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' !J/ 

1mtlu 1'1imh-J~mi1~-J flmnfin'!J?.v'~m:u~ntrn 1u;ul9fu 11-iwvnn'JJunnnr~v'Junnutt~ 
QJ 

lu~'fJu ~,J!Jn 7'tf'W.fin ~!&ilun1-slHv.:J 1~~w ~.:uitun1Hf'llfl&'i 1un1r~fl~lo\JJ17nrnrun?YW 
gJ f/!J- I Ill ll/ 4 I e:j !J/ d I q ~"'~ "" "" "" e:j 

ff'JN.J?Ufi'J1J~ l1Jn1Jn1'J1JU nnn HV~fJNft~A~fJfOl Uft~f01'JfJA11~Ni:t'Yl'J1 & Ullfl yvu 'i:fCJJ\JfNU 

r~'J?Ythri'qJutt~A11u#l9f~.Jn?r~{jvnY?n~Trf01utt~tro?u#ufiv~rntrunfi~N'J 

6f/~.J 

n?'Imiv li:t11~ 

' !J/ ' 

ntt~Y Tttn~ utt~nnrhuvvnti~ rw~Nft~~u.J?untt'~Y?1GJ!'.J?u ~.JAGJiu Au~ur~Y?w 5,ooo 11 

ll'lj1:JfJ1 ~Nft~.J1U11ti VAUUH'J6fi'J1U ~ n1f11nn~.JU fOl.J T f01fJjinn11ft ~llU ft~m ft-J 1 uu 'JJ'JJ iivfPl ft.J 1 u 
!11 

HU'Yl'J1fJ Ui:t~~f.JlJ?iJnnwmu? lfPlfJn1'Jn1 1luvv Uft~ nnrhuvwlJutrv-J<iu nnntif.J'lJ'Jf.JUcf 
!11 !11 !11 

uunr~n1tlUflf.Ju'Jn 1um Ttr T'liAmiJv un:ll?fJJ 3,000 11ti~UfiJtr~fl'nnGJr AW~mwilflf11~1'1J 

nnt:hfJ'I'l~f01ll1~WAiffJnftN aW~fJ Uft~iju ll1fl.JijU1f'J~ll1fJJ 2,000 11ti~UfiJtr~fl'nnGJr lU 

U'J~AnrrijutriJfJ ou U'J~ll1fJJ 1,500-1,000 11 ti~Uf1Jtr~fln'n'1f n1~iJnnnli~i71GJfU~#iJ6fJU1f01 

1nqj'Jutt~f}Wi71w~ 1 ~tr1A~flnnrhvnvf01A.v'1 1u~f.J huu'J~ll?W 1,500-1,400 11tivur~1tr~fl'nn'lf 

lfPlfJNft~AUu fP11'1J H'J11~n m~~.JU'J~~'JJ i71GJrU~~1.J'JUtt~m~~.J~mt~-J#1i1u.J1UffmlJul9fu nifY 
' !11 

u'I~Anrrritvft~nunti~ 1uvr~uu fiv trturu trjtrlCJt~ilwu~ w~riJufJ ~~m~1v u~il'Jtf mu . " 
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Historic Russian Bell, Only One of ·Its Kind, 
Discovered in Tower of San Francisco Church 
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!UlJ~nrt,rt{!ii&Lfp:LUf£!JlMrt~UU[!f&ULGt'2U 6! f&fl!.!.tkjMJl~MaLil(T.rt&MrtL rt~[!~L rtJ2H&11lU 
,# • ' " 

rta[;}Yf!ii&rtLHft&1M rt&,ULrtta[;JUYU»UY~UU[!g~u~J~L mL!.nl aj;tJlrtL t'{!' 6! fjfl!.!.tkjMJ2~Mt'2U 
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nnnaB T iJ'H::: 1uth:::mrt,'nfl 

t11fl'l·fl:fnj1U'YIH 111J'1Wf1~1~fin1'HJ~rfurnJ'I1t11CIUH.:J UtJ:::~ufmri~q~ ;lv ~V?W,;CJ.:J~.:Jfinn 
""rl IJ]jla~ d 1 .QAI <>I <>~ 1 0 1jl 1 T 
w~11wm:::s-:::'1J nt'~HJunq~ ~CJnnm'tJu?ns- tJ?nHtlnf?U~.:JntJnn? '11'YIJ'11111 nu t1'11::: 

nrnJ~ri'uw11~V1W,;CJ.:JVd1utnYCJrivuur:::f~rrnr~f dmfu T~CJ nn1rft:h~~tffvGJf1.:JOt11tffv 
4,000 11Fi?uumtf1 Ht:i'.:Jfl?nifwffvrn 2, 700-2,500 11umtf?ii.:Jduiinn1afftH~n 1unH Tm1::: 
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1nmiru "t:h~~" (Bronze) '11l11Cifl.:J Tr111::: 

Nt:ru~iinv.:Ju ~.:J(Cu)tm:::ii~1Jn(Sn)tiluti?wvt:ruHt:i'n ~1JnGJJH T r111:::i.J 1 ut~lltJ.:J 1u1uu~unu 
J/ J/ , Jl , 
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I I I I J/ 

1'm:tntnCJ?Yv.:Jn11nnnnh~~nw11nV?ut,;CJ.:Jiin.:JtV?~wNnhHf11HtJvu Tr111::: tm::: • 

w.iwuwifunnmhHf11wtiv Tr111::: ~.:JHt:i'nf?Uut:r~rhiinnmiv TtJH:::ifwv.:J~V?W~CJ.:J ti?u 

f~Qth~~~Nii~ifuifuii~ 111'11Vn '1-tJV'J?U n?~nrrr th 1tJYmJt1 rh 1r1Y'vn1'1 df~~nur11 f~Q 
th~~tfiif1??mrimritiq~tfw11tfv?w~CJ.:J ;lv 11111vn tfw11ifHt:Jl1N.:JrtwHt:Jl1Hif.:Jvv.:Jr:::CJ:::tf 3 

jl .of <>I jl d £it ~ d .of ~I jl .Q "' "'A I v V.:J 111 w 6JfCJ.:J t:rllCJ~ u CJJ .:JW u Htlllr~ .:JflW nu v ?CJ'in 4, ooo uum t1 'J nn?m n::: '11 V.:Jfl u r::: n v 11 'YIN • • 

miivv.:J 111Hvnif w11i1tilu~:h~~ tfii~1JnNt:ruvdur:::unu 3 % ~.:Ji'~i?tVU~1Jntfvd1ur:::;11~1 
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~h w:h huh ~fPIGJf'U fPitniJw ff'J u n 1'1~ r111~ n tf n~Jt:U ~NN mm -J 1 Wl -JtrfNf11fJ 1 UVeN 11111f1 nth ~fPI iJ .., 
~ ~ ~ 

w 11 i 1 'l1 u ~ v u u :m 1 u n n N ~~ fi v n n mi v 1 fPI v 1 GJfw.i w J.I'W "lfil fPI 2 .ifu '11 '1 ~ n 11tf u f1 1 mJ u If fj n n '111 

1 u11a n 1if 11ti a 1 f01~111h.J~fu n.J1 uvru ~ 'iiftefu l ~a~ nu ~-J'lViN 1 11' tr:tJ 11 'JW u ~rd V-J 11 1nnn ~ 1 uvru ~ 1if 
"' "' "' ~ ~ 

i tm~ttuuu fll 1l1 flNtrfNt~:tJVfl-J 1t:m~lnfPin1'1UfPilVfJ'J Utl~f}tutr:tJU~Vfl-J 1 tl11~th~fPI 
I J/ j/j/ J j/ f 

l 'litivu 1 'lidJu Ufl'J1:tllU 11~ :t11n~ 'tJ ii-JiJ f}1'JU1W 111111f1 n.ifu i11 Utl fOifl J 1 :tJl 'lin~ rhnfOIVUn1 f)-J f) 1 f} 
"" c:i l j/j/ ~ "" jl d' jl c:i "" , jl """" jl f11'1~VfJJ~W'tJ & fOifJf11'1lN111111flf1 111'1fJ'tJfJ'tJl'JJUtJ'UfOI-J Utl'J'YI-J 111lVU~'Jtl-JflfJN"lf1CJ f1'J'J:tl'J1W1'1 1"11 

' ~ ~ 

fl'J1:tJfvuGJhv 1un1'1tlfPifl 11m'lin~tw~rh 1n'ur~'J1m»i1v1tw:tJ~uuti1 tJ»~th~fPI AGJiu i1 l1vni1 
~d d ~ ~ 
'J1i "UfJ'tJ'tJtltl-J "(annealing) 

r j/ j/ ' 

11 1nia-J'JflfJV V-JNN n 1 tl11~ nu trfPI-JiffPil11 u i 11 '1111V nth ~fPI .ifu iJ rh 1 fPim:hun'l'i:tJ:Stiu au iJ t1 ~-JIPf 10 

~ d' jl c:i , , 0 ""' , jl "" "" jl jl ""' 1 u u "11 1m»u 1 1"11N trn fPI 'l'tJH '1 nvv-J111 W"lfCJ-J :tJfl 11 :tJ'l u tl~fl'J 1 mv 11 f1 1 umr~ u r~va -J nn tl11 ~ n '1 'ill . "' 
~ 

th~fPittfuvoN~ utJ~uvmwua111nnn»tim:h~fPil'Jmt3.iw:tJw"lfilfPI 2 .ifu'li'l~n11nuwf1 '7iNth1fPI 



rh?mr1j~ a1fJ 2,Joo-J,sooll 

r (;} 'H:tt:h 1 WtJ fl-JVnuqfeJ-Jivu ~ GJi?\J 'i:t (J;t '11(;} 1CJV fJ·UYiJeJl u ifu rh u 1 'Hflhilu 6JfU ~ t:n iJw ~ \} 'H :JJ 1()0\} 
u u . "' . 0 Q .el.e::f , dd .d Cl d 0 ~ .Clo d 

ff1'i~'Yl:JJ'YlfJ-JU~-JNff:JJflfJ'i1J 85-90 % U(;l:t:JJ~'1jf1r1'J 10-15% Uflf1f11f1UeJ\J:JJff1'i~6JfU~'Y1Nff:JJ 

~:::tf?r~:JJ(;}\J 1 'lltilua'lri''ll:r:::na V'Hft n6Jfil~ d 3 uanf11nna\JU~\JlW:t~1Jf1 f11'iNt:r:JJ~:::tf?(;}\J 1 '111 u 

"' . "' 
t:h1miWVUJ1Jf11'i'YIN 1 (;}'ff:tJ'YleJ1th111'H1' (;} 'H:tt:h1~'ff(;} fJW 'ff(;}'J 1~Jm1iu 1 (;} 'H:tl'ff(;}'Jfjfi'J1:JJ 

