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tho ""'<11,1 nmrt 1",icolly "'«I~.t>k 1'n'l"" f.",If>... ~ j",no II~' "o.k-nl> t''''l'<d 
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1 
Crysta llognphy a nd 
Crystal Im perfection 

CRYST ALLOG RA I'll ", 

In 1\.1'"1<. ckmcOll' lIIId lilt" cheminl rompoII,.b Ife u'll~lty r .... '1!J In til"", 
........ n:", ... ly .... ~ .... '''1''''' ..... !>«<lU'- Dll'fnftl' ,,~0<1< "",-., <1111"...,." prop<'ft .... 

It "'" _ '" moI«ol<, In > .ohd ... OffiWIiflI ,n _ "'1"" 1',.,.1"' .... lhm 
" ,,~ ..... ~., "n"all,n~ ...lui "The .... jOlnly ,,( " .... , "'" U}'i.,I1"", .. "h ,he 
... "" .. ,".1> ,~ "",*",,10., ...... -lIIcb ,hey..., tomp' ...... of. """~ ,"'" r.,ular 
...,... ....... ,h, ... ·<.I"n<~'M ... 1 !"" •• , ..... ~ p""M ... ·~ 'f ~Mlt-'."".. ,,,rlt, " I~"'. 
"'" Jtfin'n~ f"'!fW'" uf .. rn'"III. I>vo lO I><~ gf Ill" 100, rtn~ """', in "'" 
_,an"n",,,, "r ,t.<" " .. ,101"" ... """",k>,. ."hr .... Iod. ""'Y "',.,.,,') I>e "'Konltd 
.. ,..,"', • .. 11..,11"/,,..1 nr ",,,,,./.10(,,,, $1,/111 . .. -1>00<: _" "Tnc» " duo III .. """"f'll<lft'lIly 
hioh "...:,,,ill' (;1.,.. pikh. ,00 "W1y p'",'ie' ore nampk. of .""h ",~>q>hou. 
'" "ho.", 'OIm) ",''''" Anlorphou. soI,d, m.y <~hlb" .... ~, ,~.~. ",ok, Ln '''''If 
""""0,,,' TIl< "".Io~y 1><,,,,,,," an """"J'hou. ""lid""". l",uW .. "unn 1'1'",",,,.. 
rw<r.llj .hcy "'" "'" '","e I,,", range <><tIcr .• s X ray d,ff""""", indk~I.$ 11101 
noon) 104uo<1 ''''>k,:ul<> ,fC c<~"in •• lly .k,r,,", lhelf ~""" .. """'KpOOu' >'II"" 
IIow "" ,k.rr .... ,"n~ PI""' ",'bc~~. f<>< "'Y'"lIino ""iJ. "","", ",<'U,," 3' • 
f"K,'<I) dotllk'd 'em per"."", 

1.1 Cryslld S l ruC IU~ 
In • ,.,y"tJlo"" ...aoJ . ...,.A """" fK -xrolr" ",_rd '" U <kfi~"~ ,..~n"~ 
,~~, u' u dl/in,'" Jf'''''''"~ /..- u...! .... u <kiMj", "",.'U, ""'"kit'''" ", .~,..., 
.. ~ ... , ... .... >I~ ~lr. '~"'''''''''n", ". n. ..... "".f«. cf)' ....... e"".Mlc"'" '" « 
rotllol,OC"",, by ''''' mnmle reg""'" ~(ioII 0( idmJ.ia1 W\K'Iur..I umb ,. hulklt"l 
blod ••. 1'bo ~'u ... "","en.l. are made up 0( ,,"r'~>1'" of ,ho><! :ry>l:ll .. C,)'SI.>I • 
.... he .... ,,1, <>< ,...>iI, n .. "I1",~. In. "n,k: cry>!.1 ,,,.. 0"'''',,,',,,, <>/1"" "" ...... 
II, ... >1" .", aft' ,,/I ""if",m awl r"",j" .. < 'A ..... ,."''''' .iI<' '"'''' <"",,1., ,,,,,",'n 
,n ~"B 1 I "..,"' .. ~ "" "i«"n"nu"".,.. ,he """nd",y of Ih., lyre ofe.y"" ;, 
I .... boullllotl' 1<>< lilt on" .. CI)""" \h<rc .... no ,.bd",,;on'.110 in!Om. ' ;r:un 
",.,",10"". (0< """'pl<:. ,1o."I<>IKl. ruby, ~c. Whe •• ~, for ""11<'"1""110,,,, " .... '.".1 
~1t,,1, • "'."'/ " ",,,,/_ "I"if .... ,,1/,,'.1' •• 11" ... "" ,h" ... n ,n 1-'1 I 2 [""I, ," .... 11 



, I:ne''' ... ·'''« I'h,-.,,', 
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0 0 0 oj 0 

0 0 0 0 0 

0 0 0 0 0 

I I •. ' .1 ~,nl" 't} . ... "nt<'~" 

"1'»1~lh," ",~II<~ A ~'''' 11'0;>< ~r ... n>"" "'U ...... "II< ~ .,...,~, h>rm, .. "'ok ",~"." ..yll.",· " ... ,,~ ... III,~ I ~ I. h~~ In 'foIM" n"... _ 1".'" t>< .. no,l.Q"" 

t.... .. ccn , .. " ,""n' I h, .",,,,, ,', .. ,. '~""_' ~ "A,." 1''''' •• ~" In,, ••• ",~ '" \ 
""".".. " ,.r. Or .r",," "'" rho- ... , .... /,,,,,-r I"'''rnt I .. " .• ""'" ",.. ,-''''-' 
....... uk,/ ,,,,,,I .... J. .. k' "., I,""'" " <,,,m bo.....J,,,,n ". ,-..J" ".,,,1/,,,., ".,J 

::;'lIlk '" ".1, .,.- IIU,- r'd".aI>I.: Ill.In I~~~") ,1;1111"" ,,~oJ ... ' nl.ln) f"''''''''''' 
of "~MI ...... 1'<'" ,"" ... '<1 .. "to " ...... , f) ".1, T. oI» ,I""", .11 _w.ol' ) 'Hun,,,!, 
,-" ,tal- ty", '''.''~I ') ",ho'",,,, In "'" '''''' •• '''01)' "".10" ",.""~W ,,, ... ,",,.,, 
Sln~1< ,", ,,.1, """- to.: .I,."IO('<! ., dr ... · .. '.# r"·",,It< ~ . AI. ,-,. ell ,'1,' '2IkI 
'"'''' .n,,,,I,,-t \l-~'1 1 u~II,.,. I 

1.2 lI"'inili"" fi r Cr}, .• [,l1 Mrur,un'. LaUi"" ]'uints , SI",n 
l.aUk~, I.allin' l'l an~, Ua~h, Unit Cdl 

,I <0)".1 " • 1 ... 1","'","" .. 1 ... .1' 1I •• ul,..;or.J p<r~.Jr, .... :u,~c""'''' ,~ \ 
d"''''n'~'' .... II''''.''' ,~ .,,,"'' ," ... >k,·uk, 'n·,p>«. " •• 11".1 <r) ,.~I ...... -'u"" 
~-/."' .. ;rn It " ... , ... ·r" ,,1._ ", _J, ... "lr ,,",,', , .... ...- .. ~'""'''' ..... ~, \\ "h'" 
<ry<I.1 """"II .... , "",II''''''''' .1'''' , ....... ...,.,..., ' " rroup "f",om," '--.... Ihr:, ~< 
"" .• 1<\1 ..,.... ... " .... 1 h" '''''1'1"", I" ,,_ ,..~"". "ho<h If. l",· .... ~, ·I~"; .... 
"", ..... " .' ..... '" a ,a F., I I ... 1.""lld .... ,,!.'. "''''":r;t"_~' "11~""'q"""" ." 
''''''-. IF" I Ii, "....,r. ... -.l~, ,pat't' Ian .... .. h ... h .-",,<1< , ....... '''' ... " ... ''' 
:II'OIIn<I '")' II>n"ul .. I.me< 1""'" Odd ... n ."<1)" ""')" Iht ...... .,. ........ "" :I." 
",he. I"''' ..... ",onl II .,hln ," ".1 "''' ........... »In~ lru....,h .. Io:~" ' ... LoUb'< 
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II"" I .. " 

In;' 1"11 III< r-"".01 ~ ~on"",',,""" 
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I.." "' ",,,,,dOl I I~ I ,I. "hel< 

." , 

, •• 1,", " ."oJ /, ",,' I.",,1ok ,,~"'~, t·l .. I.' II.,", 
f," III<' I~"m",. Ir.m,I.", ..... 1 .",,,. 1>( the 1.,10,,,, Til<' F ...... I ...... II,·I,"".m 

,lit'\) ..... "no:d ~) ,'''' .... '"'" .. , ,.",,,,,,, " .l1li /). !!>mI, • lomll",' «II "h"h 
",.1",1111<- """ ,ell ' ..... ,. a """ ~.II i, defined '" Ib< " •• ,,1/ .. , ~,,_"" /;.",,", 
,I" "'".,"' ..... ,of .. ~~ _ <"t. r~. Il< ,"'" """Ill ,,"" '''" .... /" ,,.,.0101 "'",," "II 
..... , Ito'''' h""'~ • ,., ""'1"m('III."~""",, 1,.-- """1)0 <k( ...... <1> .... 1 ............... 1 
... """""" ..... ~""~ ~ m'.""'m ""mil..- <>f ......... 1f """" u ..... ,. ft''''p ,,/ 
.......... k, " .... h rqw"",~~ luI" .11 ,he ' .... ;LICI." ... ' ullh •• ) .... 1 

