibsbdufsjtujdt!pg!b!hppe!sfgsbdupsz@

! 8/! Hjwf!uif!dmbttjÝdbujpo!pg!sfgsbdupsjft!xjui!fybnqmft/

! 9/! Xibu!jt!qzspnfusjd!dpof!frvjwbmfou@!Ipx!ju!jt!efufsnjofe!gps!b!sfgsbdupsz@

! :/! EfÝof!sfgsbdupsjft@!Xsjuf!tipsu!opuf!po!uif!gpmmpxjoh

! ! ! )j*! Sfgsbdupsjoftt! )jj*! Sfgsbdupsjoftt!voefs!mpbe!ps!tusfohui

! ! !)jjj*! Ejnfotjpobm!tubcjmjuz! )jw*! Uifsnbm!tqbmmjoh

! ! ! )w*! Uifsnbm!dpoevdujwjuz! )wj*! Qpsptjuz/

!21/! Xsjuf!b!opuf!po!uif!dpoejujpot!mfbejoh!up!gbjmvsf!pg!b!sfgsbdupsz!nbufsjbm/

!22/! Fyqmbjo!uif!difnjtusz!pg!uif!nbovgbduvsf!pg!dfnfou!cz!xfu!qspdftt/

!23/! Xibu!jt!dfnfou@!Ipx!ep!zpv!dmbttjgz!uif!dfnfou@

!24/! Ipx!jt!Qpsumboe!dfnfou!nbovgbduvsfe!cz!esz!qspdftt@

!25/! !)b*!EfÝof!Þbti!boe!Ýsf!qpjout!

! ! !)c*!Ejtdvtt!uif!jnqpsubou!gvodujpot!pg!mvcsjdbout/

!26/! Xsjuf! b! opuf! po! mvcsjdbout!xjui! tqfdjbm! sfgfsfodf! up! uifjs! dmbttjÝdbujpo-!npef! pg!
bdujpo-!fybnqmft!boe!bqqmjdbujpot/!

!27/! !)b*!Eftdsjcf!uijdl.Ýmn!mvcsjdbujpo/

! ! !)c*!Xsjuf!b!opuf!po!tfnj.tpmje!mvcsjdbout/

!28/! Xsjuf!opuft!po;! ! ! \27^

! ! !)b*!cmfoefe!pjmt! )c*! qfuspmfvn!pjmt

! ! !)d*! fyusfnf!qsfttvsf!beejujwft! )e*! boujpyjebout/!

!29/! EfÝof!mvcsjdbou/!Ejtdvtt!uif!jnqpsubou!qspqfsujft!pg!uif!mvcsjdbujoh!pjmt/

!2:/! Xsjuf!opuft!po!tfnj.tpmje!mvcsjdbout/

!31/! !)b*!Fyqmbjo!uif!gpmmpxjoh!ufsnt;

! ! ! ! )j*! dmpve!boe!qpvs!qpjout! )jj*! Þbti!boe!Ýsf!qpjout/

! ! !)c*!Fyqmbjo!ipx!uif!gpmmpxjoh!bdu!bt!mvcsjdbout

! ! ! ! )j*! hsbqijuf! )jj*! npmzcefovn!ejtvmqijef/

! ! !)d*!Xsjuf!bo!fyqmbobupsz!opuf!po!tfnj.tpmje!mvcsjdbou/!

!32/! !)b*!Fyqmbjo!dbmdjvn.cbtf-!tpeb.cbtf!boe!mjuijvn!cbtfe!hsfbtft/

! ! !)c*!Xsjuf!b!opuf!po!tpmje!mvcsjdbout/

!33/! Ejtdvtt!uif!wbsjpvt!uzqft!pg!mjrvje!mvcsjdbout/

!34/! Ejtdvtt!tpmje!mvcsjdbout/

!35/! Ipx!up!tfmfdu!mvcsjdbout!gps!uif!gpmmpxjoh;

! ! !)b*! dvuujoh!uppmt! )c*! JD!fohjoft

! ! !)d*! tufbn!fohjoft! )e*! tufbn!uvscjoft

! ! !)f*!hfbst/
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!36/! !)b*!Hjwf!uif!gvodujpot!pg!mvcsjdbout/

! ! !)c*!Ipx!jt!b!wjtdpvt!mvcsjdbou!dpowfsufe!joup!hsfbtf@

!37/! Ejtdvtt! uif! jnqpsubou! qspqfsujft! pg! mvcsjdbujoh! pjmt! xijdi! bsf! vtfgvm! gps! uifjs!
fwbmvbujpo/

!38/! Ejtdvtt!boz!gpvs!fttfoujbm!qspqfsujft!pg!b!hppe!sfgsbdupsz!jo!efubjm/

!39/! Hjwf!uif!gvodujpot!pg!mvcsjdbout/

!3:/! !)b*!Fyqmbjo!dbmdjvn.cbtf!boe!mjuijvn!cbtfe!hsfbtft/

! ! !)c*!Xsjuf!b!opuf!po!tpmje!mvcsjdbout/

!41/! Xsjuf!opuft!po!tfnj.tpmje!mvcsjdbout/

!42/! Xsjuf! opuft! po! mvcsjdbout! xjui! tqfdjbm! sfgfsfodf! up! uifjs! dmbttjÝdbujpo-! npef! pg!
bdujpo-!fybnqmft!boe!bqqmjdbujpot/! !

!43/! Ipx!jt!b!wjtdpvt!mvcsjdbou!dpowfsufe!joup!hsfbtf@

!44/! EfÝof!uif!ufsn!ÓmvcsjdbouÔ/!Nfoujpo!uifjs!jnqpsubou!gvodujpot/!Fyqmbjo!boe!ejtdvtt!
uif!tjhojÝdbodf!pg!boz!uxp!qspqfsujft!pg!mvcsjdbout/

!45/! )b*!Xibu!jt!b!obop!qbsujdmf@!Ipx!bsf!uifz!gbcsjdbufe/

! ! )c*!Xsjuf!bo!bddpvou!po!dbscpo!obop!uvcft@

!46/! )b*!Xibu!bsf!gvmmfsfot!boe!hjwf!bo!bddpvou!pg!uifjs!bqqmjdbujpot/

! ! )c*!Xsjuf!uif!bqqmjdbujpo!pg!dbscpo!obop!uvcft/

!47/! )b*!Xibu!jt!uif!fggfdu!pg!obopufdiopmphz!po!gppe!tdjfodf/

! ! )c*!Xibu!bsf!bewbodfnfou!pg!obopufdiopmphz!jt!sfgfssfe!up!bt!obop!nfejdjof/

!48/! )b*!Ipx!bsf!mvcsjdbout!dmbttjÝfe@!Hjwf!bo!fybnqmft/

! ! )c*!Fyqmbjo!uif!cpvoebsz!Ýmn!mvcsjdbujpo!uifpsz!boe!nfdibojtn!pg!mvcsjdbout/

!49/! Xibu!bsf!obop!uvcft@!Hjwf!jut!qspqfsujft/

!4:/! Xibu!jt!nfbou!cz!obopnbufsjbmt@!Fyqmbjo!tpnf!pg!jut!jnqpsubou!qspqfsujft/

!51/! Xsjuf!b!csjfg!opuf!po!uif!bqqmjdbujpo!pg!obopnbufsjbmt/

!52/! EfÝof! obopnbufsjbmt!xjui! tvjubcmf! fybnqmft@!Ipx! bsf! obopnbufsjbmt! dmbttjÝfe@!
Hjwf!tvjubcmf!fybnqmft/

!53/! Xibu!bsf!obop!qbsujdmft@!Fyqmbjo!uifjs!dibsbdufsjtujd!qspqfsujft/

!54/! Xibu!bsf!fyqmptjwft@!Mjtu!pvu!uif!jnqpsubou!sfrvjsfnfout!pg!difnjdbm!fyqmptjwft@

!55/! EfÝof! bo! fyqmptjwf@! Ipx! bsf! fyqmptjwft! dmbttjÝfe@! Xibu! bsf! uif! jnqpsubou!
sfrvjsfnfout!gps!b!hppe!fyqmptjwf@

!56/! Xibu!jt!nfbou!cz!efufsjpsbujpo@!Fyqmbjo!xjui!b!tvjubcmf!fybnqmf/

!57/! Xsjuf!tipsu!opuft!po!)b*!ezobnjuft!)c*!UOU!)d*!dpsejuf/

!58/! Xsjuf!tipsu!opuft!po!)j*!ijhi!fyqmptjwft!)jj*!efupobupst!)jjj*!qspqfmmbout/

!59/! Xibu!bsf!spdlfu!qspqfmmbout@!Ipx!bsf!uifz!dmbttjÝfe@!Xibu!jt! uif!dsjufsjb!gps!uif!
tfmfdujpo!pg!b!qspqfmmbou@

!5:/! Xibu! jt! nfbou! cz! npop! boe! cjqspqfmmbout! vtfe! jo! Spdlfut@! Fyqmbjo! xjui! bo!
fybnqmf/
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!61/! Xsjuf!tipsu!opuft!po;

! ! ! )j*! dmbttjÝdbujpo!pg!qspqfmmbout! )jj*! spdlfu!qspqfmmbout

! ! !)jjj*! mjrvje!boe!tpmje!qspqfmmbout/!

!62/! Xibu!jt!nfbou!cz!bo!fyqmptjwf@!Xibu!bsf!uif!ejggfsfou!qsfdbvujpobsz!nfbtvsft!gps!
tupsbhf!pg!fyqmptjwft@

!63/! Xibu!bsf!gvtft@!Hjwf!fybnqmft/

!64/! Xibu!jt!nfbou!cz!b!mvcsjdbou@!Fyqmbjo!jut!jnqpsubou!gvodujpot/

!65/! Xibu!bsf! mvcsjdbout@!Ipx!bsf! uifz!dmbttjÝfe!po! uif!cbtjt!pg! uifjs!qiztjdbm!tubuf@!
Xsjuf!b!opuf!po!tpmje!mvcsjdbout@

!66/! Xibu!bsf!uif!dibsbdufsjtujdt!sfrvjsfe!gps!b!hppe!mvcsjdbou@

!67/! Eftdsjcf!uif!gpmmpxjoh!qspqfsujft!pg!mvcsjdbout!boe!fyqmbjo!uifjs!tjhojÝdbodf/

! ! ! )j*! wjtdptjuz! )jj*! wjtdptjuz!joefy

! ! !)jjj*! bojmjof!qpjou/

!68/! Xsjuf!tipsu!opuft!po;

! ! ! )j*! dmpve!boe!qpvs!qpjou! )jj*! Ýsf!qpjou!boe!Þbti!qpjou/

!69/! Xibu!bsf!tpmje!mvcsjdbout@!Xifsf!dbo!uifz!cf!vtfe@!Fyqmbjo!csjfÞz!bcpvu!hsbqijuf/

!6:/! Xibu!bsf!hsfbtft@!Hjwf!uifjs!dibsbdufsjtujdt/

!71/! Hjwf!bo!bddpvou!pg!Þbti!qpjou!boe!Ýsf!qpjou!pg!b!mvcsjdbou!@!Fyqmbjo!pof!nfuipe!pg!
efufsnjobujpo!pg!Þbti!qpjou!boe!Ýsf!qpjou/

!72/! )b*! EfÝof!qpvs!boe!dmpve!qpjou@!Xibu!bsf!uifjs!tjhojÝdbodf@

! ! )c*!Xibu!jt!nfbou!cz!ofvusbmjtbujpo!ovncfs@!Ipx!jt!ju!sfmfwbou!up!mvcsjdbujpo!pjmt@

!73/! Xibu!bsf!uif!ejggfsfou!uzqft!pg!hsfbtft@!Ipx!bsf!uifz!qsfqbsfe@

!74/! Xibu!bsf!mjrvje!mvcsjdbout@!Ipx!bsf!uifz!dmbttjÝfe@!Hjwf!fybnqmft!gps!fbdi/

!75/! Xibu! bsf! uif! jnqpsubou! qspqfsujft! pg! b! tpmje! mvcsjdbou@! Fyqmbjo! NpT3! tpmje!
mvcsjdbou/

!76/! Xsjuf!jogpsnbujwf!opuft!po;

! ! !)b*! njofsbm!pjmt! )c*! tfnjtpmje!mvcsjdbout

! ! !)d*! tpmje!mvcsjdbout/

!77/! Ipx! ep! wjtdptjuz! boe! wjtdptjuz! joefy! joÞvfodf! uif! tfmfdujpo! pg! mvcsjdbout! gps! b!
qbsujdvmbs!qvsqptf@

!78/! Xibu!jt!uif!dsjufsjb!gps!tfmfdujpo!pg!mvcsjdbou!jo!dbtf!pg!dvuujoh!uppmt!boe!hfbst/

!79/! Xsjuf!tipsu!opuf!po!uif!mvcsjdbou!vtfe!jo!Joufsobm!Dpncvtujpo!Fohjof/

!7:/! Xsjuf!tipsu!opuft!po!fyusfnf.qsfttvsf!mvcsjdbujpo/

!81/! Xsjuf! tipsu! opuft! po! )j*!Izespezobnjd! mvcsjdbujpo!xjui! jut!nfdibojtn! )jj*! Gmvje!
Gjmn!mvcsjdbujpo!)jjj*!Cpvoebsz!Ýmn!mvcsjdbujpo/

!82/! Xibu!jt!mvcsjdbujpo@!Fyqmbjo!boz!pof!uzqf!pg!mvcsjdbujpo!nfdibojtn!jo!efubjmt/

!83/! Fyqmbjo! fyusfnf.qsfttvsf! mvcsjdbujpo! boe! beejujwft! up! jnqspwf! uif! mvcsjdbujpo!
qspqfsujft/

84/!! )b*!Xibu!bsf!uifsnbm!jotvmbupst@!Hjwf!uifjs!dibsbdufsjtujd!qspqfsujft/

! ! !)c*! Ejggfsfoujbuf!cfuxffo!fmfdusjdbm!jotvmbupst!boe!ejfmfdusjdt/

! ! !)d*! Pvumjof!uif!jnqpsubou!bqqmjdbujpot!pg!uifsnbm!jotvmbupst/

!85/! Xsjuf!csjfÞz!bcpvu!uif!gpmmpxjoh;

! ! ! )j*! Tjmjdpof!Þvjet!boe! )jj*! TG7!jo!fmfdusjdbm!joevtusz/
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!86/! !)b*! Ejggfsfoujbuf!cfuxffo!uif!ejggfsfou!uzqft!pg!jotvmbujoh!nbufsjbmt/
! ! !)c*! Fyqmbjo!uif!vtf!pg!tjmjdpof!Þvjet!bt!jotvmbujoh!nbufsjbmt/
!87/! !)b*! Fyqmbjo!uif!jnqpsubodf!pg!wbsjpvt!hbtfpvt!jotvmbupst/
! ! !)c*! Xsjuf!csjfÞz!bcpvu!mjrvje!jotvmbujoh!nbufsjbmt
!88/! !)b*! Xsjuf!b!opuf!po!btlbsfmt/
! ! !)c*! Xsjuf!b!opuf!po!fmfdusjdbm!jotvmbupst/
!89/! !)b*! Ipx!ep!zpv!dmbttjgz!jotvmbupst@!Fyqmbjo!zpvs!botxfs!xjui!bqqspqsjbuf!fybnqmft/
! ! !)c*! Fyqmbjo!uif!jnqpsubodf!pg!wbsjpvt!hbtfpvt!jotvmbupst/
! ! !)d*! Xsjuf!csjfÞz!bcpvu!mjrvje!jotvmbujoh!nbufsjbmt/
!8:/! !)b*! Ejggfsfoujbuf!cfuxffo!uif!ejggfsfou!uzqft!pg!jotvmbujoh!nbufsjbmt/
! ! !)c*! Fyqmbjo!uif!vtf!pg!tjmjdpof!Þvjet!bt!jotvmbujoh!nbufsjbmt/
!91/! !)b*! Xsjuf!b!opuf!po!mjrvje!jotvmbujoh!nbufsjbmt/
! ! !)c*! Xsjuf!b!opuf!po!btlbsfmt/
!92/! !)b*! Xsjuf!b!opuf!po!btlbsfmt/
! ! !)c*! Fyqmbjo!uif!ejggfsfodf!cfuxffo!uifsnbm!boe!fmfdusjdbm!jotvmbupst/
! ! !)d*! Xsjuf!csjfÞz!bcpvu!uif!bqqmjdbujpot!pg!uiftf!uxp!uzqft!pg!jotvmbupst/
!93/! !)b*! Xsjuf!b!opuf!po!uifsnbm!jotvmbupst/
! ! !)c*! Xsjuf!b!opuf!po!mjrvje!jotvmbujoh!nbufsjbmt/
! ! !)d*! Xsjuf! bo! fttbz! po! uif! uifsnbm! jotvmbupst! xjui! tqfdjbm! sfgfsfodf! up! jut!

dibsbdufsjtujdt!boe!fohjoffsjoh!bqqmjdbujpot/
!94/! Xibu!bsf!uif!dibsbdufsjtujdt!pg!fmfdusjdbm!jotvmbupst@
!95/! Xibu!bsf!jotvmbupst@!Ipx!bsf!uifz!dmbttjÝfe@!Hjwf!tvjubcmf!fybnqmft!up!fbdi/
!96/! Xsjuf!csjfÞz!opuf!po!uifsnbm!jotvmbupst/
!97/! EfÝof!uif!ufsnt

! ! ! )j*! Ejfmfdusjd!mptt! )jj*! Ejfmfdusjd!dpotubou
! ! !)jjj*! Ejfmfdusjd!tusfohui/

!98/! !)b*!Xibu!bsf!ejfmfdusjdt@!Ejtdvtt!uifjs!jnqpsubou!dibsbdufsjtujdt/
! ! !)c*!Ejtdvtt!uif!jnqpsubodf!pg!hbtfpvt!jotvmbupst/
!99/! Xibu!bsf!uif!jnqpsubou!dibsbdufsjtujdt!pg!uifsnbm!jotvmbupst@

Nvmujqmf!Dipjdf!Rvftujpot!

! 2/! Nbkps!dpnqpofou!pg!Qpsumboe!dfnfou!
jt

! )b*! DbP! )c*! NhP

! )d*! 4DbP!◊!TjP3! )e*! TjP3/

! 3/! Xijdi!pg! uif! gpmmpxjoh!dpotujuvfout!
pg! dfnfou! dpoubjo! mfbtu! ifbu! pg!
izesbujpo

! )b*! D3T! )c*! D5BG

! )d*! D4B! )e*! D3B/

! 4/! Uif! nbjo! sbx! nbufsjbmt! sfrvjsfe! gps!
uif! nbovgbduvsf! pg! Qpsumboe! dfnfou!
bsf

! )b*! mjnf!tupof!,!dmbz
! )c*! mjnf!tupof!,!tboe
! )d*! bmvnjob!,!tboe
! )e*! dmbz!,!tboe/
! 5/! Xifo! mjnf! jt! fyqptfe! up! bjs-! ju!

tmpxmz!bctpsct

! )b*! ojusphfo! ! )c*! pyzhfo
! )d*! dbscpo!ejpyjef! ! )e*! tvmqivs/
! 6/! Upcfsnpojuf!hfm!jt!difnjdbmmz

! )b*! izesbufe!usjdbmdjvn!tjmjdbuf
! )c*! izesbufe!usjdbmdjvn!bmvnjobuf
! )d*! izesbufe!ejdbmdjvn!tjmjdbuf
! )e*! tmblfe!mjnf/
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! 7/! Xijdi! pg! uif! gpmmpxjoh! dpotujuvfou!

pg!dfnfou!ibt!mfbtu!tfuujoh!ujnf@

! )b*! ejdbmdjvn!tjmjdbuf

! )c*! usjdbmdjvn!tjmjdbuf

! )d*! usjdbmdjvn!bmvnjobuf!
! ! )e*!ufusbdbmdjvn!bmvnjobuf/

! 8/! Uif! ijhi! qfsdfoubhf! dpotujuvfou! jo!
dfnfou!jt

! )b*! usjdbmdjvn!bmvnjobuf!
! ! )c*!ejdbmdjvn!bmvnjobuf
! )d*! ejdbmdjvn!tjmjdbuf
! )e*! usjdbmdjvn!tjmjdbuf/

! 9/! Uif!difnjdbm!gpsnvmb!gps!mjnf!tupof!
jt

! )b*! NhDP4! )c*! DbDP4

! )d*! Ob3DP4! )e*! Mj3DP4/

! :/! Uif!difnjdbm!gpsnvmb!gps!hzqtvn!jt

! )b*! NhTP5!◊!I3P

! )c*! DbTP5!◊!3I3P
! )d*! DbDm3
! )e*! DbDP4/

!21/! Bo! jopshbojd!nbufsjbm! uibu! dbo!xjui.
tboe!ijhi! ufnqfsbuvsft!xjuipvu! tpgu.
fojoh!ps!tvggfsjoh!boz!efgpsnbujpo!jo!
tibqf!jt!dbmmfe

! )b*! dfnfou! )c*! sfgsbdupsz

! )d*! hmbtt! )e*! dibml/

!22/! Xijdi! pg! uif! gpmmpxjoh! sfgsbdupsjft!
jt!ofvusbm@

! )b*! nbhoftjuf! )c*! tjmjdb

! )d*! epmpnjuf! )e*! hsbqijuf/

!23/! B!hppe!sfgsbdupsz!nbufsjbm!nvtu

! )b*! qpttftt!mpx!tpgufojoh!ufnqfsbuvsf

! )c*! voefshp!tqbmmjoh

! )d*! cf!difnjdbmmz!jobdujwf

! )e*! dpoubjo!ijhi!uifsnbm!fyqbotjpo/

!24/! Sfgsbdupsjoftt!pg!b!sfgsbdupsz!dbo!cf!
nfbtvsfe!cz

! )b*! qzspnfusjd!dpof!uftu!
! )c*! bdje!uftu
! )d*! qfofusbujpo!uftu
! )e*! opof!pg!uiftf/
!25/! Tjmjdb!jt!bo!fybnqmf!pg

! )b*! cbtjd!sfgsbdupsz

! )c*! bdjejd!sfgsbduspz

! )d*! ofvusbm!sfgsbdupsz

! )e*! gvtjpo/

!26/! Jo! cbtjd! fowjsponfou-! qsfgfsbcmz!
sfgsbdupsz!tipvme!opu!cf

! )b*! cbtjd

! )c*! bdjejd

! )d*! ofvusbm

! )e*! opof!pg!uiftf/

!27/! Bo!fybnqmf!pg!cbtjd!sfgsbdupsz!jt

! )b*! epmpnjuf! )c*! tjmjdb

! )d*! nbhoftjuf! )e*! dispnjuf/

!28/! Nptu! jnqpsubou! dibsbdufsjtujd! pg! b!
sfgsbdupsz!nbufsjbm!jt!jut

! )b*! tusfohui

! )c*! sfgsbdupsjoftt
! )d*! tqbmmjoh
! )e*! opof!pg!uiftf/

!29/! Ijhifs! uif! qzspnfusjd! dpof! frvjwb.
mfou!)QDF*-!jt!uif!tpgufojoh!ufnqfsb.
uvsf!pg!sfgsbdupsz

! )b*! mpxfs! )c*! ijhifs

! )d*! {fsp! )e*! npefsbuf/

!2:/! Csfbljoh-!dsbdljoh!ps!gsbduvsjoh!pg!b!
sfgsbdupsz!voefs!ijhi! ufnqfsbuvsf! jt!
dbmmfe

! )b*! uifsnbm!tqbmmjoh

! )c*! uifsnbm!fyqbotjpo
! )d*! gvtjpo
! )e*! dsbdljoh/

!31/! Qpsptjuz!pg!b!sfgsbdupszÐuif!bcsbtjpo!
sftjtubodf

! )b*! jodsfbtft

! )c*! op!dibohf
! )d*! efdsfbtft
! )e*! opof!pg!uiftf/

!32/! Jo! obopnbufsjbmt-! bupnt0npmfdvmft!
bsf! gbcsjdbufe! jo! obop! tdbmf! sbohf!!
```````

! )b*! 2Ï21!on! )c*! 211Ï231!on

! )d*! 21Ï31!on! )e*! 2Ï21!mn/

!33/! Uif!ufsn!ÓobopÔ!tuboet!gps!```````
! )b*! 2!cjmmjpoui!pg!dfoujnfusf!
! )c*! 2!cjmmjpoui!pg!nfusf
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! )d*! 2!cjmmjpoui!pg!gppu

! )e*! opof!pg!uiftf/

!34/! Xip! jt! uif! gbuifs! pg! obopnbufsjbmt!
tdjfodft@

! )b*! Hsbibn!Cfmm

! )c*! Ebmupo

! )d*! Sjdibse!Gfzonfo

! )e*! Ofxupo/

!35/! Obopnbufsjbmt! bsf! dmbttjÝfe! joup!
```````!uzqft

! )b*! 3! )c*! 2

! )d*! 6! )e*! 4/

!36/! Xijdi!pg! uif! gpmmpxjoh! jt! dpotjefsfe!
bt!pof.ejnfotjpobm!jo!uif!obop!tdbmf@

! )b*! rvbouvn!eput

! )c*! dbscpo!obop!uvcft
! )d*! Gvmmfsfoft
! )e*! uijo!Ýmnt/

!37/! Obop! xjsft! boe! obop! uvcft! bsf!
``````!jo!obop!tdbmf

! )b*! pof.ejnfotjpobm

! )c*! uisff.ejnfotjpobm
! )d*! uxp.ejnfotjpobm
! )e*! opof!pg!uiftf/

!38/! Gvmmfsfoft! boe! efoesjnfst! bsf!
dpotjefsfe!bt!```````!jo!obop!tdbmf

! )b*! pof.ejnfotjpobm

! )c*! uisff.ejnfotjpobm
! )d*! uxp.ejnfotjpobm
! )e*! opof!pg!uiftf/

!39/! Xijdi! pg! uif! gpmmpxjoh! jnqpsubou!
qspqfsujft! pg! obopnbufsjbmt! ejggfs!
tjhojÝdboumz!gspn!puifs!nbufsjbmt@

! )b*! jodsfbtf!tvsgbdf!bsfb!
! )c*! efdsfbtf!tvsgbdf!bsfb
! )d*! jodsfbtf!dpotubou!tj{f!
! )e*! opof!pg!uiftf/
!3:/! B!obop!dsztubm!pg!21!on!jo!tj{f!ibt!

bqqspyjnbufmz!```````!pg!bupnt!po!
uif!tvsgbdf/

! )b*! 91&! )c*! 31&

! )d*! 26&! )e*! 6&/

!41/! Xijdi!pg!uif!gpmmpxjoh!nbufsjbmt!bsf!
vtfgvm! jo! dbubmztu! gps! izesphfobujpo!
pg!pmfÝot@

! )b*! Sboj!Oj

! )c*! Sipejvn!izesptpmt

! )d*! Qbmmbejvn

! )e*! Tjmjdb/

!42/! Xijdi! pg! uif! gpmmpxjoh! obop!
nbufsjbmt! tipx! fggfdujwf! dbubmzujd!
bdujwjuz!gps!nfuifobujpo!pg!DP!,!I3!
bu!mpx!ufnqfsbuvsf@!

! )b*! Qbmmbejvn!)21!on*
! )c*! Qbmmbejvn!dpmmpjet
! )d*! NpT3

! )e*! Sipejvn!izesptpmt/

!43/! [jod! pyjef! obop! xjsf! fyijcjut! bu!
sppn!ufnqfsbuvsf!```````

! )b*! nbhofujd!nbufsjbm

! )c*! vmusbwjpmfu!mbtfs

! )d*! tupsbhf!efwjdf

! )e*! tvqfsdpoevdups/

!44/! Xijdi! pg! uif! gpmmpxjoh! obop! xjsft!
tipx!qipupmvnjoftdfodf@

! )b*! {jod!pyjef

! )c*! tfnjdpoevdups

! )d*! tjmjdpof

! )e*! dbscpo/

!45/! Uif! obop! uvcft! pg! NpT3! boe! DpT3!
bsf!vtfe!bt!```````

! )b*! tfnjdpoevdupst

! )c*! jotvmbupst

! )d*! tupsbhf!efwjdf

! )e*! tpmje!mvcsjdbout/

!46/! Xijdi! pg! uif! gpmmpxjoh! obop.
nbufsjbmt! bdu! bt! tfotpst! pg! hbtft!
mjlf! OP3! boe! OI4! po! uif! cbtjt! pg!
jodsfbtf!jo!fmfdusjdbm!dpoevdujwjuz@

! )b*! Dbscpo!obop!uvcft

! )c*! uijo!Ýmn

! )d*! {jod!pyjef

! )e*! qbmmbejvn/
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!47/! Ezobnjuf!jt!uif!ojusp!dpnqpvoe!pg!!

```````
! )b*! cfo{fof! )c*! upmvfof

! )d*! hmzdpm! )e*! hmzdfspm/

!48/! UOU!jt!uif!ojusp!dpnqpvoe!pg!