"' 'HU~(;}~(j-J Jh hf'nn 1Hm;?va\J l(;}'ff:tA'ff(;}'JlV11uw.iw:JJw1~~1iu Aw:teY\JGJi?eJ(;l~Wa\Ja1n1rr1u 

o A «!! «!! d!JI d e:t 

'Y11lfl'ifl\J:JJfJ 'H'ifl fl111i'Yl~fl\Jf11'ifi'J1:JJU'U\J :JJ 

r1 1 1 w H :JJ 1::: t:r :JJ t:h H f v '111 :JJ 1 n 1m #a 'l '11 :r::: ~1' ~ eJ . . 
dd Q/ ..,./ I d Q.l j/ 

m W1:t 'Yl:JJ(;l fl'J:JfJJ :tliJ 'iN 'YlCJfVCJffJ UlW:t (;} 'J~ (;} 1eJ 

dt:r?eJ\J1:JJ tGJJu th 1(;}diJ(;}f1f1'i:tW'i'JUV'i:tiv .., 
d -=> -=>e:f , JJ 
CJf\JN(;}~ l ~eJf1'i'i:JJ'J1if11'i'ff(;}fJUVVVN\J'H1eJ 

cv -=> d 0 "' !JIGJ , d jl e:f <'!! e:f jl&!l 1iJ jl 
'J~fi~V'YIU1:JJ1 &6Jf &Uf11'i'ff(;lfJ:JJ'ff(;lfl'Y1V1Ul6JfeJ\J flfl 'Ylfl\JH~\Jll(;}:t~Vfl flfJJ:t:Nflfl'J:/1 A~ . . .., . "' 

'i1eJnui1 nV1UlqfeJ\JlW:tv1nw 1mfltfeJ'l 13.ifju Ht:i'luin'lt:rfl\J6JfU~ 1 ~eJ 13.iiJia'l'ifleJ11fl-Jf11Hh 

A'Hiifl'lWi ll(;}:t n1f1 'i:tV'JUf11'ifl (;}\JU idv1nw V1Ulqf(J\} J U'H:JJ1(Jfi'J1:JJi1 GJiN'Ht:i a r (;} 'H:tfl:tl f)\} • 
, jl , • , 

U1lf1Ti~f)~V:JJ1f11f1H 'Ht:i\JaU r ~mruil 'l:lj1U i1a 1flfl:::nnncffav 1eJH (;} m'l.i~eJU tlVGJ[:JJ6JfUau nttlu 

jl -=> r r "' ';;f/ jl &!l ..:: • I e:f "' jl d 0 ~N(;}~ (;}'ff:t ~m~W1:t tU'i1'JU'i:t:JJ1fJJ 2,700-2,500 v:JJ1lW'J fl\Jl'i:JJv'i1f1{):JJf11'i t6Jfl'ff(;}f1'1'11 



• • !II 

mfv.Jilamfv.J 1'ti'utJ~f)1J1i afu H'JV'J?U 1'1111Vn n~ H'Jftnfl'l tllulu 1urti?.Jiilh1~no.Jfi.Jlllu . ~ 

~ UCJ:JJ h1atiu 19io.1~8 u '11 nn n 1l tlum #v-J 'J.h~i 'Un w fJu thu 111WN t) ij 1 n n 11 jm n~ m 11 g n ~ 
~ u 

'llnn1<ffifu1utnY8riau7h~i~rrnr~rf~v1w~8-J w·whtf1w11dn~7~:JJnnn nnoey.J&uuit11ftn 

:J/ IQQ rJ d -=f I 'i" . . 
(iron ores) ~1811ifi11fl't}-JA11i:ln U'l.J'J.J'YIA18fi11 n'l~'U'JUfi11fi(;}..J A~8~N (dlrect smeltzng process) 
"'>d Jl d Q/ d d""' 91 91 
?1innu~Nij1nnnflt1-JA11t1nff:JJ8 Tunru 1u1h~mflij'tJ CJNU8:JJ nnflt1-J~?8n'l~'U?Un1n1Naa:JJ • • 

• " <:J 'i" .t 91 0 I <:J d (zndirect smelting process) A'tJfi11fi(;}-JA11t1fi~1:JJfi'l~'l.J1Un11fi(;}..J &~8~1-JUU ij~~fJ-JU1U'lA11t1fi'YI 

1j~:JJ 1ij 10! 11YfJ-JAA t)~ U1:JJ1n1fi'J1:JJff~f) 1~ 1n~AA tJ'JU1:JJ1Nff:JJfl(;} ntfl tJ1n'Un'Ud 1U 1 u tr~ff'JU ~ 
91 " .t c!i lfl "'> I E'l# ~ ~ 91 I un~V-J'l.111Vt1-J AW~1fi(;}.J 111nuu11-JV~ rrl m:JJf11W11U1~8~"J utJ~t.f'UtJmwv 111 nhvuunvy 

0 "91 ""' " J dC'll "' C')l Iii "' d 0 "91"'> 
~t1fJ~AJt11'YI1 A11fJflJ11fl:JJfl18 AW~1ff.J1JU Ut1~:JJn1CJff111'1JfJU:JJfJUUfJfi ACJf~:JJ1fi'WfJ'YJij~'YJ? A11An~ . ~ ~ 

VD n1m 'YINlfliJ~ n11HU it 11ft n~ag1 Ufffl1'W1JfJ..JA11ft naan 7 CJf~ tlJU 7vtf1W11ft nu1qn t' (metallic 
J Q/ 91 d "'> d' d d <:J .t lq91 I 

iron) UfJfiij1fiU 1um1fi(;]..J8-J~V..J:JJnnmm'ifVfi(;}..J (flux) CJF..J 1un1WVV.Jnnoey..Jt11tJnuu mun 

ff11V1~mnur~meN8:JJf11fumu~ cJ-Jtr1:JJ11f17~:JJ1111nvuvn n1~~ni/u 111mvGvn11r.wilu ttfu 
~ ~ 

j/ r r " 

l U A~fJ fi(;}.J ij~JlJu; 'J rff'J8~-J!a 1 ff -J 111V 1i1'"} :JJ t1 nul9i N'J n VU ag1 UU i 1 'J:JJ; ?if W lJuv~~n fu 

(slag) 

jinnotJ..J!Pl..Jitndn:JJ111~ 7:Jrh 1m11dn • 

11t1vm11t1? uiij~Jn~nn'l?:JJ;?nwilu 

19l I Q/ EJt <:J I 

Nff:JJV8UV8fi'J1 0.5 % ij~A11Ufln'JnVVU 
~ 

d .<!{ E'lt d ""' .,."' 
(wrought iron) CJf..JWVW11W11ttfi'J.JUf'Y11i 

!II • 

ff1 :JJ 1 :JJ 'jfl '111 771~ ~u zvt ilu m1v .J ffv 

m#v..J 1<17~1'~8418 



~ ~ ~ 

tndmnu'"Fm~~v~lhrnfv:JJ1tN11nr-rn:JJfvwm~ 1nliannf~rivuu1:JJ1~GJt1anrhr:r6fvnuvciNi1 

1vdmv1 t1uwht1~ 1~tJ~ 1~lvh~utt~"l1U1~~1:JJfi~v~nn n61~tJ1mfu~~u1:JJ1'rhn11:JJji1u 
,t j/ ~ ,t d o <!I ~ d '} j/j/ <=I : I 

vu~vu'(~'Y11f.l nv "n11GJ!V, vu~vuu T ~f.ln11U1tn1V~:JJvt'l1ttn:JJ1tN1 t'I11VUH~·wmn ~nvu 

U11thbmw~-3 1uthtffunun nnnwtluifn11HlfiNtrtNf11f.llUflidownlt1~ 11icff~ttfun6fnnn 
'YIN T tt n~jnm rfu 1:JJ11,fl~v vfvvHnw tr:JJv~nNnttvmnd nn&'11nuwn:JJu11~r~:JJtr ~ifu . . ~ 

"'> o' <!I ~ d I j/ od 1jld I I d 
Ntt n11?m 11~ '11 m1v ~ :JJvt ntt n~uu 1 nGJ "llfN v 1 WGJtf.l~ u r:r~~ '11 t'l1 u ?1GJ!Nt '11 tt n r:riJori v u 

~ I Q.l<=> ""1 ~ I I1J "" j/.1 jl "" """" "" d d 
IJ1~'J~fl1tr~1 UIJ1~mrr A'Yif.l :JJfi'J1lll u~1W'Yif1Ufln11:JJ?1mn~tnttn utt~nnGJ!W'I1ttn~1:JJ 

jinn#ntin:JJ16f1NlwtfuvciN~wmu1nn~1u Tttn~n11:JJfithriwonv1~nnnd~ cff~tn~ifu ., 

1u.Jf?~triJorifJUV1~1'~fl1tr~f~vuutt1mffvn'J 2,500-2,300 U:JJ?Uft'J ~f) nnnnh1~GJtiJ~rt;; 

~1JnNtr:JJ1utf1:JJ1Wf!~ (high tin bronze) '11:JJ1f.lfl~th1~rf;j~1JnNtr:JJVcj:JJ1nfl~ 20 % V1:JJ1W"lJfJ~ 
"" d"" "" o 1 jl~ "" d ~I """" "" jl """" 1i1'"]~1Jn'YI:JJf! ~:JJ1nGJ :JJNtl 'Y/1 '11 t ti'I1~Ntr:JJ:JJfi'J1:JJU"lJ~Utl~tiJ11~:JJ1n :JJfJ'VVntrfltl1f.I'YifJ~ tW~tf't~'tJ 
~ , ~ 

T ~f.IV 'tJ nv tf1:JJ1W ~ 1Jn nN tr:JJ fJ tu tr:JJV~~1 Ufl 'J1:JJU 11~u ~t V11~"lJ f)~ Ttl '11~NfJ':JJGJfU ~ i1ttfu6flmhn~ 
1 j/ r r r 

n 1litr1:JJ1HJNS~~u~n.un1fl~Yflm1f1~ 1'1r1 n1 ~fiW tr:JJV~~1 ~~ 1:JJnlf1~ nn 16Ji'~1U 1~o1n T ~f./ • 
"""" ' ' jl o' """" ""d' "" d j/Q.I d jl' jl ?1innnttvuvv1i11:JJ~1 u~tJ~~v~V1~f.ln~wn1in?J~"lJU1Vuvvmo?rt1GJtnwnttn:JJ1lGJt1'J:JJ~'Jf.l . ~ 

~~tJ~ 1~~1ufif}tutr:JJV~~H~1:JJfilv~n1116Ji'~1u ~v iln?1mtv~ u~1:thtf11~ jinn~Pf~ntt'n~v 

n11tN11nfvwm~tW~~l'tJ"lJW~rifvu n1trft1JifU1~'11':h~n?JtN1tW~n?J~n1~vtdv~ 1tfdVf.IGJ . ~ 

t1uni1t1~ 1~11iiN~1:JJnlv~nn utt~1vvr:rwn1o~~u11uGJtvtt~ 1111uu1tnunun jinnn1~'Jo 
~ . . 

dd , 0 ~ 4 ~ ~ Ql ' .d d j) 

'YI 'tJ 'Y/1 'tJ t ttl~ :JJtrtr'Jf.l~ 1 :JJ n 'J 1f111 ~ 1i11:JJ~ 1 tJ ?nNtl n 11fln 'lJ 1 'Jtfl 11~ '11"lJ fl~~ 'Jflf./N WIJ~ W1J 'YI1J1U 
~ ~ . 

t~o~ 1h~hf'n1uo~wmu1nnn1~~1unn Tttn~n11:JJ"llv~nur:riJorivutf1~1'~rr1r:r~{1uwuntnn 
Q.l "" ~ ~I I1J ~ I ""Q.l dlfJ jl ' jl jl 

~~?uvvnmo~t'I1UV"l1V~IJ1~mrr t'Yif.IUJ't!Vf.IN~~~n mnttn:JJ1"l1N~u 



JJWU'tJ1fl1'i l/1~1l/tJ?;Uf~fJ 1'1f~?UfiN~~fJfJfllJ?iJfltJW?W~ Ut:1~~1~~1llfi'J?lllfl~fi111JfJ~~t:IW1 • 
j/ • j/ , 