I •• ,II<' l.do ...... "'....,J '."'. ,11<' ..... , ,--.11" . I""'Ik~,..""'J f, ......... h) ,II<' 
1>.0,,, ,,,,,.,,, II. b, ,' ., "'...."m.~ «I,.". ,,,.oJ .... I!MI .• , ... ,1 ... u. /J. r 
... III<>\ID In I '" I ~ I k",'c ,n ... ncI<IIl. a .... n'l ""II" nul ..... def",«1 ., ,I" 
....... 1/,,, ,,,/._ "I" ,,>/,,( Jm ... • ~" .• ,,,- •• " ... , ,.., ",,/ ..... , I ......... ,,"" " '01 /" 

"'''''~''h'''''( ",..."'~ .. , ,n I ,("' .... "'"., "",1.11.'10 "'I""'«'"'I"~' "II ,fl." ".""".', 
'1 'h,' 1","',./,,,, ... ",,( 

l ho <hI,«. 01 "",' «II " ",. "m4"~ "n"'y .... · Ann) '" ... ' II'{-I)' 1 h, I 11 
II '.11 ..... "~'''r'''''oJ ",. ",,,"k, uf "'y>. bu, the u,ul «11 ,,,,,,,loJ "" .1.,,,," on 
,"'h a ~.)' In .. il <I"".)' .11 ,I ... ')11'''''''') ,ot a u~,'.1 I",II"~_ ~) '''''m~ 
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\\h."n ,"",,,.,,, /, , "'" ,It< """", 
' ... ,n" ,,' 'he um, ,..II. ,hen pm", /' " 
,.1..,«.1 ,,, ,I., ' .. , g' n 1>\ '«'''' ,,,,,,,,,ion 

Ill: .. I ~ ~,~ • ",h . n," 
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TIl<" >I>af>c, .... 111< ~n" cell , .... ~" ,n tot I 1 or ,1Itw ", .. n <f~":al ')'>i<'ms . 
• he cuboc ,) <I,m" ,he ""'f'kM _..-. .)· ....... ,,'c:al ,n .tod. ~ .. b .. , ~ 
" .. fJ" 1 ~ <)0" II" .m"'",",n, , .. 1M"" Iluo ""u ,_ hill "f ,I>< _"""II~ 
"';<~"'.F crl"~I' Iwk .. , .... he cubo.. '~"<tn 
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I< 'I·''''c·."",,,,J ''''',,0 "",n" '" PC.C ')'''''' h"' inS """"""",, d. !.o). 
(II. !.~ I . ''''' , t.O.t )ll",~ 117). 
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1'<1 u"" «II "U'""", "r .. ,,,',, ,n de .... " ... or "U",,,,,. ,of n~'k<"", In """, 

~' ~" .I tk-o...,." ... , ho.'" ck ..... " ,he p:ar! ",ul. w lod "I"'<~'" up 

1 l' f" {'""", ln' {' .~.Wt"" ... 
.. g """". ,_ .. c ••• :b .·or .... e.."11 
C()fftCf ",.""" -"arN h) M w .. ' cd!> 
1 ....... r,., II>< ,,~;aI ""'n""',~ .... "'"" 
l"" ullil .-dl.\','lI-Il'!l ,.Rr 1181 

2. II (:C C",,~I 'n rlC l " <l}"'~1 
,I""" ,. ,~", .,."" It! ,he •. <""~:tnd ~ 
"""'1 0' H «lI ....... t ... h ror'lI<"l ~".'" 
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i" 1'0' .... 1 ",,"', .. hKh" F.CC .. II «WIlt'" and 'xc «n".~ 10ft,"", ~',, ' ( ~'J 
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In, ~,jj<f~'" ''''''''"'''' 

• 
o 

-0-
' -" •. It :0. ........ ... _ ... __ pn- _ ... II F.C.C. 
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-~"J/." InJj,.,[ It" lA, ,h ... , . _11., .. {IOu,N, In"."" h.1:. / .• /'" ~ ,..., ... 
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1.'Io .. ",~bI ~ldSt""'\1 .... ,. (n ........ , .,''', , 

.. nh .., 11II ..... IlI~II ... 1 _ IbtQ It I, ,IUN I ",nlel dtlf.:l Ihi· 1.330. It 
" ......... ". ,lit oonoc • .,....~l clec1n<:all~ ...... ,r.o.I Such ",,1"1'1 .. "'''' ".", ... <d 
... hen • r"'''''' ,~ ..... , .. "'. ioo ;, """ro frnm ", ",~",.II •• K< ", . ,,, • ""'rb, 
'"'.'<.l'":UI'V''''''''' When weh In'" u( ,n •• ",,,,"""'c r"''''nt ~lff~'''~1 , •• "",,, • 
• , 111<) n"tr~l. th ..... ,h ,"" u),"al A,"~ " ,>\1M "'1'«1 lh., <lIft"""" ,n • -"'lid 
" ,,,u,,,')' t<n' .... r.wr< ikpo:nrlano. " """"".,,. ,,"h "",ea>< II' t.,,,,,,,r_,",,, In 
,d""'<I~ OJ"'n ",oc'u", (e t -. S.C C-) into",,,;.] .00 I'rrnltllldC<'h ,<ncr_Uy 

""""' Nu",!>.r'" F'.n~ellle{eclS .,",'i""" 
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s,,,,,, ",", ,,'~ "I, '" I '"'' " I .. ", ,"",p;ar0ll III I • 'r '"'" 110 ,. ,r," '" , ... , "II ".1 
""I') , .. ,' 
1.22.2 1Ii,~...,.,;.", + 1.1 .... l),or"", 
I,,, ~ ,,,te okt. ... 1'ft .. h"h. II",' "I .... >tn. ,. """a Pf"1"" r""""" !l"~ .... "",, 
.ore II .... ' .. U) ,~ .'''n\, .. ""1<" ,~,~"'" d .... -... ' .... "". d<ff« ".'"....,,,.11) 
fmm ,lit ""'oil '''''. nw- ... m,~. ",."" " ... ,..."...., M "At .. ""," • .-1 ... , /,." ... ___ /on( 

""~ ...... h •• ~" 
, U<~ 1",/" "'''',0: II , ... "" '''u:>J.~ <II ,.rm, ot ........ 1 01 '- 13'(""I,~ 

.""'" a .... ,10 • .- ."10""-1 ... ·", •• ,'''".,,'"''."' ... , ...... ,~) '" ,II< ,,,",,,,,,., It , 1~., 
J.".~" .• ,,,,,,,, "",If "oll, .• 1<1.1 h. ,h.: ')~'ho~ i-

1\" .. "" ,Ite h~"'" .~' ,boo ~"I.,.'" ... ,he "'''''',n, ," ,,,.. """'" .... "'~ .n 
"'~"'.I ' ...... '" ...... ,,,,., .. ',,' ..... ,.., ",.,n ... h ... h ",'k..-I), II""", ,,,.,, hJ I \.I •• I 
),.,. ",.1.', II~ .'1"" .,,, .. "I ",,>01., _, .... " '" ' '''''.; \II< <1') .... ,.o,R II< po·rm.oncn'I\ 
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Iht«r,"~. 01 " ,.11,-.1 .JS' d.;Io...'~1fI. n.. .111'~ .,..,., .... '1 ,.Ik<l,ho ,hr lb< 
pI_ a~oqI .. h",h ,"" ,lor ,al« pi"'" ,,,:alltd ,he ./,,.,.s.- (fo, I \.Ia. I 14.:. 
Th< """," .t>ul~ ,"" ,lip pi ........ ,II ~ II.", or c .... If'R''' .... ~ ... , ... "" '-'~'" ,"" 
,h" .. ~ '" ..... 'u, II ,ho- ." .. IWrpl_" >I''''~ ,110 ,1,1' r- ,ho-. "" "~I"'" 
"",,",, ~,,""'''I(HII.l.' If "'" • .,r. pI> ... " ",,~ ... ,1M: ... hl' roI_ , ...... " '".1 ..... 
:<01., .. ,," d"l ...... "'" IT' b,u,.., I loI 1". Ih!, lei ........ ,....."". ,'"I.~;d"'" 
flo< • .,,, .","" dill, ....... " <k",rit..d by ,ho 8",~~,', , ..... " i>,ror I u. I h 

..... ~, .. ,,<' "'" ,<1 ... ,," d, 'ru..'.m."" .Ion, ,hI' pi ..... , • "''' ....... " ... ".""'"'''~ 
d,,""'''''''. ,,," ''''' "''''', """., In ",,,IM ar, ... " ""..w, ,."J,n~ ,"" :.M' ,,, 
,Ar ..... , .,. ,,,,.Lrn ""II '"'' "',, ""It' .. ""' ... ,n ~ /,..r{r. ,," ./01/ "II ,I" "'mJ, 
,.,., .. "" .. " I"" .... '>oIJ I",,~ ,,, ~ b",l,r" ,j,""I'uM''''''' I,,' I"""" fI"~ '" 
,~'.", "h"h "r,·J. """ h """'- f""~ TIo". Ihr I"'"''"''' "f J"I._ "'''''' ",.,t", " 
P'" IIMr W k",I,,"""'/ "'h, willi. ""'/, .. """'.~. ~, ,hr. ""Ih, 'I' ",. "" ,/>, /0,,,,, 
,,, I"r/n , fn ,loll ",~, w" 

2 ,I. irK /)",,~ ",,,.,. """,ho, l" ... 01 d"~",a,,on I, II'''''' J"h .. ,~ .. , .... , 
00" t>o,. '"wh ....... ~) <n ... ~'n'n' , .... , • <u, "10><1< ....... ' .. , ""'" 1'<" .... ' ,<)".1 
.nJ ,w ".I< ,,1111< "~1 ,. lI .... n lll'pl;K<'\I r~blll~ 10 l ..... l!IIIclll"~ I I .... , .ol"m" 
I.",,, ."".1 .......... ,"" ~,,~ .... "'" .. bah ... """" ,,,. lh< ........ 

t 1f,,,J II,.J.. ". .... In "", ... 1 ,,~ ..... , d"k ..... __ ....o "",""I) ,~ .............. . 
,,' nl,. .nd .. "' .. d"h .. _ ......... h>o:h " ... 11ed ",,,nl d,,"" .. "'" 