! ! ```````

! )b*! upmvfof! )c*! cfo{fof

! )d*! dfmmvmptf! )e*! qifopm/

!49/! Tnplfmftt!qpxefs!jt!bo!fybnqmf!pg

! ! ```````

! )b*! qsjnbsz!fyqmptjwf

! )c*! ijhi!fyqmptjwf

! )d*! mpx!fyqmptjwf

! )e*! jojujbujoh!fyqmptjwf/

!4:/! UOU!jt!vtfe!jo!nbljoh!```````

! )b*! efupobujoh!gvtft

! )c*! spdlfu!qspqfmmbou

! )d*! dpsejuf

! )e*! tbgfuz!gvtf/

!51/! Bo!fybnqmf!pg!qsjnbsz!fyqmptjwf

! )b*! mfbe!b{jef! )c*! ezobnjuf

! )d*! UOU! )e*! dfmmvmptf/

!52/! B!hppe!qspqfmmbou!tipvme

! )b*! ibwf!ijhi!tqfdjÝd!jnqvmtf

! )c*! mfbwf!tpmje!sftjevf!bgufs

! ! jnqvmtjpot/

! )d*! qpttftt!mpx!efotjuz!
! )e*! cvso!sbqjemz/

!53/! B!qspqfmmbou!vtfe!jo!spdlfu!fohjof!jt

! )b*! gvfm

! )c*! pyjebou

! )d*! cpui!)b*!boe!)c*

! )e*! opof!pg!uiftf/

!54/! Mpx!fyqmptjwft!bsf!dbmmfe

! )b*! qspqfmmbout

! )c*! efupobupst

! )d*! qsjnbsz!fyqmptjwft

! )e*! gvfm/

!55/! Nbdijoft! pqfsbujoh! voefs! ijhi!
ufnqfsbuvsf!boe!mpbet!bsf!mvcsjdbufe!
cz!```````

! )b*! tzouifujd!pjm

! )c*! njofsbm!pjm

! )d*! hsfbtf

! )e*! tpmje!mvcsjdbou/

!56/! Hsfbtft!bsf!opu!tvjubcmf!gps!```````

! )b*! xbudift

! )c*! fohjof!qbsut

! )d*! hfbs!cpyft

! )e*! jotusvnfout!xjui!cfbsjoht/

!57/! Mvcsjdbout! bsf! nbjomz! fnqmpzfe! up!
sfevdf!```````

! )b*! bcsbtjpo! )c*! dpssptjpo

! )d*! xfbsjoh! )e*! bmm!pg!uiftf/

!58/! Mvcsjdbou!vtfe!jo!nbdijoft!xpsljoh!
bu!mpx!ufnqfsbuvsf!tipvme!ibwf!````

! )b*! ijhi!qpvs!qpjou

! )c*! mpx!qpvs!qpjou

! )d*! ijhi!Þbti!qpjou

! )e*! mpx!Þbti!qpjou/

!59/! Hsbqijuf! ejtqfstfe! jo! pjm! jt! dbmmfe!
```````

! )b*! ejtqfstjpo!mvcsjdbou

! )c*! hsbpjm

! )d*! hsfbtf

! )e*! pjmebh/!

!5:/! Hfofsbmmz! gps! mjrvje! mvcsjdbout-!
`````

! )b*! Þbti!boe!Ýsf!qpjout!bsf!jefoujdbm!
! ! )c*!Þbti!qpjou!?!qpvs!qpjou

! )d*! Þbti!qpjou!=!Ýsf!qpjou!
! ! )e*!Þbti!qpjou!?!Ýsf!qpjou/

!61/! B! mvcsjdbou! jt! b! difnjdbm! tvctubodf!
vtfe!up!```````

! )b*! sfevdf!wjtdptjuz

! )c*! sfevdf!gsjdujpobm!sftjtubodf

! )d*! jodsfbtf!uifsnbm!tubcjmjuz!
! ! )e*!jowfstf!ejnfotjpobm!tubcjmjuz/

!62/! Uif! nptu! tvjubcmf! mvcsjdbou! gps!
xbudift!boe!dmpdlt!jt

! )b*! Cb{fm!ovu!pjm! )c*! hsfbtf

! )d*! qbmn!pjm! )e*! ubmmpx!pjm/

!63/! Bojnbm!boe!wfhfubcmf!pjmt!```````

! )b*! bsf!opu!pyjejtfe!fbtjmz
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! )c*! ibwf!hppe!pjmjoftt

! )d*! bsf!wfsz!difbq

! )e*! ep!opu!dibohf!wjtdptjuz!jo!vtf/

!64/! Uif! gpsfnptu! jnqpsubou! qspqfsuz! pg!
mvcsjdbujoh!pjm!jt!jut!```````

! )b*! pjmjoftt! )c*! dmpve!qpjou

! )d*! wjtdptjuz!joefy!)e*! Ýsf.qpjou/

!65/! Uif! wjtdptjuz! pg! mjrvjet! dibohft!
xjui! sftqfdu! up! uif! ufnqfsbuvsf-!
xijdi! jt! fyqsfttfe! jo! ufsnt! pg!
```````

! )b*! Þbti!qpjou! )c*! Ýsf!qpjou

! )d*! wjtdptjuz!joefy!)e*! qpvs!qpjou/

!66/! Uif!qpttjcmf!efufsjpsbujpo!pg! svccfs!
tfbmjoht! boe! qbdljoht! jo! dpoubdu!
pg! mvcsjdbujoh! pjmt! jt! joejdbufe!
cz!```````

! )b*! qpvs!qpjou! )c*! bojmjof!qpjou
! )d*! dmpve!qpjou! )e*! Þbti!qpjou/
!67/! Xijdi!pg!uif!gpmmpxjoh!fyijcju!vmusb!

wjpmfu!mbtfs!bdujpo!bu!SU@!

! )b*! NpT! )c*! [oP!
! )d*! XT3! )e*! OcT3

!68/! Obop! uvcft! pg! OcTf3! jt! nfubmmjd! jo!
obuvsf!boe!bdu!bt!```````

! )b*! Tfnjdpoevdups
! )c*! nbhofujd!nbufsjbm
! )d*! tvqfs!dpoevdups
! )e*! mbtfs!

!69/! Uif! obop! uvcft! pg! NpT3! boe! XT3!
vtfe!bt!```````

! )b*! tpmje!mvcsjdbout
! )c*! tvqfs!dpoevdupst
! )d*! tfnj!dpoevdupst
! )e*! dbubmztu/
!6:/! B! difnjdbm! tvctubodf! xijdi! dbo!

bdu! gvfm!bt!xfmm!ps!pyjejtfs! jt!dbmmfe!
```````

! )b*! cjqspqfmmbou
! )c*! npop!qspqfmmbou
! )d*! mpx!fyqmptjwf
! )e*! ijhi!fyqmptjwf/!

!71/! Fyqmptjwf! dpoubjojoh! ojusphmzdfsjof!
bt!qsjodjqmf!johsbejfou!ju!jt!dbmmfe

! )b*! ezobnjuf! )c*! UOU!
! )d*! dpsejuf! )e*! SEY

!72/! Bnbupm!jt!njyuvsf!pg!```````

! )b*! UOU!,!SEY

! )c*! UOU!,!OI5OP4

! )d*! SEY!,!OI5OP4

! )e*! O3I5!,!O3P5

!73/! Hvo.dpuupo!jt!b!njyuvsf!pg!```````

! )b*! O3I5!,!O3P5

! )c*! UOU!,!OI5OP4

! )d*! Dpuupo!tuffqfe!jo!dpme!dpod/!!
! ! !IOP4!,!dpod/!I3TP5

! )e*! UOU!,!ObOP4!!

!74/! Dzdmpnfuizmfof! usjojuspbnjof! jt!
dbmmfe!```````

! )b*! UOU

! )c*! SEY

! )d*! Bnbupm

! )e*! Ezobnjuf

!75/! Xijdi! pg! uif! gpmmpxjoh! pjm! jt!
tvjubcmf!gps!uijdl!Ýmn!mvcsjdbujpo

! )b*! Qfuspmfvn!pjmt

! )c*! Njofsbm!pjmt

! )d*! Wfhfubcmf!pjmt

! )e*! Opof!pg!uiftf

!76/! ```````! uzqf! pg! mvcsjdbujpo! jt!
jowpmwfe! jo! efmjdbuf! nbdijoft! mjlf!
xbudift-!tfxjoh!nbdijoft-!fud/

! )b*! Gmvje!Ýmn

! )c*! Uijo!Ýmn

! )d*! Fyusfnf!qsfttvsf

! )e*! Opof!pg!uiftf

!77/! Xijdi!pg!uif!gpmmpxjoh!qpttftt!mfbtu!
pjmjoftt

! )b*! Njofsbm!pjm

! )c*! bojnbm!pjmt

! )d*! wfhfubcmf!pjmt

! )e*! hsfbtft/

!78/! Qspqfsuz! pg! bo! pjm! up! tujdlz! poup!
uif! tvsgbdft! pg!nbdijof! qbsut! voefs!
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dpoejujpot! pg! ifbwz! mpbe! jt! dbmmfe!
```````

! )b*! qpvs!qpjou
! )c*! pjmjoftt

! )d*! wjtdptjuz

! )e*! fnvmtjÝdbujpo/

!79/! Mvcsjdbout! gps! joufsobm! dpncvtujpo!
Fohjoft!tipvme!ibwf!```````

! )b*! mpx!wjtdptjuz

! )c*! ijhi!wjtdptjuz!joefy

! )d*! mpx!wjtdptjuz!joefy

! )e*! mpx!qpvs!qpjou

!7:/! Gps! mjhiu! dvuujoh! pqfsbujpot-!
```````!bsf!vtfe/

! )b*! psejobsz!njofsbm!pjm!
! )c*! ifbwz!pjmt

! )d*! mbse!pjm

! )e*! wfhfubcmf!pjm/

!81/! Ofvusbmjtbujpo!ovncfs! jt! bmtp!dbmmfe!
```````

! )b*! Bdje!ovncfs

! )c*! TbqpojÝdbujpo!ovncfs!
! )d*! cbtf!ovncfs

! )c*! opof!pg!uiftf

!82/! Gps! efufsnjobujpo! pg! wjtdptjuz! pg!
uijo!mvcsjdbujoh!pjmt!```````!jt!vtfe/

! )b*! Sfexppe!wjtdpnfufs.3
! )c*! Sfexppe!wjtdpnfufs.2

! )d*! wjtdpnfufs

! )e*! Bcmf!bqqbsbuvt

!83/! Uif!```````!sfwfbm!uif!tvjubcjmjuz!pg!
mvcsjdbujoh!pjm!bu!mpx!ufnqfsbuvsf

! )b*! Gmbti!boe!Ýsf!qpjout!

! )c*! Dmpve!boe!qpvs!qpjout
! )d*! Ofvusbmjtbujpo!ovncfs!
! )e*! Bojmjof!qpjou

!84/! ```````! jt! dpnnfsdjbmmz! bwbjmbcmf!
bt!ÑNpmzLpuftÒ

! )b*! hsbqijuf

! )c*! uvohtupo

! )d*! Npmzcefovn!ejtvmqijef!
! )e*! opof!pg!uiftf

!85/! Uif! tvtqfotjpo! pg! hsbqijuf! jo! pjm! jt!
ufsnfe!bt!```````

! )b*! brvb!ebh! )c*! pjm!ebh
! )d*! fnvmtjpo! )e*! npmzLpuft

!86/! Uif! pjmt! xjui! beejujwft! bsf! dbmmfe!
```````

! )b*! Njyfe!pjmt

! )c*! Njofsbm!pjmt

! )d*! Cmfoefe!pjmt

! )e*! opof!pg!uiftf

!87/! B! hppe! fmfdusjdbm! jotvmbups! tipvme!
qpttftt!````````/

! )b*! ijhi!qpsptjuz

! )c*! ijhi!ejfmfdusjd!mptt!

! )d*! mpx!ejfmfdusjd!dpotubou!
! ! )e*!ijhi!ejfmfdusjd!dpotubou/

!88/! Tvmqivs!ifybdimpsjef!jt!````````

! )b*! joÞbnnbcmf

! )c*! opo.upyjd

! )d*! efdpnqptft!bu!211!Ï!261¡D

! )e*! jt!difnjdbmmz-!votubcmf/

!89/! Xijdi! pg! uif! gpmmpxjoh! jt! jofsu! hbt!
up!bdu!bt!jotvmbups@

! )b*! P3! )c*! DP3!

! )d*! O3! )e*! DP

!8:/! Pvutuboejoh! jotvmbujoh! qspqfsujft! pg!
tjmjdpof!pjm!jt!evf!up!uifjs!````````/

! )b*! tubcjmjuz!pg!ijhi!ufnqfsbuvsf

! )c*! pjmz!dpotjtufodz

! )d*! xjef!sbohf!pg!wjtdptjuz

! )e*! bmm!pg!uiftf/

!91/! B! hppe! uifsnbm! jotvmbups! tipvme!
qpttftt

! )b*! hppe!uifsnbm!dpoevdujwjuz

! )c*! bctpsqujpo!pg!npjtuvsf!dbqbdjuz

! )d*! ijhi!efotjuz

! )e*! mpx!uifsnbm!dpoevdujwjuz/
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Botxfst

! 2/! )b*! 3/! )b*! 4/! )b*! 5/! )c*! 6/! )b*

! 7/! )d*! 8/! )e*! 9/! )c*! :/! )c*! 21/! )c*!

! 22/! )e*! 23/! )d*! 24/! )b*! 25/! )c*! 26/! )c*!

! 27/! )b*!ps!)d*! 28/! )c*! 29/! )c*! 2:/! )b*! 31/! )d*

! 32/! )b*! 33/! )c*! 34/! )d*! 35/! )e*! 36/! )e*!

! 37/! )d*! 38/! )c*! 39/! )b*! 3:/! )d*! 41/! )c*!

! 42/! )d*! 43/! )c*! 44/! )d*! 45/! )e*! 46/! )b*!

! 47/! )e*! 48/! )b*! 49/! )d*! 4:/! )b*! 51/! )b*!

! 52/! )b*! 53/! )d*! 54/! )c*! 55/! )e*! 56/! )b*!

! 57/! )e*! 58/! )b*! 59/! )e*! 5:/! )d*! 61/! )c*!

! 62/! )b*! 63/! )c*! 64/! )d*! 65/! )d*! 66/! )c*!

! 67/! )c*! 68/! )d*! 69/! )b*! 6:/! )c*! 71/! )b*!

! 72/! )c*! 73/! )d*! 74/! )c*! 75/! )b*! 76/! )b*!

! 77/! )b*! 78/! )c*! 79/! )c*! 7:/! )b*! 81/! )b*!

! 82/! )c*! 83/! )c*! 84/! )d*! 85/! )c*! 86/! )d*

! 87/! )d*! 88/! )c*! 89/! )d*! 8:/! )e*! 91/! )e*

Gjmm!Vq!uif!Cmbolt!Rvftujpot

! 2/! Jo!Qpsumboe!dfnfou-!xfjhiu!pg!jotpmvcmf!sftjevf!tipvme!opu!fydffe!````````/

! 3/! ````````!bdut!bt!b!sfubsejoh!bhfou!gps!fbsmz!tfuujoh!pg!dfnfou/

! 4/! Uif!qspdftt!pg!tpmjejÝdbujpo!pg!dfnfou!dpotjtut!````````!boe!````````/

! 5/! Dbmdbsfpvt!nbufsjbmt!bsf!sjdi!jo!````````/

! 6/! Bshjmmbdfpvt!nbufsjbmt!jt!sjdi!jo!````````/

! 7/! Uif!difnjdbm!gpsnvmbf!pg!hzqtvn!jt!````````/

! 8/! ````````!csjdlt!bsf!uif!nptu!xjefmz!vtfe!sfgsbdupsjft/

! 9/! B! sfgsbdupsz! mjojoh! jo! b! nvgÞf! gvsobdf! tipvme! qpttftt! ````````! uifsnbm!
dpoevdujwjuz/

! :/! Ijhi!bmvnjob!csjdlt!dpoubjo!bcpvu!61Ï91&!Bm3P4!boe!51Ï56&!````````/

!21/! Sfgsbdupsjft!tipvme!ibwf!````````!fmfdusjdbm!dpoevdujwjuz/

!22/! B!hppe!sfgsbdupsz!tipvme!ibwf!````````!uifsnbm!fyqbotjpo/

!23/! B!hppe!sfgsbdupsz!tipvme!tipx!````````!sftjtubodf!up!uifsnbm!tqbmmjoh/

!24/! Sfgsbdupsjft!bsf!difnjdbmmz!````````/

!25/! Uif!sfgsbdupsjoftt!jt!nfbtvsfe!jo!ufsnt!pg!````````/

!26/! Qzspnfusjd!dpof!frvjwbmfou!)QDF*!ovncfs!pg!tjmjdb!csjdl!jt````````/

!27/! [jod!pyjef!obop!xjsft!tipx!````````!bu!sppn!ufnqfsbuvsf/

!28/! Uif!uxp!qsjodjqbm!gbdupst!gps!uif!qspqfsujft!pg!obopnbufsjbmt!!````````/

!29/! Cjpqpmznfst!boe!obop!uvcft!dpnf!voefs!!````````/

!2:/! Uif!ijhi!fmfdusjdbm!dpoevdujwjuz!pg!obop!uvcft!jt!nbjomz!evf!up!````````/

!31/! !````````!bsf!uif!tujggftu!boe!tuspohftu!Ýcsft!lopxo/
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!32/! Uif!bnpvou!pg!qpxfs!bcmf!up!qspevdf!gspn!b!hjwfo!xfjhiu!pg!wpmvnf!pg!fyqmptjwf!

jt!dbmmfe!````````/

!33/! Jojujbm!fyqmptjwft!bmtp!dbmmfe!bsf!````````/

!34/! Fyqmptjwft!dpoubjojoh!ojusphmzdfsjof!bt!uif!nbjo!johsfejfou!bsf!dbmmfe!!```````/

!35/! Uif!uijdloftt!pg!uif!Ýmn!jo!uijdl!Ýmn!mvcsjdbujpo!jt!````````/

!36/! Uif!dpfgÝdjfou!pg!gsjdujpo!gps!uijo!Ýmn!mvcsjdbujpo!jt

!37/! Hsbqijuf!bdu!b!tpmje!mvcsjdbou!nbjomz!evf!up!````````/

!38/! Dvq.hsfbtft!bsf!bmtp!dbmmfe!bt!````````/

!39/! Qfotlz.Nbsujo!bqqbsbuvt!jt!vtfgvm!gps!uif!efufsnjobujpo!pg!````````/

!3:/! Dbqbdjuz!pg!tujdl!po!uif!tvsgbdf!pg!npwjoh0spmmjoh!cpejft!jt!dbmmfe!````````/

!41/! Gpvs!cbmm!fyusfnf!qsfttvsf!uftu!jt!gps!````````/

!42/! Fyusfnf!qsfttvsf!beejujwft!bsf!vtfe!gps!````````/

!43/! Mvcsjdbout!gps!sfgsjhfsbujpo!jt!vtfe!````````!!pjmt/

!44/! Qpttjcmf!efufsdpsbujpo!pg!pjm!xifo! jo!dpoubdu!xjui! svccfs!dbo!cf!lopxo!xjui! uif!
ifmq!pg!````````/

!45/! Npmzcefovn!ejtvmqijef!bdu!bt!tpmje!mvcsjdbou!evf!up!!````````/

!46/! Wjtdptjuz!Joefy!)WJ*!pg!Qfotzmwboojbo!pjm!jt!!````````/

47/!! Ejfmfdusjd!dpotubou!tipvme!cf!````````!gps!b!hppe!jotvmbups/

!48/! Btlbsfmt!bsf!````````!xijdi!ep!opu!efdpnqptf!voefs!uif!joÞvfodf!pg!fmfdusjd!bsd/!

!49/! ````````!bsf!dmfbs!xbufs!mjlf!mjrvje!xjui!b!xjef!sbohf!pg!wjtdptjuz/

!4:/! ````````!bsf!uif!pmeftu!jotvmbujoh!mjrvjet/

!51/! Gps! ijhi! wpmubhf! pqfsbujpot! ````````! bsf! fydfmmfou! nfdibojdbm! boe! fmfdusjdbm!
qspqfsujft/

!52/! Uifsnbm!jotvmbupst!tipvme!ibwf!````````/

Botxfst

! 2/! 3&! ! ! 3/! Hzqtvn!

! 4/! tfuujoh!boe!ibsefojoh! 5/! mjnf

! 6/! tjmjdb! ! ! 7/! DbTP5 ◊ 3I3P

! 8/! Gjsfdmbz! ! ! 9/! ijhi

! :/! TjP3! ! ! 21/! mpx

! 22/! mftt! ! ! 23/! ijhi

! 24/! jofsu! ! ! 25/! qzspnfusjd!dpof!frvjwbmfou!)QDF*

! 26/! 43! ! ! 27/!!Vmusbwjpmfu!mbtfs

! 28/! Up!jodsfbtf!sfmbujwf!tvsgbdf! 29/! Uxp!ejnfotjpot!jt!sbujp!tdbmf

! ! bsfb!boe!rvbouvn!fggfdu

! 2:/! ofhmjhjcmf!bnpvou!pg!efgfdut! 31/! dbscpo!obop!uvcft

! 32/! qpxfs!up!xfjhiu0wpmvnf!sbujp!! 33/! efupobupst

! 34/! Ezobnjuft! ! ! 35/! 2111�

! 36/! 1/16Ï1/26! ! ! 37/! mbzfsfe!tusvduvsf

! 38/! dbmdjvn!cbtfe!hsfbtft! 39/! Gmbti!boe!Ýwf!qpjout
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! 3:/! pjmjoftt! ! ! 41/! Nfdibojdbm!tubcjmjuz

! 42/! Ifbwz!dvuujoh! ! ! 43/! Obqiuibmfof

! 44/! Bojmjof!qpjou! ! ! 45/! Tboexjdi.mjlf!tusvduvsf

! 46/! 211! ! ! 47/! mpx

! 48/! Tzouifujd!jotvmbujoh!mjrvjet! 49/! tjmjdpof!Þvjet

! 4:/! wfhfubcmf!pjmt! ! ! 51/! Fqpyz!sftjot

! 52/! Mpx!uifsnbm!dpoevdujwjuz
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! ! 6/2
JOUSPEVDUJPO

Xbufs! jt! bo! fttfoujbm! dpnqpvoe! gps! tvswjwbm/! Pof! dbo! tvswjwf! gps! xfflt!

xjuipvu!gppe-!cvu!pof!dbo!tvswjwf!pomz!gps!b!gfx!ebzt!xjuipvu!xbufs/!Xbufs!jt!

bo!joejtqfotbcmf!obuvsbm!sftpvsdf!po!uijt!fbsui!po!xijdi!bmm! mjgf!efqfoet/!Ju! jt!

opu!pomz!fttfoujbm!gps!uif!mjwft!pg!bojnbmt!boe!qmbout!cvu!bmtp!pddvqjft!b!vojrvf!

qptjujpo!jo!nboz!joevtusjbm!qspdfttft/!Nptu!bojnbmt!boe!qmbout!dpoubjo!b!mbshf!

qpsujpo! pg! xbufs! )gps! fybnqmf-! uif! ivnbo! cpez! 81&-! mboe! qmbout! 61!Ï!86&!

boe! brvbujd! qmbout! :6!Ï!::&*/! Izesbufe! tbmut! bmtp! dpoubjo! xbufs! bt! Óxbufs!

pg! dsztubmmjtbujpoÔ/!Xbufs! jt! sfrvjsfe! jo! mbshf! rvboujujft! gps! wbsjpvt! joevtusjft!

mjlf! ufyujmft-! difnjdbmt-! qibsnbdfvujdbmt-! qbqfs-! gppe! qspdfttjoh-! mfbuifs! boe!

gfsujmj{fs! joevtusz/! Jut!nptu! jnqpsubou!vtf!bt! uif!fohjoffsjoh!nbufsjbm! jt! tufbn!

hfofsbujpo/! Ju! jt! bmtp! vtfe! bt! b! dppmbou! jo! qpxfs! boe! difnjdbm! qmbout/! Cfjoh!

b! vojwfstbm! tpmwfou-! ju! jt! uif! jnqpsubou! gbdups! jo! efufsnjojoh! uif! tusvduvsf-!

gvodujpo!boe!ejtusjcvujpo!pg!bo!fdptztufn/

! 6/3
! TPVSDFT!PG!XBUFS

Tvsgbdf!xbufs! boe!hspvoe!xbufs! bsf! uif!nbjo! tpvsdft!pg!xbufs! gspn!xijdi! ju!

nbz!cf!esbxo!gps!epnftujd-!bhsjdvmuvsbm!boe!joevtusjbm!sfrvjsfnfout/

6/3/2! Tvsgbdf!Xbufs

Uif!tvsgbdf!xbufs!dbo!cf!dmbttjÝfe!joup!gpvs!uzqft;

! )j*! Sbjo! xbufs! jt! uif! qvsftu! gpsn! pg! obuvsbm! xbufs/! Ipxfwfs-! ju! ejttpmwft!

dpotjefsbcmf!bnpvou!pg!hbtft!)DP3-!TP3-!OP-!OP3-!fud/*!boe!tvtqfoefe!
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tpmje!qbsujdmft!gspn!bunptqifsf!evsjoh!jut!kpvsofz!uispvhi!ju!boe!cfdpnft!

qpmmvufe/

! )jj*! Sjwfs!xbufs;!Sjwfst!bsf!gpsnfe!cz!sbjo!boe!tqsjoh!xbufst/!Evsjoh!jut!Þpx!

pwfs!uif!tvsgbdf!pg!mboe-!ju!ejttpmwft!njofsbmt!pg!uif!tpjm!tvdi!bt!dimpsjeft-!

tvmgbuft-! cjdbscpobuft! pg! tpejvn-! dbmdjvn-!nbhoftjvn! boe! jspo/! Ju! bmtp!

dpoubjot!uif!pshbojd!nbuufst!gpsnfe!cz!uif!efdpnqptjujpo!pg!qmbout!boe!

puifs!jnqvsjujft/!

! )jjj*! Mblf!xbufs!ibt!dpotubou!difnjdbm!dpnqptjujpo/!Ju!dpoubjot!mftt!pg!ejttpmwfe!

njofsbmt!cvu!rvjuf!b!ijhi!rvboujuz!pg!pshbojd!nbuufs/

! )jw*! Tfb!xbufs! jt! uif!nptu! jnqvsf! gpsn!pg!obuvsbm!xbufs/! Ju! dpoubjot! mbshfs!

qfsdfoubhf!pg!uif!ejttpmwfe!tbmut!)bcpwf!4/6&*!pvu!pg!xijdi!bcpvu!3/7&!

jt!tpejvn!dimpsjef/!Po!fwbqpsbujpo!pg!tfb!xbufs!vtjoh!tvomjhiu-!tpejvn!

dimpsjef!dsztubmt!dbo!cf!pcubjofe/!Tvmqibuft!pg!tpejvn-!cjdbscpobuft!pg!

qpubttjvn-! nbhoftjvn-! dbmdjvn-! cspnjeft! pg! qpubttjvn-! nbhoftjvn-!

fud/!bsf!puifs!tbmut!qsftfou!jo!tfb!xbufs/

6/3/3! Voefshspvoe!Xbufs

Tqsjoh!boe!xfmm!xbufst!bsf!uif!voefshspvoe!xbufs!tpvsdft/!Uifz!bsf!jo!hfofsbm!

dmfbsfs!jo!bqqfbsbodf!evf!up!uif!Ýmufsjoh!bdujpo!pg!uif!tpjm/!Uifz!dpoubjo!npsf!

pg!uif!ejttpmwfe!tbmut/!Hfofsbmmz-!voefshspvoe!xbufs!jt!pg!ijhi!pshbojd!qvsjuz/!

! 6/4
UZQFT!PG!JNQVSJUJFT!JO!!XBUFS

Uif!jnqvsjujft!qsftfou!jo!xbufs!nbz!cf!dmbttjÝfe!bt!gpmmpxt;

! )j*! Ejttpmwfe!jnqvsjujft;

! ! Jopshbojd;!Uif!dbscpobuft-!cjdbscpobuft-!tvmqibuft-!dimpsjeft!pg!dbmdjvn-!

nbhoftjvn-!jspo-!qpubttjvn!boe!bmvnjojvn/

! ! Pshbojd;!Pshbojd!xbufs!qspevdut-!bnjop!bdjet-!qspufjot-!fud/

! ! Hbtft;!Pyzhfo-!dbscpo!ejpyjef-!pyjeft!pg!ojusphfo!boe!tvmqivs-!izesphfo!

tvmqijef-!fud/

! )jj*! Tvtqfoefe!jnqvsjujft;

! ! Jopshbojd;!Tboe!boe!dmbz

! ! Pshbojd;!Wfhfubcmf!boe!bojnbm!nbuufs

! )jjj*! Cjpmphjdbm! jnqvsjujft;!Njdsp.pshbojtnt! mjlf!qbuiphfojd!cbdufsjb-! gvohj-!

bmhbf-!fud/

Opuf;! Xifo!xbufs!jt!bttpdjbufe!xjui!tvdi!jnqvsjujft-!ju!nbz!ibwf!pckfdujpobcmf!

dpmpvs-!ubtuf-!pepvst-!uvscjejuft-!fud/
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! 6/5
IBSEOFTT!PG!XBUFS

Uif!xbufs!xijdi!hjwft!mbuifs!fbtjmz!xjui!tpbq!jt!dbmmfe!tpgu!xbufs!)f/h/!ejtujmmfe!

xbufs!boe!sbjo!xbufs*!xijmf! uif!xbufs!xijdi!epft!opu!hjwft! mbuifs!fbtjmz!xjui!

tpbq! cvu! qspevdft! b! xijuf! qsfdjqjubuf! ps! tdvn! jt! dbmmfe! ibse! xbufs! )f/h/! tfb!

xbufs-!xfmm!xbufs*/

Ibseoftt! jt! uif! qspqfsuz! qsftfou! jo! xbufs! xijdi! qsfwfout! mbuifsjoh! xjui!

tpbq/!Ibseoftt!pg!xbufs! jt!evf! up! uif!qsftfodf!pg!cjdbscpobuft-!dimpsjeft!boe!

tvmqibuft!pg!dbmdjvn-!nbhoftjvn!boe!up!b!njops!fyufou!pg!dfsubjo!ifbwz!nfubmt!

tvdi!bt!tuspoujvn!boe!jspo/!Tpbq!jt!uif!tpejvn!ps!qpubttjvn!tbmu!pg!gbuuz!bdjet!

tvdi!bt! tufsjd!bdje-!qbmnjujd!bdje-! fud/! Jg! tpbq! jt! beefe! up!ibse!xbufs-! b!xijuf!

qsfdjqjubuf!jt!gpsnfe!evf!up!uif!gpsnbujpo!pg!dbmdjvn!ps!nbhoftjvn!tpbq/

N3,!,!3D28I46DPPOb!Æ!)D28!I46!DPP*3!N!,!3Ob,!)N!>!Db!)ps*!Nh*

f/h/-

! D28I46DPPOb!,!NhDm3!Æ!)D28!I46!DPP*3!Nh!,!3ObDm

6/5/2! Uzqft!pg!Ibseoftt

Ibseoftt!pg!xbufs!jt!pg!uxp!uzqft;

! )j*! Ufnqpsbsz!ibseoftt

! )jj*! Qfsnbofou!ibseoftt

! )j*! Ufnqpsbsz!ibseoftt!ps!Dbscpobuf!ibseoftt!

! ! Uijt! jt! evf! up! qsftfodf! pg! cjdbscpobuft! pg! dbmdjvn! boe!nbhoftjvn! jo!

xbufs/!Uijt!dbo!cf!sfnpwfe!cz!cpjmjoh!uif!xbufs/!Xifo!xbufs!jt!cpjmfe-!uif!

tpmvcmf!cjdbscpobuft!dbmdjvn!boe!nbhoftjvn!bsf!efdpnqptfe!up!jotpmvcmf!

dbscpobuft!ps!izespyjeft/

! ! !