11m1iu ~?unwudfudJuthu'Jull?n;~uiv~~ uuif~iluvvu flfl ~?uHiivwr~'lfY11il1i ut:t~mrv~ 
~ ~ rl , , "" <:I "" ,: "" Eil !J/ 1' ""<::~ 0 !J/ , 

'iJ'~~f)fJJty~ ~N"JlGJf'tJ fl1~01~1fU tGJf~fYICI'tJ UUfl'tJ nr~~~ ':i~CJH tuU~'tJ &~CI 'J1ifi11'Y11~'JCIU1111'11t:lf1 
~ ~ 

onr, uuuHiivuuuyuunrmvf HrvuNflf~ 1'}/'uuuHt:t'e:mno4lu iJn?TW?W?mfl Tu Tt:toli?GJi'Jo 
~ ~~ 

lUfi11N~~ 1uuit:t~11U~fJ'tJ1Jf)~fi11N~~ fl11'11iivnv~t'11Gv~ Ut:l~th1~ uuu Tur?m r~o?i6Utl~ 
' ~ 

'H?CI neJ~fl~iJnnrhifunvmfu;~uiv~~li?UUif~iJUUVU Ut:t~iJmht~CI'J 1u1ir~mrrhw l~CJ • 

I I I j/ I !J} 

nrhd'Jull?nttiunr~~~ niJvu?~;~uitgfl'? ur~111m 2 tCJtu~m~r uui1~11u1~ T~niJu?Hun 

Ht:t?ofvorHt:tnfll fiunru 1u flfl nrr111irirh t1fu?it~o'Jnufirhvrjfiv?w6Jfo~ tiiv 4,ooo 11 



. ~~ 

;1mh.J.J1U'Hrtflfi'l11 T~P~n11f:Ue!.:~'H1fl 

~ , 
n1J'I1iJallnfia 1ui1flfuu iin?nhm1tilanv~-J'ltiJ~~NCJll11i1mnll1~trlln'11 'ltiJ~va-Ji~Q~'J.Jn 

~ d ~ 

U1ll1'116'1fJll'l1fia (vunuv~'l1iJfJl/l'l1iJ'J) CJf-Jiin-J 7rlrh untr thu Tri'n UiJ~thu 71-i dJu~u ~-J'th 711' 
~ 

1fa~htf~ 1un?ui~~-J?untiaiJwd'aoiJ-J tr1li1Hl'11iJfJll'l1tia-J?U 1lniJ1n'l1iJ1(Jll1nvu rnr1 Tu liJV 
, ~ 

1ununfia 1liinntrfNuiJ~n~u?mfl Tu TiJo dvall?1in'11nJ~'J.J?unnnN1U'I1fiall?nvu t'liu 
~ 

A'Yifl Tu liJonnaanu'l.J'l.Jnunfia nnaanu'l.JW~1 A'Yifl Tu liJo1u11u~aunnnm'11'11'11fianno 
~ 

nnf1?'11fJllf}tun1nva-Ju1A'I1g n nn~J?fl tra '11-J?u nfi a 1mtlu 1 7.1~ ?lll/1~ Jf 1u riau nn'll ni -J 



N. ,V N.fbYU Lrt N. tn. L ~ N.fJ f 

GH.~rtLLUU.L.ttl.d~rtLN·Ll N.Lf~L!f~HLLUn.tn::tUN.L LAtfd.L N.Lt-t-_!Uvf.jL N~1::rm ULflN.LiN..ttfYfJLIJU. 

::tJf.!UIJU.nn.n nN~~au LkAUY::Lfl[J::tJ ~HrtL nnr-~ £ YYN~rtU.YULGt t~a~ 1£ Ht-i2tHLUrt££UU.L.tt~@ PP ~0 ~ PI :?"''"" ' 

[!.rtL t-g.kAur::t{lrtL N.~nnmrHLM[llUHU.Y::tJYY uHu.n~n[HLU[! a~l LN.~IJU£U_!!N~~L<Jr 
• • • ::mr ~rtfJrtLfJrtt);trt,Ji:,rt££UU.L.tt~GrttJU::LMf:HfJ~l rtt,ttrt,Ji:,~IJM rt££UU.L.tt~a::mr H£.ttGUrtLt-

"' ' "" ' ' "" "" ~ ' ~ ~ 

rttJ>t GtfYHJ.ttNl<Jl uHu.mttUU.L.tt~liniJY::GnM[&ULrtntp rtttu::u.tJL n.Lt-rt],lGG[! kAUY::tttrtL 
. . 

::U.IJl G,IJU.rt££UU.LJ;t~Q L~rtGi~UYtgHunu::£UIJMt-,¥rtt£t-Q.ay~aiJ{lrtLtl<J[!NLH!ft£LU L~fJBY 
' ' ~ ' 

t-Gtl.rt r-Q.N~t-fJUfrtLtl<JrtUN.Lt-~f ~LG::.tt Ut~::.ttaLt-rtLtl<JrtGIJU.rtLHU£LUU.Y LU rt,~n,m LL<JU/i 
"" "" """" ~In , "" , o ~ b o ~ 1P ~ . . 



~ . ~ 

nn'th-J?untiviNJ'u~vun?n?TrhmniNnu 'u~1liGJti1~1!v-Juvvntiv 1wuv-Jluo?ttfunn 

n11~o1'lfntivns-?o!uCJ!-Jt11uiiiJou1'lfnuif-:J 7u1uus-~mrr dulufl?n nnvvnuvv-J1untiv H61~ 
nnfffNns-~~;nu 1n1lzuiN~1lld1lvvnm.JvH' (1uiu~vuifnuntiv'J]nGJtiJ~fl~lv-JiJ 
ns-~ff'J't.l) rivuu1ll11l1unnfuz7lt7Juuvvnnontiv rltv 1n1luvvntivdwfvudtJ~mmiv 

~ ~ 

us-~nfJ'JJ 1ff'uvWV1nWt1J1J'Y1110'116l'v hfl1ovfvo 1wu't.l~fJ't.lnnm1oliU1 Tan~ fl~lv-JiJnn 

fi'J1Jf}llf]Wfl1W11V-JJ; 1tJn~ 1n1ld-:J't.IN'ffll~1lliirhnu~t@orivu u-Ju11VmtJ-J 1wtvvntJ'vd 
<:f I!J!il ~ , !JI , !jl , <J,., "' <J., <:1<:1, e!i 0 d' 

ms-ou n mvmntJmm 'J utJvo 1 '11-J1't.I'I161VH11-J~'Jffll'l.l1WH tJ~W't.I~'JtJ-J~tffonv 't.lfi-J'Yl?n?s-tJv 
QJ 

~ . ~ 
• q ., • "1~ 1 • <=~ 1!J !il !JI • ~ !JI !i1 o o U1J'l.l'l16lfJ t't./1/'t.l~fJ't.l~fJ &IJ -J1't.l'l1t"lfJ'Y1 &~fl~~fJ-JN1't.ln11~1'JflfffJW1JfJ-J~'t.I~'J0~1 Ht"l~'t.l1li1'Y11 

~ 

1uiJflyvu ff1liHUU.i-JVVn 'l~-JN-JHff~-JV1-JtiNiJ ~fJ 

Green sand 

Sand casting 

Molding and Casting 

1 
Precision 
fflolding 

l 
Chemical bonded 

molding 

- permanent mold castirzg shell,co2 

- Die casting - no-bake 

- Ceramic and investment casting 



A Comparison of Various 
Molding and Casting Processes 

Chemicallv 
' 

Gr en Sand Prects1on Moldh1g Bonded Molding 

Ceramic & 
and Pum.menl Die Investment Shell, C02 

Ca ·ting Mold Casl Castmg Casting No-Bake 

rvpicill dimen-
sional toler- ~. mo·· . .~ . mo··- :!: . 0(}1'' ~ .::.U10" · +,005'' 

ances, mche~ _, 030" !: 050" ..:..015" _.0201 _.015" 

Rela hv~ cost 
11'1 qu;:)ntity Low Low Low st Highest Medium high 

Relative CO'>! 

fllr :;mall number Lowest lhgh High si MecUum Medium igh 

Shell 
Permisstble Ozs. o~s .-250 lbs. 
weight ( f Unlilm ted 100 tbs. T lbs. to Co~ & no-bake 
casting 100 lbs . 112 lb , -tons 

l'hmnest s c!lon 
castablt;> . inChes 11101J 11 II 11321

' 1/1611 1110" 

R latJve sur- Fair to Shell-good 
face finish goocl Good Best Verv gooJ CO:-fair 

Relative ea~e fmr 
of casting to 

complc~ design good Filir Good Best Good 

Relative ea e of 
d1anging desi n 
in produ<.tion Best Poor Poorest Fair Fair 

Aluminum-
Ri3nge o! base and Aluminum· 
ai!Qys that copper· base base 
can be c st preferable preferable Unlimited Unlimited 



d <V lf191_,1 .,f I .:S <V _,1 T d I 

Ut:l~U1/..J~1fl~ Wllu1N11fHGJf'tJ..J1'tJ'I1t:lflfl1llfl'tJfi'UlJJ1N1JfN 'WNUVV GJHH~fi~Nfl1fi1/'1J1'tJfi1'l 
r r3/ r 31 9) 

Bury nvuz'lirwfJI!·/ft~ttluiu.J?lJ r~o lt:llf~UU 1ulfl.Jlh hf'nmJl/Alfft1 niu nn~vuz1i (forging) 
<=:f& .:S <::f,d/J d"'><::! Q/ I 91 91-=><::f I 

, nn1~11uz'li (rolling) '111fln111~~.J11UlU GJf.J11in?J~.Jnftnll1fl~~fl.J 1GJt11innnNnft u~nn 
, "' , 91 "" """" d , """" "" 91 "" 91 "" , "" "'_, , d '11ft fJ lll~ fJ .J fJ 1fW11in 11'11 Nn ft GJf.JU~ ft~ 1 1in 1J fl~ l/1/ fJ~H ft~1/ flfffOH~ n~ N n 'tJ l JJ H ~All fJ 

, !V ' 31 

1. ff1li1H1Nft~.J?UniJz1fiNtra'vivcfvun.Ji1101UUft~il10Ufln 11Pf cN.JfiJ'J'lljiJ nn~VU 

z'lin1vnnt~flllth 1:U11Pfh 
'i" "'> lfJI & _/lf19191 -=><=:~d d ""'"" "" 'i" 2. lftlf~'lJNGJflJ~ Wff1ll1'lfl11lJlJJ l~~1011ifJU AUfJ.Jfl1fillftfi'!IW~1i11liGJfm'YIN lft'l1~ 

• • !J/ 

jno?nu~n~·N 1'1ifl?n lftlf~GJtiJ~Bu wPitr?li1JfiU1li1VU1'1iT~oj1Jnnndv 11Pf ... 
!J/ • !J/ 

3. :ffutYJUVNflfiN01Nft~IPf1oj1Jvufl1flfl~lfl.JNft~t1funft?O:ffurivuu?li1U1~nvw1fu 
!J/ !J/ 

:ffu.J?u ul9i.J?undvtr?llnfmdv 1H'~mrw1fu:Uw~o1nu 11Pf 

4. nnfuz'liT~oj1Jnnnft'vtr1li1Jt.lNft~ 1u'li1li1Wll1nry 11Pf (mass production) ~.Jr'h 
19191 ""' .; , 11J91 ""' , 
'11~U'IJUfi1JNft~~1fi11 Uft~ l~Nft~fi11 

!J/ !J/ • 

5. nnvuz'liT~oj1Jnnndvtr1ll1'lfltvft~itununiJGtJu?~tgnry 11ifluO.J11U1~ 1nqjry11Pf 
r !J/ 31 r r 91 

J?owhjiJBu tGJiu i1uu1 n1v m1v.Joum1m~un~mniJu?nunGtJu?~ 200 iu t11u 

• !J/ • 

6. fJWtruv~vNmiH ~niN?un11Pffl?nnnvuz'liT~on11llj1JBu tGJiu 

· • .J?undvtr?li?JfiU11'1i~nul9i.JIPf1mrdv.Jffvnft 11PfJ?o tw~iJflwtruv~IPf?u • 
.:S ~ .:S "' j/.:1 

fi1Jit)~nt:lUUNtf'Utr~t'Yifl'tJ WI~ 

• nundviJf}wtruv~mi?ttruvnu~~ftv~~~u.J?u t;jvnnownovnv.J?u 
!J/ • • 

~vu1'1ifl~iJmutruv~n1utr111ttrllv ... . 
• .J?undvndu lftn~tv? ~lv.Jnnf11?lluif.JuNtr.Jtm~nd;numv?tr?llnfl . ... 