1.:1..1 !.II ...... 'kim, 
I 1"1>< .. ,' d .... ,,, ''''' ... , ....... h ,,( .. _ .. la),,, r .... ,"" """"'" < ,,' .oj I" .. , 

,'" , .... ,u,r ... c ,.... "","u"h nu) .... ,<1,," ,"" <11",1' "'Y".I.~ , .. " ,.,,, •• 
.... , .. ..,,, , .. " "'J""~n' ") ,[>11" •• ""h,n • ""'Y""J".II" ... ~~ .. , 

! Sl .. k,n~ I.ul, 1"h .. ,~'ull, " ..... .",. ..,"",,. ",one " r 1«1 "'" .• , ",~()('n"< 

,," .",~I .. " ... "". I.",,,· ,," .""", ,,"" of ''''' , •• 1, " 1""'«' 
1 (;,.,n I,,,,,,d.,, 1"""".".-,.1 m.,al, >J< ",";oil) ,",)·"",.11,,,, 1 ... 11 

... ", .. ,n. I.'~" """,",,, "I "<)".11,, ... ""h h."., , .... "nlC" ,,1101,' 1""«" nu, 
J,ff"rn,l •• "" .• ,,"" 1'1« 10,.11",. "..,,,.C'O. ,"" "'~,.'" "r ,.')" .," ..... • """""r ,n 
\I I"~"''' .... ,I, ... • ...... w ,. ,'.II"d p:I,n tIt",n<I:oty. Aloni ,"" Vo''' tIt .. nJ.o... ... , .... '.h 
< ... ,>,,,\1, ... k"h ,"e. """ In ,mpo:rf..,,,,,,, In" I ~), 

I.ll..! \"' ,,"'. I ... r ... ·" 
I ....... '''''''' """ k.I atId .. "", <If I ~<S ,n • 'mall '" ~_ .. b,,~ can .11 .... ' 1'f\loIII<' 
000.1. , •• "., ,1.lI .,. ,ho 1""'<'''''' <If I"",.", .. am., <If IooJ< ...... " ......... """",nJ 
II, ,"" ... , •• 1 .,J ..... I ."._, '''''', pr,~ 11K",.".., tkn"'J .. h, ... I •. " .... ;<I."", 
'''''''' ..... ,~ lin 1< ... , .... Jr",n~ IIoIh rrr~ ,n>r<.-fn·1I0ft ,I 'hr U} , .. I 

1.23 l>iamuud Slruclu ..... 
'Ion} ok""'" ........ ,.~"p""' ... t. ,"" ado"" """" , ......... (1)' .1 II, ... """ ""' ..... '" 
,ht: 1"''''"''' """""'~ ,1,"ClmincJ b)' , ........ 'P) I>a!ltl ... .J.IIFoI! I. " ~,,;'" 
I"""bk , .... ,) ... ~," ... ol<""'",'~ """1'"",1(] ""'me ,,~" ..... ,:01 " .... ·n " ,·,}".II,,, ... 
;n ",'" I'"n' .IHI h~" • """·n",,af ... lion ;, """",. an<>1 .... ,. tIT •• • m~1< ... h". ". 
""" ~"r lin .',m,I .. ,) "0< f"nn n"'y bo .n ",,",'''~ ."" ,10< ",bo, " ""m 
''''''1''''''~, h •• d"".'<IIl "nd Jr'rh"~ nu, rur.b"",,,,,,lIy ""to .,~ ,.,tIt," 



Th~ ~I"""n" ""/''''". "/,, 'HI. 1I'''''''''",m ,,,,J I," {~"" ull an"'/"'~ ~'''h 
d,u ... , ... J " ..... 'u"'. "'h"h II rflu,u",onJ r~1Hr SIn«:'w", ,mJ 'h~ R"""", IHJ", " 
,~." u,"",,, J'" ,~,~ /""" ~ 1""'" I ;':h I."". "'''"' """.~,,,,·nd, In '"'' ,<lc!>h<.1 
al"m'.'_I' .. ·.I<J.,l!l.O.O):andOll>o.aI(IJ~ IJ~ II~IIIII 1.l'lu"'."poon, 
"n ........... ,,( ,1>0 .. ~) .Ion"he Md) Jr3jl.",.1 So In • d, ..... "'" """""'-" .'Ih, 

o 
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n •. I..J.I '" '" ""; ••• , . " . ,.,. 
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... .,.""J "'_ 
'.A" .... " ,., "'""",,,,,,~,,,, ~'''. "'" 

.~, .... ,,, I· ' , .. ,,,_,,, .. ~,, .... ,'..-"!., .. ,, 
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.. "" .... <.JIM '''''''''', '" f .. < <c"""d "'"",, .. , ... ,<",,,,,..r <:I<h.,( LII<' ," 
,..,..,.,..J t._",,"'"" 11/4. 1/4. 1/4. _ I .. "'~~ .... "'" ""~ ." .. " ... IoU. 
.... r ...... 'n ....... 'hr ~noI ,-ell. 'n .... h ~ '''Y , .... , ,xh ,>/ Lll<'m " ~.~ro .... ~" 
""b .... " ...... .-J,hK< I.c-<.","'" .. ""', U,~ 1 ''I>, 

So ,n d,n>OI\d """'~f< 

,II r:xh .. om ..... ,"'" DC.oK>I "";""''''' ''', ... ".~,' .... " ... "~mbn" 
I, .... "hlCl> , .... a' "'''mel) ..... n "ru<,~", 

(~, ,~ ... " ... ar ... ' .... 'rh"' .. " 
(.11 ·n ...... « <'Ih, .,"" .. I"" bnLl ""II 'n ~'''''K'f\Il _I) ,,., .lr,,,,,u, •. ~ I",,,, 

[ ' , ') .~,£,n~~l' t" '''''''UI •• 4C\".'''h~·h'u«,,''d) LI''' ..... '' ''''u .... , 4 4':; 
(4' ","" .,,,"" , .... , "",,' '.e. 1'''''''''' I .. "" p'''''' . • ,<>"' Iii< l>.oJ) d,>.&""" "'U." .... '" 4"aLl" d", • ....., fI' .be) ..... ,"" nca,." •• ",,,,,, ,,'. ,,' II",) . '" on 

", •• :h .. Ilh .;.d, ,.hr. , "'~ I l~ ••• Id ~J '" ,I J" , .... ah."" d,a,,,,,, ••• ,,01 "be 
.. ,,,,,,,, ,;.d,"', ,''''" 

J.~ ... 1/4 'b<>oJ) d'>J'OIWI - ,'4 I, I" I 

... , \,,111 

,~, Ah,,,"" 1'""'''01, f .. "WI' " .. d ...... 'fOJ _, .... " 

API .., ~~4 .. ' .... , •. ~_!l~!· : ,I./If, 11\.1 (1'41 .' 
All , ..... 1< ..... "'. "" .. "' d .. n.>nol "ruclUf< loa,. k." "Icn.' •• Ien,,,,, ,n 

.. hoc" t .. " olK,ru,,, ... 11 ... ,n ,. <I ..... hi' ...... ,,, .... , , .. " .. ill'" ,n 1'., .. ,. n.. 
borId,", Ioc, .. ,..,n , ...... ,,,", ",,,.~'~h ""· •• 10,,, 'I .. ,,~ ""~'" ,hal ~ .'.~ .. ," 
.moon' ~! '''''OJ' " '«I"'''''' In ",d,·, 'I' "' .. ~< lhe .k""", h,," .. h," ,,,," 
l< ~ , C ~,. ('" e', f ,.lo 1'." on """I"""," 1 h', " '" "~'«r"'"' .... h Ihr I"" 
,hal., ,<0, h,,, '.n'J'i< .... ure ~11 , .... '" ok""''''' h.,on. J, .. , .. ooJ ,,,,,,our. ",< 
,,,,"1."~ IIonJ,n~" "n"'~." in J, .. ,.....J 'f}.,.,,7 M~'''''. '''Y 10.,.1 
,,,,,,1.,,,, ..... ,·,n, h'!h mel,,"p 1"""' l!<>nolonJ" .... l." 'ft ~,~} "n it .. ~lI 
_".. "" "''''''''' ""nW' , ...... a>o<<. tho ,Ner.<'om .. · 01,,,-..,, , .............. bllld,,,, 
fortt M ... OO "'c ..... on.l.lrmcnt, """""'" "" ........... 11 ......... .' , ......... .., ..... ~""" 
10« .............. """ """" I,,,,, \\ ....... :u f, • • n .... nocd"". ulu; .,,7_ "'l f.,. S, 
,Z • 141 :and G. CZ" l!I.""ro:nl> b<T: .......... m .......... "" A<" 'f\Il" •• I><=rI ..... 
• m ... "'"" .,110 , ..... _ of »GON. DUmber 

I~I I~ <fII"!t !'I" .,11 .... ,"' ..... 

• hl 1.aI'''''' ""' ....... , " .. ". ' ...... a". 
lei lh.k-c'n< "",<.1_ ........ h'ftr r<~"L .-lllcl>t. "'nIf'O" ", •• ,11 .... rea .... 