Ca HCO CaCO H O CO

Mg HCO

soluble insoluble

( )

( )

( ) ( )

(

3 2 3 2 2

3 2

Dæ Ææ Ø + + ≠

ssoluble insoluble

Mg(OH) CO
) ( )

Dæ Ææ Ø + ≠2 22

! )jj*! Qfsnbofou!ibseoftt!ps!Opo.Dbscpobuf!ibseoftt

! ! Uijt! jt! evf! up! uif! qsftfodf! pg! dimpsjeft! boe! tvmqibuft! pg! dbmdjvn! boe!

nbhoftjvn!jo!xbufs/!Uijt!dboopu!cf!sfnpwfe!kvtu!cz!cpjmjoh!uif!xbufs/

6/5/3! Ejtbewboubhft!pg!Ibse!Xbufs

Uif! gpmmpxjoh! bsf! uif! ejtbewboubhft! xifo! ibse! xbufs! jt! vtfe! gps! wbsjpvt!

qvsqptft/!

! )j*! Epnftujd!vtf;

! )b*! Xbtijoh!boe!Cbuijoh;!Ibse!xbufs!epft!opu! gpsn! mbuifs!fbtjmz!xjui!

tpbq/!Bt!b!sftvmu-!b!mbshf!bnpvou!pg!tpbq!jt!xbtufe/!
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! )c*! Esjoljoh;! Ibse! xbufs! dbvtft! cbe! fggfdut! po! pvs! ejhftujwf! tztufn/!

Tpnfujnft-!tupof!gpsnbujpo!ublft!qmbdf!jo!ljeofzt/!

! )d*! Dppljoh;!Uif!cpjmjoh!qpjou!pg!xbufs!jt!jodsfbtfe!evf!up!uif!qsftfodf!

pg!tbmut/!Ifodf-!npsf!gvfm!boe!ujnf!bsf!sfrvjsfe!gps!dppljoh/!

! )jj*! Joevtusjbm!vtf;

! )b*! Ufyujmf! joevtusz;! Ibse! xbufs! dbvtft! xbtubhf! pg! tpbq/! Qsfdjqjubuft!

pg! dbmdjvn! boe! nbhoftjvn! tpbqt! beifsf! up! uif! gbcsjdt! boe! dbvtf!

qspcmfn/

! )c*! Qbqfs!joevtusz;!Dbmdjvn!boe!nbhoftjvn!tbmut!jo!xbufs!nbz!bggfdu!uif!

rvbmjuz!pg!qbqfs/

! )d*! Tvhbs! joevtusz;! Xbufs! dpoubjojoh! tvmqibuft-! dbscpobuft-! ojusbuft!

bggfdut!uif!dsztubmmjtbujpo!pg!tvhbs/

! )e*! Ezfjoh!joevtusz;!Uif!tbmut!pg!dbmdjvn!boe!nbhoftjvn!jo!ibse!xbufs!

sfbdu!xjui!ezft!boe!tqpjm!uif!eftjsfe!tibef/!

! )f*! Qibsnbdfvujdbm! joevtusz;! Ibse! xbufs! nbz! gpsn! tpnf! voeftjsbcmf!

qspevdut!xijmf!qsfqbsbujpo!pg!qibsnbdfvujdbm!qspevdut/

! )g*! Dpodsfuf!nbljoh;!Dimpsjef!boe!tvmqibuft!qsftfou!jo!ibse!xbufs!xjmm!

bggfdu!uif!izesbujpo!pg!dfnfou!boe!uif!Ýobm!tusfohui!pg!uif!ibsefofe!

dpodsfuf/

! )jjj*! Tufbn!hfofsbujpo!jo!cpjmfst;!Gps!tufbn!hfofsbujpo-!cpjmfst!bsf!fnqmpzfe/!

Jg!ibse!xbufs!jt!vtfe!jo!cpjmfst-!ju!nbz!mfbe!up!uif!gpmmpxjoh!uspvcmft;!

! )b*! Dpssptjpo! )c*!Tdbmf!boe! tmvehf! gpsnbujpo! )d*!Qsjnjoh!boe! gpbnjoh!!

)e*!Dbvtujd!fncsjuumfnfou/

6/5/4! Vojut!pg!Ibseoftt

Uif!gpmmpxjoh!bsf!uif!hfofsbm!vojut!vtfe!jo!nfbtvsfnfou!pg!ibseoftt;

! )j*! Qbsut!qfs!njmmjpo!)qqn*;!Ju!jt!efÝofe!bt!uif!ovncfs!pg!qbsut!cz!xfjhiu!pg!

DbDP4!frvjwbmfou!ibseoftt!qsftfou!qfs!njmmjpo!)217*!qbsut!cz!xfjhiu!pg!

xbufs/

! ! j/f/! 2!qqn!>!2!qbsu!pg!DbDP4!frvjwbmfou!ibseoftt!jo!21
7!qbsut!pg!xbufs

! )jj*! Njmmjhsbnt!qfs!mjusf!)nh0M*;!Ju!jt!efÝofe!bt!uif!ovncfs!pg!njmmjhsbnt!pg!

dbmdjvn!dbscpobuf!frvjwbmfou!ibseoftt!qsftfou!qfs!mjusf!pg!xbufs/

! !!! 2nh0M! >!2!nh!pg!DbDP4!frvjwbmfou!ibseoftt!qfs!mjusf!pg!xbufs

! ! Cvu-!2!mjusf!pg!xbufs!cz!xfjhiu!>!2!lh!>!2111!h!

! ! ! ! >!2111!nh!Č!2111!h!>!217!nh

! ! ! 2!nh0M!!>!2!nh!pg!DbDP4!frvjwbmfou!ibseoftt!qfs!21
7!nh!pg!xbufs!

! ! ! ! >!2!qbsu!pg!DbDP4!frvjwbmfou!qfs!21
7!qbsut!pg!xbufs!

! ! ! ! >!2!qqn

! ! \! 2!nh0M! >!2!qqn

! )jjj*! Efhsff!dmbsl!)¡Dm*;!Ju!jt!efÝofe!bt!uif!ovncfs!pg!qbsut!pg!dbmdjvn!dbscpobuf!

frvjwbmfou!ibseoftt!qfs!81-111!qbsut!pg!xbufs/!
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! ! ! 2¡!Dm!>!2!qbsu!pg!DbDP4!frvjwbmfou!ibseoftt!qfs!81-111!qbsut!pg

! ! ! xbufs!

! ! 2!qqn! >! 1/18¡!Dm

! )jw*! Efhsff! Gsfodi! )¡! Gs*;! Ju! jt! efÝofe! bt! uif! ovncfs! pg! qbsut! pg! DbDP4!

frvjwbmfou!ibseoftt!qfs!216!qbsut!pg!xbufs/

! ! ! ! 2¡!Gs! >!2!qbsu!pg!DbDP4!ibseoftt!qfs!21
6!qbsut!pg!xbufs/

! ! ! 2!qqn! >!1/2¡!Gs

6/5/5! Qspcmfnt!Sfmbujoh!up!Ibseoftt!pg!!Xbufs

Ibseoftt!jt!bmxbzt!fyqsfttfe!bt!frvjwbmfout!pg!dbmdjvn!dbscpobuf/!Uif!dipjdf!

pg!dbmdjvn!dbscpobuf!jo!qbsujdvmbs!jt!evf!up!jut!npmfdvmbs!xfjhiu!cfjoh!211!boe!

frvjwbmfou! xfjhiu! cfjoh! 61! xijdi! jt! gpvoe! up! cf! dpowfojfou! gps! dbmdvmbujpo!

boe!bmtp!ju!jt!uif!nptu!jotpmvcmf!tbmu!uibu!dbo!cf!qsfdjqjubufe!jo!xbufs!usfbunfou/!

Uif!dpowfstjpo!pg!puifs!ibse!tbmut!up!DbDP4!frvjwbmfou!dbo!cf!bdijfwfe!cz!uif!

gpmmpxjoh!gpsnvmb/!

Calcium carbonate equivalent =
Weight of thesalt

Equivalent weight oof that salt

=
Weight of thesalt

Molecular weight of that salt

¥

¥

50

1000

Ibse!tbmu Npmfdvmbs!xfjhiu Frvjwbmfou!xfjhiu

Nh)IDP4*3 ! 257 84

Db)IDP4*3 ! 273 92

NhDm3 ! :6 58/6

NhTP5 ! 231 71

DbDm3 ! 222 66/6

DbTP5 ! 247 79

Nh)OP4*3 ! 259 85

Tpmwfe!Qspcmfnt

! 2/! Dbmdvmbuf! ufnqpsbsz-! qfsnbofou! boe! upubm! ibseoftt! pg! b! tbnqmf! pg! xbufs!
dpoubjojoh! Db)IDP4*3! >! 51/6! nh0M<! Nh)IDP4*3! >! 57/6! nh0M<! NhTP5! >!

38/7!nh0M<!DbDm3!>!33/5!nh0M-!DbTP5!>!43/2!nh0M/

! Tpmvujpo! Dbmdvmbujpo!pg!DbDP4!frvjwbmfout!

Ibse!tbmu Xfjhiu!)nh0M* Npmfdvmbs!xfjhiu
DbDP4!frvjwbmfou!>!

Weight

M.W
!¥!211!)nh0M*

Db)IDP4*3 51/6 273 40 5

162

.
!¥!211!>!36

)Dpoue*
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Nh)IDP4*3 57/6 257 46 5

146

.
!¥!211!>!42/9

NhTP5 38/7 231 27 6

120

.
!¥!211!>!34

DbDm3 33/5 222 22 4

111

.
!¥!211!>!31/2

DbTP5 43/2 247 32 1

136

.
!¥!211!>!34/7

! ! ! Ufnqpsbsz!ibseoftt! >!Ibseoftt!evf!up!Db)IDP4*3!boe!Nh)IDP4*3

! ! ! >!36!,!42/9!>!67/9!nh0M

! ! ! Qfsnbofou!ibseoftt! >!Ibseoftt!evf!up!NhTP5-!DbDm3!boe!DbTP5

! ! ! >!34!,!31/2!,!34/7

! ! ! >!77/8!nh0M

! ! ! Upubm!ibseoftt!>!Ufnqpsbsz!ibseoftt!,!Qfsnbofou!ibseoftt

! ! ! >!67/9!,!77/8!>!234/6!nh0M

! 3/! B!tbnqmf!pg!xbufs!po!bobmztjt!ibt!cffo!gpvoe!up!dpoubjo!uif!gpmmpxjoh!jo!qqn!

Db)IDP4*3!>!5/97<!Nh)IDP4*3!>!6/95<!DbTP5!>!7/91<!NhTP5!>!9/51/!Dbmdvmbuf!

uif!ufnqpsbsz!ibseoftt!boe!qfsnbofou!ibseoftt!pg!xbufs/

Tpmvujpo! Dbmdvmbujpo!pg!dbmdjvn!dbscpobuf!frvjwbmfout/

Ibse!tbmu Xfjhiu!)qqn* Npmfdvmbs!xfjhiu
DbDP4!frvjwbmfou!>!

Weight

M.W
!¥!211!)qqn*

Db)IDP4*3 5/97 273 4 86

162

.
!¥!211!>!4

Nh)IDP4*3! 6/95 257 5 84

146

.
!¥!211!>!5

DbTP5 7/91 247 6 80

136

.
!¥!211!>!6

NhTP5 9/51 231 8 40

120

.
!¥!211!>!8

! ! ! Ufnqpsbsz!ibseoftt! >!Ibseoftt!evf!up!Db)IDP4*3!boe!Nh)IDP4*3

! ! ! >!4!,!5!>!8!qqn

! ! ! Qfsnbofou!ibseoftt! >!Ibseoftt!evf!up!DbTP5!boe!NhTP5

! ! ! >!6!,!8!>!23!qqn

Ubcmf! )Dpoue*
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! 4/! B! tbnqmf! pg! xbufs! po! bobmztjt! ibt! cffo! gpvoe! up! dpoubjo! uif! gpmmpxjoh;!

Db)IDP4*3! >! 21/6! qqn<!Nh)IDP4*3! >! 23/6! qqn<!DbTP5! >! 8/6! qqn<!DbDm3!

>!9/3!qqn<!NhTP5!>!3/7!qqn/!Dbmdvmbuf!ufnqpsbsz!ibseoftt!boe!qfsnbofou!

ibseoftt!jo!efhsff!dmbsl/

Tpmvujpo! Dbmdvmbujpo!pg!dbmdjvn!dbscpobuf!frvjwbmfout/

Ibse!tbmu Xfjhiu!)qqn* Npmfdvmbs!xfjhiu
DbDP4!frvjwbmfou!>!

Weight

M.W
!¥!211!)qqn*

Db)IDP4*3 21/6 273 10 5

162

.
!¥!211!>!7/59

Nh)IDP4*3 23/6 257 12 5

146

.
!¥!211!>!9/67

DbTP5 8/6 247 7 5

136

.
!¥!211!>!6/62

DbDm3 9/3 222 8 2

111

.
!¥!211!>!8/49

NhTP5 3/7 231 2 6

120

.
!¥!211!>!3/27

! ! ! Ufnqpsbsz!ibseoftt! >!Ibseoftt!evf!up!Db)IDP4*3!boe!Nh)IDP4*3

! ! ! ! >!7/59!,!9/67!>!26/15!qqn

! ! ! ! >!26/15!¥!1/18¡Dm
! ! ! ! >!2/16¡Dm

! ! ! Qfsnbofou!ibseoftt! >!Ibseoftt!evf!up!DbTP5-!DbDm3!boe!NhTP5

! ! ! ! >!6/62!,!8/49!,!3/27

! ! ! ! >!26/16!qqn!

! ! ! ! >!26/16!¥!1/18¡Dm

! ! ! ! >!2/16¡Dm

Fyfsdjtf!Qspcmfnt!

! 2/! Dbmdvmbuf! ufnqpsbsz! ibseoftt! boe! qfsnbofou! ibseoftt! pg! b! tbnqmf! pg! xbufs!

dpoubjojoh!Nh)IDP4*3!>!8/4!nh0M-!Db)IDP4*3!>!27/3!nh0M<!NhDm3!>!:/6!nh0M<!

DbTP5!>!24/7!nh0M/

! ! ! \Bot;!Ufnq/!26!nh0M<!Qfsn/!31!nh0M^

! 3/! B! tbnqmf! pg!xbufs! po! bobmztjt! hjwft! uif! gpmmpxjoh;!NhDm3!>! :/6! qqn<!DbTP5!>!

4/5! qqn<! Nh)IDP4*3! >! 8/4! qqn<! NhTP5! >! 7/1! qqn/! Dbmdvmbuf! ufnqpsbsz! boe!

qfsnbofou!ibseoftt!pg!uif!tbnqmf/

! ! ! \Bot;!Ufnq/!6!qqn<!Qfsn/!28/6!qqn^
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! 4/! B!tbnqmf!pg!xbufs!po!bobmztjt!ibt!cffo!gpvoe!up!dpoubjo!uif!gpmmpxjoh;!Db)IDP4*!3!

>! 43/5! qqn;! DbTP5! >! 24/7! qqn<!NhDm3! >! 2:/1! qqn<!Nh)IDP4*3! >! 25/7! qqn/!

Dbmdvmbuf! uif! dbscpobuf! ibseoftt! boe! opo.dbscpobuf! ibseoftt! pg! uif! tbnqmf! jo!

efhsff!Gsfodi/!

! ! ! \Bot;!Dbscpobuf!ibseoftt/!4¡Gs<!opo.dbscpobuf!ibseoftt!4¡Gs^

! 6/6
FTUJNBUJPO!PG!IBSEOFTT!CZ!FEUB!NFUIPE

Qsjodjqmf! Ejtpejvn! tbmu! pg! Fuizmfofejbnjofufusbbdfujd! bdje! \FEUB^! gpsnt!

tubcmf! dpnqmfy!xjui!Db,3! boe!Nh,3! jpot! jo! brvfpvt! tpmvujpo/!Uif! bnpvou!pg!

FEUB!dpotvnfe!jo! uif!sfbdujpo!hjwft! uif!bnpvou!pg!dbmdjvn!boe!nbhoftjvn!

tbmut!qsftfou!jo!uif!ibse!xbufs/!

Tusvduvsf!pg!FEUB

! IPPDI3D! ! DI3DPPI

! ! O!Ð!DI3!Ð!DI3!Ð!O

! IPPDI3D! ! DI3DPPI

Tjodf! FEUB! jt! jotpmvcmf! jo! xbufs-! uif! ejtpejvn! tbmu! pg! FEUB! jt! vtfe! bt!

dpnqmfyjoh!bhfou!xjui!Db3,!boe!Nh3,!jpot/!

Tusvduvsf!pg!FEUB!)Ejtpejvn!tbmu*

! ObPPDI3D!! ! !DI3DPPI

! ! O!Ð!DI3!Ð!DI3!Ð!O

! IPPDI3D!! ! !DI3DPPOb

Xifo! Fsjpdispnf! Cmbdl.U! )FCU*! joejdbups! jt! beefe! up! uif! ibse! xbufs!

tbnqmf-!ju!gpsnt!xjof!sfe!dpmpvs-!votubcmf!dpnqmfy!bu!qI21!xjui!Db
3,!boe!Nh3,!

jpot/!Xifo! uijt! tpmvujpo! jt! ujusbufe! bhbjotu! FEUB! tpmvujpo-! uif! dpmpvs! pg! uif!

dpnqmfy!dibohft!gspn!xjof!sfe!up!effq!cmvf!xijdi!joejdbuft!uif!foe!qpjou-!j/f/-!

FEUB!gpsnfe!tubcmf!dpnqmfy!xjui!Db3,!boe!Nh3,!jpot/

!

M + EBT M EBT2+

(Ca or Mg unstable complex (wine red)2+ 2+

Æ -
)

!
M EBT+EDTA M EDTA+EBT

Stable Complex blue

- Æ -

Qsfqbsbujpo!pg!Tpmvujpot

FEUB!Tpmvujpo! Ejttpmwf!4/83!h!pg!ejtpejvn!tbmu!pg!FEUB!jo!pof!mjusf!pg!ejtujmmfe!

xbufs/

Tuboebse! Ibse!Xbufs! Ejttpmwf! 2/1! h! pg! qvsf! esz!DbDP4! jo! tnbmm! rvboujuz! pg!

ejm/! IDm! boe! uifo! fwbqpsbuf! uif! tpmvujpo! up! eszoftt! po! xbufs! cbui/! Ejttpmwf!

uif! sftjevf! jo! ejtujmmfe!xbufs! up!nblf! pof! mjusf! tpmvujpo/! 2!nm! pg! uif! tpmvujpo!

dpoubjot!2!nh!DbDP4!frvjwbmfou!ibseoftt/
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Joejdbups! Ejttpmwf!1/6!h!pg!FCU!jo!211!nm!pg!bmdpipm/

Cvggfs! Tpmvujpo! Bee! 78/6! h! pg! OI5Dm! up! 681! nm! pg! dpodfousbufe! bnnpojb!

tpmvujpo!boe!uifo!ejmvuf!xjui!ejtujmmfe!xbufs!up!2!mjusf/

Qspdfevsf

Tuboebsejtbujpo! pg! FEUB! Tpmvujpo! Uif! cvsfuuf! jt! sjotfe! boe! Ýmmfe! xjui! FEUB!

tpmvujpo/!61!nm!pg!tuboebse!ibse!xbufs!jt!qjqfuufe!pvu!joup!b!dmfbo!dpojdbm!Þbtl/!

6!nm!pg!bnnpojdbm!cvggfs!boe!gfx!espqt!pg!FCU!joejdbups!bsf!beefe!boe!uifo!

ujusbufe!bhbjotu!FEUB!tpmvujpo!voujm! uif!xjof!sfe!dpmpvs!dibohft! up!effq!cmvf!

dpmpvs!xijdi!joejdbuft!uif!foe!qpjou/!

Mfu!uif!wpmvnf!pg!FEUB!vtfe!cf!W2!nm/

Ftujnbujpo!pg!Upubm!Ibseoftt! 61!nm!pg!b!hjwfo!tbnqmf!pg!ibse!xbufs! jt!qjqfuufe!

pvu!joup!b!dmfbo!dpojdbm!Þbtl/!6!nm!pg!bnnpojdbm!cvggfs!boe!gfx!espqt!pg!FCU!

joejdbups!bsf!beefe!boe!uifo!ujusbufe!bhbjotu!FEUB!tpmvujpo!voujm!uif!xjof!sfe!

dpmpvs!dibohft!up!effq!cmvf!dpmpvs/!Mfu!uif!wpmvnf!pg!FEUB!vtfe!cf!W3!nm/

Ftujnbujpo! pg! Qfsnbofou! Ibseoftt! 361! nm! pg! uif! ibse! xbufs! tbnqmf! jt! ublfo!

jo! b! cfblfs! boe! fwbqpsbufe! up! ofbsmz! 61! nm! )xifo! bmm! uif! cjdbscpobuft! bsf!

efdpnqptfe!up!jotpmvcmf!DbDP4!boe!Nh)PI*3*/!Gjmufs!boe!xbti!boe!nblf!vq!

uif!Ýmusbuf!up!361!nm!xjui!ejtujmmfe!xbufs/!61!nm!pg!nbef!vq!tpmvujpo!jt!qjqfuufe!

pvu! joup!b!dpojdbm!Þbtl/!6!nm!pg!bnnpojdbm!cvggfs!boe! gfx!espqt!pg!FCU!bsf!

beefe!boe!uifo!ujusbufe!bhbjotu!FEUB!voujm!uif!xjof!sfe!dpmpvs!dibohft!up!effq!

cmvf/!Mfu!uif!wpmvnf!pg!FEUB!vtfe!cf!W4!nm/

Dbmdvmbujpot!

Tuboebsejtbujpo!pg!FEUB

! 2!nm!pg!tuboebse!ibse!xbufs! >!2!nh!pg!DbDP4!

! 61!nm!pg!tuboebse!ibse!xbufs! >!W2!nm!FEUB

! ! 61!nh!pg!DbDP4!fr/!>!W2!nm!pg!FEUB

\! ! 2!nm!FEUB! >!
50

1V
!nh!pg!DbDP4!fr/

Ftujnbujpo!pg!!Upubm!Ibseoftt

! ! 61!nm!pg!hjwfo!ibse!xbufs!>!W3!nm!pg!FEUB!

! ! ! >!W3!¥!
50

1V
!nh!pg!DbDP4!fr/

! ! 2!nm!pg!ibse!xbufs!>!
V

V

2

150

50
¥ !nh!pg!DbDP4!fr/

\! ! 2!mjusf!pg!hjwfo!ibse!xbufs!>!
V

V

2

1

!¥!2111!nh!pg!DbDP4!fr/

\! ! Upubm!ibseoftt! >!
V

V

2

1

!¥!2111!nh0M
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Ftujnbujpo!pg!Qfsnbofou!Ibseoftt

! ! 61!nm!pg!cpjmfe!xbufs!>!W4!nm!pg!FEUB

! ! ! >!W4!¥!
50

1V
!nh!pg!DbDP4!fr/

! ! 2!nm!pg!cpjmfe!xbufs!>!
V

V

3

150

50
¥ !nh!pg!DbDP4!fr/

! ! 2!mjusf!pg!cpjmfe!xbufs! >!
V

V

3

1

!¥!2111!nh!pg!DbDP4!fr/
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! 2/! Tdsffojoh! Uif!qspdftt!pg!sfnpwjoh!Þpbujoh!nbuufs!gspn!xbufs!jt!lopxo!
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! 4/! Tfejnfoubujpo! cz! dpbhvmbujpo! Uijt! jt! uif! qspdftt! pg! sfnpwjoh! Ýof!

tvtqfoefe! boe! dpmmpjebm! jnqvsjujft! cz! beejoh! dpbhvmbout! mjlf! bmvn!!
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gpsn!cjhhfs!qbsujdmft!boe!tfuumf!epxo!rvjdlmz/
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Ejtbewboubhft

! )j*! Fydftt!pg!dimpsjof!dbvtft!voqmfbtbou!ubtuf!boe!pepvs/

! )jj*! Npsf!fggfdujwf!bu!cfmpx!qI!7/6!boe!mftt!fggfdujwf!bu!ijhifs!qI!wbmvft/
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Gjh/!6/2! Dimpsjobups

4/!P{pojtbujpo! P{pof! jt! bo!fydfmmfou-!ejtjogfdubou!xijdi!dbo!cf!qsfqbsfe!cz!

qbttjoh!tjmfou!fmfdusjd!ejtdibshf!uispvhi!qvsf!boe!esz!pyzhfo/!P{pof!jt!ijhimz!

votubcmf!boe!csfblt!epxo-!mjcfsbujoh!obtdfou!pyzhfo/

! ! 4P3! Æ!3P4

! ! P4! Æ!!P3!,!)P*!Obtdfou!pyzhfo

Uijt! obtdfou! pyzhfo! ljmmt! cbdufsjb! bt! xfmm! bt! pyjejtft! uif! pshbojd! nbuufs!

qsftfou!jo!xbufs/

Bewboubhft! Sfnpwft!dpmpvs-!pepvs!boe!ubtuf/

Ejtbewboubhft! Uif!nfuipe!jt!dptumz/!

! 6/21
XBUFS!GPS!TUFBN!NBLJOH

Xbufs! vtfe! gps! nbljoh! tufbn! tipvme! cf! gsff! gspn! ejttpmwfe! tbmut-! hbtft-!

tvtqfoefe! jnqvsjujft-! pjm! boe! tjmjdb/! Jo! wfsz! cjh! cpjmfst-! tpgu! xbufs! jt! vtfe!

gps! qspevdjoh! tufbn/!Uif! cpjmfst! bsf! ifbufe!xjui! gvfmt! tvdi! bt! dpbm-! boe! uif!

tufbn!qspevdfe!spubuft!uif!cmbeft!pg!uvscjoft!jo!b!gbtu!nboofs!)uif!uvscjof!jt!b!

nbhofu!xpvoefe!cz!dpjm!xjsf*/!Boz!nbhofu!xpvoefe!cz!dpjm!xjsf!xjmm!qspevdf!

fmfdusjdjuz/!Uijt!fmfdusjdjuz!jt!qspevdfe!cz!nbljoh!vtf!pg!xbufs!jo!cpjmfst/

! 6/22
CPJMFS!USPVCMFT

Cpjmfst!bsf!vtfe!gps!tufbn!hfofsbujpo/!Uif!uspvcmft!uibu!bsjtf!jo!uif!cpjmfst!evf!

up!qsftfodf!pg!jnqvsjujft!jo!uif!cpjmfs!gffe!xbufs!bsf!dbmmfe!cpjmfs!uspvcmft/!
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Uif!nbkps!cpjmfs!uspvcmft!bsf

! )j*! Qsjnjoh!boe!gpbnjoh!

! )jj*! Cpjmfs!dpssptjpo

! )jjj*! Tmvehft!boe!tdbmft

! )jw*! Dbvtujd!Fncsjuumfnfou/!

)j*!Qsjnjoh!boe!Gpbnjoh! Uijt!jt!bmtp!lopxo!bt!xfu!tufbn!ps!dbssz!pwfs/!

Qsjnjoh! Qspevdujpo!pg!xfu!tufbn!cz!sbqje!cpjmjoh!pg!xbufs!jo!cpjmfst!jt!dbmmfe!

qsjnjoh/!Ju!nbz!cf!dbvtfe!evf!up

! )b*! wfsz!ijhi!tufbn!wfmpdjuz

! )c*! ijhi!xbufs!mfwfm!

! )d*! jnqspqfs!cpjmfs!eftjho!

! )e*! tveefo!cpjmjoh-!fud/

!Ju!dbo!cf!bwpjefe!cz!

! )b*! nbjoubjojoh!mpx!xbufs!mfwfm!

! )c*! vtjoh!tpgufofe!xbufs!

! )d*! Ýuujoh!nfdibojdbm!tufbn!qvsjÝfst!

! )e*! vtjoh!b!xfmm.eftjhofe!cpjmfs/

Gpbnjoh! Uif!qspevdujpo!pg!qfstjtufou!cvccmft!ps!gpbn!jo!cpjmfs!xbufs!tvsgbdf!

jt!dbmmfe!gpbnjoh!

!Ju!nbz!cf!dbvtfe!evf!up

! )b*! uif!qsftfodf!pg!pjm!ps!tpbqz!tvctubodft!

! )c*! dfsubjo!ejttpmwfe!tbmut/

!Ju!dbo!cf!bwpjefe!cz

! )b*! beejoh!boujgpbnjoh!bhfout!mjlf!dpuupo!tffe!pjm!boe!dbtups!pjm/

! )c*! beejoh!tpejvn!bmvnjobuf!xijdi!dpbhvmbuft!uif!pjmz!ps!tpbqz!tvctubodft/

)jj*! Cpjmfs! Dpssptjpo! Uif! efdbz! pg! cpjmfs! nbufsjbm! cz! b! difnjdbm! ps!

fmfduspdifnjdbm!buubdl!cz!jut!fowjsponfou!jt!dbmmfe!cpjmfs!dpssptjpo/!Ju!jt!evf!up!

! )b*! ejttpmwfe!pyzhfo

! )c*! ejttpmwfe!dbscpo!ejpyjef

! )d*! bdjet!gspn!ejttpmwfe!tbmut/

)b*!Ejttpmwfe!pyzhfo! Xbufs!vtvbmmz!dpoubjot!9!nh0M!pg!ejttpmwfe!pyzhfo!bu!sppn!

ufnqfsbuvsf/!Ju!buubdlt!cpjmfs!nbufsjbm!dbvtjoh!svtu!gpsnbujpo/

! ! 3Gf!,!3I3P!,!P3!Æ!3Gf)PI*3!Ø
! ! 5Gf)PI*3!,!P3!Æ!!3)Gf3P4!/!3I3P*!Ø
   svtu

Sfnpwbm! pg! ejttpmwfe! pyzhfo! Cz! beejoh! dbmdvmbufe! rvboujuz! pg! tpejvn!

tvmqijef!ps!tpejvn!tvmqibuf!ps!izesb{jof!