!J/ 

tvS~ 11Pf~Pf1on11llj1Jnnndmrhifu 
, 31 , , • 

• tr?unotvS~.J?unft'vn1GJi'n?:ffuthunn?nu?nt1Juuv1.J 1H'f}wtruv~~Pf?u . . 
, .:S ""'"" n n n t:l v ft u n ~ 

• nntvS~ T~oj1Jnnnft'vtr1li1Jflf11Vf1lltfJUNtrli'YI1.JlfiUUft~f1WtrliV~11Pf • • 



<V r;it ~ <:1 • • <=> .d dcv r;it • ~I ~ d !J/ -=1r!: • <i 
1g:tJ.J.J mum'ia-3~'tJ~'iaeJH-31eJ'tf'tJ~H'tJ-3 1Jttn1JtJJg:Juunautnmu~H'tJ-3~1'tJ 1J~-3U~11'1J1~mn 

tGJlun1g:~-3 1utJ'tJ0-3'Jg:cU-311'tJ1~ 1Hw tGJlu1g:cJY-3iJnmu ~H11'J'IJ 1u11au1Wn1 ~-3i.Jmi~ 
u ~ 

" . . 
w'Jg:'J1'tf1'-3ntr~iJw:rma{ jg:cJY-3tr11J1HJthtJ1n1'trv>J ~-3uiun''J tCJf'i1ilf1 uiniJv1Jnq~iia 1ftHg: 

"' "' 4 "'!J/ !J/ <i"' !J/ !J/ , , 1 !J/<=>d , 4 d ~ "' d "' 
~'Jjg:CJJ-3 WJaa1tJflg:lfl1 AJ~1't.l'tJann !~ Uft'JU~J?f)g: 'tf'J~lW'J-3H'ia~ Wa'Jg:CJJ-3f}n~ Wft-3-31'1J 

!J/!J/!J/ !J/ "' "' 0 " !J/ " "' <=> ~ !J/ J 0 " !J/ <=> d "' !J/ "' 
f11n~n1'i'tf'tJ1Ja-3rJa '1Jn'JJ'Jg:CJJ-3flg:'YI1 AHa 1n1f1' A 'tJ jg:CJJ-3W~ n 1'itf''IJ Wa-31/'IJ 'Y11 A 11W~UW-3a 'tJ na-3n-3 

~ 1 "' "'"' d!J/ "'!J/ 1 "'!J/cv d "'!J/ d "'!J/ 'J1'1J t'IJ ftn~g:'J'IJ~n 'jg:CJJ-31Jn1Jfla'IJU1J'J'IJ !Jf11eJ 'tJ Uftg:U1J'J'IJ !Jn'JJlW'tJ'Y1113J'tJ !~ lW'tJ'YIH'J'tJ !~ 

-=1 4 'r "'~ 1 ~ <i 4 o '7 !J/ cv , cv !J/ ..:. r;it -=1 
flg:m'tfan AeJ-3ft-3 tu nft1flg:ftunflg:n'Jg:~m'tfan n1 A'ff'Jg:CJJ-3AW'J-3tmg:n'Jg:nvmJflaum~tvwtrv-3 • 

iu vHn'ig:cJY-3a1flflg:u1J'J'tJ 1fttlun'Jn1lti'Ju 1u 1ftn~g:-Juaan jg:cJY-3:1Yn 1GJ!jinnn'ig:unnl'Jv 
, Jl , , 

ri'au111a 1rl'nau ununflg:uni-3 mwilf1HtJ-3fhtluniJv1Jtr1HfvHau1wnmftg:Ha'Jg:cJY-31~m1'J 111 

' o<7!J/ d "'!J/ cv"" o 1 d AW'J1g:n1'iUn'J-3a1fl'Y11 AHHaAtreJH1eJ t~'Jg:CJJ-31Jn'Y111J1f11n ft1fg:Ntr1Jna-3U~-3Uftg:t1Jill 

(na-3tHiia-3) 1ua~ntr'J'IJ~AH1J1g:tr1J 1~v1J1n:1Ymtlu na-3u~-3 3 : ~'1/n IHtJ-3f11n~Htimtr~fl 
!J/ <i !J/ , d 1 ~ 4 d' "' " "' "' d "' !J/ d AW 'J n11g:~ a-3fi'J-3ltreJ-3 ~vnntW1JH 'iaft~tu a'JtrV'}f11eJ & 'IJ~'Jjg:CJJ-3 t nvvn vnnm 1g: tramtreJ-3 

1 ria 1111 ru @v-3 ~~ a-3n1 'j'jg:cJY-3ifu iJ !111 u i1 iJ w~u 1n1 'i1J 1fl 1n n1 'i 1 'ti'-J~ Q ~1)9] u 1 u 1 'tfiJ ~ n jg: n v n u 
, jl , , 

rwa 1mn~tifw@v-3iH"JUftg:n1HU~iff!Jti'nYw11a-3tffv-3uwifunn~arl'J11JH1J1Vnfv{uftg:tV1111 
' J) Jl !J/ !J/ r 

ffWW1tJJ nln~V'IJ U'IJ n-3i1 i1nnt11Jl 'tJ 1J111 1nitr~ 1mllfteJ-3n'lln n~'hl iJ 'tJGffj~11 a-31J'IJ}jcf a 111 1'ti'1rl' u u q q 

~u nu ui~1~ 'lJN'tfiJ~ uftg:w~u11vtinnaanuvvtrfH~11JrJ~iJvmmg:n1'iUVftfl'J11JH1J1eJ . ~ 

11 1n11ti' n1Ja-3f1'1tr'IJ1 1 uu'Jg:J nrr 1 nvwv11ti' nj1ui1i1 n1'itrfN'Jg:cU-31J1l V'tJ'Jg:eJg:J 'Jft 1m 'J'IJ 1 uu ftg: 

rhn wilu a 1GffWA w ng:fi'J 11Jl a-3n n 1 u n1 'iu'Jg: n a vn n 1 GJ!n u n n1i~tilua-3r1 u'Jg: na v nN~ 

trfi1V~vn'i'i1J nn~mm'-31l~'JHtrla 1mn~fl'J11Jtr'JV-311Jumrlav'ig: 1v'tful1udu 









~L t-aMYrtlJL,tuaaputrtn.Ltt-,!)t-~rtLtU 

{!:giJf1~UUat~t-,.,f6:g!t-91U,U~,f:gf!fJ~l a,IJU.UUfl}U.L#ftJU-iJLj&~kt,fULGf1.,!'JL(lY1ftLtUL,U[!:gGt-,.,f6:gt, 

r-a flgt-aerat ~ r-a!} r r-ae rr-a flgt-a£ m L nlJ r-t,Mu M rm L t ua :gG !J t-J:t G n.,.,n. Nfb n,l't u r-a flgL!! :g"fl :g nul u 2 I I ~ f( /( 

• • :gtJ Y1fl 9!Uf1.fJYt ~L M 6 ~rtlllUj2 U 9Y[!Nf& IJUJJ 9£U.ft,IJU:gLM t! YU U f1.fJY11,!JL 1ft :gtJ Yf f1.L f1.L IJ Uti.IJYL rt 

n_v ~g une :gtJ YYL rt!Wlt!, LU {! rtLKil!J rtp au ~.uu y:gt,p rt L t-ffi:gU'L}.ttnn YYU@ @!, LU 

aUL.UUY:g!(lrtL t-ffi:gULjkt!LU 

~uun 
F' 



Fish 1n Can 

Canon EOS 3500 DIGITAL 
shutter 0.01 s, f/5.6, lens 28.00 mm 
IS0100 -KLONG· 



shuttar O.Oh, 115.6, lens 28.00 mm 
IS0100 
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tf~ng;tr<tfu~ 11 a'd a'o 11 a'd a' 0 0 "" '" nT(;'Infu 55 l a'llClfU191 f11U?U &' l a n CJtU 191 f11U?UU1'11Un 
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G>. 'Yl'i1CJ 



11. a:mmnNmii '11:JJ1CJD.J t:ruu~'titt1en1Ya.Jnva.Jr1v'i~nav.tnv 1uYa.Jt:rn un~n?nn~ 

uon1mmiJ t'tiu nnm?1'11Y n?nn~t:riJ:JJ D?'if!W.J n?'i'i~lil~ tilul91'u 
• w • 

nnt'llijemuun.JnNmiJH1anntn~'llon1enmiJ u~i91'a.JiJt:rn1Hlhn~vwt:rua iJnnt'llijvwnJn.J 

eJ.JrlV'i~navtnv 1u lltl~iJPm ih 1niJnntuivuuun.Jt:r:JJV~nNn?VIJ?WYf1.Jt:r?'i~-;w 'th 1 ni:rn 
• w w 

1Hlintn~vu iJt:ruv~u~P~n~h.J 1uu?nt:r?n~:JJ t'tiu nntn~t:rit:JJt'11gn n?'ilN?1'11YYeJ.Jl~mwS.J nn 

ff.Jlfl'i?~n~-;wut:r.J tflul91'u 
, !J/ ' !J/ 

n ?'il 'llijvuu Iin.Jl"i a 1 Ilih ilu n n A 'llijvuu Vtl.J n Nn ?VIJ 1 w111a n Hm iJ n ?'i'i~t 11 VYeN 'tl? 

w w 

n1a~wilwilaqn 
• w 

1nunl1vuvni-:mdNn?n'liijvwtiin.JYa.Jt:r?n1.JnNn?vfJ?W un~nNmiJ 
, 

n11AUUtJUUUIJ.:JnNn1tJi11'W 

1. iJnntuivuu Iin.Jz'liiNIJ 1vua n 

2. 1liiJn?n'liivuu'lin.Ja.Jri'Ii'i~navfJ?V 1u 
w ' 

3. 1lii1t:rn 1 11litn~vu fJ ?V'I16f.Jn? 'it'liijvuu Iin.Jt:ruv~nHn?VIJ 1wu n~ nHmiJYa.Jt:rniY.JfN 
<!! "" 

l'I1:JJeJW~:JJ 

4. t:r?:JJ?'nrth 1nn6fv~t:rfJ?wt~u 1~im 
, 

nnAtluvuutlu.:JnNmiJ 

1. iJnnt'liivuu Vt~.JziiiNIJ?vuan 
2. iJnnt'liivuuiit~.Ja.JrJV'i~na VIJ?V 1u 

w • 

3. ilt:rn 1Hlitn~vu IJ?V'I16f.Jn?n'liijvuu 'lit~.Jt:ruv~ nN n?VIJ ?nut~~ n?.JmiJYa.Jt:r?'iH~P~nl"iN 1 '11 