1.24 lIarilim 1i ll"ml~ (1I,,'I'iO,) 
II,TtU, i , I f"m,dootr,. <1)'".1 •• ,M .. n ,n !"J- I lb." h"h, ,h ,h," an "' ... "" 
"'1'<'1. """'IO"',n , ..... """.....,01 on .".",.1.1«;"" r..IJ In 0 fon,,,,le.:,,,,, ' f ) ,", 

lbe ~nl<. or 1'<"""" <h;uK" n" or ,he '1)" '" doc, "'" """"ide" <lh ,)", cen're 
"r .... , .. " ·.ch;u,e(O' 1.01""", "hi<h,d,,,,,1e nlUllItfI' ,,',II fnw't 11", """"' ..... "" 
,hpo>lr: _1M can I>< ""',ro by "Pllh·,." •• IIl.",.". W"". ~I",," ... fleM 
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'" ,n. ..... 1'~""'-..J f'II- lIaTrO, ha, r~h" -l, ... I~',· ""I, II, ,,,", ... 11" 
,·,~hl ,ui'>r ''o'I1ICf\ I"'~ I 11>1. 0' I0Il< "' II ... ,"(111,,· "j ,I\., "I 1 ... : .... ..oJ TI" JI 

.11< ",.11 , ... n". nut ...,~ .... -C~nc '<mp"''''.''' 11:'11 C' _ "" Ii I ., ... """'Uf< 
" "'. ,u'''' 1>00 'h,~'I) <kl,orm<d, " .... n 8.-' ..J 1," "~, ..• , "1'\.0. ~ Id .. ,,~ 
... ,,' ''', ......... "",.h, ""'~IopI.., 01,,,,,,,, "" ........ Cr., .. , ", ,,'.,e I,. II.T.o, 
Mol ,.".'k'" ,., dll'e'''001 <'f 1"'1"">1",,, ... lIb 1o<"'I'<''''.'''.s< '''''~'' '" ,., ... 
I· ~'" ," ' .... k I \h,,'< ('g,lC lem"" ... ''''''. ha TIO. I '... ,k."""I..-. 0, ", .,..J """ 
.",.,. ,".,Ow< 

-\,. Im""Ie",,,,,, ,." ,"" ""~'" .... n. '<mr"~""'< lIar ri I, .... "'" I ... · hI , .... "''' 
1.'''1' Ihr I 17, """''',, , .... "~n <>I. r.""",~",,· .... ,""'" 

•• 

n .. 1'1 II) . ,, ",,;,. ..,. .. . r .... II. III I, ... ~ '" O'" ,1t ,."', ..... ,,, ... 

1.25 InlerSlll i~1 V"ids 
,'n) ,hn,,· ,j",,,,",,,",,,1 .mm~<n"'nl uf 'fI/><:«' uf .",,'" "n ,,,.,' ,,,. n ... ,,, 
,,,,<I 'p'Ke .... '''«n ,hi' '1'11<"" 1oc"" '·0,,1, ..., ,.II .. ..! ",nlr,,'",al ",0<1,- T .. " 
,n. ,,, '~r"" (If ,n,.""".1 VUld, in <"""-JUL.~"" ,U'K'"'" .,. I"""hk 
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I /.""h"lr.,/ •• ', .. / I,,, ,,,,,, ... "<1 ",,,,,,,,,,,11,,,,, 'rI","'" • d. I",,~·~j 

,,'''''' ,,,,I. "><I". _p/1<'" un "" odj""~n"'nl pia"" I<ltho. ,.". "'(I ,,' ., ".., """""'1. 
,n Il~' '.'"l 'p.oc •. 1><'1""," lhe I""'" <riM""" Ih~ I 'MI 'M"""" /,·/,,,/,,,1,,,1 
,,,,,I " ,/"'" ,',I fn'~' ,10, ~·.~Iu .. ",,,,Io .. J,,,,, M jl. 4 ,,,""', ",uI ~ ",,,,,~~I,,, 
~,," '~"I""/ u-", II" ''''',;"ed b) Mn;"!! ,.., ,'~n'f.' "f ,he I,." '1" .... ,., r", 
.. ,,~ 'rl\<",,~ 1/Ir«·Jm",,,,,,,,,,,,J ....... ). 1IM:n: >R , .. (} ,<' ..... <,.1 .. 1 ,,,oJ, ''.In 
10<- ..bo",," ,,, .. , I"", ,I ' 11 """ 'M Id~" 'pNA' /001 "'It ,'" '" " ".",.h, J",' 
,,, •• W !! I, .. 1><"" ",I>< ,.od,u, of 11M: ......... " "f ,he .k""·r "'~ ."') ""l' 
I Hu,. '4 "~" 

1 '~_.IIi 1.-"0/ I,,, ( .. ,med "olio ,10, ... '1".'''''' "". ,~ .... r" ~,~I r'''''' 
-.I '''' ... """" ..".. ..... OIl 111"",.""'111 ............. ~«l pI.Io.<_ ,,' Ih..I ,.,., ,.'"".' 
,~ ,.,., lhrN ....... <, ,.., ,_ "'_ "'. d,,,,,II) '''.f ,hc ,hi.,., """ful", ,.lIe!' 
'~'''''''',n, the "'n,,~1 •• II<r "r Ihc Ii ... rI_.nd ''''''<" "" 'rI"'-« .. 'Of ,II<" 
,·"."od ,."It) ".,~ ,19) no.. ow ..... • "wIo;J",/ ".;J, ,_, J"- ,h, "~"I,,, 
,. ",h.-J,..,.. W 1"~'·I • ..Jn'~ ,,"h IU' ~_rJ u~d ~,(hl ",~" •• I", ",. , , .. ( '~",'I 
":.1. , ............. by 1',,",n, ,I>< <cnl,,"' or IhI: ,,, ,pIIo",_, Til .. " " ",'" ..... ,1<'<1,., 
'<lid "". ',,",,'e ,n ,he ,h"",·timltn>'Ofl.1 .'n)' II r." bo "., .. " rn"n I.~u (I I hi ,,,,,,,,,," '"'X''' ,"",,.. /1"" ."~fi/"~ ,,..'''/'''/,,./ ,,,,J,, O.~, ~ ,_ "hi-,<, ;, ,II<" 
nod,", "r tilt " ..... re- "f ,I>< ~k"", . ......,~, ... ",r.) ( ~ 'i I ~l~. 1 .~ 2~J 
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1.2" 1.Ij:unr ) atld Ifl nk ("r,<tuI Strul'\u"" 
In ~,·""r.1 ,hi' ,"'",lUn' ,,' ," '~"' " ,' " "., " '''"""",,,,'\l h) I",' "'4U1I"",,'n, ,h .• ' 
":lCh ,<>II bo IR «'til .. , kith .. "'-'") ;,"" 01 III< """,""~ "'R~' I"'".hk. "'., 
, .. ",.I ... ", I'M''''.' ''''''f) ~OO ,,, .".,n mu""um ~"' .. bo...t,ng <"""n ... h,d, 
I"'" "". ,lit "".'t., ,"""hl~ In ".,," '') , .. , I • ,e I ,,,'" .n: .""11,,, in .i'", ,tuu 
.110 I '~I """ """.~ .. ,I>< ... c ,,' ...... '" '''''''_' "" ""'on, ulr:a ",.d .. >! 

ol«, roo .M "",ft~, ' ... , .. ''''''~ 1M <1 ... , .. ", ..... ~1I11l~ lilt ..... 1011 ... k ........ ~1 
"l'I~1 o,j".d~, •. ,"" ~,ff .. ",,,,,< In ,"" .. I ,..., "'" .) 1"" ,~ , ........ hoc:h r""" "'" 
,")"~I Lol' .. ~ '" .. "' .. <1)>1.01. """'Iol ht I.l"" , ... ., .......... In ,ho 1""''''''1} ,,( 
II .. " <""-' ~~'n, 

'" a !"'no, "Iu, ..... ". "., .. ,,/ """, .... , tItr "~~"of I • ,,,1 .... , '~"",*"",'~f 
'" mlmll ... , "'" """ ,'K;' ,~""",,·..JI.-.I "I,c"~"" h .... k)n,,- rf)'.'~1 10, .", y 
" , ... ",,",i'>r, "I .... , ... " ""~""''''' ...- 01""""" 'n'" h" ... ",Ad ~ N.· h"" 
m.n) ( '1 .. ~ 'hr'" I. Whcre ., ", •• d,"","", num!..., " <I. numhr, lOr ,,,,.,,.,, 
.... ,~h"''''. "f '110 ,""'" '}I'" "" ''''''00 aN.' _ "" .. mon)' No' .'" 11>0", (If om\IOO 
AI. lit'll' 1M") AI arC ,11<" 1. S" r.,,' ,,~'" ("""I I>.llh "~ .. ,,., "oJ r(J(ml"~",,," 
"","I,.., "' ... 1""...,111 .. 1m, ,,'N I~"","'"I .. ",,"" ,,,,h , (~""",,,", .. """,I ... , " I"JJ."hI. 
Thu. (," ... hl. «.,lia"".""" on ""'''' Cf}'''1. ,110 """m"n, ~"."g<n","( '" a") 
CO) ,,,, ,It""',, hr (110 '''"' .• 110" '"J! ,,'" "" .. "" O"",hr. vI '1",."""Y clurJ!"" 