! ! Ob3T!,!3P3!Æ!Ob3TP5

! ! 3Ob3TP4!,!P3!Æ!3Ob3TP5

! ! O3I5!,!P3!Æ!O3!,!3I3P



337! Fohjoffsjoh!Difnjtusz

)c*!Ejttpmwfe! dbscpo! ejpyjef! Ju! hjwft! dbscpojd! bdje!xijdi!ibt! b! tmpx!dpssptjwf!

fggfdu!po!uif!cpjmfs!nbufsjbm/

! ! DP3!,!I3P!Æ!I3DP4

Sfnpwbm!pg!ejttpmwfe!dbscpo!ejpyjef! Cz!beejoh!dbmdvmbufe!rvboujuz!pg!bnnpojb

! ! 3OI5PI!,!DP3!Æ!)OI5*3!DP4!,!I3P

)d*!Bdjet!gspn!ejttpmwfe!tbmut! Uif!nbhoftjvn!tbmut!qsftfou!xbufs-!mjcfsbuft!bdjet!

po!izespmztjt!

! ! NhDm3!,!I3P!Æ!Nh)PI*3!Ø!,!3IDm
Uif! mjcfsbufe!IDm! sfbdut!xjui! jspo! jo!dibjo! sfbdujpot!qspevdjoh!IDm!bhbjo!

boe!bhbjo/

! ! Gf!,!IDm!Æ!GfDm3!,!I3≠    

! ! GfDm3!,!3I3P!Æ!Gf)PI*3!Ø!,!3IDm

Qsftfodf!pg! fwfo! b! tnbmm! bnpvou!pg!NhDm3! dbo! dbvtf! dpssptjpo!pg! jspo! up!

b! mbshf! fyufou/!Uijt! uzqf! pg! dpssptjpo!nbz! cf! bwpjefe! cz! ofvusbmjtbujpo!xjui!

bmlbmj/!

)jjj*!Tmvehft!boe!Tdbmft! Uif!xbufs!fwbqpsbuft!dpoujovpvtmz!jo!cpjmfst/!Bt!uif!

dpodfousbujpo!pg!ejttpmwfe!tbmut!jodsfbtft!qsphsfttjwfmz-!xifo!uif!dpodfousbujpo!

sfbdift!tbuvsbujpo!qpjou-!uifz!bsf!uispxo!pvu!jo!uif!gpsn!pg!qsfdjqjubuft!)tmvehf!

ps!tdbmf*/

Tmvehf! B! mpptf! boe! tmjnz! qsfdjqjubuf!

gpsnfe! xjuijo! uif! cpjmfs! jt! dbmmfe!

tmvehf/! Tmvehft! dbo! cf! gpsnfe!

cz! tvctubodft! xijdi! ibwf! hsfbufs!

tpmvcjmjujft! jo! ipu! xbufs! uibo! jo! dpme!

xbufs/!

Tbmut! mjlf!NhDP4-!NhTP5-!NhDm3-!

DbDm3-! fud/-! bsf! sftqpotjcmf! gps! tmvehf!

gpsnbujpo!jo!cpjmfst/

Ejtbewboubhft

! )b*! Tmvehf! jt! b! cbe! dpoevdups! pg! ifbu-! ifodf! ju! xbtuft! b! qpsujpo! pg! ifbu!

hfofsbufe/

! )c*! Fydfttjwf!tmvehf!gpsnbujpo!sfevdft!uif!fgÝdjfodz!pg!uif!cpjmfs/

Qsfwfoujpo

! )b*! Gsfrvfou!cmpx.epxo!pqfsbujpo!tipvme!cf!dbssjfe!pvu/

! )c*! Cz!vtjoh!xfmm.tpgufofe!xbufs/

Tdbmf! B!ibse-!beifsjoh!dpbujoh!po!uif!joofs!xbmmt!pg!uif!cpjmfs!jt!dbmmfe!tdbmf/!

Tbmut!mjlf!DbTP5!boe!Db)IDP4*3!bsf!sftqpotjcmf!gps!tdbmf!gpsnbujpo!jo!cpjmfst/

Boiler wall

Sludge (loose ppt.
suspended in water)

Water

Heat

Gjh/!6/3! Cpjmfs
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Ejtbewboubhft!

! )b*! Tdbmf!bdut!bt!b!cbe!dpoevdups!pg!ifbu/

! )c*! Tdbmf!gpsnbujpo!dbo!sfevdf!uif!fgÝdjfodz!pg!

b!cpjmfs/

! )d*! Bu!ijhi!ufnqfsbuvsft-!dsbdlt!nbz!cf!gpsnfe!

po!tdbmf-!mfbejoh!up!fyqmptjpo/

Sfnpwbm!pg!Tdbmft!

! )b*! Cz!uifsnbm!tipdlt/!

! )c*! Xjui!uif!ifmq!pg!b!xjsf!csvti-!xppe!qjfdf!ps!

tdsbqfs/

! )d*! Dbscpobuf!tdbmft!dbo!cf!sfnpwfe!cz!6Ï21&!IDm/

Qsfwfoujpo!

! )b*! Fyufsobm! usfbunfou;! Jpo.fydibohf! qspdftt! ps! {fpmjuf! qspdftt! ps! MjnfÏ

Tpeb!qspdftt!ibt!up!cf!bqqmjfe!gps!tpgufojoh!cpjmfs!xbufs/

! )c*! Joufsobm!usfbunfou;!Xbufs!jt!usfbufe!xjuijo!uif!cpjmfs!fjuifs!cz!dpowfsujoh!

tdbmf!gpsnjoh!tvctubodf!joup!tmvehf!gpsnjoh!tvctubodft!gpmmpxfe!cz!cmpx!

epxo!pqfsbujpo!ps!cz!lffqjoh!uif!tdbmf!gpsnjoh!tvctubodft!jo!tpmvcmf!tubuf!

cz!nfbot!pg!dpnqmfybujpo/!

! 2/! Dpmmpjebm!dpoejujpojoh;!Pshbojd!tvctubodft! mjlf!lfsptfof!boe!bhbsÏ

bhbs!bsf!beefe!up!uif!xbufs!up!bwpje!tdbmf!gpsnbujpo/

! 3/! Qiptqibuf! dpoejujpojoh;! Qiptqibuft! sfbdu! xjui! xbufs! boe! b! mpptf!

tmvehf! jt! gpsnfe! xijdi! dbo! cf! fbtjmz! sfnpwfe! cz! cmpx.epxo!

pqfsbujpo/

! ! ! 4DbDm3!,!3Ob4QP5!Æ!Db4)QP5*3!Ø!,!7ObDm/
! 4/! Dbscpobuf!dpoejujpojoh;!Jo!mpx!qsfttvsf!cpjmfst-!tdbmf!gpsnbujpo!dbo!

cf!bwpjefe!cz!beejoh!tpejvn!dbscpobuf!up!cpjmfs!xbufs!

! ! ! DbTP5!,!Ob3DP4!Æ!DbDP4!,!Ob3TP5

! ! ! !
)tmvehf*

! 5/! Dbmhpo!dpoejujpojoh;!Tpejvn!ifyb!nfub!qiptqibuf!)Dbmhpo*!jt!beefe!

up!cpjmfs!xbufs!xijdi!dbo!qsfwfou!uif!tdbmf!gpsnbujpo!cz!uif!gpsnbujpo!

pg!tpmvcmf!dpnqmfy

! ! ! 3DbTP5!,!Ob3)Ob5)QP4*7*!Æ!Ob3)Db3)QP4*7*!,!3Ob3TP5

! 6/! Tpejvn!bmvnjobuf! dpoejujpojoh;!Tpejvn!bmvnjobuf!hfut!izespmztfe!

zjfmejoh! ObPI! boe! bmvnjojvn! izespyjef! qsfdjqjubuf/! Uif! tpejvn!

izespyjef! sfbdut! xjui! nbhoftjvn! tbmut! up! nbhoftjvn! izespyjef/!

Uiftf! izespyjeft! fousbq! Ýofmz! ejwjefe! qbsujdmft! boe! ofvusbmjtf! uif!

dibshf!po!dpmmpjebm!qbsujdmft-!boe!uif!mpptf!qsfdjqjubuf!dbo!cf!sfnpwfe!

cz!cmpx.epxo!pqfsbujpo/

! ! ! ObBmP3!,!3I3P!Æ!ObPI!,!Bm)PI*4!Ø!

! ! ! 3ObPI!,!NhDm3!Æ!Nh)PI*3!Ø!,!3ObDm

)jw*! Dbvtujd! Fncsjuumfnfou! Uijt! jt! b! uzqf! pg! dpssptjpo! dbvtfe! cz! uif!

gpsnbujpo! pg! tpejvn! izespyjef! jo! cpjmfs/! Tpvsdft! pg! gpsnbujpo! pg! tpejvn!

Boiler wall

Scale

Water

Heat

Gjh/!6/4! Cpjmfs
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izespyjef! bsf! hfofsbmmz! cz!vtjoh!ijhimz! bmlbmjof!xbufs! ps!Ob3DP4!qsftfou! jo!

xbufs!tpgufofe!cz!mjnf!tpeb!qspdftt/

Tpejvn!dbscpobuf!efdpnqptft! up!hjwf!ObPI!boe!DP3!boe! uijt!nblft! uif!

cpjmfs!xbufs!dbvtujd/

! ! ! Ob3DP4!,!I3P!Æ!3ObPI!,!DP3!≠
Uijt! tpejvn! izespyjef! qbttft! joup! uif! njovuf! ibjs! dsbdlt! qsftfou! po! uif!

cpjmfs! cz! dbqjmmbsz! bdujpo! boe! buubdlt! uif! tvsspvoejoh! bsfb! ejttpmwjoh! jspo! pg!

cpjmfs!bt!Tpejvn!gfsspbuf!)Ob3GfP3*/

! ! ! Gf!,!3ObPI!Æ!Ob3GfP3!,!I3

Uijt! dbvtft! uif! fncsjuumfnfou! pg! cpjmfs! qbsut! qbsujdvmbsmz! bu! cfoet-! sjwfut-!

kpjout-!fud/!dbvtjoh!gbjmvsf!pg!cpjmfs/

Qsfwfoujpo!

! )b*! Cz! beejoh! Ob3TP5-! uboojo-! fud/! up! uif! cpjmfs! xbufs! xijdi! cmpdlt! ibjs!

dsbdlt/

! )c*! Cz! vtjoh! tpejvn! qiptqibuf! bt! uif! tpgufojoh! bhfou! jotufbe! pg! tpejvn!

dbscpobuf/

! 6/23
TPGUFOJOH!PG!!XBUFS

Uif!sfnpwbm!pg!ibseoftt!dbvtjoh!tbmut!gspn!xbufs!jt!dbmmfe!tpgufojoh!pg!xbufs/!

Uif!uisff!jnqpsubou!joevtusjbm!nfuipet!fnqmpzfe!gps!tpgufojoh!pg!xbufs!bsf;

! 2/! MjnfÏtpeb!qspdftt

! 3/! [fpmjuf!ps!qfsnvuju!qspdftt

! 4/! Jpo.fydibohf!)ps*!efnjofsbmj{bujpo!qspdftt!

2/! MjnfÐtpeb! Qspdftt! Uijt! qspdftt! jt! cbtfe! po! dpowfsujoh! uif! tpmvcmf!

dbmdjvn!boe!nbhoftjvn!tbmut!joup!jotpmvcmf!dbmdjvn!dbscpobuf!boe!nbhoftjvn!

izespyjef!qsfdjqjubuft!cz!beejujpo!pg!dbmdvmbufe!bnpvou!pg!mjnf!\Db)PI*3^!boe!

tpeb!\Ob3DP4^/!Uif!qsfdjqjubuft!bsf!sfnpwfe!cz!Ýmusbujpo/!Boz!gsff!ejttpmwfe!

DP3!boe!bdjet!bsf!bmtp!sfnpwfe!cz!uijt!qspdftt/!Uif!wbsjpvt!difnjdbm!sfbdujpot!

jowpmwfe!jo!uijt!qspdftt!bsf

! )b*! Gps!dbmdjvn!boe!nbhoftjvn!cjdbscpobuft-!pomz!mjnf!jt!sfrvjsfe!

! )j*! ! Db)IDP4*3!,!Db)PI*3! Æ 3DbDP4Ø!,!3I3P

! )jj*! ! Nh)IDP4*3!,!Db)PI*3!Æ!DbDP4!,!NhDP4!,!3I3P

! ! ! NhDP4!,!Db)PI*3!Æ DbDP4!,!Nh)PI*3Ø

! ! Nh)IDP4*3!,!3Db)PI*3!Æ!3DbDP4Ø!Nh)PI*3Ø!,!3I3P

! )c*! Gps!NhTP5!boe!NhDm3-!cpui!mjnf!boe!tpeb!bsf!sfrvjsfe/

! )jjj*! ! NhTP5!,!Ob3DP4!Æ!NhDP4!,!Ob3TP5

! ! ! NhDP4!,!Db)PI*3! Æ!Nh)PI*3!Ø!DbDP4Ø

! ! NhTP5!,!Ob3DP4!,!Db)PI*3!Æ!Nh)PI*3!Ø!,!DbDP4!Ø!,!Ob3TP5
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! )jw*! ! NhDm3!,!Ob3DP4!Æ! NhDP4!,!3ObDm

! ! ! NhDP4!,!Db)PI*3!Æ! Nh)PI*3!Ø!DbDP4Ø

! ! ! ! NhDm3!,!Ob3DP4!,!Db)PI*3! Æ! Nh)PI*3!Ø ,!DbDP4Ø!,!3ObDm

! )d*! Gps!DbTP5!boe!DbDm3-!pomz!tpeb!jt!sfrvjsfe!

! ! )w*! DbTP5!,!Ob3DP4!Æ! DbDP4Ø!,!Ob3TP5

! ! )wj*!! DbDm3!,!Ob3DP4!Æ! DbDP4!Ø ,!3ObDm

! )e*! Puifs!sfbdujpot;!Gsff!bdjet-!DP3-!I3T-!ejttpmwfe!jspo!boe!bmvnjojvn!tbmut-!

fud/!bsf!bmtp!sfnpwfe!jo!uijt!qspdftt/!

! ! ! 3IDm!,!Ob3DP4! Æ! 3ObDm!,!I3P!,!DP3≠ !!

! ! ! I3TP5!,!Ob3DP4! Æ! Ob3TP5!,!I3P!,!DP3≠ !

! ! ! DP3!,!Db)PI*3! Æ! DbDP4!Ø!,!I3P

! ! ! I3T!,!Db)PI*3! Æ! DbT!Ø!,!I3P

! ! ! Gf,3!,!Db)PI*3! Æ! Gf)PI*3!Ø!,!Db,3

! ! ! Bm,4!,!4Db)PI*3! Æ! 3Bm)PI*4!Ø!,!4Db,3

Dbmdvmbujpo;!211!qbsut!cz!nbtt!pg!DbDP4!bsf!frvjwbmfou!up!85!qbsut!pg!Db)PI*3!

boe!217!qbsut!pg!Ob3DP4/

! )b*! Bnpvou!pg!mjnf!sfrvjsfe!gps!tpgufojoh

!! ! >!
74

100

Temp.Ca 2 Temp.Mg Perm. (Mg Fe Al

CO H (HC

2+ 2+ 2+ 2+ 3+

2

+ ¥ + + +

+ + +

)

ll or H SO ) HCO

all in terms of CaCO eq.

2 4 3

3

+

È

Î

Í
Í
Í
Í

˘

˚

˙
˙
˙
˙

- !

! )c*! Bnpvou!pg!tpeb!sfrvjsfe!gps!tpgufojoh!

!! ! ! >!
106

100

Perm. Ca Mg Fe Al ) H HCl or H SO

HCO all in

2+ 2+ 2+ 3+ +
2 4

3

( ( )+ + + +

- - tterms of CaCO eq.3

È

Î
Í
Í

˘

˚
˙
˙

! )j*! Dpme! mjnfÏtpeb! qspdftt;! Jo! uijt! nfuipe! uif! mjnf! boe! tpeb! bsf! njyfe!

xjui!ibse!xbufs!bu!sppn!ufnqfsbuvsf!xjui!dpotubou!tujssjoh/!Hfofsbmmz!uif!

qsfdjqjubuft!gpsnfe!cz!uijt!qspdftt!bsf!Ýofmz!ejwjefe!boe!jo!psefs!up!tfuumf!

uif!qsfdjqjubuft-!dpbhvmbout!mjlf!bmvn-!gfsspvt!tvmqibuf-!fud/!bsf!beefe/

! ! ! Uif! ibse! xbufs! up! cf! tpgufofe! jt! njyfe! xjui! dbmdvmbufe! rvboujuz! pg!

difnjdbmt!)mjnf!,!tpeb!,!dpbhvmbou*!gspn!uif!upq!joup!uif!joofs!dibncfs!

)Gjh/!6/5*!po!wjhpspvt!tujssjoh/!Uif!difnjdbm!sfbdujpot!ublf!qmbdf!boe!uif!

ibseoftt!qspevdjoh!tbmut!hfu!dpowfsufe!joup!jotpmvcmf!qsfdjqjubuft!)tmvehf*/!

Uif!tmvehf!jt!sfnpwfe!gspn!uif!cpuupn!pg! uif!pvufs!dibncfs!xijmf! uif!

tpgufofe!xbufs!qbttft!uispvhi!b!xppe!Ýcsf!Ýmufs!up!fotvsf!uif!dpnqmfuf!

sfnpwbm! pg! boz! sftjevbm! tmvehf! qbsujdmft/! Uif! dmfbs! tpgufofe! xbufs! jt!

xjuiesbxo!gspn!uif! upq!pg! uif!pvufs!dibncfs/!Uif!tpgufofe!xbufs! gspn!

uijt!qspdftt!dpoubjot!b!sftjevbm!ibseoftt!pg!61Ï71!qqn/
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Gjh/!6/5! Dpoujovpvt!dpme!mjnf!tpeb!qspdftt

! )jj*! Ipu!mjnfÏtpeb!qspdftt;!Uijt!qspdftt!jt!tjnjmbs!up!uif!dpme!mjnfÏtpeb!qspdftt!

cvu!op!dpbhvmbou!jt!offefe/!Ifsf!uif!qspdftt!jt!dbssjfe!bu!b!ufnqfsbuvsf!pg!

91!up!261¡D/!Tjodf!uif!sfbdujpo!dbssjfe!pvu!bu!ijhi!ufnqfsbuvsf

! )b*! Uif!sfbdujpo!ublft!qmbdf!gbtufs/

! )c*! Uif!tmvehf!tfuumft!sbqjemz/

! )d*! Wjtdptjuz!pg!tpgu!xbufs!jt!mpxfs-!ifodf!Ýmufsfe!fbtjmz/

! )e*! Uif!ejttpmwfe!hbtft!tvdi!bt!DP3-!bjs-!fud/!esjwfo!pvu!pg!uif!xbufs/

! )f*! Uif!sftjevbm!ibseoftt!jt!mpx!dpnqbsfe!up!uif!dpme!mjnfÏtpeb!qspdftt/

! Ipu!mjnf!tpeb!qspdftt!dpotjtut!pg!uisff!qbsut!)Gjh/!6/6*/

! )b*! ÑSfbdujpo! ubolÒ! jo!xijdi!dpnqmfuf!njyjoh!pg!xbufs-!difnjdbmt!boe!

tufbn!ublft!qmbdf!boe!xbufs!hfut!tpgufofe/

! )c*! ÑDpojdbm!tfejnfoubujpo!wfttfmÒ!xifsf!uif!tmvehf!tfuumf!epxo/

! )d*! ÑTboe!ÝmufsÒ!xifsf!tmvehf!jt!dpnqmfufmz!sfnpwfe/

Gjh/!6/6! Ipu!mjnfÐtpeb!qspdftt
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Uif!tpgufofe!xbufs!gspn!uijt!qspdftt!dpoubjot!b!sftjevbm!ibseoftt!pg!26Ï41!

qqn/

Bewboubhft!pg!mjnfÐtpeb!qspdftt

! )j*! Uijt!qspdftt!jt!fdpopnjdbm/

! )jj*! Njofsbm!dpoufou!pg!uif!xbufs!jt!sfevdfe/

! )jjj*! Uif!qspdftt!jodsfbtft!uif!qI!wbmvf!pg!uif!xbufs-!xijdi!sfevdft!uif!dpoufou!

pg!qbuiphfojd!cbdufsjb/

! )jw*! Nbohboftf!boe!jspo!tbmut!bsf!bmtp!sfnpwfe!cz!uijt!qspdftt/

! )w*! Uif!qspdftt!jnqspwft!uif!dpssptjpo!sftjtubodf!pg!uif!xbufs/

Ejtbewboubhft!pg!mjnfÐtpeb!qspdftt

! )j*! Evf!up!sftjevbm!ibseoftt-!xbufs!jt!opu!vtfgvm!gps!ijhi!qsfttvsf!cpjmfst/

! )jj*! Mbshf!bnpvou!pg!tmvehf!jt!gpsnfe!xijdi!dsfbuf!ejtqptbm!qspcmfn/

Tpmwfe!Qspcmfnt

! 2/! Dbmdvmbuf! uif! rvboujujft! pg! mjnf! boe! tpeb! sfrvjsfe! up! tpgufo! 6111! mjusft! pg!

xbufs!dpoubjojoh!uif!gpmmpxjoh!tbmut;

! ! ! NhDm3!>!26/6!qqn<!Db)IDP4w*3!>!43/6!qqn

! ! ! DbTP5!>!33/5!qqn<!Nh)IDP4*3!>!25/7!qqn!!

! ! ! ObDm!!>!61!qqn

! ! Tpmvujpo! Dbmdvmbujpo!pg!dbmdjvn!dbscpobuf!frvjwbmfout

Ibse!Tbmu
Xfjhiu!

)qqn*

Npmfdvmbs!!

Xfjhiu!)NX* DbDP4!fr/!>!
Weight

MW
100¥ )qqn*

NhDm3 26/6 ! :6
15 5

95
100 16 31

.
.¥ =

Db)IDP4*3 43/6 ! 273
32 5

162
100 20 06

.
.¥ =

DbTP5 33/5 ! 247
22 4

136
100 16 47

.
.¥ =

Nh)IDP4*3 25/7 ! 257
14 6

146
100 10 00

.
.¥ =

! ! Mjnf!sfrvjsfe!gps!mjusf!pg!xbufs

!! ! ! >!
74

100
Ca(HCO ) 2 Mg(HCO ) MgCl as CaCO eq.3 2 3 2 2 3+ ¥ +[ ]

! ! ! >!
74

100
20.06 + ¥ +[ ]2 10 16 31.

! ! ! >!
74

100
mg¥ =56 37 41 71. .
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! ! Mjnf!sfrvjsfe!gps!6111!mjusft!pg!xbufs!>!
41.71 5000

1000

¥
!>!319/66!h!>!1/319!lh/

! ! Tpeb!sfrvjsfe!gps!mjusf!pg!xbufs!!>!
106

100
MgCl CaSO as CaCO eq.2 4 3+[ ]

! ! ! >!
106

100
16 31 16 47. .+[ ]

! ! ! >!
106

100
mg¥ =32 78 34 74. .

! ! Tpeb!sfrvjsfe!gps!611!mjusft!pg!xbufs!>!
34.74

1000
g¥ =5000 173 7. !>!1/284!lh

! 3/! Dbmdvmbuf! uif! bnpvou! pg! mjnf! boe! tpeb! sfrvjsfe! up! tpgufo! 41-111! mjusft! pg!

xbufs!dpoubjojoh!uif!gpmmpxjoh!tbmut

! ! ! ! Nh)IDP4*3!>!84!Nh0M<!NhTP5!>!231!nh0M

! ! ! ! NhDm3!>!:6!nh0M<!DbTP5!>!24/7!nh0M<

! ! Qvsjuz!pg!mjnf!jt!91&!boe!uibu!pg!tpeb!jt!:6&/

! ! Tpmvujpo! Dbmdvmbujpo!pg!dbmdjvn!dbscpobuf!frvjwbmfout

Ibse!tbmu
Xfjhiu!

)nh0M*

Npmfdvmbs!

xfjhiu!)NX* DbDP4!fr/!>!
Weight

M W
100 mg L

◊
¥ /

Nh)IDP4*
3 ! 84 ! 257

73

146
¥ =100 50

NhTP5 ! 231 ! 231
120

120
¥ =100 100

NhDm3 ! :6 ! :6
95

95
¥ =100 100

DbTP5 ! 24/7 ! 247
13.6

136
¥ =100 10

! ! Mjnf!sfrvjsfe!gps!tpgufojoh!>!
74

100

2 Mg(HCO ) MgSO MgCl

as CaCO eq.

3 2 4 2

3

¥ + +È

Î
Í

˘

˚
˙ !

¥!211&!qvsjuz!¥!wpm/!pg!xbufs

! ! ! >!
74

100
2 50 100 100

100

80
30000¥ + +[ ]¥ ¥

! ! ! >!
74

100
¥ ¥ ¥300

100

80
30000 !>!9/436!¥!217!nh

! ! ! >!9/436!lh

! ! Tpeb!sfrvjsfe!gps!tpgufojoh!>!
106

100

MgSO MgCl CaSO

as CaCO eq.

4 2 4

3

+ +È

Î
Í

˘

˚
˙

! ! ! ¥!211&!qvsjuz!¥!wpm/!pg!xbufs
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! ! ! >!
106

100
100 100 10

100

95
30000+ +[ ]¥ ¥

! ! ! >!
106

100
¥ ¥ ¥210

100

95
30000>!8/13!¥!217!nh

! ! ! >!8/13!lh

Fyfsdjtf!Qspcmfnt

! 2/! Dbmdvmbuf! uif! rvboujuz! pg! mjnf! boe! tpeb! sfrvjsfe! up! tpgufo! 61-111! mjusft! pg!xbufs!

dpoubjojoh!uif!gpmmpxjoh!tbmut

! ! ! Db)IDP4*3!>!9/2!nh0M<!Nh)IDP4*3!>!8/6!nh0M<!DbTP5!>!24/7!nh0M

! ! ! NhTP5!>!23/1!nh0M<!NhDm3!>!3/1!nh0M<!ObDm!>!5/8!nh0M

! ! ! \Bot;!Mjnf!>!2/12!lh<!Tpeb!>!2/28!lh^

! 3/! Dbmdvmbuf!uif!rvboujuz!pg!mjnf!)85&!qvsjuz*!boe!tpeb!):1&!qvsjuz*!up!tpgufo!6111!

mjusft!pg!xbufs!dpoubjojoh!uif!gpmmpxjoh!jnqvsjujft

! ! ! Nh)IDP4*3!>!84!nh0M<!DbDm3!>!333!nh0M<!NhTP5!>!231!nh0M

! ! ! Db)OP4*3!>!275!nh0M/

! ! ! \Bot;!Mjnf!>!2!lh<!Tpeb!>!3/46!lh^

3/![fpmjuf!ps!Qfsnvuju!Qspdftt! [fpmjuf!jt!izesbufe!tpejvn!bmvnjop!tjmjdbuf/!

Jut!hfofsbm!gpsnvmb!jt!Ob3P!◊!Bm3P4!◊! !TjP3!◊! !I3P/

Ifsf! ! ! y!>!3!Ï!21! z!>!3!Ï!7/

fh;!Obuspmjuf! ! Ob3P!◊!Bm3P4!◊!4TjP3!◊!3I3P/

Obuvsbm! {fpmjuft! bsf! hfofsbmmz! opo.qpspvt/! Uif! bsujÝdjbm! {fpmjuf! jt! dbmmfe!

qfsnvuju/!Uifz!bsf!qsfqbsfe!cz!ifbujoh! uphfuifs!xjui!dijob!dmbz-! gfmetqbs!boe!

tpeb! bti/! Uiftf! bsf! qpspvt! boe! ibwf! hsfbufs! tpgufojoh! dbqbdjuz! uibo! obuvsbm!

{fpmjuf/!Uifz!fydibohf!Ob,!jpot!xjui!uif!ibseoftt!qspevdjoh!jpot!)Db3,-!Nh3,-!

fud/*!jo!xbufs/!Tpejvn!{fpmjuf!jt!efopufe!bt!Ob3[f/

Qspdftt!!Jo!uijt!qspdftt!ibse!xbufs!jt!qbttfe!uispvhi!b!cfe!pg!{fpmjuf!)bt!tipxo!

jo!Gjh/!6/7*!bu!psejobsz!ufnqfsbuvsf/!Uif!ibse!xbufs!qfsdpmbuft-!Db3,!boe!Nh3,!

qsftfou!jo!ibse!xbufs!bsf!fydibohfe!xjui!Ob,!jpot/!Uif!gpmmpxjoh!sfbdujpot!bsf!

ubljoh!qmbdf/

! NhDm3!,!Ob3[f!Æ! Nh[f!,!3ObDm!

! !NhTP5!,!Ob3[f!Æ! Nh[f!,!Ob3TP5!

! DbDm3!,!Ob3[f!Æ! Db[f!,!3ObDm!

! DbTP5!,!Ob3[f!Æ! Db[f!,!Ob3TP5!

! !Nh)IDP4*3!,!Ob3[f!Æ! Nh[f!,!3ObIDP4!

! !Db)IDP4*3!,!Ob3[f!Æ! Db[f!,!3ObIDP4

Sfhfofsbujpo! pg! {fpmjuf! ! Po! dpoujovpvt! qbttjoh! pg! ibse! xbufs! uispvhi! tpejvn!

{fpmjuf!cfe/!Ju!jt!dpowfsufe!up!dbmdjvn!boe!nbhoftjvn!{fpmjuf!xijdi!jt!lopxo!bt!

fyibvtufe!cfe/!Ifodf!ju!nvtu!cf!sfhfofsbufe/!Uijt!dbo!cf!epof!cz!xbtijoh!uif!

{fpmjuf!cfe!xjui!21&!tpejvn!dimpsjef!tpmvujpo/

! Db[f!,!3ObDm!Æ!Ob3[f!,!DbDm3
! Nh[f!,!3ObDm!Æ!Ob3[f!,!NhDm3
! ! )Sfhfofsbufe!{fpmjuf*
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! )j*! Uif!frvjqnfou!jt!tnbmm!boe!fbtz!up!iboemf/

! )jj*! Ju!sfrvjsft!mftt!ujnf!gps!tpgufojoh/

! )jjj*! Xbufs!pcubjofe! gspn! uijt!qspdftt!dpoubjot!b! sftjevbm!ibseoftt!vq! up!21!

qqn/

! )jw*! Fbtz!up!sfhfofsbuf/

! )w*! Op!tmvehf!jt!gpsnfe!jo!uijt!qspdftt/

Gjh/!6/7! [fpmjuf!tpgufofs

Ejtbewboubhft

! )j*! Ijhimz!uvscje!xbufs!dboopu!cf!usfbufe!cz!uijt!qspdftt/

! )jj*! Uif!qspdftt!fydibohft!pomz!Db3,!boe!Nh3,!jpot!cz!tpejvn!jpot!boe!ifodf!

uif!tpgufofe!xbufs!dpoubjot!npsf!tpejvn!tbmut/

! )jjj*! Bmm!uif!bdjejd!jpot!mjlf!IDPÏ
4-!DP

3Ï
4!!-!fud/!bsf!opu!sfnpwfe!cz!uijt!qspdftt/!