"" ummu 

4. ih 1nn6fv~t:rfJ?Wt~u 1~mn 

t:ruv~l"iNCJYrNt:r?'iun~n?n'liivuu'lin.JYa.Jt:r?'iff.Jtn~P~1~u?n6fnvw~IJ?Vuanut~~u?n 

nnn~na.J 

l~VJ~l"f?.JC] th 1nunmiJU?:JJ?1m1fumwcr11unni'191~?'W'Jnt:J'?'ifleJnliJU'I1:JJ?~'111q/ l~flt:r~WJn 1u 

, 
nnAtluvuuiiu.:J11rNtrn 

w w 

1. u?umif.J 10 nfu 1tin.J1uHna~n~neN tr.Jm~P~ut~~f~awHIJiJnn 2 u?n uuwhu?uv.J 
• 'II • 



2. U1fJfll'Hilu 1-dt~~vwtfliunn:filn 2 UHU'J tJg; 1 .ffvwvvf1 um'ig;filnufliwr:m 111-:n~ ~?flU )PI )PI 

15 u1n d:mufliurf 2 1N B'1urfiu ff'~m~utJg;'JJ'unmm 
~ ~ . ~ 

3. U1Um1tl'YI'i1CJ 10 nfu ~~Uti~ 1u111 20 cm3 fi'UfiJUfi'Jg;n-JUm1tltlg;tJ1CI'I1:J.I)PI ff-Jlfl~ 

n1 'i nl~ ouu Vtl-JU tJg;~u ff1 'JtJg;tJ1CJ 

e:f liJa'jljl 0 I "" ""d/ 
UfltllCJfCJ:J.JfltlfJ !'i)PI JGU:J./Gt/'14 0.1 mol/cm3 fi11'141U 5 cm3 JGUCI?ff?'Jtlg;tJ1CJ ff-Jtnmmg;'JJU'YifiNtl fl?'i 

'YI)Pitlf.J-J 1ulv 1)Pittlun1'iru~oum..lt~-J'YINfi1CJfi1'Wtmg;nnn)PitJfJ-J 1ulv 1)Pittlun1'i t'li~ownlt~-J'YIH 

2.2 nn~huumrn 

d 
CJf-Jff?'i 

1 u T t1 fiGUfJ-Jt n i1ff1'ii 1-J'J ttfu f11 u 1u u 1n 7 u ilfil v '11 u UlJ viff; nffnu 1 nni 1 fffJ-J &'1u GJJU )PI 

vNmh~ni1ffuv~fltf1onu vNveiNniJffuv~u~niNnu ti4vffg;)PI:Jn1unnirnv1rfuwf1 ~-Jlv-J 
d 0 

:J.Jfl?'ifil?H'Ufl 

111v ;)PI '11:J.J1)PI '111}Gttf1-Jff1'i T )PICJf11flCJff:J.JV~i1-J'1 Vf1-Jff1nrlumwcr1i N']tGJiu nnu11 'Y'Iih fffl1ug; 

a' d "" d' g.{fj! 
fJ-JfiU'Jg;flfJ 'JJ'Y11-Jlfi:J.JGUfJ-Jff1'i fi1'Jtlg;tJ1CJ t1 fi!JtlJg;J UfJGUfJ-Jff?'i Gt~Um fJ Ufl1fl WU~ U • 

~ ~ ~ 

fil-J; )PI 'H:J.I 'J)P} '111jGU f.J-J ff?'JiPf fJ 7 VU wfv :J.J n-J 'Uf.J fit fl W crl1 U fi?'J;)PI '11 :J.I'J)PI 111}~ 'JCI U m 1 t1 'YI'i1CI 

: .d 4 : jl d : ~ : d d : dl d 

U1JGJff):J.I lfltlfJHfi-J U1ff:J.Jff1C11f f}fll'H:J.JU U1flt1U U?HGU-J l'Htlfl 'Yif.J-JU)PI-J fl'jg;)P/1!1 V1flfl1 U1'11:J.Ifl ff 
~ 

0 ~ jl 

U1 fJ1fl1fY fi1CJf'IJ-J~:J.J 
I J/ !1/ I 

Gt/fJ-J ff -JVfJ-Jl 'Hti n7 '14 wfv :J.J n-J'Uf) nmw cr11 u fl1 'i ;)PI 'H:J.I'J)PI '11 ,j ~1m Wf.J 1 » fi?'J;)P} 'H:J./'J)P/ 'HYVfJ -J ff1 'i 
~ ~ 

ttfu 7'111u uu:JnNt~CJ:Jnu tmg;t1Juff1flt1 ~-J 1<{6fnywg;nfvvv-Jff1ntlumwcr11unn;)PI'I1:J.J1)PI'I11j 

d ""liJ!V!Vd' 
Gtlf.J-Jff?'i CJf-Jff1:J.J1'ifl fiJ)PI !)PI)P}-JU 

~ . ~ 

4 .c:f dl de:f"" 4 """" 
1. tr118UfJARf11 (Homogeneous substance) '11:J./1Cifi-J ff?'i'YI:J.Itlfi!JfUg;tufJGUfJ-Jff?'iUtlg;ff:J.J'JJ~ 

~ . ~ 

4 dl dd "" 4 """" 2. tr118UBHtrU (Heterogeneous substance) '11:J./1Cifi-J ff?'i'YI:J.Jtlfi!JfUg;J'tJfJGUfJ-Jff?'illtlg;ff:J.J'JJ~ 
~ ~ . 

7umiivunu~t~f1)Pin-Ju:Jt~vv-Jff1Tuu ff1U1'im#uv-Jrii1Jg;nvvnu~ni1-Jnu 1~tGJJu ~u1fu 
~ ~ 

wrnnwn~f.J U1 Tfltl'U umiJ-J flfJUn'J~ ttlulu 



(punodwo:J)rwu::qu:.LJJ-L,tua~} 

rtl!JYHU!ltat~~¥ UfJYYIHLrtLJJ,::IJYY~n~ l LtUULftfT,@U::.!fl_l!JN~rtU!lUJHn.UJJ-f1tJJ,(Juawazg) &L!l J;::l' P'\:::7 ~/6 lJt tr I ~ P'f'.Pb b' 1 

L,tUa£_Y U~jJL fT,@U::!fl_"'l!Jt-@UfJYYLHLrtLJJ-,rtL taftY~!}~t-a~Yn@U::!(l,Yt-@{!~!Ub£n.UJJ-MUJfJLU . , 
HU !lUJt~~ L umt~HLrtLJJ-rtL nnLu Yrtl!JYHU.UU!ltat~~ ¥ umYIHLrtLJJ-::mml!JYHun gu::!fl_l!Jt-@ 

"""" 16/6 • : • p """" /6/6 Iii p ,P 

nntt-@MIMY ~¥ ~n,~ l LtUULftfT,@U::!f1l!Jt-@ft !lUQ!fT,.UJJ, Ltf1UY::Gt-@IJ~U.UU 
1P 16 • 16 Iii "" • -" "","" .,. , p 

f!L!JYHU @£UM L tJaL u t-IJ{t YYf1a!lJU! LUna YLftfd> L JJ, YY::!U atjJL [1, um y! L u 
. '" 

atJ~@IJf1::/JYYt-@MUiJUn@JJ-~U.UU!ltLf1::nyy 1"0 16 F' P'~ 0 

tl!Ja~l n::!~rt::!rtLtl!Jat~t-@JJ-t-UJbLUt-@t&MnrtJJ-n@JJ-~u::mrt-@tJ~U~@tJUn¥ ~¥ UJbLunur ·z ,., ,., /6 : ItO """' ,/6 li!p ItO p 

t-@.lJ-t-lf>Lftfd>L tffi~Mutt-p. Lftfd>L L[t.UUf1Latf&@~Ya@JW»Yf1L t-IJ,P~!L @IJL!JrtaftYJbl rt~Y 
~ ft I I 

Lftfd> L JJ-YY::LuatjJL[tUmf!> L~JlHUft @nL t-1Jf1,!WL[trt~ra~ 1 Lftfd> L JJ-YY::! uatjJL[tUaYYt-@ tJ~u ·r ft I I /6 If 

HUb.tn.Ullt'@flgfT,@U::.tntJN~ £ Ut-@&?MU.UU "" "" ,-, Ji:;" 
I' • 

!Jf1L @,Mt-@IJ~U.UULf;tf1a£_YU,!l,rtL @£Ut-£Gtaf2Yn@U::!{t"'l!Jt-@{!~taftY@[JY.UJJ-f1(fY !Ub£n.UJJ-
"' ' 16 ~ 

gub.tn.un rz 
"" "" p 

(uoynzos) attJ::IJ.UJJ-@!U (a.mJXJUL snoaua3o.JaJaH) 
IY 

taftY@f}Yft.lJ-Mt-@1& L,tUa£_Y MLtJaLUHU!!;atjJf11JULGU@@fT,@U::!{t,Yt-@UfJYYIJ.UrtLJJ,::IJYYHfW 

'" l L,tUULftfT,@U::!{t,Yt-@{!~taftY@!JY.UJJ,rt,tp (o:JUTJJsqns o.JnJ) !UQ£1T,.UJJ, L,tUa£_Y U~jJL MUJaLU 
. '" , 

HU!lt 
"""" 

at~fT,@U::!ITL!Jt-@UfJYYIHLrtLJJ-rt¥ ta~YHa@t-aMYMLtJaLUHUfT,@U::!ni!Jt-@ftUta~Y@f1Y!LJJ-
!6 I;, • Iii p • p I;, pp p IY 

. '" 
~!¥ @IJL!Jrta~YJblaLIJ::IJ!LJJ,::IJYYf11JULf1t-@/&fT,@U::!fl_l!Jt-@f1tf1LGU@fT,N~ 
,cht p ~"'0 ,0 0 

LL H[J@,rtL @£UtaftY@!JYn(f~~!L @tJL!JrtaftYJbl aLIJ::IJ.uJJ-::mm,!WL[tt-@t&.UJJ-@[JY::nm;u2 
ft I /t ft 

t-U HaL IJ::IJ.UJJ, /6 

• t-%f>::!Uf1GMUYt-p. f>tL t-~f1L L[tt,PYYrtiJU~LOf1L t-IJ ~au f -z "'~!L @IJL!JrtaftYJbl aLtJ::tJ.UJJ-~au ·r 
. '" • t-jLYYL[tt-%f>::!Uf1GMUYt-P, f>tL t-~ftL L[tt,PYYrtiJU~LOf1L t-IJ ~au f -z f12UL[t~au ·z fSI /t I I{ 

"'~!L @IJL!JrtaftYJbl aLIJ::IJUJJ-::IJYY f12UL[tt-@/&!L.lJ-@f}Y::mfiW2MUYt-P, ·r 
. '" '" 

tfJM6@f1J.Ullt'@flgfT,@U::.tnf.clt-@ t Ut-@&?MU.UU Ji:>" 1Y lp Ji:>" 
'" . tfJM6@fU.Ul? f·t Ji:>" IY 

.. 
rt.lJ-M 

@ l}Y .UJJ-f1fJY~ L .UJJ-::11. YYtatt m 1} Y.UJJ-f1fJ Y~ L !LJJ-L_t n_fL ~ ::! [t M!;~ n L nM~ UJJ-t-L[J@ t ~ua na£_YU,!t ,li L 
'" '" . 