."... ~, .... h ( .. b"h '''~ ,<Imt1J bond,n,). "'lbolol '«j",nn, an) "",c,,.'n~ 
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2 
Thermoelectricity 

2. 1 S~~h~l"k Err",·, ur Thcrm"d~·.;lri( ,.:ff,'(·, 
Th" """,,", .... "' ..... "' d,,,,,,'~r'<'<I~) ~ ... "«~ ," I~' I .oJ ",.,...-. ,·.11c.l "I< 
Sod .. ·, ~ <II,'" II, 1,,.,Jkl ,h., 1/ '" u .,"'~ "f d, ",,,,,/a, ~"'I,'h .,,.. , ."' ..... -",/_ •. , 
,n '" ~"'"'" /"" ,I, ," "". 1M. m, ~ "'I" /k,d',!,,"/'H' " ",,,//,,.",~,,, ",,,,,, 
{I,n, , ,h",~"h ". M~' ~ '"'' I~I" ""'" '</ rlr<" IM'''/''''''.'/,,, .... ·'.i' .. " _on,,,,,,,./ 
.. , "'" d'''''r''"''''I'<''''~'r. Th< "'>f~""'" -' d"""MOO ,., ,Io,,·um ... ' d • .,.., .... , 
, .. II .. : ".,u'~ ", , .... , .. " """, .. ,0'< u><'ll _ ""' ... ''''' d,fi<, ..... < ..... ml"""'u,~ 
1>.:10, ... ,,' It..· t.~ ....., .,oId JU""'-' n.... rtfn , .. tn. ••. ~. ,1 ... _ ... ", "" .. ",., 

". ,\.0 .'".., t ,II,.,' \ p.u. of ,..nc'~", of ,h .. l".,1 " ,'.IW " II.,,,, ... ,,.,,,,,, ,h~ 
~ I I "". t· m r f' '.· .. ,00 in.'~ ,. ,'.11,,0,1 ,hr, .......... ,""'. '" 1 ...., 
,gil"'" """' I, I~' " , " ,all.'<l ,I><" ...... t...·U" ."",<nI Th" " ... " ..... 1 ... ' ..... m , 
~,II .-,," .. "I 1I"",."InI, .. cu,,,,n' ""III"I.>v. .. " ~ .. ~ II",,, ". I<m!,,',oIIu,< 
d,lf.-,< •• " 1>.., ... <0" '''''' )uO< ,,, .... I','h,,, .. ,,,, , .... '"n'I"".''''''~ ,II< ,,," IU""~"" 
"'-""n ... , '~I".I • til I ",III>.' ,.,0 ,,,oJ ,."".~, '''~" il"""f """II ''''' , ... ', ..... ' 
"' ,I,,· ",,,,!"·r.",,,· '''Ih'''''''~ """"en ,,,,. ,~" IU",,,,",, ".'".",,' ~ ,n r ~,II 
'''''"'''' 11,",,, 'h, t"mr"'~'urc "I ,h. ,'"IJ ju""""n ,_ ,,, "·"",,,,',1.,,, ( ,I,,'", 
, ..... ,. In I ..... , I, I .. J ".",IJ """ 111<0'01< ,oj ''''' 'eml""."'''· ' I ,10,' h", 'U,"""" 

( ...... 

,", 

-• > 
' -..1..1 •· ... 1:. 1-..."- ..... 

2.2 Orij!in of St('bNk Etful 

.. , 

In ",.",,,, ... ,"" " ... _~ dt ... 1 ~on b< npb,n«/ "" I"'~"" II" ~ dl ~"""'n ,II", 
III< "um""" ", I ..... I~''' .. ' p." un" ,·<>Iu"'"' ..... ,h ...... ,e",.. ,el""" ",I<' 
I",m "n, " "".1 ,,, "",,,I,,, •. ,,,, .. ,h .. II .. '" food ."""'" "'t, II,u> 01 0 I"n. If ... 0' 
",,-' J"""II., ",,·,.1, ,"",r ... .oy be • , •. , .... "q "r <I« ""It. ,,' ''''p~,< h,"" ,~", 
"",'31 t" ,lie ,,,"',, ''''''',' '''''June, ...... fin ... h'gh<' COO"."".""., 10 I""c' ,._<n, 
,,,,,,,,.r liu' "''''' m'~r.'''>n "an"", «>nU nu" r,~ '''''M ., " ~u"'ll) ",,, up .n 
'-'1'1"""" d,~"" (",1,1 ,II" I""'tnh"'y fun"', """.",,,n, of .1«(""" ;>croc, 



,I>< ",,,,n<t>r> A,. "",,11 • r","" 1""""'''' ..... ," ., ,hi' 'u ... ,~'" ...... "'-.,n ,,," 
~,,,n,,' .. ~ ... ,.t. ,-.IIN .... ... h .... """w"~/ "Tho , ...... ,,) ,~ ..... 10.-..,,, .. '" • ",,-,.1 
<l<"pmJ" , .. _ ... <".'" '''' 1<"" .. :01 .... _ "' • KWh ,I>< , .• "" ... , 1""""".' ""' ... "'" 
.... ' , .... t"~n " ..... 01 ' .......... uh k " ...... "'" I. bf ~ ~ ,I>< d,n.. ....... " "' ..... , .... , .. " 
" ....... , 1""<"":.)" , _ I -'"I><n ''''C> JU"""""" "'" ~"J!< .. , ... ,~,I!, .. mI ''''''1'''. 
'"' " ",II ... , h,okll'"''UfTC''' " ... DIl,bc'If,u" 111<, ..... ' .... ' .... 1 / .. ,II"" 

1: * 1 I'" , ~ " 

I'.t..:n k'''I~·'.'u,,· ,,' , .. ,' ,"",.,~", .. " "'''~. ,II.' ","""'-, 1"","".1., .,,,' '""., 
... ,'-", I~" '''"'''''" ... \" ""ull ,t..:,~ " no "'''''!>n, < 'n, '" ,t..: 'II."'"'~ ''''rk 
," "" ,,,,,,'''' ,1"11,, '" ,to.' .... ,,," lie,.: •. IIl><n ,,'''' """'-"'~,,,, " 11><111'~""I",
" t..:."." "I' .'k' '.'1<, " ",.,ku. 'hm ,I>< ""', .. , ".0."".1 ." , ~' 1I. ... "j I""' , ... , 
......... , ... ' ".~< ,I",,, ,,, .. ,,f ''''11 J"'""""" _ ./w,lrm",J ,/,//n-,..., " " Jo"'""...J 
"h,,'h .,1>., lilt ,.-'u,'o.,. m f .n.! 'S "" ""'h,N, "" II .. n,,,, "' '""'-'" I 
,h,: '''''<' """" 

[ .. • • , . ... , 

L ' -11" 'nll",: ll,(,l ric S{'rl~s 
I '" .. ~" ,," ,.- m".· r.' u,< , •• ~< . ,t..: d ,,'" ",'" of II.·"",~-)" "" , n,' 1""" It,·,,·., 
,,,,,,b<""''''D ,,' " .. !>j, on .. !Jc prru",.od hy ....-.nF'"J 'h" "",.1 .. ,n • "',, ... 
"', />t, j "It." .. ""I ,iN' ...... "'1. m " U.;" • • 8 .... ~ ~ .'" 01." ./~" "," ,,," /'''w' 
~ ,I. · ,_~ ""f'" ,Jo.., ""e"" "m fl,'" ,,' e,o/J I"""''' •. /'''''' .h< ' .... ,~, "''''' • 
.... ,1", ,,, ,I>< , .. 10.-, ,"""'lit ""', '8 'M .......... Th<, " ..... "''' ,n I" ~ I 
Ik'''('("n tho ::1M' "'"" HlO C tho'modK ..... ......" r,~. "'I«.'".,~ " ...... 1,,, 

•• , .. "'''' •. h'. ("d, l •• A,_ ,\u_ Sn. ~. II,. ~In, Cu. I~_ t-~_ "'1. ~,,""'!h 
Ill< " .... ~I. , .. , ... n~'" ,0.1< or "od,PI'o) OR c:>11f'IJ .I«I"."' .... ~,,,.II) 1""""" • 

• "1>1, ... h'k I""", ... II, kll .. de .... c:>ll«lwrm«<k,ln, .11'. ""f."'" " .. ,.1-
Al'''' «>1..1 )"""'""'. I'" 1 ... ..-..-k<1nc (fE1 • ~,r ""'1\ In _ h • ".) ,ho, " 

dol"· .. u ..... n' !wm ,I>< .... '.1 .• ;orl"" ,n ,he I ... _ .. tI, .... ,, ... ",cui I .... in ,I>< 
I", no,. "'"e'_ ,n "Nnl .1..0 ,,,,lic:>I., , ......... "" ..... IIr. ,n f '1''''' fun"", 
.pon (II" """,";.no. ,"" 1"'(<1 is "'" •. m_f. 'I«y pmJ ... ,- 1\0 ",,<-0 < nI! " 

""",fI<J ",'h "" "n"o""'y h,,,""'h 11'«""""""pk 

2." \'n rin l j"l1 ur Thl'rmIWI...,lr;c •. m.r. "il ll ·1".'I>t',alll n: 
II I .. , ~·.n ,~.".'<I ,"", ...... i...,,,, ... (I« I<'ml«""ur. ~' "<I"'" t..:(II.~n "", 
iu""'''"''' of a 11><""""" .. pk. ,fo<m\t'J <-.m f ,,,II ,nc .. ,...., U It ! II un'" " , ..... , 
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II, ."""IlI,,, hnu, /10.- '''''f'''m'M'~ ,of til<' ,..~ _ fl.,.. '/ • • Ito-", ,10.- ./w,_, 
~ .. / /ot .. _ • .... ,,""' .. ", QII~J ..... mll """ ... ,'"',, ... a.1 ... ;, A " (" ... ,1,00 "" 
"I"'",,,J~, """ "f .. ""I, IUfJ J,;, .. ..", f,., Jdr .. ",., """ Af'n Iht ..... "~I 
1~",(l<"f:>!U". ,""" m I ,'.or" d.-"n:~"n, ".,.1 oJ' " /'0"''' ~I,,, Ir"'""""",~ ,>( 1M 
Ito .. J~'" tI, .... ,,,II~J 1~"'I"'''u~,,, ,,/ ,n,,., ,,, .. 11.1 ,11<-""" .. " f ~I«I'" "".,_, 

'''', "'I'''' 1r~11"""""" "r in,..""", 1/" ,/ .. ,., """ 'f,/tr,_, , .. / "',/I .",',.,."". 
,. In.,,, ,/"" "" .... ,,~ ,h .. in, '''''' -1 "'", ... "",,,,, "",h ... 

'I'ku." ho. ~n ...... n ok" "h<",1><- ,", 1.1 I" ... ·' .. '"" .. ,','n";mll,·"'I""""'''· 
"nJ "'~ ""''''''" '"'''I~'ro'''h' "_" ",,,,",,, ", , .• "".1 'hr" I/o, .1It,m" c m.f II. I 
.. ,II "Ul']""'" 4' .1'-"_""''': ,,,,,.,,,,,,,, ,I>; ""',,""W'" d,lie,""" lleh ...... 