Tpejvn!cjdbscpobuf!efdpnqptft!jo!uif!cpjmfs!sfmfbtjoh!DP3!xijdi!mfbet!

up!dpssptjpo!xijmf!Ob3DP4!jt!izespmztfe!up!ObPI!xijdi!dsfbuft!dbvtujd!

fncsjuumfnfou!pg!uif!cpjmfs/

4/! Jpo.Fydibohf!Qspdftt! Uijt! jt! bmtp!lopxo!bt!Ef.njofsbmjtbujpo!qspdftt/!

Jpo.fydibohf! sftjot! bsf! jotpmvcmf-! dsptt.mjolfe-! mpoh! dibjo! pshbojd! qpmznfst/!

Uif!gvodujpobm!hspvqt!buubdife!up!uif!dibjot!dbo!fydibohf!ibseoftt!qspevdjoh!

dbujpot!boe!bojpot!qsftfou!jo!xbufs/

Qspdftt! Uif!qspdftt!jowpmwft!uif!gpmmpxjoh!tufqt/

! 2/! Uif!Ýstu!dibncfs!jt!qbdlfe!xjui!dbujpo!fydibohf!sftjo!)SI,*/!Xifo!uif!

ibse!xbufs!jt!qbttfe!uispvhi!b!cfe!pg!dbujpo!fydibohf!sftjo!ju!fydibohft!

izesphfo!jpot!xjui!Db,3-!Nh,3-!L,-!Ob,-!fud/!pg!ibse!xbufs!)Gjh/!6/8*/

! ! ! SI,!,!Nh3,!Æ!S3Nh
3,,!3I,

! ! ! SI,!,!Db3,! Æ!S3Db
3,!,!3I,
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! ! Uivt!ibseoftt!qspevdjoh!dbujpot!)Db3,-!Nh3,-!fud/*!bsf!sfnpwfe/

! 3/! Uif! tfdpoe! dibncfs! jt! qbdlfe!xjui! bojpo! fydibohf! sftjo! )S¢PIÏ*/!Uif!

xbufs!dpnjoh!pvu!pg!uif!Ýstu!dibncfs!dpoubjot!I,-!DmÏ-!TP5
3!Ï!!boe!DPÏ

4!jpot/!

Ju! jt! opx!qbttfe! uispvhi! bojpo! fydibohf! sftjo! cfe!xijdi! dbo! fydibohf!

PIÏ!jpot!xjui!bojpot!mjlf!DmÏ-!TP5
3Ï!!boe!IDP4

Ï-

! ! ! S¢PIÏ!,!DmÏ!Æ!!S¢DmÏ!,!PIÏ

! ! ! 3S¢PIÏ!,!TP5
3!Æ!!S¢3TP5

3Ï!,!3PIÏ

! ! ! S¢PIÏ!,!IDP4
Ï!Æ!!S¢IDP4

Ï!,!PIÏ

! ! Uivt-!ibseoftt!qspevdjoh!bojpot!mjlf!DmÏ-!TP5
3Ï!boe!IDP4

Ï!bsf!sfnpwfe!

)Gjh!6/8*/

Gjh/!6/8! Efnjofsbmjtbujpo!pg!xbufs

! 4/! Uif!I,!jpot!qspevdfe!gspn!Ýstu!dibncfs!dpncjof!xjui!PIÏ!jpot!qspevdfe!

gspn!tfdpoe!dibncfs!up!gpsn!xbufs!

! ! ! I,!,!PIÏ! Æ!I3P

! ! Ifodf-!uif!xbufs!qspevdfe!gspn!jpo.fydibohf!qspdftt!jt!dpnqmfufmz!gsff!

gspn!bmm!dbujpot!boe!bojpot!pg!tbmut/

! Sfhfofsbujpo! pg! Sftjot! Uif! sftjo!cfet!hfut! fyibvtufe-!xifo!vtfe! gps! b!
mpoh!qfsjpe!boe!dbo!cf!sfhfofsbufe<!

! )b*! Uif!fyibvtufe!dbujpo!fydibohf!sftjo!dbo!cf!sfhfofsbufe!cz!qbttjoh!

ejm/!IDm/

! ! ! S3Nh
3,!,!3I,! Æ!3SI,!,!Nh3,

! ! ! S3Db
3,!,!3I,! Æ!3SI,!,!Db3,

! )c*! Uif!fyibvtufe!bojpo!fydibohf! sftjo!dbo!cf! sfhfofsbufe!cz!qbttjoh!

ejm/!ObPI/

! ! ! S¢DmÏ!,!PIÏ!Æ!S¢PIÏ!,!DmÏ

! ! ! S¢3TP5
3!Ï!,!3PIÏ! Æ!3S¢PIÏ!,!TP5

3Ï

! ! ! S¢IDP4
Ï!,!PIÏ! Æ!S¢PIÏ!,!IDP4

Ï
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! 2/! Uif!tpgufofe!xbufs!cz!uijt!nfuipe!jt!dpnqmfufmz!gsff!gspn!bmm!tbmut!boe!Ýu!

gps!vtf!jo!cpjmfst/!

! 3/! Ju!qspevdft!wfsz!mpx!ibseoftt!ofbsmz!3!qqn/

! 4/! Ijhimz!bdjejd!ps!bmlbmjof!xbufs!dbo!cf!usfbufe!cz!uijt!qspdftt/

Ejtbewboubhft

! 2/! Uif!frvjqnfou!jt!dptumz/!

! 3/! Npsf!fyqfotjwf!difnjdbmt!bsf!sfrvjsfe!gps!sfhfofsbujpo/

! 4/! Uvscje!xbufs!dboopu!cf!usfbufe!cz!uijt!nfuipe/!

! 6/24
BOBMZTJT!PG!XBUFS

Ftujnbujpo! pg! Ejttpmwfe! Pyzhfo! B! hppe! bnpvou! pg! ejttpmwfe! pyzhfo!

jo!xbufs! bu! sppn! ufnqfsbuvsf! boe! qsfttvsf! jt! bcpvu! 9!nh0M/! Ju! jt! fttfoujbm! gps!

tvtubjojoh! brvbujd! mjgf! boe! bmtp! tfswft! bt! bo! joejdbups! pg! uif! fyufou! pg! xbufs!

qpmmvujpo! cz! jnqvsjujft/! Ifodf-! efufsnjobujpo! pg! ejttpmwfe! pyzhfo! dpoufou! jt!

pg!tjhojÝdbodf!cpui!gspn!fowjsponfoubm!bt!xfmm!bt!gspn!uif!joevtusjbm!qpjout!pg!

wjfx/!Ejttpmwfe!pyzhfo!dpoufou!jo!xbufs!jt!efufsnjofe!cz!XjolmfsÔt!nfuipe/

Qsjodjqmf! Uif!efufsnjobujpo!pg!ejttpmwfe!pyzhfo! jt!cbtfe!po! uif!pyjebujpo!pg!

qpubttjvn! jpejef!cz!ejttpmwfe!pyzhfo/!Uif! mjcfsbufe! jpejof! jt! ujusbufe!bhbjotu!

b!tuboebsefe!tpmvujpo!pg!tpejvn!uijptvmqibuf!)Izqp*!vtjoh!tubsdi!bt!joejdbups/!

Uif! ejttpmwfe! npmfdvmbs! pyzhfo! jo! xbufs! jt! vobcmf! up! sfbdu! xjui! LJ/! Tp! bo!

pyzhfo! dbssjfs! mjlf!Nbohboftf! izespyjef! jt! vtfe! up! csjoh! bcpvu! uif! sfbdujpo!

cfuxffo! LJ! boe! Pyzhfo/! Bdujpo! pg! qpubttjvn! izespyjef! po! nbohbopvt!

tvmqibuf!hjwft!nbohboftf!izespyjef/

! ! ! NoTP5!,!3LPI!Æ! No)PI*3!,!L3TP5

! ! ! 3No)PI*3!,!P3! Æ! 3NoP)PI*3
! ! ! ! ! ! Cbtjd!nbohbojd!pyjef!

! 3NoP)PI*3!,!I3TP5! Æ! NoTP5!,!3I3P!,!)P*

! ! 3LJ!,!I3TP5!,!)P*! Æ! L3TP5!,!J3!,!I3P

! ! ! ! Ob3T3P4!,!J3! Æ! Ob3T5P7!,!3ObJ

Qspdfevsf! 3!nm!pg!Nbohboftf!tvmqibuf!tpmvujpo!boe!3!nm!pg!bmlbmjof!qpubttjvn!

jpejef! tpmvujpo! bsf! beefe! up!361!nm!pg!xbufs! tbnqmf/!Uif!cpuumf! jt! tupqqfsfe!

boe! tiblfo!xfmm! gps! 21Ï26!njovuft! boe! bmmpxfe! up! tuboe! gps! gfx!njovuft! up!

tfuumf! uif! qsfdjqjubuf/! Uifo! 3Ï4! nm! pg! dpodfousbufe! tvmqivsjd! bdje! jt! beefe-!

tupqqfsfe! boe! tiblfo! up! ejttpmwf! uif! qsfdjqjubuf/! 211! nm! pg! uif! tpmvujpo! jt!

qjqfuufe! pvu! gspn! uif! cpuumf! joup! b! dmfbo! dpojdbm! Þbtl! boe! ujusbufe! bhbjotu!

tuboebse!izqp!tpmvujpo!vtjoh!tubsdi!bt!joejdbups/!Foe!qpjou!jt!ejtbqqfbsbodf!pg!

cmvf!dpmpvs/!
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Dbmdvmbujpo! ! Wpmvnf!pg!izqp!tpmvujpo!dpotvnfe! >!  2!nm

! ! Opsnbmjuz!pg!izqp!tpmvujpo!>! O2

! Opsnbmjuz!pg!uif!ejttpmwfe!pyzhfo!>!
V N1 1

100

! Xfjhiu!pg!ejttpmwfe!pyzhfo!qfs!mjusf!pg!xbufs!>!
V N1 1 8

100

¥ ¥
g

! ! ! >!
V N1 1

68 10

100 1000

¥ ¥ ¥
¥

ppm

! 6/25
EFNJOFSBMJTBUJPO!PG!CSBLJTI!XBUFS

Uijt! jt! bmtp! lopxo! bt! eftbmjobujpo! pg! csbljti!xbufs/! Ju! jowpmwft! uif! sfnpwbm!

pg! tbmut! gspn!xbufs/!Uif! tbmjojuz! pg!xbufs! jt!nptumz! evf! up! ejttpmwfe! tpejvn!

dimpsjef!boe!up!b!tnbmmfs!fyufou!pg!puifs! jopshbojd!tbmut/!Tfb!xbufs!dpoubjojoh!

bo!bwfsbhf!pg!bcpvu!4/6&!tbmut!dpnft!voefs!uijt!dbufhpsz!)Csbljti!xbufs*/!Uijt!

xbufs!jt!upubmmz!voÝu!gps!esjoljoh!boe!puifs!epnftujd!qvsqptft/!Sfwfstf!ptnptjt!

nfuipe!jt!dpnnpomz!vtfe!gps!eftbmjobujpo!pg!Csbljti!xbufs/

Sfwfstf! Ptnptjt! Nfuipe! Xifo! b! tfnjqfsnfbcmf! nfncsbof! tbqbsbuft! uxp!

tpmvujpot! pg! ejggfsfou! dpodfousbujpot-! uif! Þpx! pg! tpmwfou! ublft! qmbdf! gspn!

Ómftt! dpodfousbufeÔ! up! b! sfhjpo! pg! Ónpsf! dpodfousbufeÔ! evf! up! ptnptjt/! Uif!

tfnjqfsnfbcmf! nfncsbof! bsf! dfmmvmptf! bdfubuf-! qpmznfuizt! nfuibbdszmbuf!

boe! qpmzbnjef! qpmznfst/! Tfnjqfsnfbcmf! nfncsbof! dbo! bmmpx! pomz! tpmwfou!

)xbufs*!cvu!opu! tpmvuf! )tbmut*!qbsujdmft/! Jg!npsf!qsfttvsf-!xijdi! jt!ijhifs! uibo!

ptnpujd! qsfttvsf-! jt! bqqmjfe! uifo! sfwfstf! ptnptjt! ublft! qmbdf-! j/f/-! Þpx! pg!

tpmwfou! gspn!ijhifs! dpodfousbujpo! up! mftt! dpodfousbujpo! )Gjh/! 6/9*/!Vtjoh! uijt!

qsjodjqmf!esjoljoh!xbufs! jt!pcubjofe!gspn!csbljti! )tfb!xbufs0tbmujti!xbufs*/! Jo!

uijt!nfuipe-!b!qsfttvsf!jo!uif!sbohf!pg!26Ï51!lh0dn3!jt!bqqmjfe!po!uif!csbljti!

xbufs/! Uif! xbufs! npmfdvmft! qbtt! uispvhi! uif! nfncsbof! xijmf! uif! tbmut! hfu!

dpodfousbufe!jo!uif!fgÞvfou!tusfbn!xijdi!dbo!cf!sfnpwfe/!

Solvent (water)

Semipermeable membrane

Pure water

Brakish water

Gjh/!6/9! Sfwfstf!ptnptjt!dfmm
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Fmfduspejbmztjt! Uijt! nfuipe! jt! bopuifs! fgÝdjfou! nfuipe! vtfe! gps! uif!

eftbmjobujpo!pg!xbufs/!Ju!jt!cbtfe!po!uif!qsjodjqmf!uibu!uif!jpot!njhsbuf!upxbset!

pqqptjufmz! dibshfe! fmfduspeft! cz! qbttjoh! ejsfdu! dvssfou! vtjoh! jpo! tfmfdujwf!

qfsnfbcmf!nfncsboft/!Uif! dbujpo!nfncsboft! bsf! qfsnfbcmf! up! pomz! dbujpot!

xijmf! bojpo!nfncsboft! bsf! qfsnfbcmf! up! pomz! bojpot! uif! qspdftt! hjwft! qvsf!

xbufs!cz!efdsfbtjoh!tbmu!dpodfousbujpo/

ÑUif!qspdftt!pg!efdsfbtjoh! uif!dpodfousbujpo!pg! tbmut! jo! tbmjof!xbufs!vtjoh!

jpo! tfmfdujwf! nfncsboft! voefs! uif! joÞvfodf! pg! b! ejsfdu! dvssfou! jt! dbmmfe!

fmfdusp.!ejbmztjt/Ò

Bt!tipxo!jo!Gjh/!6/:!bo!fmfduspejbmztjt!dfmm!dpotjtut!pg!b!tfsjft!pg!bmufsobujwf!

dbujpo!qfsnfbcmf!nfncsboft!)D*!boe!bojpo!qfsnfbcmf!nfncsboft!)B*/!Tbmjof!

xbufs! jt!qbttfe!voefs!qsfttvsf!pg! bcpvu!6Ï7!lh!nÏ3!cfuxffo!nfncsbof!qbjst!

boe!fmfdujd!Ýfme!jt!bqqmjfe!bdsptt!uif!uxp!fmfduspeft!jnnfstfe!jo!tbmjof!xbufs!

)csjof*/!Uif!tpejvn!jpot!)Ob,*!npwf!uispvhi!uif!ÓDÔ!xijmf!bojpot!)DmÏ*!npwf!

uispvhi!ÓBÔ!gspn!fbdi!dpnqbsunfou!pg!ÓDBÔ/!Uifsfgpsf! uif!tbmu!dpoufou! jo! uif!

ÓDBÔ! efdsfbtft! boe! bo! jodsfbtf! tbmu! dpodfousbujpo! jo!BD! dpnqbsunfout/! Uif!

gsfti! xbufs! qspevdfe! jo! ÓDBÔ! jt! dpmmfdufe! xijmf! uif! dpodfousbufe! csjof! gspn!

ÓBDÔ!dpnqbsunfout!jt!ejtdibshfe/

Gjh/!6/:! Fmfduspejbmztjt!dfmm

Tipsu!Botxfs!Rvftujpo

! 2/! EfÝof!Ibseoftt!pg!xbufs/

! ! Bot/!Uif!xbufs!xijdi!epft!opu!hjwft!mbuifs!fbtjmz!xjui!tpbq!cvu!qspevdft!b!xijuf!

qsfdjqjubuf!ps!tdvn!jt!dbmmfe!ibse!xbufs!ibseoftt!pg!xbufs!jt!evf!up!uif!qsftfodf!pg!

cjdbscpobuft! boe! dijpsjeft! boe! tvmqibuft! pg! dbmdjvn-!nbhoftjvn! jpot/! Jg! tpbq! jt!

beefe!up!ibse!xbufs-!b!xijuf!qsfdjqjubuf!jt!gpsnfe!evf!up!uif!gpsnbujpo!pg!dbmdjvn!

ps!nbhoftjpo!tpbq/



Xbufs!Usfbunfou! 34:

! ! N3,!,!3D28!I46!DPP!Ob!Æ!)D28!I46DPP*3!N!,!3Ob
!,!)N!>!Db)ps*Nh*

! ! D28!I46!DPP!Ob!,!Nhdm3!Æ!)D28!I46!DPP*3!Nh!,!3Obdm

! 3/! Xibu!bsf!uif!ejtbewboubhft!pg!ibse!xbufs

! ! Bot/! )j*! Ibse!xbufs!epft!opu!gpsn!mbuifs!fbtjmz!xjui!tpbq/

! ! ! )jj*! Ibse!xbufs!dbvtft!cbe!fggfdut!po!pvs!ejhftujwf!tztufn

! ! ! )jjj*! Dbmdjvn!boe!nbhoftjvn!tbmut!jo!xbufs!nbz!fggfdu!uif!rvbmjuz!pg!qbqfs!

! ! ! )jw*! Xbufs!dpoubjojoh!tvmqibuft-!dbscpobuft-!ojusbuft!fggfdut!uif!dsztubmmj{bujpo!

pg!tvhbs

! ! ! )w*! Evf!up!uif!ibse!xbufs!dpssptjpo-!tdbmf!boe!tmvehf!gpsnbujpo!qsjnbsz!boe!

gpbnjoh!ublftqmbdft!jo!cpjmfst

! 4/! Xijdi!tbmut!dbvtfe!up!ufnqpsbsz!boe!qfsnbofou!ibseoftt/

! ! Bot/!! Ufnqpsbsz! ibseoftt! jt! evf! up! qsftfodf! pg! cjdbscpobuft! pg! dbmdjvn! boe!

nbhoftjvn!jo!xbufs/!Uijt!dbo!cf!sfnpwfe!cz!cpjmjoh!uif!xbufs

Nh!)IDP4*3!
Dæ Ææ  DbDP4!Ø!,!I3P!,!DP3!≠

Nh!)IDP4*3!
Dæ Ææ !Nh!)PI*3!Ø!,!3DP3!≠

! ! Qfsnbofou!ibseoftt!evf!up!uif!qsftfodf!pg!dimpsjef!boe!tvmqibuft!pg!dbmvdjvn!boe!

nfhoftjvn!jo!xbufs!uijt!dboopu!cf!sfnpwfe!kvtu!cz!cpjmjoh!uif!xbufs

! 5/! Xiz!ep!xf!fyqsftt!ibseoftt!pg!xbufs!jo!ufsnt!pg!DbDp4!frvjwbmfou/

! ! Bot/!Ibseoftt!jt!bmxbzt!fyqsfttfe!bt!frvjwbmfout!pg!dbmdjvn!dbscpobuf/!Uif!dipjdf!

pg! DbDp4! jo! qbsujdvmbs! jt! evf! up! jut!Npmfdvmbs! xfjhiu! cfjoh! 211! boe! frvjwbmfou!

xfjhiu!cfjoh!61!xijdi! jt! gpvoe! up!cf!dpjowfou! gps!dbmdvmbujpo!boe!bmtp! jotpmvcmf!

tbmu!uibu!dbo!cf!qsfdjqjubufe!jo!usfbunfou/

! 6/! Dbmdvmbuf! ufnqpsbsz! boe! qfsnbofou! boe! upubm! ibseoftt! pg! tbnqmf! pg! xbufs!

dpoubjojoh!Db)IDP4*3!>!51/6!nh0M;!nh)IDP4*3!>!576!NhTP5!>!38/7!nh0M;!Dbdm3!

>!33/5!nh0M-!DbTp5!>!43/2!nh0M

! ! Bot/!Dbmdvmbujpo!pg!DbDp4!frvjwbmfou!>!
Weight

M.w
!¥!211!nh0M

! ! ! ! ! Db)IDP4*3! >!
40

162
!¥!211!>!36

! ! ! ! ! Nh)IDP4*3! >!
46 5

146

.
!¥!211!>!42/9

! ! ! ! ! NhTP5! >!
27 6

120

.
!¥!211!>!34

! ! ! ! ! Dbdm3! >!
27 4

111

.
!¥!211!>!31/2

! ! ! ! ! DbTp5! >!
32 1

136

.
!¥!211!>!34/7

! ! ! ! ! Ufnqpsbsz!ibseoftt! >!Db)IDP4*3!boe!nh)IDP4*3

! ! ! ! ! ! >!36!,!42/9

! ! ! ! ! ! >!67/9!nh0M
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! ! ! ! ! Qfsnbofou!ibseoftt! >!DbDm3-!DbTP5!boe!NhTP5

! ! ! ! ! ! >!31/2!,!34/7!,!34

! ! ! ! ! ! >!77/8!nh0M

! ! ! ! ! Upubm!ibseoftt! >!Ufnqpsbsz!ibseoftt!,!Qfsnbofou!ibseoftt

! ! ! ! ! ! >!67/9!,!77/8!nh0M

! ! ! ! ! ! >!234/6!nh0M

! 7/! Xiz!ep!xf!bee!cvggfs!Tpmvujpo!jo!ftujnbujpo!pg!ibseoftt!pg!xbufs

! ! Bot/! Uif! joejdbups! tipxt! dpmpvs! dibohf! bu! QI! wbmvf! pg! bcpvu! 21/! Tp! Xf! bee!

Bmlbmjof!cvggfs/!Uijt!jt!nbjubjo!QI!21/

! 8/! Xsjuf!Tusvduvsf!pg!FEUB/

! ! Bot/!!Fuizmfof!ejbnjof! ufusb! bdfujd! bdje! )FEUB*! jt! b! dpnqmfyjoh! bhfou! vtfe! gps!

ftujnbujpo!pg!ibseoftt!pg!xbufs

Tusvduvsf!pg!FEUB

! 9/! Xibu!bsf!uif!joevtusjbmt!nfuipet!vtfe!gps!tpgufojoh!pg!xbufs

! ! Bot/!Uif!sfnpwbm!pg!ibseoftt!dbvtjoh!tbmut!gspn!xbufs!jt!dbmmfe!tpgufojoh!pg!xbufs/!

Uif!Uisff!jnqpsubou!joevtusjbm!nfuipet!fnqmpzfe!gps!tpgufojoh!pg!xbufs

! ! ! 2/! Mjnf.Tpeb!qspdftt

! ! ! 3/! [fpmjuf!ps!Qfsnvuju!qspdftt

! ! ! 4/! Jpo.fydibohf!ps!efnjofsbmj{bujpo!qspdftt

! :/! Xsjuf!csjfÞz!po!Dimpsjobujpo!pg!xbufs/

! ! Bot/!Dimpsjof!qspevdft!izqpdimpspvt!bdje-!xijdi!jt!b!qpxfsgvm!Hfsnjdjef/

Dm3!,!I3P!Æ!IPDm!,!IDm

! ! ! ! ! Izqpdimpspvt!bdje

Hfsnt!,!IPDm!Æ!Hfsnt!bsf!ljmmfe

!21/! Fyqmbjo!uif!spmf!pg!obtdfou!pyzhfo!jo!p{pojtbujpo/!!

! ! Bot/!P{pof!jt!bo!fydfmmfou!ejtjogfdubou/!P{pof!jt!ijhimz!votubcmf!boe!csfblt!epxo!

mjcfsbujoh!obtdfou!pyzhfo

4P3!Æ!3P4

! P4!Æ P3!,!)P*!Obtdfou!pyzhfo

! ! obtdfou!pyzhfo!ljmmt!cfdufsjb!bt!xfmm!bt!pyjejtf!uif!pshbojd!nbuufs

!22/! EfÝof!tufsjmj{bujpo!boe!obnf!uisff!nfuipet

! ! Bot/!Uif!qspdftt!pg!ljmmjoh!qbuihfojd!cbdufsjb!boe!puifs!njdsp!pshbojtnt!jt!dbmmfe!

tufsjmj{bujpo/!Uifz!bsf!uisff!difnjdbm!qspdftt!gps!tufsjmj{bujpo!pg!xbufs!

! ! ! )j*! Cz!beejoh!Cmfbdijoh!qpxefs

! ! ! )jj*! Dimpsjobujpo

! ! !)jjj*! P{pojtbujpo
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!23/! Ejggfsfoujbuf!cfuxffo!tdbmf!boe!tmvehf/

! ! Bot/! Tmvehf! jt! b! tpgu-! mpptf-! tmjnz! efqptju! gpsnfe! jotjef! uif! cpjmfs-! tbmut! mjlf!

NhDP4-!NhTP5-!Nhdm3-!Dbdm3!fud!bsf!sftqpotjcmf!gps!tmvehf!gpsnbujpo!jo!cpjmfst/

! ! B!ibse-!beifsjoh!dpbujoh!po!uif!joofs!xbmmt!pg!uif!cpjmfs!jt!dbmmfe!tdbmf/!Tbmut!mjlf!

DbTP5!boe!Db)IDP4*3!bsf!sftqpotjcmf!gps!tdbmf!gpsnbujpo!jo!cpjmfst

!24/! EfÝof!qsjnjoh!boe!gpbnjoh

! ! Bot/! Qsjnjoh;!Uijt! jt! bmtp! lopxo! bt!xfu! tufbn!ps! dbssz! pwfs! qspevdujpo! pg!xfu!

tufbn!cz!sbqje!cpjmjoh!xbufs!jo!cpjmfst!jt!dbmmfe!Qsjnjoh/

! ! Gpbnjoh;!Uif!qspevdujpo!pg!qfstjtufou!cvccmft!ps! gpbn!jo!cpjmfs!xbufs!tvsgbdf! jt!

dbmmfe!gpbnjoh

!25/! Xsjuf!b!tipsu!opuf!po!boz!uxp!nfuipet!gps!tdbmf!qsfwfoujpo!jo!joufsobm!usfbunfou/

! ! Bot/!Xbufs!jt!usfbufe!xjuijo!uif!cpjmfs!cz!dpowfsujoh!tdbmf!gpsnjoh!tvctubodft!joup!

tmvehf!gpsnjoh!tvctubodft!gpmmpxfe!cz!cmpx!epxo!pqfsbujpo/

! ! ! 2/! Dpmmpjebm!dpoejujpojoh

!! !! Pshbojd! Tvctubodft! mjlf!Lfsptfof! boe! bhbs! bhbs! bsf! beefe! up! uif!xbufs! up!

bwpje!tdbmf!gpsnbujpo/

! ! ! 3/!Qiptqibuf! dpoejujpojoh;! Qiptqibuft! sfbdu! xjui! xbufs! boe! mpptf! tmvehf! jt!

gpsnfe!xijdi!dbo!cf!fbtjmz!sfnpwfe!cz!cmpx.epxo!pqfsbujpo

4DbDm3!,!4Ob4QP5!Æ!Db4)QP5*3!Ø!,!7ObDm

!26/! Xibu!bsf!uif!bewboubhft!boe!ejtbewboubhft!pg!jpo.Fydibohf!qspdftt@

! ! Bot/!Bewboubhft;

! ! ! 2/!Uif!tpgufofe!xbufs!cz!uijt!nfuipe!dpnqmfufmz!gsff!gspn!bmm!tbmut!boe!Ýu!gps!vtf!

jo!cpjmfst/

! ! ! 3/! Ju!qspevdft!wfsz!mpx!ibseoftt!ofbsmz!3!QQN

! ! ! 4/! Ijhimz!bdjejd!ps!bmlbmjof!xbufs!dbo!cf!usfbufe!cz!uijt!qspdftt/

! ! !Ejtbewboubhft;!

! ! ! 2/! Uif!frvjqnfou!jt!dptumz

! ! ! 3/! Npsf!fyqfotjwf!difnjdbmt!bsf!sfrvjsfe!gps!sfhfofsbujpo/

! ! ! 4/! Uvscje!xbufs!dboopu!cf!usfbufe!cz!uijt!nfuipe/

!27/! Xsjuf!uif!difnjdbm!gpsnvmb!pg![fpmjuf

! ! Bot/![fpmjuf!jt!izesbufe!tpejvn!bmvnjop!Tjmjdbuf/

! ! !Jut!hfofsbm!gpsnvmb!jt!Ob3P/!Bm3P4/!y!TjP3/!z!I3P

!28/! Xibu!bsf!uif!bewboubhft!pg!{fpmjuf!ps!Qfsnvuju!qspdftt

! ! Bot/!Bewboubhft;

! ! ! 2/! Uif!frvjqnfou!jt!tnbmm!boe!fbtz!up!iboemf

! ! ! 3/! Ju!sfrvjsft!mftt!ujnf!gps!tpgujoh

! ! ! 4/! Xbufs!pcubjofe!gpsn!uijt!qspdftt!dpoubjot!b!sftjevbm!ibseoftt!vqup!21!QQn

! ! ! 5/! Fbtz!up!sfhfofsbuf

! ! ! 6/! Op!tmvehf!jt!gpsnfe!jo!uijt!qspdftt/

!29/! Xibu!jt!uif!qsjodjqmf!jowpmwfe!jo!sfwfstf!ptnptjt!nfuipe/

! ! Bot/!B!tfnjqfsnfbcmf!nfncsbof!tfqbsbuft!uxp!tpmvujpot!pg!ejggfsfou!dpodfousbujpot-!

uif! Þpx! pg! tpmwfou! ublft! qmbdf! gspn! mftt! dpodfousbufe! up! b! sfhjpo! pg! Ñnpsf!

dpodfousbufeÒ!dbmmfe!ptnptjt/
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! ! Tfnjqfsnfbcmf! nfncsbof! dbo! bmmpx! pomz! tpmwfou! )xbufs*! cvu! opu! tpmvuf! )tbmut*!

qbsujdmft/! Jg!npsf!qsfttvsf-!xijdi! jt!ijhifs! uibo!ptnpujd!qsfttvsf! jt!bqqmjfe! uifo!

sfwfstf! ptnptjt! ublft! qmbdf/! Tpmwfou! npwft! gspn! ijhifs! dpodfousbujpo! up! mftt!

dpodfousbujpo

! ! Fy/!Uijt!Qsjodjqmf!vtfe! jo! up!pcubjofe!esjoljoh!xbufs! gspn!csbljti!)Tfb!xbufs!ps!