ntutm Mf1Y!&uma ~luu,au nJM GHMlna!YN:turww ~ tp P.P "' ~ I I~ P' I 

L~tl:turrwl:tu~A ~a~r~A~fbuLntp ·9 

LftfvtL ~l2Hf1B}rtLt/)f1tf1t!.f1ar ·~ 

~m ~y t-JUYf1@U~J.:t tLtf1rtrt¥ f1L~tM "fr 
PI M "' ~ "' I It! ~ "' 

IJLtt-j}t-~r-aer!J~rtL ~LtjY ·r 

~y m f1MYYf1nfM@!Uf1,lUf1nlt-~ aLt-UU~L!flYMHN~H ·z ~ /QI "' I tp P' I? ~ tp lP I ,., I v I p 

n1nar JhL~nar ntu!~l.@L nl!r~uaa 

tl:tUYt-@!l.f1nf f1rt!nl t-!l.Ht-@!l.f1fiY f10~rtLU f1@n!Ltj f1.1M ~f1LOJ.:t f t-Urt "[ #p p p #p "" 0 ,P I ::p 
!}t-~~~rt.l.:t(J!jML!lf1ar (zvJaw uoN) ~Ul:tl &ML!l 

" . 

t-i~tl:tUrrt&IJu~A ~a~r~A~fbuLntp ·9 

LftfvtL ~IJ1Yf1BjrtLt/)L[ttJ'f1ar ·~ 

~~y t-JUYf1@U~.ft tLtf1rttMrt "fr 
P~/tz ~ "'bP' 

f1Ltt-Ut-~t-a.rtrrt~LtjY "[ , l't) fO::' P' 

~y f1MHf1fiYM~l2Hf1J.:tYf1fiYt-~ taf1U1t-!l.H ·z ~/tz I #pP ~ #p lP P' p 

tl:turr-an.naru &!fln~_rua r-~:rrr-an.nar~nto.rt!J ·r 

!}t-~ ~~rt.rt(J!jML!lnar (IvJawJ ~ul:tl ML!l 
" . ~Ul:tl t-# ~IJH ~Ul:tl@ ~UIJl nar~LU.l.:t!Jf1j}ta!2WtMf1L1/ig 

~l!!ttj~LUJ.:tLt~rrJUYf1nl f1@!f'tLt/)Lf1UU ~IJYY LMAH Lf1UU N~HrtLttj~l:tHtaf1UYrtLttj JlJLa~l "' I ,P #p ~ 0 ~Tv /tz 0 p p ~ 

MMY !UH ruo tu~M .rt~ut-.rt r-~rrr-au r-an.rw!rtLt/)Lf1UULFWJJ ·r ,P ,. ... ln. ' ":' J;:7 l't) 16 0 p 

,PMfvtL !UH f1L,0 t,fol~M e~ut-p t-~Ht-@U t-@!l.LftfvtL L[t!LULRU~ ·z 

f1@~{}t~M~l2H MUYt-J.:tUU ~ ~P' ,., 

a~1 MMY !UH nto tu~M .rt~ur-.rt r-~rrr-au r-an. tanumLt/)~l:trrt-n.rrrtLt/)LfiUJJ "I ,P ,. ... , I 'i' f:;;:' l't) p p (;:7 

I'At!lN~n.Mnn.nuwuuu "UN~m.4uuu .,.... lP ""' I 

!JflL @IMt-@l:t~UUUrtLMML!lt-@!l.~~rt.rtnB.rtl!t!M 
" 

@~Yt-@l:t~UUULJ;tf1a£YUJ:l f1jf1a1 .rtnY-~!Urt.alrtLttj !Jtj1W£!Jgfl~!!f~LU fl.&}rtLtUL[HLU 

~@~I~A Lftf>!L L[tUU NfM ,P~rtwma1GH1M~~rt.rt}La~l ~Ul:tl @t-#~Ul:tl t-# ~l211 ~Ul:tl@ ~Ul:tl 
b 

nawaa ML!lt-1nH[JUYU,!L fl.Jmar rtag;mtjH fl.£9l2U fl.l!Y!~l.@L fl.l!Y~U@@ UJJUY t-~Ht-@U qpt-@U 

rt.[tY L,rt.,!LML!lt-&n. (woJv) rt&M~a &!J taMmau~!{lyt-&(J!j taMYBf}Y ~ub:nu.rt &!J ML!l 
~ ' ~ ~ 



4 I 4 I ~ C>l "' c:it d<::t """" ' ' I "" I 1n~n-J 'i'I'H:tn-Ja 'i'I'H:t'HJ'fJUJ~'i'l'i'lfJfJ~ (Metalloid) nJU1i1~'Yill'lf'li1J~fJCf1':tW:n 'i'I'H:tnva 'i'I'H:t 

'ffWJ~Srmu iJv~t~a~-a-J 1-h 1wrh 1~rnuau im1::-: u~u~-Ju'i'l::-:tvn::-: rnuaua im1::-: t1!u;u 

'lY?J'VJ':tneJV (Compound) t1!w:rnv1qndlifm~fl1#iJeJ-JrlVJ':tnaw~fl1flfJ illl'i'lf}'i'l11fJ-Jtrn 
4 'J n I n I j/ I Q/ Q/ j/ ,.,.<::! <::11 
qt -J A lll'i'l f} 'i'l11rJ-J trn v 1'::-: n a Vfl:t v J':t n a v~ 1oa::-:~ a 1111 eJ-J'fi1~~ N'Jll n 111~ 1n u ~ 1fl11i n Nm 11 u 

' ' " 
a~nff1'tJ11eJ-Jli'J'i'IU'i'l:tU1'tJ1'tJeJ:t~eJllntNn t'tiu U11.h:tneJ11~1fJ'fi1~ 1€1 T~nfl'tJ 2 eJ:t~eJll U'i'l:t 

,.,. a' liJ ltJ a' n I j/ a' 
1i1~eJeJflCJfHJ'tJ 1 eJ:t~fJll f111'1JeJ'tJ meJeJf) ACJf~ JJJ':tfleJ'JJ~'JfJ 1i1~fi?J''JJeJ'tJ 1 eJ:t~eJll U'i'l:t 1i1~ 

eJeJn~lfl'tJ 2 eJ:t~eJllt1!u;u 

liie1 a::-:~ e11111 eJ-J1i1~ 111 11:JJ; 1n u ~ 1o1H n 1-JmiJ u::-:li}~ tr1 1v1::-: neJ v #iJ tr:JJ if~~ 1-J 11ifl m tr1 1 l~:JJ 
" 1i1~ 1€1 T~nflu 1i1~eJeJn~tflu u1 

1. iJtrtJ1u::-:liJun1CJf 1. iJtrtJ 1u::-:t1lun1CJF 1. t1lu11eJ.JrH'i'l1 

2. ~~ 1w1~ 2. 1li~~ 1w u~'ti1o 11'11w~~ 2. 1;1in1fviv 1w 

' ' " 
ff'qp5m:Jmn1-JmiJ11eJ.J'ff1~ fie1 ;1amn1unnna.Jnqvn1rmiiouunu.;mt'i'l:teJ::-:~vll11rJ.J'ff1~uu 

" 
iJntfn 1unntiioui.JiJ 

1. 1;anv1;1u1n11e1-J~eJ1im T~miiowilu;1wllw1Hw 
• u 

2. o1anv1;1nU'1chnu 1miiou~1li~'Joanv1;1o~ 111 T~o 1;;1w11mgn 

3. fffJJti'nvm11eJ.J1i1~vNGJtiJ~tilurh 1un1V1'i'l1~u 9-J 1li~1-Jnvih 1un1v1a.Jnqv 

"" 
1 1 1jlcv "" a' 1jlcv "" a' ,.,. 1jl"" "" a' 

~'JeJfJNlGJf'tJ Hydrogen GJf'fffJj'i'lfl'J:JfJJ H, Helium GJf'lf'fJj'i'lfl'J:JfJJ He, l-J'tJ(Silver) GJI'iYfJJ'i'lfl'J:JfJJ Ag l/1 

f11fl Argentum t1!u;u 



' ~ ..,.., <f 
'tff) jj l fJ trqJ i;} tl '!I 0111 f) .J jj l fJ 

1. 1€1 T~1HJU H 

"" 2. flflflCJJ'HJU 0 

3. 1u T~1HJU N 

4. WfJflflJU F 
~ 

5. fti;'W1U Cl 

6. T1niJu Br 

7. 1a Ta~u I 

8. rlatnvaftr P 

0 "" 9. n1ug:ou s 
d' 

10. fi111RJU C 

11. 'Yifl.JrJ1 Au 

12. 'YieHU~-J Cu . 
"" 13. ~g:fl'"J Pb 

14. 1hvn Hg 

~ 

15. Ufli:UCJffJ:JJ Ca 
~ 

16. U:JJnlWCJffJ:JJ Mg 

17. TCJtt~fJ:JJNa 
d 

18. fl1tln Fe 

"" ~ 19. :JJ-Jfl1Uff Mn 
~ ~ 

20. €/ttlfJ:JJ He 

ff'wtfnvafvv.Jtrn'li1g:nvvH1vtr~1nNmiJvv.Jtrn'li1g:nvv ftv H3iff'wtfnvafvv.J1i1~1itvou u cu cuu q 
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a au( llfimw~vNri'Jufl~{]naant!ff7~mtlu 7afaau( Il}oan 7CJF~ IPJ~trJJnn 

thti'~ 7afaau( ll}oan 7CJt~aan 7111~ou?HS)91nwcr1ii7~111tHn'JYnvaan 7CJt~va~t!KSflau 1u 

mmey~fJWH.QiJ11:~~JJ1m 11 ooo C 7afaau( Il}oan 7CJt~fl~rhvfin1mnvaan 7CJt~va~t!KSflau 7~ 
d lqj/Q/ 

n?n)91~nautH'iJ'JCJt~twnaanJJ1 A~ ~~trJJnn 

FeO(s) + SiOls) ~ FeSiOl/) 

., . . 
1uriru)91auq~n?miimwnfla'llt'lla{( l};iJ ?w~1uam1rr vNri'Jufl~tv~owtlufla1iA'llaf 

( l}oan 7CJt~IPJ~trJJnn 



r JIJI r d' o' 

na-Ju~-JnotJ-J 7~1uvui1iJ-Ju&-Jt~m.Juu-J;a-J't117'1h1? hfvrr:rniriau nT:n11na-Ju~-J 11-f'vrr:rni • • • 
1 ~mt1 7'1ifl~ 1€Jf'j1hwnr:rntJ~tJ?CJ~:wn-:r~ur:r 7rlvh 