• 11< '''''' I"""'"'''' in ,he f"no","~ "a) 

n,,, " lIM""n •• S« ..... l <'<I""'''''' .. hr" ,',>1<1 /,,, ..... , .. It"'rn""'c ,,0 C.no! 
, '(" " ,he ""nl"n .... ~ .If.he "'~ j~""'_ R ..... hon ,.01<1 )_, .... "''''p<n'uJ<" 
" ... ~ I~'" I>uI '" 'o' f ,...., 

"ho,e It, ',1 •• thr '."""""ml" J,'T",~ .... < I>ct""". "'~ fJ"""'" and rulJ 
I""'''''''' .an<! ". h "'" l ....... n ~, ~l ,"""rr ... ·, •• " 

,.",. Mu'ml ""'I"""'"'' (r.1 u 10..11"'''' 1><,.. ,t'uiJ<' "4./"",, ,,_ "tNfKm,urr 
""Ii 'hI' "''''I~'''II"rr ,,( ,,,.,.,,;"" 0') ,\,,.,,1,,,/ ,,.mP'""".'" " ,',,.,,,,,., /,,, " 
It''' 'm ,/'" "'''' '''''1'/' "",II, i, ",de,.,. .. d,., "r 'h, ... ,M I"'" It, ,II "",,.,.,',,,,,,," ( I: ) 
"h,<:h (. "'lu.I'n 

IT,-IT,+T,iii] 



I .. """" ..... ~""."" r." " ",.oaM ... ,,"', .. ~.I> "'''' ~ ,1><" ... ,,,,, .... "'",' 
U"'I"""'.'" T ... , ,,,,, ,,>ldjl<""1<HI ,,/NImo' i, 110 •• T,M(,(,,w, "" r, "-. ""-,,, n 
,~F'r !' ,I ... >Id 1""':1~'" , .. ml'<''''''''' <""""" h"", 'r h' /' ,""" '"'"''~''' 
ItP'I"',;oI~1< T, .. ,II .1", ,_~~ f""" T. '" T: Ii ... ,. ,,"" "".'M'" .,,,' r ... ,II 
"" ~ I,. ~ 1""'''''''' ,~",p"" 

Z.5 Th"rnlOfIUlrir I'o\ll'r 
ToI.1 ..... , ,II. ,,,,,",",,-, .. ,,.., ;, ~ 1"," .... 1;., (,,""'''''' "r ".",(",./UI ... nJ ,'.an 1>.

<>1'''''''''' •• , . 
F.~,,' + J/'" .2 h' 

0,0 .. ",,,11. ',"' r~"'''' .... !" " .. b" e ,10,,,,,,,,,,/«,,;< P''''' Of 11', ~, .. n ~) 

I' ~."+I>I -I ,1', 
1J T" IIv ,<",p..'1.1l~r,· '" IIv hol J'If.ClIOli ~ r. tht 't/llflfI.ilUI't'~ lilt "IIJ 
"""'M'" .. h",h" i.a'pI """,,,,,,, ,bm. ·1 T • • ,. , .... Ie",..., •• ,"," d,II"""",, 
b<I .. .,..~ •• " I"""""" ,n C 

I'",,", _""'''' ~ , .... ,._.,_ """ oIor 'II""'" of , .... "" .. hit .. 1""'''' 
.. ,'h Itmpc1'>llll'< ". ''' .. 1'hI II .... ~,~ 2 ~I <allnl'",, ___ ' ... · ..... - 01 .... """ !, ... -II 
d,~r,m1' h d,ft<r<'" "",tal. ...... 'ft I'" 2.4 <brll)' .110.110< ,.Ile ,,( .h...n,... .4 
","""", < ... 1 .. "h "''''''' ...... ,. ,. 1""""'< r .. , .... ""' .. ""'",, ... ,) ..... ,''',. n""." 
h ~ .. ('M 1III<l .... "", ... " .. for ,11<.1110<1<.,,,,,,.11) "'"1"'''< " .... ~" h ~ .. r .. 

,. 

' ...... " 
' ltt l.4 ...... ,iM <If 'Ik ...... ~ri< p"" ...... It~ ,.-", .. ... 

l.6 U~ l rrmilU'l ion of N~utral Ttmp('nr tul\' fT. ) gnd 
Tem~ral"N' nf In,"er·"inn (TI) from S«h<'<k Corffidrnt 

'" """,a' ,<",,.,....'U'" 1 T.! ''''' '''1\> ~ .n, t. ,~ "",~ ,,,,um . ..., .1 , .. 'f. 11K" ,.,~ ,., 
r h ..... ,~ ,IK",."", < .... , F." IIh l<:"'p<,.,u,e " '~M, So. 

, hi l , 



,h,.a ,. 

\, , • ., ,11<""". '" if" ",." So. 

r.L ~ ,,' ~h1' 0 

Ih" " '/ . !alh 

• 

• 
, .. 

, , 

! .7 Sflob«k CDCmfil'nL~ 

n.,.. ,.1 ..... ,.( S ... btd ,vell"·,,·",,.t.IkI ~..,~ ;,· .... ..,.11, f"~n ""h ""'I"-"'" ~, 
"' .... I"'~ " , ..... be 1'''''''' • .,. nc~>I"'~ I h~ ~,~ 1 

r.~ • I .... 'n~""~'pIr_ I"nnru .. nil """.1, .'( ."" \ ............ \ ,·,"'If,,· ... nl' <"" he 
"'''''cn •• ro, . _oJ h, , ."" nl'fC'..ro" -, ~ ,,, ",' ,~ 1111 

<I, ... , ... ". ",.,.. .. 1., a,' 
I ~ 11, 

0." ~hed .""ft"",,..', ,.1 •• , .. ,II boc 1"'''''''' .. hen '"fTCn, II" ... , "' hoi 
1""",10,., f ... " 10 .... '" ,"tort """.1. u....J ,,' III<.n.""'t>k 

l .8 1.11" ur ,,,ifrlllcdialt JI.!l-lab 
,n ..... " ... 1 g ...... '" e'Kun .... ) _ coni.,. , .. I, III< ,Ioc<" .... ,"' .... "0<,.1, ., ..... , 
Iu'c .. ~I""","" n",ul •.• c Cu Of ",be. "" .. I, .. ""'''''''''1 ""e'..J .1 ... , ,n 
,I>: ..... 1 "I ,II< .~I .. , .. """'n Of ,,~Im<'tC. '" '-""DpW1< , .... "" ... " s. .. , " ,".'""".,. 
I .. ~_ III< .IT .... uf ..w,,,o,,af JW'<I ...... '1lI< .fI~1 0( ..,..", ..... J "",,,1, " 

~ .... .-" I'''.n ,II< b .. 01 , ... """,hoIe !t>CUl ... 1, """" ..... 01 ,.'ntr~'" "I''''_''''''f'k 
.. , ,.. ...... ,,,/. I ",,01 H " ",,,,, .. ro1 ""'/" ,1",01 non,,/ C " ,,,,m .. J '" "",..N" ,Iu-",. 
,,... ,.,.'''/'''''' ,h,,,,,,,, "'1 """,ms ,II, "'Iff,.. 'f ",,/, "",,II 1"'1 ,,, .. ' "r "'''''/, '''. 
"t th. ""II, ""'1""""""', TIn, .. "" b;: '·-'rl" ... ~ a. 1,,110"" 

{'''''",k:l a "f'''''' conla,n,n, 3 "",,,1, A. U. C ,h~ ~,(>]. II ,n ,he <IIeuli .11 
J""'""'II1'""'.1 ,he ",ne IC"'I'<"'UI" lhen ,1Ie« ",II hc n.' 1"",,,~lc '''''''''' "I 
~""'lO ,I", <"uklllen« euncn! 1ft ,he CO"'"" St, all'""''' ,",n ,,( ,he ,n."" .. 



• 'F . 
. ~ ). 

'. _ (-

1,+I,.r, .u 

-;""" ,I ,0< 1""'I""OlUr. ,,/ )uf>C1Ion,\l1 ".han~«I , .... ","";. ,11"",,",,,1 .. ok" 
,"""' .h.ng« ,n. fto'" ,.,"" \': bUl \', .n<! \' , rom."" •• n .... lh<- '''''m",".m r 
f .• :""¥ ,n ,II< eo"'",1 '" ,I) Ih ... he 

~.- Ir·\·· · \ 

II.' I,,,,,, <1l".,~",.2 lh \' \', '" 1-, 

,, _r, \, 
.. b",h" ,t!< _ .. " • .....,1.1, ... ,/ ...... , ( ... ' dn ...... 1<d In,," ,"" ,',,,,wI! 
b) "',n,.nr II, ,..,.:, ..... , ",Ih A ....J II 0"''' ""' .... , 11 ... ,. ", ...... , ••• '" , .. , _ .. ,II 
,,-.- ('.'" '" ,,, ... ,,,". ~ d",,J _rd/. .. ", ....... ...,..."".,.." ,10.- ~ ..... ... ,Itt" ,0{ 

N .. " .. ," 1M j""",- d.." ........ /'" , ..... " .. ,,/, .. , '" ,"" , .,"'" 

2.\1 1.11" fir SUCCl'!>si'-C Tt'mpt:r~tun: 
Foo • ,h<""".'"'pk, ,It<-, '" J ""..",,,..1 "..,."" r, '",""""H' .1'/1,·" '" r 9, .. "'/ 
II." '~'kll ,,, ,,,.. '"'" "Ilh • • '" f fo" ""' """,I ... , .. r "" ( .. ,,", ""I" ,", .. "h" h 
tM"'"'''' ""'~r'" "'"1""",,,,·/0 .. ht", ,In",/,-,I /."" ",nk"'.',!'",,' ,,''''/''''''''',. 
,h",,'" I~' /",.,1 ~I 9, d.'m~ 'h, "Jk''' ...... , 

" -"., , .. ... ~ ... +-.,. • r O 
• '. 