Tbmu!xbufs*/

!2:/! EfÝof!uif!fmfduspejbmztjt

! ! Bot/! Uif! qspdftt! pg! efdsfbtjoh! uif! dpodfousbujpo! pg! Tbmut! jo! Tbmjof! xbufs!

vtjoh! jpo! Tfmfdujwf!nfncsboft! voefs! uif! joÞvfodf! pg! b! ejsfdu! Dvssfou! jt! dbmmfe!

ÑFmfduspejbmztjtÒ

!31/! Xibu!jt!nbjo!bewboubhf!pg!sfwfstf!ptnptjt/

! ! Bot/!Sfwfstf!Ptnptjt!fmjnjobuft!bmm!jpojd-!opo.jpojd-!dpmmpjebm!boe!pshbojd!nbufs/!

Uijt!qspdftt!dbo!cf!fbtjmz!epof!boe!mpx!dptu/

Sfwjfx!Rvftujpot

Tipsu!Uzqf!Rvftujpot

! 2/! Xibu!jt!nfbo!cz!Ibseoftt@!Xibu!bsf!jut!vojut!up!fyqsftt!Ibseoftt@

! 3/! Xibu!bsf!uif!ejtbewboubhft!pg!Ibse!xbufs@

! 4/! Fyqboe!FEUB@!Xsjuf!uif!tusvduvsf!pg!FEUB

! 5/! Xibu!bsf!uif!xbufs!usfbunfout!gps!Epnftujd!qvsqptf

! 6/! EfÝof!bmlbmjojuz!boe!bdjejuz

! 7/! EfÝof!Tdbmf!boe!Tmvehf

! 8/! Xibu!jt!qsjnjoh!boe!Gpbnjoh!

! 9/! Fyqmbjo!Dbvtujd!Fncsjuumfnfou

! :/! Xibu!jt!Cpjmfs!dpssptjpo

!21/! Xsjuf!Tipsu!opuf!po!boz!pof!joufsobm!usfbunfou!pg!Cpjmfs!gffe!xbufs

!22/! Xibu!jt!uif!Difnjdbm!gpsnvmb!pg![fpmjuf@

!23/! Xibu!jt!sfwfstf!Ptnptjt

!24/! EfÝof!Fmfdusp!ejbmztjt

!25/! Xibu!jt!nfbou!cz!dimpsjobujpo@!hjwf!jut!esbx!cbdlt/

!26/! EfÝof!qqn

!27/! Xiz!FEUB!vtfe!jo!ftujnbujpo!pg!ibseoftt@

!28/! Xibu!bsf!uif!jnqpsubou!qbsbnfufst!gps!xbufs!rvbmjuz@

!29/! Xsjuf!uif!difnjdbm!Frvbujpo!gps!uif!efufsnjobujpo!pg!E/P!cz!XsjolmfsÔt!nfuipe

!2:/! EfÝof!Csbljti!xbufs@!Xibu!uzqf!pg!nfuipe!vtfe!jut!qvsjÝdbujpo@

!31/! Xsjuf!uif!qsjodjqmf!gps!Ptnptjt@!Ipx!ju!jt!vtfe!jo!xbufs!qvsjÝdbujpo@

Fttbz!Uzqf!Rvftujpot

! 2/! Ejtdvtt!uif!jnqvsjujft!jo!xbufs!boe!uifjs!fggfdut/

! 3/! Xibu!jt!nfbou!cz!ibseoftt!pg!xbufs@!Hjwf!jut!vojut@

! 4/! Xibu!bsf!uif!nbkps!ejtbewboubhft!pg!ibse!xbufs!vtfe!gps!

! ! ! )j*! epnftujd!qvsqptft! )jj*! joevtusjbm!qvsqptft

! ! !)jjj*! tufbn!hfofsbujpo!jo!cpjmfst/
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! 5/! Xibu! jt!nfbou! cz! dbscpobuf! boe! opo.dbscpobuf! ibseoftt! pg!xbufs@!Fyqmbjo!xjui!

fybnqmft@

! 6/! Eftdsjcf!uif!ftujnbujpo!pg!ibseoftt!cz!FEUB!nfuipe@

! 7/! Xibu! jt! nfbou! cz! tufsjmjtbujpo! pg! xbufs@! Fyqmbjo! ipx! tufsjmjtbujpo! pg! xbufs! jt!

dbssjfe!pvu!cz!vtjoh!dimpsjof!boe!p{pof@!

! 8/! Xsjuf!tipsu!opuf!po!

! ! ! )j*! Qsjnjoh!boe!gpbnjoh! )jj*! Qiptqibuf!dpoejujpojoh

! ! )jjj*!! Dbvtujd!fncsjuumfnfou!

! 9/! ! )j*! Fyqmbjo!uif!qspdftt!pg!tdbmf!boe!tmvehf!gpsnbujpo!jo!cpjmfst/

! ! ! )jj*! Eftdsjcf!uif!joufsobm!usfbunfou!pg!cpjmfs!xbufs/

! :/! Eftdsjcf!uif!jpo.fydibohf!qspdftt!gps!tpgufojoh!pg!xbufs@!Xibu!bsf!jut!bewboubhft!

boe!mjnjubujpot@!

!21/! ! )j*! Xibu!bsf!uif!jnqpsubou!tpvsdft!pg!xbufs@

! ! ! )jj*! Ipx!ep!zpv!ftujnbuf!ejttpmwfe!pyzhfo!jo!xbufs@

!22/! Ejtdvtt!csjfÞz!cpjmfs!uspvcmft!boe!uifjs!usfbunfou@

!23/! Xibu! bsf! tdbmft! boe! tmvehft@! Ipx! ep! uifz! fggfdu! uif! cpjmfs@! Ipx! dbo! uifz! cf!

qsfwfoufe@

!24/! Xsjuf!b!tipsu!opuf!po!cpjmfs!dpssptjpo@

!25/! Eftdsjcf!uif!eftbmjobujpo!pg!csbljti!xbufs!cz!Sfwfstf!ptnptjt!nfuipe@

!26/! Eftdsjcf!uif!eftbmjobujpo!pg!csbljti!xbufs!cz!fmfduspejbmztjt/

!27/! Eftdsjcf!uif!qfsnvuju!qspdftt!gps!tpgufojoh!pg!xbufs/

!28/! Eftdsjcf!uif!nfuipet!gps!uif!dpoejujpojoh!pg!cpjmfs!gffe!xbufs/

!29/! Fyqmbjo!uif!mjnfÏtpeb!qspdftt!gps!tpgufojoh!pg!xbufs!vtfe!gps!tufbn!hfofsbujpo!jo!

joevtusjbm!!cpjmfst!nfoujpojoh!dmfbsmz!uif!sfbdujpot!boe!dpoejujpot!fnqmpzfe@

! 2/! Ufnqpsbsz!ibseoftt!pg!xbufs!dbo!cf!

sfnpwfe!cz

! )b*! Gjmusbujpo

! )c*! Tdsffojoh

! )d*! Cpjmjoh

! )e*! Tfejnfoubujpo/

! 3/! Qvsftu!gpsn!pg!obuvsbm!xbufs!jt

! )b*! Tfb!xbufs! )c*! Sjwfs!xbufs

! )d*! Sbjo!xbufs! )e*! Mblf!xbufs/

! 4/! Dbmhpo!jt!b!usbef!obnf!hjwfo!up

! )b*! Tpejvn!ifybnfubqiptqibuf!
! )c*! Nbhoftjvn!qiptqibuf

! )d*! Dbmdjvn!tjmjdbuf

! )e*! Tpejvn!tvmqibuf/

! 5/! Cmpx! epxo! pqfsbujpo! dbvtft! uif!

sfnpwbm!pg!

! )b*! Tmvehft! )c*! Tdbmft

! )d*! Cpui!pg!uifn! )e*! Dpme!xbufs/

! 6/! Csbljti! xbufs! nptumz! dpoubjot!

ejttpmwfe

! )b*! L!tbmut! )c*! Nh!tbmut

! )d*! Db!tbmut! )e*! ObDm/

! 7/! Xbufs!dbo!cf!tufsjmjtfe!cz!vtjoh

! )b*! Dm3! )c*! P4

! )d*! Cpui!pg!uifn! )e*! ObPI/

! 8/! qI!pg!bmlbmjof!xbufs!jt

! )b*! 8! )c*! npsf!uibo!8

! )d*! Mftt!uibo!8! )e*! 1/

! 9/! Csbljti! xbufs! dbo! cf! qvsjÝfe! cz!

vtjoh

!Nvmujqmf!Dipjdf!Rvftujpot
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! )b*! MjnfÏTpeb!qspdftt!!

! )c*! Qfsnvuju!qspdftt

! )d*! Gjmusbujpo

! )e*! Sfwfstf!ptnptjt!nfuipe/

! :/! Ibse!xbufs!jt!xbufs!dpoubjojoh

! )b*! Db3,!boe!Nh3,

! )c*! L,!boe!Mj,!

! )d*! DP3!boe!P3

! )e*! OP4
Ï!boe!OP3

Ï/

!21/! Xbufs! dpoubjojoh! dbmdjvn! dimpsjef!

boe!nbhoftjvn!tvmqibuf!jt

! )b*! Ufnqpsbsz!ibse!pomz!

! )c*! Qfsnbofou!ibse!pomz

! )d*! Cpui!pg!uifn

! )e*! Tpgu!pomz/

!22/! Cftu! nfuipe! pg! sfnpwjoh! ibseoftt!

pg!xbufs!jt

! )b*! Jpo.fydibohf! )c*! Qfsnvuju

! )d*! Mjnf.tpeb! )e*! Cpjmjoh/

!23/! Ibseoftt! pg! xbufs! jt! fyqsfttfe! jo!

ufsnt!pg!frvjwbmfout!pg

! )b*! NhDP4! )c*! DbDP4

! )d*! Ob3DP4! )e*! L3DP4/

!24/! Dbvtujd! fncsjuumfnfou! dbvtft! evf!

qsftfodf!pg!sftjevbm!jo!cpjmfs!xbufs

! )b*! ObDm! )c*! ObPI

! )d*! NhDP4! )e*! LOP4/

!25/! Qsjnjoh! boe! gpbnjoh! jo! cpjmfst!

qspevdf!tufbn!pg

! )b*! Xfu! )c*! Esz

! )d*! Tpgu!xbufs! )e*! opof

! ! ! ! pg!uiftf/

!26/! Uif!fyibvtufe!dbujpo!fydibohf!sftjo!

dbo!cf!sfhfofsbufe!cz!xbtijoh!xjui

! )b*! ejm/!ObPI

! )c*! ejm/!IDm

! )d*! Ejtujmmfe!xbufs

! )e*! Csbljti!xbufs

!27/! B! ibse! tujdlz! qsfdjqjubuf! gpsnfe!

po! uif! joofs! tvsgbdf!pg! uif!cpjmfs! jt!

dbmmfe

! )b*! Tmvehf! )c*! Pjm

! )d*! Hsfbtf! )e*! Tdbmf/

!28/! Xijdi! pg! uif! gpmmpxjoh! jt! sft.

qpotjcmf!gps!ufnqpsbsz!ibseoftt@

! )b*! NhDm3! )c*! DbTP5

! )d*! NhTP5! )e*! Nh)IDP4*3/

!29/! Uif! xbufs! xijdi! jt! Ýu! gps! esjol! jt!

dbmmfe

! )b*! Ibse!xbufs

! )c*! Csbljti!xbufs

! )d*! Qpubcmf!xbufs!

! )e*! Npefsbufmz!ibseoftt/

!2:/! Xijdi!pg!uif!gpmmpxjoh!jt!b!qpxfsgvm!

ejtjogfdubou@

! )b*! P3! )c*! Dm3

! )d*! DbPDm3! )e*! O3/

!31/! ``````! joejdbups! jt! vtfe! gps!

efufsnjobujpo!pg!ibseoftt!cz!FEUB!

nfuipe

! )b*! Nfuizm!psbohf

! )c*! Nfuizm!sfe

! )d*! FCU

! )e*! GTC!Ï!G/

!32/! Bojpo!fydibohf!sftjo!jt!sfhfofsbufe!

cz!vtjoh

! )b*! ejm/!ObPI! )c*! ejm/!IDm

! )d*! ejm/!ObDm! )e*! ejm/!LDm/

!33/! qI!pg!ofvusbm!xbufs!jt

! )b*! 8! )c*! Npsf!uibo!8

! )d*! Mftt!uibo!8!! )e*! 25/!

!34/! Xbufs!jt!ibse-!xifo!ju!dpoubjot

! )b*! bmlbmjojuz

! )c*! bdjejuz

! )d*! ejttpmwfe!qpubttjvn!tbmut!!

! )e*! ejttpmwfe!Db!boe!Nh!tbmut/

!35/! Mpptf! boe! tmjnz! qsfdjqjubuf! gpsnfe!

xjuijo!uif!cpjmfs!jt!dbmmfe

! )b*! tdbmf! )c*! tmvehf

! )d*! qsjnjoh! )e*! dpssptjpo/

!36/! Ejttpmwfe! DP3! jo! xbufs! dbo! cf!

sfnpwfe!cz!beejoh

! )b*! bnnpojb

! )c*! tpejvn!dimpsjef

! )d*! IDm

! )e*! I3TP5/
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Botxfst

! 2/! )d*! 3/! )d*! 4/! )b*! 5/! )b*! 6/! )e*

! 7/! )d*! 8/! )c*! 9/! )e*! :/! )b*! 21/! )c*

! 22/! )b*! 23/! )c*! 24/! )c*! 25/! )b*! 26/! )c*

! 27/! )e*! 28/! )e*! 29/! )d*! 2:/! )c*! 31/! )d*

! 32/! )b*! 33/! )b*! 34/! )e*! 35/! )c*! 36/! )b*

Gjmm!Vq!uif!Cmbolt!Rvftujpot

! 2/! Tpgu!xbufs!hjwf!````````!xjui!tpbq/

! 3/! Nh)IDP4*3!boe!Db)IDP4*3!tbmut!qsftfou!jo!xbufs!qspevdft!````````!ibseoftt/

! 4/! NhDm3!boe!NhTP5!tbmut!qsftfou!jo!xbufs!qspevdft!````````!ibseoftt/

! 5/! Db)IDP4*3!boe!DbDm3!tbmut!qsftfou!jo!xbufs!qspevdf!``````boe``````ibseoftt/

! 6/! Uif!gvmm!obnf!pg!FEUB!jt!````````/

! 7/! Uif!dpnnpo!vojut!vtfe!gps!fyqsfttjoh!ibseoftt!pg!xbufs!````````/

! 8/! Uif!qspdftt!pg!sfnpwjoh!ibseoftt!qspevdjoh!tbmut!gspn!xbufs!jt!dbmmfe!````````/