!J/ 
, 0 

• nau?na-Ju~-J 
• • !J/ 

"" ~ """" ""~ v • f}nV~ U61~6fleJ-JeJU '7 n~~~J-J AUV?U 

• 1vii'u t1fwnwtr:rrnnv (Statue of Liberty) ~-Juna-Ju~-Jo-J 81.3 iu 
!J/ !J/ 

• Ha'-Jf111N'I11 utJ~na1~v1CJ'I11f1u 

• wjt'Hgn 7rlvh 

• m~a-Jfitn7rlrh 1~mfrtV1~Ym~aftujt'Hgn 7rlrhtw~m~a-JthtiJ~ 7rlrh 

• m~a-JCJu~1ad; 6f/eJ-J ttJYff 1'~" 
• rwCJ1r/rh lW~r:rj~ttr1r/vh 

!J/ !J/ 
0 Ql , 0 

• 1NU1VU'H61-Jf/1lW~neJ1~V1CJU1 

• HtJa~r:rww?n?rr 'HtJa~f-JiYfl?1n~ (Cathode ray tube) utJ~tmni1~1au1um1av 

7Y 1fl1rJr/ 

• HtJa~u?fl~u 7rlrh (Waveguide) thHfvf-Ji¥7"' 1fl1nrl 
• !J/ • 

• un?11Wna-Ju~-JtwY1ju 1u1-Ju17acuunua~tJiJti1CJmua-Ju?nu?7rlvh 7~~n:h 

• NtrYnvumntJ t1fu;1J T'li1iJmntJ (cupronickel) and 1mutJ (Monel) 1wdJu 

1'tr"'}~7Yniaut:hHfvr:rfNt~a 

• dJwHrCJwmn'lim 1u1'1i6fla-J 1tJH~fi1 1v1iJmnm:iJu 111w 
.. u 

... <1'-e. v d v v 0 :it 0 "" • Nur:rma1tJ-Jfl~~a-JNtrYna-Ju~-JmnuaCJ cnn?l11Ufl?GJfU~tr1'111VeJ1'1111 

• t1fu-chu'li1~nav6fla-Jr:rnmilaw-Jnh'Hfvm~a-JtCJFniJn tm~t1fuird?'Hfvn1~un 



y 

d «:~ 1 d «:~~I • m HN fP1 u'"' 'i fP1 mfnn~ m 'i a -J fP1 u'"' 'i u 'i~ m m m 'i 
y y • 

• tilufiuii1 1u 1ammnn (biostatic) 1u 1Nrw?u?t~tmg; 1sf'1J~uthw1mwai1a-Jnu 

tw1eNut~~»aCJ:JJ1m1~ ~~:JJ1.ffu1ttni' i1flvuu1sf1mfg;iJu'"'-t (Muntz Metal: 
y • 

ntNu~N 60% + tr-Jng;@ 40%J unu uuflnlroflg; 1utiP11fJJt~u 1i"luuwuihna-Juf01-Jriia-J 

l1CJiP1Wtr:JJ'l1~1u 1 atrtmnn t~nuf01na-Juf01~ 1.ff1u h ~rw?u?t~t~at~fP1n?'iuwin1g;fl?CJ11a~ . ~ 

11fltmg; hflftt'9CJwtuf (Legionnaire's Disease) ff1:JJ11fi'HfJfP11ll1mia 

na-JufOI~ 1u1~uum#a~vfuam1rr 

• trnv1g;nau nJu trnt~g;t~?CJrriH'S~ (Fehling's solution) fh.h~ 1mnf1.ff1ul?u 
"'!! 

lf/:JJ 
y d' 

• flavnlaf (11) CJ!mrl'"' 1milutrnwYut~~trnn11H'thu1qni ut~g; 1sf1utvmmg;mvufCJi? 
y 

hflnu?f'i'N rmildew) 
• tilu-itr'"] 1unntvSiPlgi"lcff~nthnfCJfla:JJw'Jm a f rda~flm1g;umfi11:JJfa u 7 l~ n--h 

""'"'!! 

{ag;umuCJ:JJll 
• y 

• <ttnvuvi"l (Inuit) 1sfna~ufP1~twan?1ufifP1thnfui'ifP1fJU (ulu) ttfuflf~fl1n 

1/ui"lau 1unnaa nuuu 

1 flnY 1fh 'H't.l f01 fJ.l'Y11 ~11f.J~1g;cif~ 

2 t1fCJuu 'U'UlV'YI1 ~11f.J~1g;cif~ 12. nntv1~wui 
3 J ujl ..,. "'!! 11 'lJ l f01 ') (J f01 w 'H 'lJ (J ') 13. nntv?tndn 

y 

e!i e!i 11 4. n :JJ u n t1 ~ t m g; 11 u 1 i"11 :JJ u u u . "' 14. nntv?~unwndn 
5. 

, ""' 1 j/«:~ 
i"lnlli"l~N'J 'HA1CJ'Utr~f.J1f01 

y 

15. nnvunu 
y 

6. nnJ 1 'd t1 1 fP1 16 , ""' d' . nnnam?'W:JJ'W 
y y 

7. 
<de!/ 

nnn111N~ 17. nnttv?w:JJw 

8. 
jl d'J 

nn111111N~ 

yy 

18. nnrlnanvti~ 
19. nnt[:JJlju 

yy 

10 nnn1vti~ 
y 

20. nnmth Tt~ng; 

11. nntv?~uaau 21 nnu~~ii1 1t~n~. 
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I 0/ c:/ d'Jj/'J """'"" d .<!f n1~11?'tJn1'J611fJ\I\11U'I1r:lfl1~1JN t:JJ~'YI110'YitGJf tUn1TJ.i{)1J~\11UY 2 U1111 flfl 
r:J d d'J j/ j/ :If r:J d di/J j/ I : o j/ j/ 

1. m~n1mr:~~wo~ nnon tGJtfJ~~a.:uvunnom~r:~~wo~n mY1fJ1ntt:JJU1 U1Ymmu~~ 1ml'l1\l 

trU'YiltrOnflWUf-:nJ? 7vivu~?mfi.J (Ui.JthnfuivuuiJ.J) l~fJ 1n1~if~nno~fJvumni? '7 nu 

I~m~io 
c:/ d'J j/ j/ :If r:J d I : 0 'J j/ 

2. t:JJ~'I11106fJU1~nrJN '11110'11 tGJffJ~~fl\lliJU'YI11(JA'-J~6fJU1~nrJN 'YIY1fJ1ntt:JJU1 U1Y1~1ntm~ t'H 

mf.Jtrumfroriau wl'?u171iiau~?oui.J~fJvu1~HNtrhnm}''lr:~?~ rrla 1n1~if~n11o~fJvum 

rrh '1 nu r~m~io 

• 1/ 

~uu?r:~ fia ~unfJtfnyw~luar:~~tvo~fJfrm1vnunft lh~uu?r:~ 111~1mm~ 1H'mf.JtriJnwl'? 
1/ • 1/ 

lhY?'IJudao 1H'fJvumJd~u&'?u?71itaf1ulh n1nnifl~la.Ju1n1GJtu~nfJ~u1i1d'l11ttroriau 
1/ 1/ 

fi.Jm~Ur:I.J 71f7li1'1f'~utr.Jn 'hU1 n.J 7fflu~Ur:l~r:I10'11Y~ 
"' 

• 1/ 

nnn:ifl.J~UU?r:l rh I~onn1affiivn?U~UU?r:l nrJ~rJ1(JU&'? lHNtrYtJ'JJU1 u&'?U1Y1mn1fl.Jr:I.J'JJU 
1/ 

ui\1 {lli.Jrhnfuiawdl.J) 1d71'1un1GJtu~u&'?n.J 1H'~n~~nau 

I j/ I J/ 

~wni1o1 fia ~unfJtiia~umJwm~tni1o? tllu~uGJta~~~o?nu~un1affi1uz'li'I11Ym1nu~~ 1'11' 

uH'.JtriJmfroriau u&'1nudvo 1H'fJvu1~1dnriau ii'lu171imr:~\ltufl?GJtu~~1dth 71'lm~la.J1~1'.J • 

7li1H'~u~ptnuthiuYm'ti~ 71'fluni1~UfJ~r:~~r:~1onY~ u~~o1~u 7liuH'.JtriJn n1ao1~u 7liuH'.J 
1/ 

trunn1a 1d~urivuu&'?tnu1rJ.J 711 

• 1/ 1/ 

~uurin1aff1un11VOV~.J1U~1Yrl1~'JJVU~flUfJ~fJd?uNtrY~Nnu~.Ji1 

1. ~uuri 1h~nav~?o nnmif~vu1~nr:1N 4 ff?U + ~wni1o1 1 ff?U 1affrhnfu 
1/ 

.Yu~vurwnnu~uvawm~rhdJu 7!uuu (~u 1u) 



~ cv d 
11'1NifJUW'iJn'YI'l.JriHW (3 :1) 

3. ~UWl un:na'l.Jl-;w 'YI11tm'f~11U1~n6l1-:J 2 ff'JU + ~UA'I1UfJJ 1 ff'JU 1affth11J'JJ 
!JI !JI !JI !JI !JI !JI!J/ 

Y'uflo't.diulhnvonztn ilu1hnvrmztl'u iluza1n1rr iluzn1~'1Jan thnf'JJVN.:J 1ntt 

qv d v r qv v qVo "" cv d o 
aan AGJIV1HU'J'YIU~n11J1ffJ.:J'IfU AGJifJ~ltiU lf11n1fl l1~'1J'JU AGJfff1111'1JfJ'l.JtfJ'tJ 'Yim~ 

n'l.Jm1ntta:JJ (2:1) 

4. tra~u u1~na'J.Jl1v n11mif~tt~tav~f11u1u 2 thu + ~wni1v1 1 d1u Nff:JJ 

VqVV cv q cv 

flt}nlfltl1 A11l11WU A'tJtln'lJW~l11ti'J 

• !JI 

'111n11mi1~11u1~ntt1-:J ~1mi'~d1unla.:Jn11fl~ 1.:!~1:JJvu~au :JJ1Ntr:JJn'JJ~wni1v1 l1v 

!JI 

1. 1aff:ffau'J~ l~Vnn1afftfh:ffa Utt~ih:ffaiJ'JJU'J~ff'JUNffll 1ffJ.:J~W11UV'Jtl'JJ'YI11V hf 

qVVd""' 'j o"'> VqVVcv V <!! r q 
2. AGJfl'YI1WV'JJ~U A~Vn11UmU + '1111(1 :JJ1Nffllflt}nlfltl1 t11t111nU~'J(J:JJfJnfJU tU 

a~11ff'Ju#rhnu~ utl'1i1rhna.:J~u 1mtluna.:J11:JJnu 111'ih1nvw~r~rl'1mf1~on11v 
<!! r .:1 ') .:1 d lil ~ 1 .A -=!i ~ 1 V <!! q V • q V}l 
flfJ ~Nj1UtiN llfl11ll A~Utl~l'J(J'Jltln AIJl'JfJ(J CJ fJUfJ.:JIJti1(J~'JJ~'J(J:JJf) A11UUU AGJIN1 

n1'1n~tneiv'l.Jtt.:J 1u'l.Juna.:J~u + n11v 1u6lnvw~rn'liv'l.Jtt.:J 11i'l.Ju~u+n1m111'n3JU 

Uti1Vn1'1l'Jv fJU'jfJ'JJUtl~iJ~na.:J rh 1vdav CJ fJU~U+'Y111VNfflllV'1nw1lumiN~ 

.d dr jl o J~ d j/ o r r Q.l d 
tl~tfJ(J~'YI1fJUUti'JU1lUfJ~UU'Jti'Yin1fJ.:JUti'J f11U'JU 1 ff'JU :JJ1l'Yiff'JUNff:JJ11:JJn'JJ'YI11W:JJ~ 

.:1 q V<!i V q V c:- ""' d .:1 V cv r .:1 q Vd cv 
tl~tfJ(J~ AGJfllfJU'J~NffllfiCJnlfltl1 A11'YI'JfJU~UU'Jtl Uti~'YI11(Jl:JJ~tl~tfJ(J~l111nUfJ(JN~ A11lltln'VfJJ~ 

u'J.Ji111mllunau n~tra'JJ T~vnn11:ffath~wuf1v'JJ1mnluau T~vu1~:JJ1w udav:Uaaan ~u 