11<' ...... 0 "oJ UlO C .br« r,,,-<l 1<mp<'.IIUlt-, ,." ho.' 1'''" ...... U C "~.,, 
""'I"', ... urr ( .... y \O"C).n.! 10000C ... b .. h .. ,II .. ~ '-"""1< du"n~ "1""''''''.' <;., 
,n II>< I.",..,.., .. y. I.", <>f ''''W''''' ",,,,,,,,,,,,,,,,.., .. n to.,. ~."') "~Ih.-d., 

l.1O ThHIU(J('Ie<'lric l'hennUlnt.'Wr 
II" , .... ""'f'I'fM>l orr.onp:"",1Il ~l ""'''>Un" It .. "'''","''u" It)' """I: th<",.,,,"lII!'I<' 
""" 1'hc ,,"'1*'. lhc:'r""",lcnn< ,,,",,,,,.,1<'1" .... ,f" ""'",,. nf 

T"" d< ...... " """"'11""", a IIIC"moc""~I. 
, Ure,,,<>1 In<"'~I'on (>1 .tIe>< .. " .' .lId 1'''~'''Hne ,,,,><:, 
.J (;"I"""~'I<I.' , .. ,,,, 'lIml''',,,,,,, ,. p. •• ","",." .... ru. "~·",,,"n, ,h. ,hcf11lO 

• In r 

4 .... ,r.llg."'.", ur "".'mllo"g cnld J""<"""' ICI.por.,u," 
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... '- ';j - '= ;:. - - - - ~ "''':''''''~ ~.~?~.,;: 

~1~~~~ 
- ~ if" ~ 
;':'§~"'l' ' - ., -" . . 

Z- 7 i<3,. .,1 11-
"'";"~ >: ~ 
~''''''.. - .. so-
:'i1!;r:i -::="f !'-,..~- .. 
;j":;;r:o 
.'- ~,c:; 

:f!~? "i';; -,. 
" 5 "'- ... 
; . -" ~e;~~" 
~ ; ~ ~ ~ 
'i :. ~. :; >: 
~ - ,,-, ~ ~ - ~ , , "! . 
~a.5!;.~ 
'i~::."". 

- ~ " ,.. ~~t:"~;i~:r;;jH a~ .. ~;r:!1_ -"II"'~" - -;j""e~". ,,~ e~"'~"_"3 i'_ 
i ~ >:'1 j;:'!,: h It ~ i' ;j=-3~'-,;r_ ""'-~'. -;~~fi;r:tii7.7~ ~ .. -~"...- .. <'7-;;1 ,<!."I:.,:;... ... ...... ~, ~ .. ;j "-'E l"_", ~'~;:;;~-:;;;;,~;~ 

~ .. "='=7-":I '...- " -i!!!77._i .E._i'.;;~ -=3"'''':~~_.{~;r!li ~ 
""--- -!li _ _ "_,~,, -"': -~ " -"''''''' ~!l;·".~;"~;r;;L 
""';"~---f- ;! . T. e-._-~ :~"--';7_~11:.: ~ 
_s ... ~ ""-2.
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1 f~i~~~~~~i!~ ~ 

j !~~~f~ § ~~~i~ 
i~;;~I'llli:';ji"j =:r ". -; •. """K - f.-;r 2i"'2.!tE~_ 
~;.~nii";:I~;~! 
~--" tl!.,! ~~1 ~ 'II,. "i-_;:"9'~, '.:: -.L;r~"·7.~"'I~ s;~ ~"2f.,,"~i~.: ~~.;._ 
~ " i ~ ~ ~ _ a :. ~ ~ 
a.~ ~ 7,. ::.'. ~ 1>' L ~I 

= "'I:L~··Il.."'l1 -... '". ~.-" . .." .i
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3 
Thermionic Emission 

.1.1 Inlrudul'li"u 
'Th< po"o" "I ,',,""'"'' "I da:l",m from a met.lh, "',t ... ·c" ,.jk~1 01<..,,,,,,,,
... ","'" 11 'h" on""" .. " c" • ....! d"" ,,, "".,,", tho ' ..... '.l " ",.IIN ., 
,10<,,,,,,,,,,. ~"""'"'' 

.I.~ Th<"<)", lkll l t:.\planalion ror , 'hermltlllk .: mi~sinn 

I~ ........ 1 1,1.. '''''I'''''~ ""'I" ..... ",..,., .... pIc"'t .... I, ... do.-",,.,. "", ..... ) 
. _. k.,. , ........... 11 •• ",of;o.< AI mom ,~",... ,~d,""') """.1, do ... ~ 

~,,,, ,he" <10.""",,, ",,, ..... , •• " ,1>00 • run .. "'",' .,hI .. h"h I","on" , ... 
,'k""'''"' ,""" k., In, ,I> .. mrulh. wri..,., pc_nd) I ...... " •• 1","" ,,,.-.... """ 
fn ... ''''' "",,->11._ , ... ' .... I'<"""""nll). t1 mu>t hno •• ff"o< ..... ' 1,., .... , ... <no.,) ,,, 
" .. "",t'" 'h" f •• ,. 11., r"".., ;. Ile>c"hcd '" ''''im, I,,,,,,,, "'''''' If.1 

Il>c: '"'T"'-' ..... n"~ "."Llk'S,." ,,, II>< lr.,·" .... ""'II"'II,~ "". ,."h A .... ~'Il, .. , 
'" ,,,"1'" ,<1 .. "",_ on "I .. ',ron .on ........ "'" <>f , .... _ .. Iii, _u'I ... ·••. , ... h ,/ ," 
,01,,,-,11 ,~ hi., ",,~,. II ... n • 1"',l ,oulOl •• 1"" ~h"""n rI" '., ,..II, g, 'h," 
,.""., ", ... ',,,,1"," I,',,, ""'I"'"'''''', ,be ,d",:,,) ," I( I .. 1.,11 Ilk' d .. """ 
... ~., "'" ,"",.:~ ,,, '''''' The hi~be" ,,""~y ,ha, "n <lnlt,., '" ... "" .. II'Iot, .. , 0 " 

" , .. IIc<1 f",,,, I~"~I "I r""~,· I ~'d For ."'''''Ot! "f .1«1"'" ,~ I.'~. rl ..... ". 
II.:tw '" '''J'I'I) aJJ'I~"'.ll eM'll from 01.1,,,"" lb< odJ,,,,,,,.1 "'~"f' ..... -.J.;J I •• 
,m"'k", ,~ .k~ "'"' " •· .. 11c-J • ".( j .... ah .. It: •• r(l) "r ,ht ", ... 1 , I 'I 'I! 
,Iuo " 

(.1 I , 

1'".\ lu", ,,, ... " "'1"""'" In .. "'" of .DOIl) "''' •• """"" " J'", •• "" ..... 
"Iu,. "l. " "J,II.,u, f,. d,ff.",., "",uJ. 

Tbc ...... r< "'""J ''')' '" .uppi, ;o;lJ"""",loorrlY 0(nk<J , ..... 0"""""" 
om"."", h" "'.'''pl<. "" can ,uppiy ><ld,uooaj .""'lY ,ft ... , III ,lie '<>1"'''In~ 
U)' ht .. , .• "",,, ... ,1 r,dd. j'Ih,. 'h"''' 1"',.Jura! b) t.:lonNI"", ,be •• 'f ..... 
,."h .In",." 

'kC'.~"" 'n ,tit ... y ... c'''',,,,,, ,II< w pply ,0( .. ~h';,"'"I .II<'<J:) ,,'" 0)'''''''"'' 
.,,",""" I, d.'''';od a, ,I) "'.rn",," '< .", .... on, III h; ~h 1,01.1 emi.,i"". 
11) p/IoI"'")";',,c .m,,,,,,,,,, .M (( ) S<>:<:H><Ury .,,,,,,,,,", 0., , ~,"" ... _ ,I,. r.~ 
" .... " n~'" e'"""k Ol 
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t . ,. 

• 

H~. l.1 I'''ml , ... ~ ", .. I 1/ , I .~d "'K~ fu""''''' Iii . 1 0/ • "' ..... 1 

J .. 1 IUch:o rd.,,, ,, I)u , h",,, ,, E'luatjun 
lI,el>.",,,,,, 11%1) ,10"".,). "',.",," """ .. ..on ,"" nu","', .or elixir",,, ~""'h'd 
I",. um' .u, ,,( ,It< ,,,,,,,,11;,, ,,,II,,,. IiI,,,,, 'he I."'f'.r>'"re IT) on K "j ,I>.: 
,·""non~ "''''''1,,1, lol,-' ''fl. 'h" "-I.",, '" ... " ""IT< ... 1,'<11" 1-",.I1"",n R""""j,,", 
In I", ".,I,rr • .,",,,,,,. Jo," cd .h" ..... u .. ,,"" "" 3 ,II,:,n"",' n.m;, Iwl>. Ulcr "" 
" ,,~, ,Ie,,,,,.! '''' ,be ""," (~ 1'"",,, DOl ... ~'a"""" 

I. 1"1'0""'''')''"''';': l ~rI"a" ,,,, 
Th< .""",,>11 IIf .''''U''''' I,,,," III< 'UlI",'c 01 'he n><", ",,,,n,ble, ,I\< 1''''''"'' ,,' 
","'~~"'''''' fr",n , ... ' '".[."-, '" • I,~u," .no ,h.' «""I) "" ok.lron nl"" "" 
ti' r" f 01 " I,' .\C"I"'. ,0" "''''''''', '" ,"" I"em t..:~, ", C' "1""'" ,on. uf ,lie '''l" ,J 

On ,I>!: b.", "f '''''rn~~ll''"'''''' <1,:,,, all"". It,"h"d~m J.:." <tl 'h" <"<Iu.It;on 
r", II..: ,unOn' ,Ie"",) UI of d""",", """",'<1 fmm .11<"",,, III.n",". "h'''h 
.>:""".1, "" ,II< !<n,p''''''UfO "I 'he 1,1."I<", .. n;I '''~~ I.".:,,,,,, 

J. n,!,' ~ '.-,' '" , " ,1 ~l 

",h.,,,. K i, ,Ile 11,,1,," .. " ,,,",L,," , ,II< I<nll"""'""'" I( "-l ,II<- "",,,II<, (>, 
dec,,,,", o",,,,.d "'" U"" ",... "'" ""- 'mm II"" ... ", '" "h "'I"",,} II . ... · ... 1 ..... ,.. 
«>me: _",,>I.m,. ,,11<1\' lM~ ... ,um,·" ,~'" "''''. 'U",'""-,, (! <.>f ,h. ",",.,,(> I>< 
,r><k,,,,rKk-,,, or !110m,'", Icrnf"'"lurc I 

Wile" d,,, "',,"''''' "a, 0>1"" ,,,,,,,,,.II) '~,if,,-.I. " ~,,~ ,Ile I ,h.,,, A ,n;I (J 
IC') <I,fk"·,,, ""''' <'1'.m"",",.1 'alnc' ",Kl .hu, " "". ,h,,-,,<l<d. 