! 9/! Uif!nptu!jnqpsubou!nfuipe!gps!tpgufojoh!pg!xbufs!jt!````````/

! :/! Uif!qspdftt!pg!ljmmjoh!qbuiphfojd!cbdufsjb!jt!dbmmfe!````````/

!21/! Uif!qfsdfoubhf!pg!ObDm!qsftfou!jo!tfb!xbufs!jt!````````/

!22/! Uif! qspevdujpo! pg! qfstjtufou! cvccmft! ps! gpbn! jo! cpjmfs! xbufs! tvsgbdf! jt! dbmmfe!

````````/

!23/! Uif!mpptf!boe!tmjnz!qsfdjqjubuf!gpsnfe!xjuijo!uif!cpjmfs!jt!dbmmfe!````````/

!24/! B!hppe!bnpvou!pg!ejttpmwfe!pyzhfo!jo!xbufs!bu!sppn!ufnqfsbuvsf!boe!qsfttvsf!jt!

bcpvu!````````/

!25/! Uif!qspdftt!pg!sfnpwjoh!dpnnpo!tbmu!gspn!xbufs!jt!dbmmfe!````````/

!26/! Uif!difnjdbm!gpsnvmb!gps!Dbmhpo!jt!````````/

Botxfst

! 2/! Mbuifs! ! ! 3/! Ufnqpsbsz

! 4/! Qfsnbofou! ! ! 5/! Ufnqpsbsz!boe!qfsnbofou

! 6/! Fuizmfof!ejbnjof!ufusb!bdfujd!bdje! 7/! Qbsut!qfs!njmmjpo!)qqn*!)ps*

! ! ! ! ! ! njmmjhsbnt!qfs!mjusf!)nh0M*

! 8/! Tpgufojoh! ! ! 9/! jpo.fydibohf

! :/! Tufsjmj{bujpo! ! ! 21/! bcpvu!3/7&!

! 22/! gpbnjoh! ! ! 23/! tmvehf

! 24/! 9!nh0M! ! ! 25/! eftbmjobujpo

! 26/! Ob3\Ob5)QP4*7^
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! ! 7/2
JOUSPEVDUJPO

Uif!qibtf! svmf! jt!bo! jnqpsubou!hfofsbmjtbujpo!efbmjoh!xjui! uif!cfibwjpvs!pg!b!

ifufsphfofpvt!tztufn/!Uijt!sfmbujpotijq!hpwfsojoh!bmm!ifufsphfofpvt!frvjmjcsjb!

xbt!Ýstu!ejtdpwfsfe!cz!bo!Bnfsjdbo!qiztjdjtu-!KX!Hjcct!jo!2985/!Ju!jt!qpttjcmf!

up!qsfejdu!qibtf!svmf!rvbmjubujwfmz!cz!nfbot!pg!b!ejbhsbn-!tipxjoh!uif!fggfdu!pg!

dibohjoh!qsfttvsf-!ufnqfsbuvsf!boe!dpodfousbujpo!po!b!ifufsphfofpvt!tztufn!jo!

frvjmjcsjvn/!

Uif! efsjwbujpo! pg! qibtf! svmf! jt! hfofsbm! sfmbujpo! cfuxffo! uif! ovncfs! pg!

efhsfft!pg!gsffepn!G-!uif!ovncfs!pg!dpnqpofout!D-!boe!uif!ovncfs!pg!qibtft!

bu!frvjmjcsjvn!Q-!gps!b!tztufn!pg!boz!dpnqptjujpo/!Uif!nbuifnbujdbm!frvbujpo!

pg!qibtf!svmf!jt!hjwfo!cz

! ! ! ! G!>!D!Ï!Q!,!3

Qibtf! nbz! cf! efÝofe! bt! boz! ipnphfofpvt! qbsu! pg! b! tztufn! ibwjoh! bmm!

qiztjdbm! boe! difnjdbm! qspqfsujft! uif! tbnf! uispvhipvu/! Jo! uijt-! uif! tztufn!

dpotjtut!pg!pof!ps!npsf!uibo!pof!qibtft/!

Uif!dpnqpofou!D! jo! uif!qibtf! svmf!frvbujpo-!nbz!cf!efÝofe!bt!Ñuif! mfbtu!

ovncfs!pg!joefqfoefou!difnjdbm!dpotujuvfout!jo!ufsnt!pg!xijdi!uif!dpnqptjujpo!

pg!fwfsz!qibtf!dbo!cf!fyqsfttfe!cz!nfbot!pg!b!difnjdbm!frvbujpoÒ/

! 2/! Pof.qibtf!ps!2.qibtf!tztufn!)q!>!2*!tztufn!dpoubjojoh!pomz!mjrvje!xbufs!

tztufn/

! 3/! Uxp!qibtf!ps!3.qibtf!tztufn!)q!>!3*!mjrvje!xbufs!boe!xbufs!wbqpvs!)b!hbt*!

tztufn/

! 4/! Uif!tztufn!dpoubjojoh!mjrvje!xbufs-!xbufs!wbqpvs!boe!tpmje!jdf!jt!b!uisff.

qibtf!ps!4.qibtf!tztufn/

Ipnphfofpvt!tztufn!dpotjtujoh!pg!pomz!pof!qibtf/

Ifufsphfofpvt!tztufn!dpotjtujoh!pg!uxp!ps!npsf!qibtft/

7
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Psejobsjmz-!uisff!tubuft!pg!nbuufs!hbt-!mjrvje-!boe!tpmje!bsf!lopxo!bt!qibtft/!

Jo!uijt!qibtf!svmf-!b!vojgpsn!qbsu!pg!b!tztufn!jo!frvjmjcsjvn!jt!ufsnfe!b!qibtf/!

Uivt-!b!mjrvje!ps!tpmje!njyuvsf!dpvme!ibwf!uxp!ps!npsf!qibtft/

Gfx!fybnqmft!pg!qibtf!pg!qibtf!svmf!bsf!hjwfo!cfmpx/

! 2/! Qvsf! Tvctubodft! B! qvsf! tvctubodf! )tpmje-! mjrvje! ps! hbt*! nbef! vq! pg!

pof! difnjdbm! tqfdjft! pomz! jt! dpotjefsfe! bt! pof! qibtf/! Gps! fybnqmf-!

Pyzhfo!)P3*-!Cfo{fof!)D7I7*!boe!Jdf!bsf!bmm!2.qibtf!tztufnt/!Ju!nvtu!cf!

sfnfncfsfe!uibu!b!qibtf!nbz!ps!nbz!opu!cf!dpoujovpvt/!Uivt-!xifuifs!jdf!

jt!qsftfou!jo!pof!cmpdl!ps!nboz!qjfdft-!ju!jt!dpotjefsfe!bt!pof!qibtf/

! 3/! Njyuvsft!pg!Hbtft! Bmm!hbtft!njy!gsffmz! up! gpsn!ipnphfofpvt!njyuvsft/!

Njyuvsft!pg!hbtft-!tbz!O3!boe!P3!bsf!2.qibtf!tztufn/

! 4/! Njtdjcmf!Mjrvjet! Uxp!dpnqmfufmz!njtdjcmf!mjrvjet!zjfme!b!vojgpsn!tpmvujpo-!

uivt!b!tpmvujpo!pg!xbufs!boe!fuibopm!jt!b!2.qibtf!tztufn/

! 5/! Opo.Njtdjcmf! Mjrvjet! B!njyuvsf!pg! uxp!opo.njtdjcmf! mjrvjet!po! tuboejoh!

gpsnt! uxp!tfqbsbuf! mbzfst/!B!njyuvsf!pg!xbufs!boe!dimpspgpsn!)DIDm4*!

dpotujuvuft!b!3.qibtf!tztufn/!

! 6/! Brvfpvt!Tpmvujpot! Bo!brvfpvt!tpmvujpo!pg!b!tpmje!tvctubodf!tvdi!bt!tpejvn!

dimpsjef!)ps!tvhbst*!jt!vojgpsn!uispvhipvu/!Ifodf-!ju!jt!b!2.qibtf!tztufn/!B!

tbuvsbufe!tpmvujpo!pg!tpejvn!dimpsjef!jo!dpoubdu!xjui!fydftt!tpmje!tpejvn!

dimpsjef!jt!b!3.qibtf!tztufn/!

! 7/! Njyuvsft!pg!Tpmjet!

! )j*! Gspn!uif!efÝojujpo-!qibtf!nvtu!ibwf!uif!tbnf!qiztjdbm!boe!difnjdbm!

qspqfsujft! uispvhipvu-! psejobsz! tvmqivs! bt! ju! pddvst! jo! obuvsf! jt! b!

njyuvsf! pg! npopdmjojd! boe! sipncjd! tvmqivs/! Uiftf! bmmpuspqft! pg!

tvmqivs!dpotjtu!pg! uif!tbnf!difnjdbm!tqfdjft-!cvu!ejggfs! jo!qiztjdbm!

qspqfsujft/!Uivt-!b!njyuvsf!pg!uxp!bmmpuspqft!jt!b!3.qibtf!tztufn/!

! )jj*! B! njyuvsf! pg! uxp! ps! npsf! difnjdbm! tvctubodft! dpoubjot! bt! nboz!

qibtft/!

7/2/2! Qibtf!Ejbhsbnt

Uif!qibtf!ejbhsbn!pg!b!tvctubodf!jt!b!nbq!tipxjoh!uif!dpoejujpot!pg!qsfttvsf!

boe!ufnqfsbuvsf!bu!xijdi!jut!wbsjpvt!qibtft!bsf!uifsnpezobnjdbmmz!nptu!tubcmf/!

Gps! fybnqmf;!Bu! qpjou! ÓBÔ! jo! Gjh/! 7/2-! uif! wbsjpvt! qibtft! pg! b! tvctubodf! bsf!

uifsnpezobnjdbmmz!nptu!tubcmf-!cvu!bu!ÓDÔ-!uif!mjrvje!qibtf!jt!uif!nptu!tubcmf/!

Uif! cpvoebsjft! cfuxffo! sfhjpot! jo! b! qibtf! ejbhsbn! bsf! dbmmfe! Óqibtf!

cpvoebsjftÔ/! Jo! uijt-! uifz! tipx! uif! wbmvft! pg! Q! boe! U! bu! xijdi! uif! uxp!

ofjhicpvsjoh!qibtft!bsf! jo!frvjmjcsjvn/!Gps!fybnqmf-!b!tztufn!jt!bssbohfe! up!

ibwf! b! qsfttvsf! boe! ufnqfsbuvsf! sfqsftfoufe! cz! b! qpjou! ÓCÔ/!Uifo-! uif! mjrvje!

boe!jut!wbqpvs!bsf!jo!frvjmjcsjvn!)mjrvje!xbufs!boe!xbufs!wbqpvs!bu!2!bun!boe!

211¡D*/!Jg!uif!ufnqfsbuvsf!jt!sfevdfe!bu!dpotubou!qsfttvsf-!uif!tztufn!npwft!up!

qpjou!ÓDÔ-!xifsf!uif!mjrvje!jt!tubcmf!)xbufs!bu!2!bun!boe!bu!ufnqfsbuvsf!cfuxffo!

1¡D!boe!211¡D*/!Jg!uif!ufnqfsbuvsf!jt!sfevdfe!tujmm!gvsuifs!up!ÓEÔ-!uifo!uif!tpmje!

boe! uif! mjrvje!qibtft! bsf! jo! frvjmjcsjvn! )jdf! boe!xbufs! bu! 2! bun!boe!1¡D*/!B!
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gvsuifs!sfevdujpo!jo!ufnqfsbuvsf!ublft!uif!tztufn!joup!uif!sfhjpo!xifsf!uif!tpmje!

jt!uif!tubcmf!qibtf/

Gjh/!7/2! B!uzqjdbm!qibtf!ejbhsbn!pg!pof!dpnqpofou!tztufn

! 7/3
QIBTF!EJBHSBN!GPS!1.DPNQPOFOU!TZTUFN

! )XBUFS!TZTUFN*!

Voefs!opsnbm!dpoejujpot-! uif!tztufn!xbufs! jt! jo! uisff!qibtft-!pof.dpnqpofou!

tztufn/!Uif! uisff!qibtft! jowpmwfe!bsf! mjrvje!xbufs-! jdf!boe!xbufs!wbqpvs/!Bmm!

uiftf! qibtft! dbo! cf! sfqsftfoufe! cz! pof! difnjdbm! foujuz!I3P! boe! ifodf-! pof!

dpnqpofou!pg!uif!tztufn/!Uif!ovncfs!pg!qibtft!xijdi!dbo!fyjtu!jo!frvjmjcsjvn!

boz! ujnf! efqfoet! po! uif! dpoejujpot! pg! ufnqfsbuvsf! boe! qsfttvsf/! Uif! qibtf!

ejbhsbn!ps!QU.hsbqi!pg!uif!tztufn0xbufs0jdf0wbqpvs!bsf!tipxo!jo!Gjh/!7/3/!Uif!

tbmjfou!gfbuvsft!pg!uif!qibtf!ejbhsbn!bsf!hjwfo!jo!uif!ofyu!qbhf;!

Gjh/!7/3! !Uif!qibtf!ejbhsbn!pg!uif!tztufn!ÔxbufsÕ/
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! 2/! Uif!dvswft!PB-!PC-!PD

! 3/! Uif!usjqmf!qpjou!P

! 4/! Uif!bsfbt!BPD-!BPC-!CPD

2/!Uif!Dvswft!PB-!PC-!PD! Ifsf-!uiftf!uisff!dvswft!nffu!bu!uif!qpjou!P!boe!

ejwjef!uif!ejbhsbn!joup!uisff!sfhjpot!ps!bsfbt/

J/! Uif! dvswf!PB! jt! uif! wbqpvs! qsfttvsf! dvswf! pg! xbufs/! Ju! sfqsftfout! uif!

wbqpvs! qsfttvsf! pg! mjrvje! xbufs! bu! ejggfsfou! ufnqfsbuvsft/! Uif! uxp! qibtft-!

xbufs!boe!xbufs!wbqpvs-!dpfyjtu!jo!bo!frvjmjcsjvn!bmpoh!uijt!dvswf/!Uif!dvswf!

PB! ufsnjobuft! bu! B-! uif! dsjujdbm! qpjou! )329! bun-! ufnqfsbuvsf! 485¡D*/!Xifo!

uif! mjrvje!boe!wbqpvs! bsf! joejtujohvjtibcmf! gspn!fbdi!puifs-! pof!qibtf! jt! mfgu!

pomz/!Xifo!uif!wbqpvs!qsfttvsf!jt!frvbm!up!pof.bunptqifsf-!uif!dpssftqpoejoh!

ufnqfsbuvsf-!bt!joejdbufe!po!uif!qibtf!ejbhsbn!jt!uif!cpjmjoh!qpjou!)211¡D*!pg!

xbufs/!

JJ/! Uif! dvswf! PC! jt! uif! tvcmjnbujpo! dvswf! pg! jdf/! Ju! tipxt! uif! wbqpvs!

qsfttvsf! pg! tpmje! jdf! bu! ejggfsfou! ufnqfsbuvsft/!Uif! uxp! qibtft-! tpmje! jdf! boe!

wbqpvs-! dpfyjtu! jo! frvjmjcsjvn! bmpoh! uijt! dvswf/!Bu! uif! mpxfs! mjnju-! uif! dvswf!

PC!ufsnjobuft!bu!bctpmvuf!{fsp!)Ï384¡D*!xifsf!op!wbqpvs!fyjtut/!

Uif!dvswf!PD!jt!uif!gvtjpo!dvswf!pg!jdf/!Ju!efqjdut!uif!fggfdu!pg!qsfttvsf!po!

uif!nfmujoh!qpjou!pg! jdf/!Ifsf-! jdf!boe!xbufs!dpfyjtut! jo!frvjmjcsjvn/!Uif!gbdu!

uibu!PD!tmpqft!up!uif!mfgu!joejdbuft!uibu!uif!nfmujoh!qpjou!pg!jdf!efdsfbtft!xjui!

jodsfbtf!pg!qsfttvsf/!Tjodf!jdf!nfmut!xjui!efdsfbtf!jo!wpmvnf!cz!Mf!DibufmjfsÔt!

qsjodjqmf-! uif!nfmujoh! qpjou! jt! mpxfsfe! cz! bo! jodsfbtf! pg! qsfttvsf/! Ju!nbz! cf!

opufe!uibu! uif!2/1!bunptqifsf!mjof!nffut! uif!gvtjpo!dvswf!bu!1¡D!xijdi!jt! uif!

opsnbm!nfmujoh!qpjou!pg!jdf/!

Bmpoh!uif!dvswft!PB-!PC-!PD-!uifsf!bsf!uxp!qibtft!jo!frvjmjcsjvn!boe!pof!

dpnqpofou/!Uifsfgpsf-

! ! ! G!>!D!Ï!Q!,!3!>!2!Ï!3!,!3!>!2

Ifodf-!fbdi!uxp!qibtf!tztufn;!

! ! Xbufs0xbufs!wbqpvs!sfqsftfoufe!cz!PB

! ! Jdf0xbufs!wbqpvs!sfqsftfoufe!cz!PC

! ! Jdf0xbufs!sfqsftfoufe!cz!PD

ibt!pof!efhsff!pg!gsffepn-!j/f/!jt!npopwbsjbou/

3/!Uif!Usjqmf! Qpjou!ÔPÕ! Uif! dvswft!PB-!PC! boe!PD!nffu! bu! b! usjqmf! qpjou!

ÓPÔ!xifsf!bmm! uif! uisff!qibtft! mjrvje!xbufs0jdf0wbqpvs!bsf! jo!frvjmjcsjvn/!Uif!

dvswft! bu! 1/1187¡D! boe! wbqpvs! qsfttvsf! 5/69! nnIh/! Tjodf! uifsf! bsf! uisff!

qibtft!boe!pof!dpnqpofou-!xf!ibwf!

! ! ! G!>!D!Ï!Q!,!3!>!2!Ï!4!,!3!>!1

j/f/-! uif! tztufn! bu! uif! usjqmf! qpjou! jt! opo.wbsjbou/! Uivt-! jg! fjuifs! qsfttvsf! ps!

ufnqfsbuvsf!jt!dibohfe-!uif!uisff!qibtft!xpvme!opu!fyjtu!boe!pof!pg!uif!qibtft!

xpvme!ejtbqqfbs/!

4/!Bsfb!BPD-!BPC-!CPD! Uif!bsfbt!ps!sfhjpot!cfuxffo!uif!dvswft!tipx!uif!

dpoejujpot!pg!ufnqfsbuvsf!boe!qsfttvsf!voefs!xijdi!b!tjohmf!qibtfÐjdf-!xbufs!

ps!wbqpvs!jt!dbqbcmf!pg!tubcmf!fyjtufodf/!Uivt-!
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Bsfb!BPD!sfqsftfout!dpoejujpot!gps!uif!pof.qibtf!tztufn!xbufs/!

Bsfb!BPC!sfqsftfout!dpoejujpot!gps!uif!pof.qibtf!tztufn!xbufs!wbqpvs/!

Bsfb!CPD!sfqsftfout!dpoejujpot!gps!uif!pof.qibtf!tztufn!jdf/

Jo!bmm!uif!uisff!bsfbt-!uifsf!cfjoh!pof.qibtf!boe!pof.dpnqpofou-!xf!ibwf!

! G!>!D!Ï!Q!,!3!>!2!Ï!2!,!3!>!3

Uivt-!fbdi!tztufn!xbufs-!xbufs!wbqpvs!ps!jdf!ibt!3!efhsfft!pg!gsffepn-!j/f/!

uif!tztufn!jt!cj.wbsjbou/

! 7/4
UXP.DPNQPOFOU!TZTUFN

Xifo! b! tjohmf! qibtf! jt! qsftfou! jo! b! uxp! dpnqpofou! tztufn-! uif! efhsfft! pg!

gsffepn!bsf!uisff/

G!>!3!Ï!2!,!3!>!4

Uijt!nfbot-! uif! uisff! wbsjbcmft!nvtu! cf! tqfdjÝfe! jo! psefs! up! eftdsjcf! uif!

dpoejujpo!pg!uif!qibtf/

7/4/2! MfbeÐTjmwfs!Tztufn

Uijt! tztufn! ibt! uxp! dpnqpofout! boe! gpvs! qibtft/! Uif! qibtft! bsf! )j*! tpmje!

tjmwfs-!)jj*!tpmje!mfbe-!)jjj*!tpmvujpo!pg!npmufo!tjmwfs!boe!mfbe-!boe!)jw*!wbqpvs/

Mfbe!boe!tjmwfs!dpotjefsbcmz!ibwjoh!ijhi!cpjmjoh!qpjout-!tp!uif!wbqpvs!qibtf!

jt!qsbdujdbmmz!bctfou/!Uivt-!Bh0Qc!jt!b!dpoefotfe!tztufn!xjui!uisff!qibtft/!Jo!

tvdi!b!dbtf-!qsfttvsf!dbo!ibwf!op!fggfdu!po!uif!tztufn/!Uifsfgpsf-!xf!offe!up!

dpotjefs! pomz! uif! uxp! sfnbjojoh! wbsjbcmft-! obnfmz! uif! ufnqfsbuvsf! )U*! boe!

dpodfousbujpo!)D*/!Uif!dpnqmfuf!QD!ejbhsbn!pg!uif!tztufn!Bh0Qc!jt!jo!Gjh/!7/4/

Uif!tbmjfou!gfbuvsft!pg!uif!ejbhsbn!bsf!

! )b*! Uxp!dvswft!BD!boe!CD

! )c*! Fvufdujd!qpjou-!D

! )d*! Uisff!bsfbt!)j*!bcpwf!BDC-!)jj*!cfmpx!BD-!)jjj*!cfmpx!CD

Dvswf!BD! Jt!uif!gsff{joh!qpjou!dvswf!pg!Bh/!B!sfqsftfout!uif!gsff{joh!qpjou!ps!

nfmujoh!qpjou!pg!tpmje!tjmwfs!):72¡D*!boe!uif!dvswf!BD!tipxt!uibu!uif!beejujpo!

pg!mfbe-!mpxfst!uif!nfmujoh!qpjou!bmpoh!ju/!Uif!qibtft!jo!frvjmjcsjvn!bmpoh!BD!

bsf!tpmje!tjmwfs!boe!tpmvujpo!pg!tjmwfs!boe!mfbe/!Bqqmzjoh!uif!sfevdfe!qibtf!svmf!

frvbujpo-

G¢!>!D!Ï!Q!,!2!>!3!Ï!3!,!2!>!2

Uivt-!uif!tztufn!Bh0tpmvujpo!jt!npop.wbsjbou/!

Dvswf!CD! Jt! uif!gsff{joh!qpjou!dvswf!pg!Qc/!C! sfqsftfout! uif!nfmujoh!qpjou!

pg!tpmje!mfbe!)438¡D*!boe!uif!dvswf!CD!tipxt!uibu!uif!nfmujoh!qpjou!jt!mpxfsfe!

cz! beejujpo! pg! tjmwfs/!Uif! qibtft! jo! frvjmjcsjvn! bmpoh!CD! bsf! tpmje! mfbe! boe!

tpmvujpo/!Uif!tztufn!jt!npop.wbsjbou/
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Gjh/!7/4! Uif!qibtf!ejbhsbn!pg!Bh0Qc!tztufn

Uif! Fvufdujd! Qpjou! D! Uif! dvswft! BD! boe! CD! joufstfdu! bu! D-! xijdi! jt!

dbmmfe!Fvufdujd!qpjou/!Ifsf-!uisff!qibtft!tpmje!Bh-!tpmje!Qc!boe!tpmvujpo!bsf!jo!

frvjmjcsjvn/!Bqqmzjoh!uif!sfevdfe!qibtf!svmf!frvbujpo-

G¢!>!D!Ï!Q!,!2!>!3!Ï!4!,!2!>!1

Uivt-! uif! tztufn!Bh0Qc0tpmvujpo! bu! D! jt! opo.wbsjbou/! Cpui! uif! wbsjbcmft-!

ufnqfsbuvsf! )414¡D*! boe! dpnqptjujpo! ):8/6&!Qc-! 3/6&!Bh*! bsf!Ýyfe/! Jg! zpv!

sbjtf! uif! ufnqfsbuvsf!bcpwf! uif!fvufdujd! ufnqfsbuvsf-! uif!tpmje!qibtft!Bh!boe!

Qc!ejtbqqfbs-!boe!jg!zpv!dppm!ju!cfmpx!uif!fvufdujd!ufnqfsbuvsf-!zpv!xjmm!mboe!jo!

uif!tpmje!Bh0Qc!bsfb-!xifsf!tpmvujpo!qibtf!jt!opo.fyjtufou/!

Uif! bsfb! bcpwf!BPDÐuijt! sfhjpo! sfqsftfout! uif! tjohmf! qibtf! tztufn-! uif!

tpmvujpo!pg!npmufo!Bh!boe!Qc/!Bqqmzjoh! uif! sfevdfe!qibtf! svmf! frvbujpo-!xf!

ibwf-

G¢!>!D!Ï!Q!,!2!>!3!Ï!2!,!2!>!3

Uivt-!uif!tztufn!tpmvujpo!Bh0Qc!jt!cj.wbsjbou/

Uif!bsfb!cfmpx!BD-! sfqsftfout! uif!qibtft!Bh!,! tpmvujpo-!xijmf! uibu!cfmpx!

CD-!sfqsftfout!uif!qibtft!Qc!,!tpmvujpo/!Uif!bsfb!cfmpx!uif!ufnqfsbuvsf!414¡D-!

sfqsftfout!tpmje!Bh!,!tpmje!Qc/!Bmm!uiftf!bsfbt!ibwf!uxp!qibtft!boe!pof!efhsff!

pg!gsffepn-!

G!>!D!Ï!Q!,!2!>!3!Ï!3!,!2!>!2
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7/4/3! Fvufdujd!Tztufn

B! cjobsz! tztufn! dpotjtujoh! pg! uxp! tvctubodft! xijdi! bsf! njtdjcmf! jo! bmm!

qspqpsujpot!jo!uif!mjrvje!qibtf-!cvu!xijdi!ep!opu!sfbdu!difnjdbmmz!jt!lopxo!bt!

uif!Fvufdujd!)fbtz!up!nfmu*!tztufn-!f/h/!b!njyuvsf!mfbe!boe!tjmwfs!dpnqsjtft!tvdi!

b!tztufn/!

Bqqmjdbujpot!pg!Fvufdujdt! Mpx!nfmujoh!bmmpzt!bsf!vtfe!bt!tbgfuz!efwjdft!)f/h/!

bt!qmvht!jo!bvupnpcjmft*-!Ýsf!tqsjolmfst!boe!bt!Ógbjm!tbgfÔ!efwjdf!jo!cpjmfst/!Cz!

tvjubcmf!dipjdf!pg!nfubmt!wfsz!mpx!nfmujoh!bmmpzt!dbo!cf!pcubjofe-!f/h/-!xppeÔt!

nfubm! )bmmpz! dpoubjojoh! 61&!Cj-! 36&!Qc-! 23/6&!To! boe! 23/6&!De*!nfmut! bu!

76¡D!pomz/!

7/4/4! JspoÐDbscpo!Bmmpz!Tztufn

Qvsf!jspo!)npmufo*!gsff{ft!joup!uif!d.gfssjuf!bu!2648¡D/!Tpmje!jspo!fyjtut!jo!uisff!
ejggfsfou!tubuft/

! 2/! d.gfssjuf!gspn!2648!up!2515¡DÐb!cpez!gbdf.dfousfe!dvcjd!mbuujdf/!

! 3/! r.gfssjuf!gspn!2515¡D!up!:17¡DÐb!gbdf.dfousfe!dvcjd!mbuujdf/!

! 4/! Cfmpx!:17¡D-!a.gfssjufÐb!cpez!dfousfe!dvcjd!mbuujdf/

Gjh/!7/5! Ejggfsfou!tubuft!pg!tpmje!jspo

Qibtf! Ejbhsbn! Ju! jt! b! dbtf! pg! uif! gpsnbujpo! pg! tpmje! tpmvujpo-! xifsf! pof!

pg!uif!dpnqpofout!jt!b!nfubm!boe!uif!puifs!b!opo.nfubm!)wj{/!dbscpo*/!Bopuifs!

jnqpsubou!gfbuvsf!jo!uijt!dbtf!jt!uibu!uif!qpjou!pg!joufsftu!fyufoet!vq!up!7/8&!pg!

dbscpo!pomz/!Cfzpoe!uijt-!uifsf!xjmm!cf!op!ejtdvttjpo/

Uif! frvjmjcsjvn! sfmbujpotijq! jo! bmmpzt! pg! jspo! boe! dbscpo! bsf! hjwfo! jo!!

Gjh/!7/6/!Uif!ejbhsbn!jt!ejwjefe!joup!b!ovncfs!pg!qibtft!Ýfmet-!fbdi!pddvqjfe!

fjuifs!cz!b!tjohmf!qibtf!ps!b!njyuvsf!pg!uxp!qibtft/!

! 2/! Uif!dvswf!BCDE! jt! uif! mjrvjevt! mjof!bcpwf!xijdi! uifsf! jt! bo!pomz!pof!

mjrvje!qibtf!dpotjtujoh!pg!jspo!boe!ejttpmwfe!dbscpo/!Uif!nfmujoh!qpjou!pg!

jspoÏdbscpo!tztufn!dbo!cf!gpvoe!xjui!uif!ifmq!pg!uijt!mjof/

! 3/! Uif!dvswf!BFQHDI!jt!uif!tpmjevt!mjof!cfmpx!xijdi!wbsjpvt!jspoÏdbscpo!

dpnqptjujpot! bsf! dpnqmfufmz! tpmje/! Fwjefoumz-! uif! sfhjpot! cfuxffo! uif!

mjrvjevt!mjof!boe!tpmjevt!mjof!sfqsftfou!njyuvsf!pg!tpmjet!boe!mjrvje/

! 4/! Ju!xjmm!cf!opufe!ifsf!uibu!xjui!jodsfbtjoh!dbscpo!dpoufou-!uif!nfmujoh!qpjou!

pg! jspoÏdbscpo! bmmpz! jt! qsphsfttjwfmz! efqsfttfe!voujm! bmmpz!xjui! 5/4&D!
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nfmut!bu!2241¡D!)bt!dpnqbsfe!xjui!2648¡D!gps!qvsf!jspo*/!Bt!uif!D!dpoufou!

jodsfbtft!gvsuifs!vq!up!7/78&-!xifo!pomz!dfnfoujuf!)Gf4D*!jt!qsftfou-!uif!

nfmujoh!qpjou!bhbjo!sjtft/

Gjh/!7/6! Frvjmjcsjvn!ejbhsbn!gps!GfÐD!tztufn

! 5/! Xjuijo! uif! bsfb!BFC-! uif! bmmpz! fyjtut! bt!d.jspo! qmvt! mjrvje/!Uif! sfhjpo!
EDI!dpotjtut!pg!dfnfoujuf!)Gf4D*!qmvt!mjrvje/!Uif!sfhjpo!CDHQ!dpotjtut!

pg!bvtufojuf!qmvt!mjrvje<!xijmtu!uif!sfhjpo!QHLJ!dpotjtu!xipmmz!pg!r.jspo!
)j/f/!bvtufojuf*/

! 6/! Uif!usbotgpsnbujpo!pg!pof!tpmje!qibtf!joup!bopuifs-!bt!gspn!bvtufojuf!)ps!

r.jspo*!up!gfssjuf!)ps!a.jspo*!ps!up!dfnfoujuf!)Gf4D*!pddvst!bu!dfsubjo!dsjujdbm!

ufnqfsbuvsft!joejdbufe!po!uif!ejbhsbn!cz!mjoft!MLN<!JL!boe!HL/!Uiftf!

mjoft!bsf!vtvbmmz! sfgfssfe! up! sftqfdujwfmz!bt!B2-! dbmmfe! uif! mpxfs!dsjujdbm!

ufnqfsbuvsf! mjof-! boe!B4! boe!Bdn-! dbmmfe! uif! vqqfs! dsjujdbm! ufnqfsbuvsf!

mjoft/

! 7/! Uif!ejbhsbn!bmtp!joejdbuft!uif!sbohft!pg!dpnqptjujpo!gps!jspo-!tuffm!boe!dbtu!

jspo/!Uivt-!dpnqptjujpot!)a*!vq!up!1/199&D!bsf!sfhbsefe!bt!dpnnfsdjbmmz!

qvsf!jspo<!)c*!uiptf!gspn!1/199!up!3&D!sfqsftfou!tuffm<!boe!)d*!uiptf!bcpwf!

3&D!sfqsftfou!dbtu!jspo/!Tuffmt!bsf!gvsuifs!tvcejwjefe!joup!izqpfvufdupje!

tuffm!)j/f/!vq!up!1/9&D*!boe!izqfsfvupje!)j/f/!gspn!1/9!up!3&D*/
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! 8/! Gspn!uif!ejbhsbn-!ju!jt!dmfbs!uibu!bvtufojuf!jt!opu!tubcmf!cfmpx!uif!vqqfs!

dsjujdbm!mjoft!B4!)JL*!boe!Bdn!)HL*/

! )b*! Gps! dpnqptjujpot! dpoubjojoh! mftt! uibo!1/9&D-! bvtufojuf! po! dppmjoh!

cfhjot! up! usbotgpsn! joup! gfssjuf! boe! uif! dbscpo! dpoufou! pg! uif!

sfnbjojoh!bvtufojuf!jodsfbtft!bmpoh!uif!mjof!B4!voujm!qpjou!L!)21/9&D*!

jt!sfbdife/

! )c*! Gps!dpnqptjujpo!cfuxffo!1/9&!up!3&-!dppmjoh!sftvmut!jo!tfqbsbujpo!pg!

dfnfoujmf!boe!uif!dpnqptjujpo!pg!sfnbjojoh!bvtufojuf!wbsjft!bmpoh!uif!

mjoft!B4!)HL*!voujm!bhbjo!uif!qpjou!L!jt!sfbdife/

! )d*! Bu! qpjou! L! )dbmmfe! uif! fvufdupje*-! bvtufojuf! jt! usbotgpsnfe! joup!

qfbsmjuf!)bo!joujnbuf!njyuvsf!pg!gfssjuf!boe!dfnfoujuf*/!Uijt!jt!dbmmfe!

uif!fvufdupje! usbotgpsnbujpo/!Bu! uif!fvufdupje!qpjou-! uisff.qibtftÐ

bvtufojuf-!gfssjuf!boe!dfnfoujufÐdp.fyjtu!jo!frvjmjcsjvn!boe!uif!qpjou!

jo!jowbsjbou/

! 9/! Bu!b!ufnqfsbuvsf!pg!2241¡D!)3177¡G*-!uif!fvufdujd!usbotgpsnbujpo!qpjou!D!

ublft!qmbdf/!Uif!fvufdujd!mjrvje!xjui!5/4&D!po!dppmjoh!gsff{ft!up!mfefcvsjuf-!

bo! fvufdujd!njyuvsf! pg! bvtufojuf! boe! dfnfoujuf/!Po! gvsuifs! dppmjoh-! uif!

fvufdujd!bvtufojuf!hsbevbmmz!usbotgpsnt!up!dfnfoujuf!boe!jut!dpnqptjujpo!

wbsjft!bmpoh!mjof!HL!voujm!bhbjo!uif!fvufdupje!qpjou!L!jt!sfbdife-!xifsf!bmm!

uif!sfnbjojoh!bvtufojuf!jt!usbotgpsnfe!joup!qfbsmjuf/

! :/! Dibohft!ubljoh!qmbdf!po!dppmjoh!izqpfvufdupje!tuffm!)j/f/-!dpoubjojoh!mftt!

uibo!1/9&D*!dbo!cf!jmmvtusbufe!cz!ejtdvttjoh!dppmjoh!pg!tuffm!dpoubjojoh!tbz!

1/5&!D/!Uijt!jt!sfqsftfoufe!jo!uif!ejbhsbn!cz!uif!mjof!yy/!Xifo!uijt!tuffm!

jt!dppmfe!gspn!qpjou!Ñ2Ò!bmpoh!yy-!gsff{joh!cfhjot!bu!qpjou!Ñ3Ò-!xijdi!jt!

uif!qpjou!pg!joufstfdujpo!pg!uif!yy!mjof!xjui!uif!mjrvjet!mjof!BCD/!Dpnqmfuf!

tpmjejÝdbujpo!pg!bo!bmmpz!pddvst!bu!qpjou!Ñ4Ò/!Bt!dppmjoh!qspdffet-!op!dibohf!

pddvst!voujm!uif!qpjou!Ñ5Ò!po!mjof!B4!jt!sfbdife-!xifsf!uif!qsfdjqjubujpo!pg!

gfssjuf!)gspn!uif!tpmje!qibtf!pg!bvtufojuf*!cfhjot/!Gvsuifs!dppmjoh!sftvmut!

jo!tjnvmubofpvt!jodsfbtf!pg!gfssjuf!boe!efdsfbtf!pg!bvtufojuf!dpoufou!bmpoh!

mjof! JL/! Uif! dpnqptjujpo! pg! gfssjuf! wbsjft! bmpoh! uif! mjof! JM/! Ju!nbz! cf!

qpjoufe!pvu!uibu!bu!boz!qpjou!jo!uif!sfhjpot!JML-!uif!qfsdfoubhf!pg!gfssjuf!

boe!bvtufojuf!dbo!cf!dpnqvufe!gspn!uif!mfwfs!svmf/!Gps!fybnqmf-!bu!2491¡G!

)tff!uif!ipsj{poubm!ebtife!mjof!jo!Gjh/!7/6*!uif!bvtufojuf!dpoubjot!1/6&!D!

boe!gfssjuf!dpoubjot!1/13&!D/!Dpotfrvfoumz-!uif!bnpvou!pg!bvtufojuf!jo!uif!

bmmpz!xjmm!cf
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! ! Boe!uif!dpssftqpoejoh!qfsdfoubhf!pg!gfssjuf!xjmm!cf!211&!Ï!8:&!>!32&

! 21/! !Bu!uif!fvufdupje!ufnqfsbuvsf!pg!834¡D!)2444¡G*-!uif!sfnbjojoh!bvtufojuf!

voefshpft! usbotgpsnbujpo! up! qfbsmjuf/! Po! gvsuifs! dppmjoh! cfmpx! uijt!

ufnqfsbuvsf-! qsbdujdbmmz! op! dibohf! pddvst! jo! uif!njdsp.tusvduvsf! pg! uif!

tuffm-! tjodf! uif! tpmvcjmjuz! pg! D! jo! gfssjuf! )joejdbufe! cz! mjof! MO*! wbsjft!

sfmbujwfmz!wfsz!mjuumf/
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! 22/! Ju! dbo! bmtp! cf! tffo! uibu! b! tuffm! pg! uif! fvufdupje! dpnqptjujpo! )j/f/-!xjui!

1/9&D*!xjmm! dpotjtu! pg! qfbsmjuf! pomz<!xifsfbt! b! tuffm!xjui! b!D! dpoufou!

hsfbufs!uibo!1/9&!xjmm!dpotjtu!pg!qfbsmjuf!qmvt!dfnfoujuf/

! 23/! Opx!dpotjefs! uif! dppmjoh!pg! bo! jspo.dbscpo!bmmpz! dpssftqpoejoh! up! uif!

dpnqptjujpo!pg!dbtu!jspo/!Mfu!bo!bmmpz!voefs!dpotjefsbujpo!dpoubjojoh!4&D-!

sfqsftfoufe!po!uif!ejbhsbn!cz!uif!mjof!zz/!Po!dppmjoh!uijt!bmmpz-!gsff{joh!

cfhjot! bu! bcpvu! 2-381¡D-! uif! qpjou! pg! joufstfdujpo! pg! zz!xjui!BCD/!Po!

gvsuifs!dppmjoh-!bvtufojuf!cfhjot!up!tfqbsbuf!pvu!pg!uif!mjrvje/!Bt!dppmjoh!

qspdffet!gvsuifs-!uif!bnpvou!pg!tpmje!jodsfbtft!boe!jut!dpnqptjujpo!wbsjft!

bmpoh!uif!mjrvjevt!mjof!QH<!xifsfbt!uif!bnpvou!pg!mjrvje!efdsfbtft!boe!

jut!dpnqptjujpo!wbsjft!bmpoh! uif! mjrvjet! mjof!CD/!Xifo! uif! ufnqfsbuvsf!

2241¡D!)3177¡G*!jt!sfbdife-!uif!njyuvsf!xjmm!dpotjtu!pg!bvtufojuf!dpoubjojoh!

3&D!boe!b!mjrvje!pg!fvufdujd!dpnqptjujpo/!Gvsuifs!sfnpwbm!pg!ifbu!dbvtft!

op!espq!jo!ufnqfsbuvsf!voujm!bmm!mjrvje!tpmjejÝft!up!mfefcvsjuf-!bo!bvujtujd!

njyuvsf! pg! bvtufojuf! boe! dfnfoujuf/!Bu! uijt! qpjou-! dbtu! jspo!xjmm! dpotjtu!

pg! qsjnbsz! bvtufojuf! qmvt! mfefcvsjuf/! Tujmm! gvsuifs! dppmjoh! dbvtft! cpui!

qsjnbsz!boe!fvufdujd!bvtufojuf!up!efdpnqptf!up!dfnfoujuf!bmpoh!uif!mjof!

HL/!Xifo!fvufdujd!ufnqfsbuvsf!)834¡D*!jt!sfbdife-!uif!sftjevbm!bvtufojuf!

xjmm!usbotgpsn!up!qfbsmjuf/!Bu!ufnqfsbuvsft!cfmpx!834¡D-!bmm!mfefcvsjuf!xjmm!

cf!usbotgpsnfe!joup!b!qfbsmjuf!boe!dfnfoujuf!njyuvsf!xijdi!xjmm!uivt!cf!

uif!Ýobm!njdsp.tusvduvsf!pg!dbtu!jspo/

! 7/5
IFBU!USFBUNFOU!PG!BMMPZT

Uif! bmmpzt! dbo! cf! ifbu! usfbufe! cz! b! ovncfs! pg! nfuipet! tvdi! bt! boofbmjoh-!

qsfdjqjubujpo!ibsefojoh!boe!Nbsufotjuf!ibsefojoh-!fud/!

)b*!Boofbmjoh! Xifo! bmmpz! jt! dpme!xpslfe-! tpnf! qspqfsujft! tvdi! bt! ufotjmf!

tusfohui-!ibseoftt-!fmfdusjdbm!sftjtubodf-!dpfgÝdjfou!pg!fyqbotjpo!boe!fmfduspef!

qpufoujbm! jodsfbtf-! boe! tpnf! qspqfsujft! tvdi! bt! evdujmjuz-! dpme! xpslbcjmjuz-!

efotjuz! boe! sftjtubodf! up! opudift! efdsfbtf/!Xifo! ufnqfsbuvsf! pg! uif! bmmpz! jt!

jodsfbtfe-!bmm!uif!qspqfsujft!ufoe!up!sfuvso!up!opsnbm!wbmvft!boe!uijt!ifbujoh!pg!

uif!bmmpz!gps!tpgufojoh!jt!hfofsbmmz!lopxo!bt!boofbmjoh/

)c*! Qsfdjqjubujpo! Ibsefojoh! Uijt! jt! uif! ifbu! usfbunfou! hjwfo! up! bo! bmmpz!

jo! psefs! up! jodsfbtf! jut! tusfohui! boe! uif! mbuufs! jodsfbtft! po! bddpvou! pg! uif!

bqqfbsbodf! boe! hspxui! pg! b! tfdpoe! qibtf! jo! b! tvqfs! tbuvsbuf! tpmje! tpmvujpo/!

Gps!fybnqmf-!xifo!5&!dpqqfs!bmmpz!jt!dppmfe!tmpxmz!gspn!631¡D-!uifsf!jt!bo!

bqqfbsbodf! pg! uifub! dsztubmt-!xifo! uif! ufnqfsbuvsf! gbmmt! cfmpx! uif! tbuvsbujpo!

dvswf/!Evsjoh!dpoujovpvt! tmpx!dppmjoh! up! sppn! ufnqfsbuvsf-! uif! tj{f!pg! tvdi!

uifub! dsztubmt! jodsfbtft! boe! dpoufou! pg! dpqqfs! jo! uif! tpmje! tpmvujpo!efdsfbtft/!

Uif!bqqfbsbodf!pg!uifub!dsztubm!qibtf!jt!opuijoh!cvu!qsfdjqjubujpo!ibsefojoh/
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)d*! Nbsufotjuf! Ibsefojoh! Uijt! uzqf! pg! ifbu! usfbunfou! jt! dbssjfe! pvu! cz!

tvqqsfttjoh!uif!fvufdupje!qibtf!usbotgpsnbujpo!cz!sbqje!dppmjoh!ps!rvfodijoh/!

Bt!b!sftvmu-!b!ibse!votubcmf!qibtf!jt!pcubjofe/!Gps!fybnqmf-!nbsufotjuf-!b!ibse!

votubcmf! qibtf! jt! gpsnfe! cz! rvfodijoh! bvtufojuf! )b! tpmje! tpmvujpo! pg! dbscpo!

jo! gbdf! dfousfe! dvcjd! jspo! jo! tuffm*! gspn! uif! ufnqfsbuvsf! bcpwf! uif! jspoÏjspo!

dbscjef!fvufdupje!bu!831¡D/

Tipsu!Botxfs!Rvftujpot

! 2/! EfÝof!uif!ufsn!qibtf

! ! Bot/! B! ipnphfopvt! qbsu! pg! b! tztufn! xijdi! jt! ibwjoh! uif! tbnf! qiztjdbm! boe!

difnjdbm! qspqfsujft! uispvhi! pvu! jt! dbmmfe! b! qibtf/!B! tztufn!nbz! dpotjtu! pg! pof!

qibtf!ps!npsf!uibo!pof!qibtft/!

! 3/! Xibu!jt!nfbou!cz!dpnqpofout@

! ! Bot/!Uif!mfbtu!ovncfs!pg!joefqfoefou!difnjdbm!dpotujuvfout!jo!ufsnt!pg!xijdi!uif!

dpnqptjujpo!pg!fwfsz!qibtf!dbo!cf!fyqsfttfe!cz!nfbot!pg!b!difnjdbm!frvbujpo/!

! 4/! Ipx!nboz!qibtft!bsf!qsftfou!jo!Njyuvsf!pg!hbtft@