1Jtt Tfi~1J~unn 1cl1un?Tufiv~-J?u 11~~a-JAVU1Jtt Tm:r~ utt~ Tft~a-JnurrfJj'?AVuantTi 
mh-JA~cn AW11~lltt Tft~nuHW'? A0au?ll?iu11~iivNwur'l:ruNmiN ~11~6Ji-:wrh 1mn?~o~uuv "' ... 

uuunvfl-;riu-J?U A0a 11 1l/1Nfflln'U~U 11~ff1ll1 HI'YIUfi'J1ll7lf,f -J O?AVU 1Jtl T fl ~nUeJ1'1111 





j/ j/ 

1i n 11 r7iJ '11nm1 fl 

U13Jtt 1fl~1~:~nmf? 1d1un~tt~:IY-J wf:Jw1J'?:JJ1m 1dtt-J h11uei~nd?u~wm'H:JJ1~ wtr:JJ 
• j/ j/ 

jl 1 jl jl Q/ 1 !J/e:f Q/ e:f 111 , .<!! jl "" lf1 A I 0 e:f Q/ jl jl Q/ 

lltt~fl(;]ntfltt1 'IWIJ1flU 'H:JJttfl1:/fJJ~'I1 Wl'Htt'J 'HU.W'H-JfJUWU &u U1:JJ1'11'1JfiU~'JCJN16f/1J'l.JN flU 
j/ j/ 

wm~'l113Jtt 1flff1Hfv1<l-J?u d?un?nn-J1v 



j/ r!J/ j/ ' j/ 

unJnm lrl'nrfuua'J :l.J1NfflltJ'UU1a~UU'JttnnUJ·JUa'J :l.J1Nff:l.JtJU 1ua~'i1ff'JUU1:l.Jtl lfl 5 
"' "' ~ . 

ff'JU + rila~UU'Jtl 1 ff'JU U1:l.J1n'JUNffll1mW'1nU lYatW'1nuach-J~Ua'J U1:l.J1n1fl-J~'Jfmi-Jan 
~ 

r~f-J ffil~'~U1J.Jtt Tr~ tfnrfu1;1unn'lifiv~-J1U 



• il 

ACJfu~m~1 u?1rl'nilnhn.Jn1~vanvu?~J!urhrruefmn.J 7 JCJtumY~1tr.J 60 JCJtummpJJY?;.Jtt.J 
~ ~ ~ 



U nnmt¥ ftfT,(l¥ ~fT,N:JUftiJUUIJUYQUJM t/JYY 11L~::tUft1 ftfT,ftMYYt-Qnn@nrtU·L~t-IJHt L~ftY~I1JbY 
F' ~ II! II! tr""' p ' ~ b ~ ~ II! ' ""' ""' 

[ LftUftLtUftt-ftUHnUQ::IJYY L~ftY~ft.lbY l LI1UftLtUftt-11UHnft1 aLtJn L~ftY~ft.lbY 00! tWftLtU I=' f' ~ I=' "=' I=' f' ~~IJl /u "=' 

[J::IJYY L~ftY~ft.lbY 08 H,fUftLtU[Jj&na£_Ynf:tYY11L~::LU,[CL L[tUUa~l L~ftY~ft.lbY ~~ tWftLtU[J::tJYY 

L~ftY~ft.lbY ~£ HtUftLtUrt::Gt-MnftMYY::IJYY L~ftY~ft.lbY l LftUftLtU~Ln.n~¥ Ji¥ t-ftUftL~U@NjftG 
""' ~ "" tf'tf' , ""' ~ M b f' ~ "" P 

t-tJ~Lnn~tJ G agu t~m~n..lht ~·r t-n.uunLnUrtLtU~LnnrtuY naun.Mnnmu1 LU ttJnrthtan.ut 
' ""' f' ~ ""~ b "" ' tp ~ b 0 ~ ' "" 

ftLtUft ftGt-Mn~tftfT,fT,@ft.IM t/JYY U Lft.IJY Ut-@n::tUftY .IJY t-IJUYLftLftftnY&LIJ::IJU n.nt-MnLn. I=' PI=' I=' J?~ b ~ ~ /Ji o 1 bi=' f+u f>, b o lp I=' "" PI=' o /6/6 ~ I /( I /6/6 

flL nymGn.p,rtL t-@j::GH[lYYnn ·p 
tr 

mLrt::t(lQMt-tt~L{;trt,A "£ 
tr tr tr 

ta!tYHUflL LUt-@j::GLUUU ·z 
::LrtUYQMft@Lt-@~::Gt-Mn . ~ 

~ ~ PI=' 
trtr 

t-MnLnYUU PI='~ 
trtr 

fW£-YJl-L t-tt~L[tLf;ULU!JUUY 
tr tr tr 

na£_Ytf1JLL LUt-@j::Gfb~LJlf&::IJYY L~ftY~IJa l mLrt::LflL11U 

rtLtu~~UL ULtJiht;tt-Qnt!jnnp,L t-tJn]:tLU tjUYrt,AB-LUt-L[lYYJL t)m~ ~LaLtJ::tJfvtL t-~~ 11ffit-tt~Lt;t /{ • 1'6' t6t6 

t-MnLUUU PI=' 
trtr 

t-LUUUUft.IJt-UYYt-@~::G ft~YtMftML.IbLU::~n::GUft@U 10 b (6 (6 t::rb'J;70 f;J' I 
t6 /6/'6 I 

t-tuuu::mt nnn.tJ¥ t-@ntMnnt-tJ::~n G agut-Lntmnt-Qnt-tnn.L~Jb¥ ttJYY rrnrt::tnQMmLrt::tn@M ..., ~/Ji "=' I /u ~ ~~b~ /u /u 
tr 

rtA;,u¥ 
'~ b 

tJitLn.rtG.IJLUt-tnnJbY UY ULtJihn.Lu::~nuu!lt tUUY nntW¥ n.nt-tJLU::~tt nt.tJLL~@ o , "" I u ~ b~ b o """"' ,., ~ b ~ II! , "" tr tr • 

rtL~rt.tJM~ u LtJitLt;trt,AB-LUt-[lLYYjL a~ 1 t-}U 9 -~ mLrt::LflflL t-tJn]:tLU::~nultJitLt;tjL a~ 1 na£_t 
• t6 t6 t6 

UY LUt-@~::GUftfiYLG @Mft¥ naut-annYY.tJ¥ t-@nLftJ.itM tiJYY~t-UYYUftt.IJ~Lftn~¥ t-IJUUnnYYJ:t¥ 
~bo ~ FfPo •II! """" ~/Ji ~"" ~""~F' 1 ~hiPf' ~/Ji 

(n,L 11ft) nnYYjL n.nt-IJUliJftL[tLU 
tr 

t-jLYYJl-LkL t-!ftj2YYt-9UUUfT,}ULJWL,t-::tJYYUf::~::J:trtLtUQk}Y aQ,ftU 
tr • 

~n.at~LnrttMUY nntW¥ t-tJun.huu::mnn,¥ naut-@~::GnnnrH t-@ntMmULJ:tu::mr~m::tp,t-w@ 
"" ~; ~b ~"' p F' b I=' ~ ~"' """"OF' I=' I 

nnttrtL~~Lnnutp,Z~¥ n.G G a@LY[l¥ nnrw1 t-@ntMn.np,¥ t-tJG~u G H~Htp,Z::mwm~Lnnrt 
' ~"' f' II! ~II! ""' "' 1"' ' ' p ""' 



::u.t:! l @,t:!U.f1LU@flgf1@M11ffi 
~ 

rtLM.UUf1f1YL~::GUf'W!.MUNto::t.nlrUlYYf1Mnl~¥ ::GG!..L:lY & HMIJLt:!~tt;!fW!.M ngu::t.n~M 1:7 0 F ~ F /t> /u ~ /u ~ IJI. p ' ~ /u b 

LrtNJflgf1ntiJ!..L:l1f1[J U nnYYU@@Ut-ffo::U·@flgt'Ul Lf1 IJtQ::!.UULIJU@@U/Jtt:!YY nnYYrtLMt-ffo::!.(llt-@11. 
rr tp p ~ ~"' F ,., • o ~ ,., 

::mflUt:!Ht.nl~¥ ::my nat.Y::Gt-f1flgt-@flgU1LtUf11J & HMHt.nl::mY~Lf1flgftUUt:!U.1@ftt-@!.UYat~ t-H /t> ,/u~IJI. f;7 /;7f;7 b' ' ,/u f;>f;> ~ I? I? ~ /;7 
/6tf I I (t 

f1flgt-t:!UUf1UU.tt:!YYnnYYQ¥ t-Uf1@MnU f1UtfJ~Yf1@/JtQ::!.Uf1¥ );!¥ HtLrtt-f1flgLMUnnYYQ¥ Lf1 (t!Jf1U.Y 
/;7 /;7 ~ ~ "' /;7 ,., ,., "" ,., ... "' /;7 f;7 ~ f;7 ~ "' 0 f;7 

tf tftf I 

rtLtU[Jf1Gf11JL,Usf,ttL n.tUf1@},l!LfA.L t-,Y'(lL Ltt::mm,Vrt.L:tMt-Hf1jfon_v HtJf1J,tL[tt-@n.rtQMn.tpuw 
~ ~ 

Lrt~¥ t/Jf1U.Yt-WLf1 @U U@Ur) nnYYQ¥ n.na@LUUt-Mflgf1n f1f1Hnf1YYU.¥ nu~u~ntnt-Hf1fl.f1W1f1n ~"' f;7 0 I? I? ~"'. f;>~/;7 • ~,,., /.;0!;7!;7• 
" . " "" 

t-t:!LULrtU@UfLf1 .UUt-@MrtLtUrtLM~Lf1flgf'tUf1t1YYt-t1fl.~f ::GU t-f1U.HflgU@nnYYrt¥ IJLt:!n~lJ.n,GU Ht 
I? 0 ~ f;>F' • rr~"' p f' ~ f;7 ~ "' , u ~"' 



!ll 

'fiN hrr:tVV.JU1 lr:t'H~ 2 

tCJtu~mwJ ur:t~~1u1HruiJvuww:Yut:-hrrue1nr:tN 5 tCJtum:tm1 on 50 tCJtum:JJ~1 thwfwlJu u <U 

: &!/ t !J/Eif !J/ Q !J/ d Q !J/ , "' "" 
6JIU1UA't1U1 lr:t'H~ nr:t-JV1U l'HA1JlJU'J'Unr:tlll1fJ1f911UAr:tn :JJVU119lU'YUN1fJ'UtJnr:tN 3 ACJflJ~UJ~'J 11~ 

~11-J l'HWiJVU119lHJ'unr:tNVU119l 4 ACJflJ;JUJ~'J fJ?J 10 lCJflJ;JUJ~'J l:h'Hf'U'IhlfJunN 1Hr:tf1fJnVV.J u 

d'J !J/ d' dEll "' Q/ 0 0 Q/ : "' !J/ !J/ d "' vw.Jur:t~zr:tuvv.Jmv T r:tH~nmuv.Jfi1~CJN U16JIU1Utr1H'lwnu1 T r:t'H~:JJ1~19l T fOltJ tHf911umn ~19} 

!ll 

UV1UVV.J1~cU.J 10 ACJfUm:JJ~'J 6JflJ1Uth'Hf'UAnU1 lr:t11~11~iJ 2 ~11-J fJV~1Ucf1tJ Ur:t~~1UV11VV.J 
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