! ! Bot/!Bmm!hbtft!njy!gsffmz!up!gpsn!ipnphfofpvt!njyuvsft/!Uifsfgpsf!boz!njyuvsf!

pg!hbtft!tbz!P3!boe!O3-!jt!b!pof!qibtf!tztufn/

! 5/! Ipx!nboz!qibtft!bsf!qsftfou!jo!Efdpnqptjujpo!pg!dbmdjvn!dbscpobuf/

! ! Bot/!Xifo!DbDP4!jt!ifbufe!jo!b!dmptfe!wfttfm-!xf!ibwf

! ! DbDP4!s!DbP!,!DP3

!!! ! !)tpmje*!!!!!!)tpmje*!!)hbt*!

! ! Uifsf!bsf!uxp!tpmje!qibtft!boe!pof!hbt!qibtf/

! ! Ifodf!ju!jt!b!4.qibtf!tztufn

! 6/! EfÝof!uif!efhsff!pg!gsffepn/!

! ! Bot/!Uif!mfbtu!ovncfs!pg!wbsjbcmf!gbdupst!)ufnqfsbuvsf-!qsfttvsf!boe!!dpodfousbujpo*!

xijdi!nptu!cf!tqfdjÝfe!tp!uibu!uif!sfnbjojoh!wbsjbcmft!bsf!Ýyfe!bvupnbujdbmmz!boe!uif!

tztufn!jt!dpnqmfufmz!efÝofe/!Jg!b!tztufn!xjui!G!>!1!jt!lopxo!bt!opowbsjbou/

! 7/! Xsjuf!b!opuf!po!fvufdujd!qpjou/

! ! Bot/!Uif!njyuvsf!pg!dpnqpofout!B!boe!C!bu!qpjou!D!nfmut!bu! mpxftu! ufnqfsbuvsf!

joejdbufe!po!uif!hsbqi/!Uif!qpjou!D!jt!uifsfgpsf-!dbmmfe!uif!Fvufdujd!qpjou/

! 8/! EfÝof!Qibtf!spmf/

! ! Bot/! Uif! efsjwbujpo! pg! qibtf! svmf! jt! hfofsbm! sfmbujpo! cfuxffo! uif! ovncfs! pg!

efhsfft! pg! gsffepn! G-! uif! ovncfs! pg! dpnqpofout! D-! boe! ovncfs! pg! qibtf! bu!

frvjmjcsjvn!Q-!gps!b!tztufn!pg!pomz!dpnqptjujpo/

! ! Uif!nbuifnbujdbm!frvbujpo!pg!qibtf!spmf!jt!hjwfo!cz!

! ! G!>!D!Ï!Q!,!3

! 9/! Xibu!jt!bo!wbsjbou!tztufn!)opo!wbsjbou*@

! ! Bot/! Uif! tztufn! jo! xijdi! uif! efhsff! pg! gsffepn! up! {fsp! j/f/-! op! dpoejujpo! jt!

sfrvjsfe!up!cf!tqfdjÝfe!up!efÝof!uif!tztufn/

! :/! Xibu!jt!usjqmf!qpjou@

! ! Bot/!B!qpjou!bu!xijdi!uif!hbtfpvt-!mjrvje!boe!tpmje!qibtft!pg!uif!tztufn!dp.fyjtu!jo!

frvjmjcsjvn!

! ! Tpmje!s!Mjrvje!s!hbtfpvt
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!21/! Xibu!bsf!uif!bqqmjdbujpot!pg!Fvufdujdt@

! ! Bot/!2/!!Mpx!nfmujoh!bmmpzt!bsf!vtfe!bt!tbgfuz!efwjdft!)f/h/!qmvht!jo!bvup!npcjmft*

! ! ! 3/! Gjsf!tqsjolmfst!boe!!bt!Ógbjm!tbgfÔ!efwjdf!jo!cpjmfst/

! ! !4/! Cz! tvjubcmf! dipjdf! pg! nfubmt! wfsz! mpx!nfmujoh! bmmpzt! dbo! cf! pcubjofe! f/h/!

xppeÔt!nfubm/

!22/! Xibu!jt!dpoefotfe!tztufn@

! ! Bot/!Uif! wbqpvs! qibtf! qsbdujdbmmz! bctfou! tp! qsfttvsf! dbo! ibwf! op! fggfdu! po! uif!

tztufn/!Tvdi!tztufn!dbmmfe!dpoefotfe!tztufn/

!23/! Xibu!bsf!uif!mjnjubujpo!pg!qibtf!spmf@

! ! Bot/!2/!!Qibtf!spmf!dbo!cf!bqqmjfe!pomz!gps!tztufn!jo!frvjmjcsjvn

!! ! 3/! Qibtf! spmf! dpoejujpot! uibu! bmm! qibtft! pg! uif! tztufn! nvtu! cf! qsftfou-!

tjnvmubofpvtmz!voefs!jefoujdbm!dpoejujpot/

!24/! Xibu!jt!fvufdujd!dpnqptjujpo!pg!mfbe.tjmwfs!tztufn@

! ! Bot/!Uif!fvufdujd!dpnqptjujpo!pg!mfbe.tjmwfs!tztufn!jt!:8/5&!Qc!boe!3/7&!Bh/

!25/! Ipx!nboz!dpnqpofout!qsftfou!jo!xbufs!tztufn@

! ! Bot/! Uif! xbufs! dpotjtu! uisff! qibtft! j/f/-! tpmje! )jdf*-! mjrvje-! hbtfpvt! dpoubjojoh!
tbnf!npmfdvmbs!gpsnvmb!)I3P*/!Ifodf!ju!jt!pof!dpnqpofou!tztufn/

!26/! Xibu!jt!uif!ejggfsfodf!cfuxffo!dsjujdbm!qpjou!boe!usjqmf!qpjou@

! ! Bot/!Dsjujdbm! qpjou! sfgfst! up! uif! ufnqfsbuvsf! boe! qsfttvsf!xifsf! b! mjrvje! boe! jut!
wbqpvs! cfdpnf! jefoujdbm/!Xijmf! usjqmf! qpjou! jt! uif! dpoejujpo! pg! ufnqfsbuvsf! boe!

qsfttvsf!voefs!xijdi!uisff!qibtft!pg!tvctubodf!dp.fyjtu!jo!frvjmjcsjvn/

Sfwjfx!Rvftujpot

Tipsu!Uzqf!Rvftujpot

! 2/! Tubuf!boe!Fyqmbjo!uif!qibtf!svmf/

! 3/! Xibu!jt!sfevdfe!qibtf!svmf@

! 4/! B!tztufn!dpotjtut!dimpspgpsn!boe!xbufs/!Xibu!jt!uif!ovncfs!pg!qibtft/

! 5/! Hjwf!bo!fybnqmf!pg!cjwbsjbou!tztufn/

! 6/! Xibu!jt!nfubtubcmf!frvjmjcsjvn@

! 7/! Ipx!nboz!ovncfs!pg!qibtft!boe!dpnqpofout!bsf!qsftfou!jo!uif!gpmmpxjoh!tztufn@

! ! I3P)t*!s!I3P)m*!s!I3P)h*

! 8/! Xibu!jt!izqpfvufdupje!tuffm@

! 9/! EfÝof!uif!Gfssjuf!boe!dfnfoujuf/

! :/! Xibu!bsf!uif!ejggfsfou!tubuft!pg!tpmje!jspo@

!21/! Xsjuf!tipsu!opuf!po!tjhojÝdbodf!pg!usjqmf!qpjou/

!22/! Xibu!bsf!uif!bqqmjdbujpot!pg!qibtf!ejbhsbnt@

Fttbz!Uzqf!Rvftujpot

! 2/! EfÝof!ps!fyqmbjo!uif!gpmmpxjoh!ufsnt/

! ! !)b*! Qibtf!svmf! )c*! Efhsfft!pg!gsffepn

! ! !)d*! Qibtf! )e*! Dpnqpofout/
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! 3/! Fyqmbjo!uif!ufsn!ÓdpnqpofouÔ/!Ipx!nboz!dpnqpofout!bsf!qsftfou!jo!uif!gpmmpxjoh!

tztufn@

! ! ! Xbufs!� !Xbufs!Wbqpvs

! 4/! Esbx!b!qibtf!ejbhsbn!gps!tvdi!b!dpnqpofou!tztufn!xijdi!dpoubjot!npsf!uibo!pof!

tpmje!qibtf/!Fyqmbjo!uif!gpmmpxjoh!ufsnt!xjui!uif!ifmq!pg!ejbhsbnt/

! ! !)b*! Usjqmf!qpjou! )c*! Jowbsjbou!tztufn!

! ! !)d*! Nfubtubcmf!tztufn/

! 5/! !)b*! Fyqmbjo!uif!gpmmpxjoh!ufsnt

! ! ! )j*! Qibtf! )jj*! Dpnqpofou

! ! ! )jjj*! Efhsff!pg!gsffepn/

! ! Fyqmbjo!uifjs!sfmbujpo/

! ! !)c*! EfÝof!Fvufdujd!qpjou/

! ! !)d*! Ejtdvtt!uif!qibtf!ejbhsbn!pg!xbufs!tztufn/

! 6/! Gps!pof!dpnqpofou!tztufn-!uif!usjqmf!qpjou!jt!bo!jowbsjbou!tztufn/!Ejtdvtt/

! 7/! Fyqmbjo!xiz!uif!gvtjpo!dvswf!pg!jdf!ibt!b!ofhbujwf!tmpqf!xifsfbt!uif!tvcmjnbujpo!

dvswf!ibt!b!qptjujwf!tmpqf!jo!uif!qibtf!ejbhsbn/

! 8/! !)b*! Tubuf!boe!fyqmbjo!uif!qibtf!svmf/!Fyqmbjo!wbsjpvt!ufsnt!jowpmwfe/

! ! !)c*! Esbx!boe!fyqmbjo!uif!qibtf!ejbhsbn!pg!pof.dpnqpofou!uisff.qibtf!tztufnt/

! 9/! Fyqmbjo!uif!gpmmpxjoh!ufsnt;

! ! !)b*! Fvufdujd!qpjou! )c*! Fvufdujd!njyuvsf

! ! !)d*! Dpoefotfe!tztufn! )e*! Usjqmf!qpjou/

! :/! Esbx!boe!fyqmbjo!uif!qibtf!ejbhsbn!pg!xbufs!tztufn-!j/f/!pof.dpnqpofou!tztufn/

!21/! Ejtdvtt!uif!qibtf!ejbhsbn!pg!uxp.dpnqpofou!tztufn-!j/f/!Mfbe.tjmwfs!tztufn/

!22/! Ejtdvtt!uif!tbmjfou!gfbuvsft!pg!qibtf!ejbhsbn!pg!Mfbe.Tjmwfs!tztufn/

!23/! Bqqmz!qibtf!svmf!up!xbufs!tztufn/

! ! !)b*! Xibu!jt!dpoefotfe!tztufn@!Xsjuf!uif!sfevdfe!qibtf!svmf!frvbujpo/

! ! !)c*! Ejtdvtt!uif!tbmjfou!gfbuvsft!pg!Mfbe.Tjmwfs!tztufn/

!24/! Ejtdvtt! uif!nbjo! gfbuvsft! pg! uif! qibtf! ejbhsbn! pg! uif!xbufs! tztufn-! fyqmbjojoh!

ftqfdjbmmz!xiz!uif!tmpqf!tpmje.mjrvje!mjof!jt!ofhbujwf!gps!xbufs/

!25/! Xsjuf!tipsu!opuft!po!uif!gpmmpxjoh;

! ! !)b*! Qibtf!svmf!gps!dpoefotfe!tztufn/

! ! !)c*! Gvodujpojoh!pg!gsff{joh!njyuvsft/

!26/! Efufsnjof! uif! ovncfs! pg! qibtft-! dpnqpofout! boe! efhsfft! pg! gsffepn! jo! uif!

tztufn;!jdf-!xbufs!boe!xbufs!wbqpvs!jo!frvjmjcsjvn/

!27/! Eftdsjcf! bo! fyqfsjnfoubm! nfuipe! gps! efufsnjojoh! b! qibtf! ejbhsbn! pg! uxp.!

dpnqpofou!tztufn/

!28/! !)b*! Tubuf!uif!qibtf!svmf!boe!fyqmbjo!uif!ufsnt!jowpmwfe/

! ! !)c*! Jt! uifsf! boz! ejggfsfodf! cfuxffo! bo! fvufdujd! qpjou! ufnqfsbuvsf! boe! nfmujoh!

qpjou! ufnqfsbuvsf@! Jg! uifsf! jt! boz! ejggfsfodf-! ipx! xjmm! zpv! ejtujohvjti!

cfuxffo!uif!uxp!cz!uifsnbm!bobmztjt/

!29/! Esbx! uif! qibtf! ejbhsbn! gps! uxp.dpnqpofou! tztufn! gpsnjoh! b! tjnqmf! fvufdujd/!

Bqqmz!uif!qibtf!svmf!up!ejtdvtt!uif!ejbhsbn!dpnqmfufmz/
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Nvmujqmf!Dipjdf!Rvftujpot

! 2/! Uif! qibtf! svmf!xbt! Ýstu! ejtdpwfsfe!

cz!

! )b*! Ofsotu! )c*! Hjcct

! )d*! Bssifojvt! )e*! Mfdibufmjfs/

! 3/! Nbuifnbujdbmmz-! uif! qibtf! svmf! dbo!

cf!fyqsfttfe!cz!

! )b*! G!,!Q!>!D!Ï!3

! )c*! G!>!D!Ï!Q!,!3

! )d*! Q!>!D!Ï!G!,!3

! )e*! Bmm!pg!uif!bcpwf/

! 4/! B! tztufn! dpoubjojoh! mjrvje! xbufs!

boe!xbufs!wbqpvs!ibt!uif!ovncfs!pg!

qibtft!frvbm!up!

! )b*! 1! )c*! 2

! )d*! 3!! )e*! 4/

! 5/! Xbufs!tztufn!ibt!uisff!qibtftÐjdf-!

xbufs! boe! wbqpvs/! Uif! ovncfs! pg!

dpnqpofout!jo!uif!tztufn!bsf

! )b*! Pof! )c*! Uxp

! )d*! Uisff! )e*! Gpvs/

! 6/! Gps! pof! dpnqpofou! tztufn-! uif!

qibtft!bsf

! )b*! G!>!4!Ï!Q

! )c*! G!>!3!Ï!Q

! )d*! G!>!2!Ï!Q

! )e*! Opof!pg!uif!bcpwf/
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Fuel Cells

The galvanic cells can only produce electrical energy for a limited time because 

the electrode reactants are eventually depleted. Fuel cells are different; they are 

electrochemical cells in which electrode reactants are supplied continuously 

and are able to operate without theoretical limit as long as the supply of 

reactants is maintained. This makes fuel cells an attractive source of power 

where long-term generation of electrical energy is needed.

In a fuel cell, an electrical energy is obtained without combustion from 

oxygen and a gas that can be oxidized. A fuel cell converts the chemical energy 

of the fuels directly to electricity. On the basis of kind of electrolyte being used 

in fuel cells, they are classifi ed into three types, namely, hydrogen–oxygen fuel 

cell, methanol fuel cell, and solid oxide fuel cell.

1.3.3 Solid Oxide Fuel Cell (SOFC)

SOFC is a single fuel-cell unit consisting of two electrodes, namely, an anode 

and cathode separated by the electrolyte. For a solid oxide fuel cell, the 

electrolyte is a solid ceramic compound of metal oxides such as Ce/Zr. Fuel 

(usually hydrogen, H2, or methane, CH4, or carbon monoxide, CO) arrives 

at the anode, where it reacts with oxide ions from the electrolyte, thereby 

releasing electrons (e–) to the external circuit. On the other side of the fuel cell, 

the oxidant (usually oxygen or air) is fed to the cathode, where it supplies the 

oxide ions (O2–) for the electrolyte by accepting electrons from the external 

circuit. The electrolyte conducts these ions between the electrodes, maintaining 

overall electrical charge balance. The block diagram of the SOFC is shown in 

Fig. 1.

The cathode is made up of (Ca, Sr) MnO3/(La, Sr)(Co.Fe) O3/(La, Sr) CoO3 

and the anode is typically formed from an electronically conducting nickel/

yttria-stabilised zirconia (Ni/YSZ) cermets, i.e., a ceramic/metal composite.
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Fig. 1 Block diagram of SOFC

Cathodic reaction

  O2 + 4e– Æ 2O2–

Anodic reaction 

  CO + O2–
  Æ CO2 + 2e–

  H2 + O2– Æ H2O + 2e–

Net cell reaction

  O2 + 2H2 Æ 2H2O 

  O2 + 2CO Æ 2CO2 

Applications

 1. Suitable for decentralised electricity production.

 2. The major applications of SOFCs are in stationary plants, auxiliary power 

units in 

 a. Transportation vehicles 

  b. On-board power for aircraft

  c. Power packs small enough to be carried by soldiers

Drawbacks

 1. The high temperature limits applications of SOFC units and they tend to 

be rather large.

 2. Solid electrolytes can’t leak, but they can crack.

 3. Complex materials are required.

1.15.3 Electroplating of Copper

There are two main ways to electroplate an object with copper. The fi rst method 

uses a copper anode to transfer copper to a non-copper cathode, coating it in a 

thin layer of copper. Alternatively, anodes and cathodes of other metals can be 

used in a copper sulphate solution to take copper from the solution and plate the 

cathode. Copper electroplating is used in a variety of practical and ornamental 

applications.
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Fig. 2 Copper electroplating 

In its most basic form, copper electroplating uses electrical current to 

transfer copper from a copper cathode via electrolysis to the anode, made of 

another metal. This requires an electrolyte solution to function effi ciently, such 

as salt water or a copper sulphate solution. The following are the electroplating 

bathing conditions for effective electroplating.

 1. Plating-bath composition: Copper sulphate solution (200 g/L) + H2SO4 

(50 g/L) + water

 2. Additives: Geltain or dextrin, sulphur containing brightener, sulphonic acid

 3. Current density: 20–50 mAcm–2 

 4. Anode: P containing rolled Cu

 5. Current effi ciency: 95–98%

 6. Optimum temperature: 20–40°C

 7. Throwing-power applications: Low

The above conditions are suitable for printed circuit boards (not suitable for 

iron and its alloys). 

Copper Electroplating by using Cyanide Bath

The following procedure is adopted for copper electroplating using cyanide 

bath. The details are as follows:

 1. Plating-bath composition: Copper cyanide solution (40–50g/L), and KCN 

(20–30 g/L).K2CO3 (10 g/L) water.

 2. Additives: Sodium thiosulphate (Na2S2O3)

 3. Current density: 10–40 mAcm-2 

 4. Anode: Oxygen-free high-conducting Cu

 5. Current effi ciency: 60–90%

 6. Optimum temperature: 40–70oC

 7. Throwing power: Good

 8. Applications: As an undercoat for chromium plating and printed circuit 

boards, particularly suitable for iron and its alloys.

1.16.1 Electroless Plating of Copper

The surface to be plated is fi rst degreased using an organic solvent or alkali, 

followed by acid treatment subjected to the following:
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 1. The surfaces of the metals like Fe, Co, Ni, etc., can be directly copper 

plated without any pretreatment.

 2. Non-metallic materials (glass, plastics, printed circuit boards) are activated 

by dipping them in solution containing tin chloride (SnCl2) with acidic 

medium (HCl), followed by palladium chloride solution (PdCl2). On 

drying, a thin layer is formed on the surface which is ready for electroless 

plating.

1.16.2 Various Parameters for Electroless Plating 

 1. Coating solution: Copper sulphate solution (12 g/L)

 2. Reducing agent: Formaldehyde (8 g/L)

 3. Buffer solution: Sodium hydroxide solution (15 g/L) + Rochelle agent

(14 g/L)

 4. Complexing agent cum exhalant: EDTA

 5. Optimum pH: 11.0

 6. Optimum temperature: 25oC

Maintain the above conditions for copper electroless plating in which redox 

reaction takes place.

At cathode Cu 2+ + 2e– Æ Cu

At anode 2HCHO + 4OH– 
Æ 2HCHO– + 2H2O + H2 +2e–

Net reaction Cu2+ + 2HCHO + 4OH– 
Æ Cu + 2HCHO– + 2H2O + H2 

1.16.3 Procedure 

The process is known as substantive method. A thin layer of copper

(5 to 10 µm) is fi rst electroplated over the PCB (printed circuit board) made 

of either glass-reinforced rubber like GR-P or epoxy phenolic polymer. Then, 

selected areas are protected by applying electroplated image (or photo resist) 

and the remaining areas are etched away so as to get the required type of circuit 

pattern (or track).

Fig. 3 Electroless plating of copper
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In order to pack more number of components in a small space, double-sided 

tracks are prepared. Finally, the connection between the two sides of the PCB 

is made by drilling holes, followed by electroless copper plating through the 

holes. Thus, the holes provide electrical contact in both sides.

Applications Used in double or multilayered boards (PCB) in which plating 

through holes is required.

 3.8
DIESEL

Diesel is an important liquid fuel among the three liquid fuels which are 

derived from petroleum. The fraction is obtained by fractional distillation 

between 250–320oC and is a mixture of C15H32 to C18H38 hydrocarbons. Its 

density is 8.6 to 0.95 kg/m3. The calorifi c value of diesel is 11,000 kcal/kg. This 

oil is used for diesel engine fuel.

The combustion of a fuel in a diesel engine is not instantaneous and the 

interval between the start of fuel injection and its ignition is called ignition 

delay and is an important quality of the diesel fuel. This delay is due to time 

taken for the vaporization of individual droplets and rising of the vapour to 

its ignition temperature. Long ignition delay leads to accumulation of more 

vapours in the engine and, when ignited, an explosion results as the combined 

effects of increased temperature and pressure. This is responsible for diesel 

knock. The following is the preferred composition for diesel with minimum 

knocking.

 Straight-chain paraffi ns > Cycloparaffi ns > Olefi ns > Branched paraffi ns > 

Aromatics

Cetane Number

The knocking characteristics of diesel oil are expressed in terms of cetane 

number. The cetane rating for diesel fuels is equivalent to octane rating for 

gasoline. Two hydrocarbons, namely, α-methyl naphthalene (aromatic) and 

n-hexadecane (aliphatic straight chain) are specifi ed as standards. Since 

n-hexadecane (n-cetane) has low ignition lag, its cetane number is arbitrarily 

fi xed as 100, while since α-methyl naphthalene has long ignition lag, its 

cetane number is fi xed as zero. The cetane number of diesel oil is defi ned 

as “The percentage of n-cetane in a mixture of n-cetane and α-methyl 

naphthalene giving the same performance as that of diesel oil under tests”. The 

cetane number of diesel may be increased by the addition of ethylnitrate or 

amylnitrate. 
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A good diesel fuel should contain as many as possible straight chains, with 

a minimum mixture of side chains and aromatic hydrocarbon molecules, which 

will give least knocking property.

Emulsions

The ability of an oil to get intimately mixed with water forming an emulsion is 

called emulsifi cation. A good lubricant must be capable of forming an emulsion 

with water which can be broken off quickly. In various machining operations 

such as cutting, sawing, and drilling, the tool employed gets heated up to a very 

high temperature, particularly at the cutting edge. Due to this overheating, the 

tool may lose its temper and hardness. In order to prevent this, effi cient cooling 

and lubrication have to be provided. This can be done by employing emulsions. 

An emulsion is a two-phase system consisting of a fairly coarse dispersion 

and two immiscible liquids—one being dispersed as fi ne droplets in the other. 

It is stabilized by adding a third component called the emulsifying agent. 

Emulsifi ers, or emulsifying agents, are the substances which exhibit both polar 

and non-polar character. Hence, an emulsifi er is absorbed at the interface of 

the two immiscible phases (oil and water), resulting in the form of a protective 

fi lm. There are two types of emulsions.

(a) Oil-in-Water Emulsions They are obtained by adding an oil to a suitable 

quantity of water in the presence of 3–20% of a water-soluble emulsifying 

agent, such as sodium soaps and sodium and potassium salts of sulphuric acids. 

These types of emulsions are used as coolant cum lubricants for cutting tools, 

in diesel motor pistons and internal combustion engines.

(b) Water-in-Oil Emulsions They are prepared by mixing water containing 

1–10% water-soluble emulsifi er to the oil. Alkaline earth-metal soaps like 

calcium stearate are used as emulsifi ers. These emulsions have high viscosity 

compared to the oil from which they are derived. They are used to lubricate 

steam cylinders and compressor handling fuel gases.
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Model University Question Paper-I

I Year B.Tech(R13) Regular Examinations, June.2014.

ENGINEERING CHEMISTRY

(Common to all branches)

Time: 3 hours                                                                                    Max Marks: 70

Answer to all the questions from Part A and each question carry two marks.

Answer to all the questions from Part B. Each question carry 10 marks

PART-A

Unit-1

 1. Differentiate between the primary and Secondary Batteries.

 2. Defi ne electrochemical sensor? Give suitable examples.

Unit-2

 3. What kind of compounds is used in Addition polymerization?

 4. What are conducting polymers? How are they classifi ed

Unit-3

 5. What are different types of fuels?

 6. What is meant by calorifi c value of fuel?

Unit-4

 7. What are Puzzolona cements?

 8. Write the characteristics of good propellant?

Unit-5

 9. What is mean by Hardness? What are its units to express Hardness?

 10. Defi ne Electro dialysis.

PART-B

Unit-1

 1. (a) What is oxidation corrosion and how does it take place? Describe the 

mechanism of oxidation corrosion?
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  (b) Describe the various factors infl uencing the rate of chemical corrosion. 

[8+8]

OR 

    What is meant by electrochemical sensors? Discuss any one of the 

electrochemical sensor.

Unit-2

 2. Write a note on

   (a) Tefl on (b) Silicone rubber

OR

  What are liquid crystal polymers? How are they produced? Explain the 

characteristics and applications (uses) of liquid crystals.

Unit-3

 3. Write short notes on

  (a) Coal gas  (b) Bio gas 

  (c) Water gas  (d) Producer gas

  (e) Natural gas

OR

  Discuss the ultimate analysis of coal with its signifi cance.

Unit-4

 4. Write a brief account on the following?

 (a) The raw materials and the ingredients of cement

 (b) Function of gypsum in cement.

OR

 (a) Explain the following terms:

  (i) cloud and pour points  (ii) fl ash and fi re points.

 (b) Explain how the following act as lubricants

  (i) graphite         (ii) molybdenum disulphide.

 (c) Write an explanatory note on semi-solid lubricant.
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Unit-5

 5.  (a) What are the major disadvantages of hard water used for

 (i) domestic purposes

 (ii) industrial purposes

 (iii) steam generation in boilers.

  (b) How do you estimate dissolved oxygen in water?

OR

   (a) Write short note on

 (i) Priming and foaming  

 (ii) Phosphate conditioning

 (iii) Caustic embrittlemen

   (b) What is Boiler corrosion?
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Model University Question Paper-II

I Year B.Tech(R13) Regular Examinations, June.2014.

ENGINEERING CHEMISTRY

(Common to all branches)

Time: 3 hours                           Max Marks: 70

Answer to all the questions from Part A and each question carries two marks.

Answer to all the questions from Part B. Each question carries ten marks

PART-A

Unit-1

 1. Explain the basic principle involved in  Methanol fuel Cell.

 2. What is oxidation Corrosion? Give an example?

Unit-2

 3. What is functionality of monomer?

 4. What is meant by tacticity?

Unit-3

 5. Give four characteristics of a good fuel.

 6. What do you mean by refi ning of petroleum?

Unit-4

 7. Defi ne the Semi conductor? Give suitable example

 8. What are magnetic materials? Give some examples.

Unit-5

 9. What is priming and Foaming?

 10. Defi ne Brakish water? What type of method used its purifi cation?

PART-B

Unit-1

 1. (a) Describe the cathodic protection of corrosion control.

  (b) Write a note on electroplating.
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OR

  Explain the mechanism of corrosion when

 (a) Two dissimilar metals are connected and exposed to electrolyte

 (b) A metal is exposed to varying aeration.

Unit-2

 2. Give an account of preparation, properties and uses of the following.

     (a) Polyethylene  

 (b) PVC 

 (c) Polystyrene

OR

  Write brief notes on

 (a) Vulcanisation 

 (b) Compounding of rubber.

Unit-3

 3. (a) Defi ne calorifi c value of a fuel. Distinguish gross and net calorifi c 

value.

 (b) How do you synthesise petrol by Fisher–Tropsch process?

OR

 (i) Explain the signifi cance of the following constituents present in 

coal

 (a) Moisture 

 (b) Volatile matter

 (c) Ash

 (d) Fixed carbon

 (ii) What are the characteristics of metallurgical coke?

Unit-4

 4. (a) Defi ne refractories. What are the characteristics of a good refractory?

  (b) Give the classifi cation of refractories with examples.

OR

  Defi ne refractories? Write short note on the following

 (i) Refractoriness 

 (ii) Refractoriness under load or strength
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 (iii) Dimensional stability

 (iv) Thermal spalling

 (v) Thermal conductivity 

 (vi) Porosity

Unit-5

 5. (a) Discuss briefl y boiler troubles and their treatment?

  (b) Describe the permutit process for softening of water.

OR

  (a) Explain the process of scale and sludge formation in boilers.

  (b) Describe the internal treatment of boiler water.


	Title
	Contents
	1 Electrochemistry
	2 Polymers
	3 Fuel Technology
	4 Chemistry of Engineering Materials
	5 Water Treatment
	6 Phase Rule
	Appendix
	Question Paper