I .. "" on Riol\.ltd,,," ond l)u<~", .. n .h"".d 'ho'l"" I"nel''''' of hl."",n1 
',-mp.,r .. '",c ,." ~",." b) 

(J ., IJ.- t _11~ ItT 

,,"",e l~," ,II< ,,,,,fl. f",,",,\OIl '" U I( W"h ,)0" ,,1"" of (!. R,<h,,,boo ",..I 
Du,h" .. n ~'M ,Ile ""'"'d'e rel",,",,'nl'.' 

J"_U·.{~" 

10" ,Ilermodynarn,c ""n,-,,",," h.>.< "",'" " .. ,,'IIao'. It i. ", .. d "" {II<- d ... ,,,,1 
,t..'''Y "h",h isrun'r",,} to th< ",,,,lorn ~'''",,"m ""''''''' .... ''''' '1' .... , '''''"n.-.J)'1III'nt. 
"",i> ""on" no' odorteJ tile", da~' 



• 

B. Qua,,,",,, MoclI~ninollkr;'a' i<>n 

",..,""""" <m,,_ . lIIm,"'''' " be-! .,pI ........ b,' I-.rn~ I)n(- $t;o'''''k ,_ In 

.. ~ .. h ,he '"'' '''''' ," I.."m, ''''''n >fill ' -crmo ""nd .. "b,n" ">Nl,, ... h 
l/ImJI'OI'''' ... " .... ",,,,, ... _ .... rI) ~"....ru,,,~ '" 1~" , .... ) ........ (,,,, .,""'" .. .. 

.. ,II ..... ;IJIC h"'" II", 1neI>1..w. I/) """'"1' .. h"h ,,",.,... <*'rJ't .. "" I,,, .. . 
booT .. ;. C""'F' .. / " .. f ....... ' " ..... F. A<conbn, 'n.,..-.... """',", ... , .... ,he 
I( "- ,.r ,he d .... on .. " ..... """ ... 0 K 

lI'f~'" ~no,\,' ./0." ~~ ,1 ... """ m , ..... ulloa, III 1/ A " f" ,,... f,.,., I,-,,-/,~ 
< .... ,~, ,,, ''', <ml""'" '" I~~. pi"". 01«1""" mu'-1I""'''''' 1M ,ne'S) " 'I_ 1,11 

J" .. f.. 1/ ~ «! .. "' , .. ~ IU",,1I,'" ,1 I, 

E • .. dJ" """''''"''' ,."",~) ""'''.'''1]1 '" hb.'"," .1«'''00' (,,"n "",,"I, 
..... It,d .. n1~ .. 1)U.hn~ <4"""""1,1 ~hl ~II" 11'1< lh<oo,,,,, ... ,"11'<111 .J.n.", a, 

I ~ ,4" 114~ _K')I~ ' X p',.q" 

J- ,.,.-, """J 
.. bn~ J" ..... "" .. ,'uno'" "'""'''I 

\ ... 4 • '. U~ ""' ... ' ..... " <m"",'" """" .... 
I .. 11-""""".,,, ,m t.. 

,111 

" -' \!o.,,~ I ..... ''' ... "",uI in,,' Ul>< m'~'m"m ............. )'1 .~ 11>< 

~""'~""I 
(/ . II.. I., W~. A _ lI<>1wn;m "",,"" ,,,, 

f ... 'U'I"'~ I>;an ... , ""'~). EF .. hn.", ..... ""y. 
~. '" .. <1",-" un" ,I"" r< .00 ""''' 

If I .... >1<. "r Ih<' ".mll< • .,,,(. ,< " \, ,~. ,he 1I~.r ''''i,,,, .. 'u,"',,' ,. 

I:<ju.'~'" , I ~I" .. Hnlll • .;I .. "J""",o..Jun.to "'!u.II'", r •• , .... ,.,~"' .. <"'".~'" 
.4 ..... ,. ... ,lot ""' ........ ,~ k .. Iu, ...... "'_Uu,hnun ""I"""'" ("' .... nun "",,jo,,,, ~ 
,r.. c\" .~ .. ,'..., I ... <I,U, • .",. ....... 1, buo ,too .01 ... "." ....... 1 r""" ..... _.n., 
f""" ....... 1 ~l .... ",,1 

n,,, ""1"'11,,,, ,up',·", , ..... ". <"'y ..... ,"' .. ,,( d ... ,,,.,,, Ik- ........ I> , .... 1.1 

Io..,e h'''' mc~'nl p<~" MIl ~'" .. ,I(\, fu..:1"'" 

Ih,~, ... ,~"ti~~ <>/ ,~. nm>l"R" 
1r""' 1\ ~ J .<V' 

I,ll!.- 111f' I .. loJ!. IA ~ ~'I bU 

Th",,, tt,.. .... u.,,"" of u .lr."~hl hilt. \ .. ~I.< + r. l'hu~. 11 ,,'¢ rio< Ill<' ~"rh 

be, ... ",," Ilf ... 1 I"" (// r :) ,,"'" ,1'-'1><' (1"1· .1.2) w,1I ~"o It.: ,,'" ~ rll"''''''' I, 
.nd onl ....... pI .1,,,,, y .• ,,, " ,II I"~ ,I>< ,.I"".,r 10,", 1.4 ~~1 



• 
q '" 
. ... l.: I .... , ... "' ..... ,l/r" M"h ,111, 

.\.4 Thermionif \ '3" 1' 
11,.. 11. ...... ""' ... r"'''''mM "'I"".'" ,~I ... , ,10<-. ho",~ ,of ".01 .. , ... 1, ro. dr ...... n' 
.~", .. " ..... h",h "a, puo ,,, _ f,. d<' .. ~".n, ...... ·11'.., ,.he 1...., rIN ,u.;h 

'.h~ "';U ""~kopN b) I.A. ~",n~n~_ ,,", """ •• ho""""", < ...... ..,... 1l1Ia •• 
"oct.It ", ............ an .. huon em"'" " .. I, r'''~.''''' """ .. j,,,,, ,~~1«:1.,.. Fill"" 
In .. ~!." hoolb ... h"h " lu~hI~ .. """,Ird It ,bt pI.>'" "1"'" "1''''''''< 1""*''''''1. 
,!'It .1«,,,,,,, <milled .. ,II "" .11 .... '.d M ,.". pl,l< on.! <~;1n' , ... ,,, ... , ,,',II fl., .. 
I n~" III< fil.".,,,, ,,, It.- plo'e If nr~.'''< po~c .. ".1 "f" en hI It..· pl., •. dte"''''' 
",II '''" n .. ", "h .. :h '"CO"' " .. ,II .11" .. "n',' ''''' ....... ) n,,'. "I .k<"",,, Th., " 
"h~ "" ,-,,,,,,<1<, .. ,",,, ".11,- 11«. <m"'., , •• '. I1 .. , ... h .. k .",1 r"''''''''~ i, 
,;.11.".1.",<1< 5"><",, h •• ,,. ,, "hI"", ,',. ,'.11,',1 ,/,,,.1., ,1-" 'I) 

( .'I.~II:" .. ,,, .. U,'''':or< ~cD<"II) ,,' ,,,.., I) 1"". I II J" ••• 1, !t.'.'cd 0' f,"lII<'o' 
'),....,'~) ,nd""",,} h,,,",,,, , .. he.,,,, '~p< 1"" ,,," ",",' "I ~".k·, "'~, I ) \ ":u~'" 
,',,,<Ie .,'" (1/,., filled d .. "", 

'...,,,",n ~""'" ."" .... , or ~"<'<"} ,~ ,nJ"",,/; he~,rd ,.,"''''' n." "",,,hie 
')I"" ut.Ic<·,roolo """,,~"n'<"b lIfT II, r-olJd <lcI:u .... b .and I!) ., hnd",,~1 
,-k< ",ode. 

3.5 Diode Ch'lrolflfrisl ics 
In, d~"" ,h, ... ~,If""n' , ..... IlIc-,;on >n,,~\«l 

,., bl""",,,, "UIIL ... ' I, ,.e 'he c"n .... , ...... "" ... , , .... ,d ... ",", ~, ...... hle" '" 

emil .""'" .,"',. 
,h) A"'~k- 01 ...... cun"nl/,.. ''''''m"''',, owm"II"" 11. ... , ", ,he pl ... 
I, ,A",,<Ie'1f pi .... "'h .. ~< ,\',1. ,",h." t"." .,." •• I ... }, 1""" 1''' " " rol.n",n' 
A ¥,"ph",.1 ,,,,,,.", .,r an) ,II" "(,he,,, 'I""" II ... , '·' .. ""U ...... . ,,, .. "",,,,,,,,ic 

,u"o_ 
I ",. .. """ .. o(pl.,. cUfTCnll, .. "" 101, ,,,,,", c",,,n", (,". r. .. d pl.,. 

,,,, .. S< 1',;' ,.Ik1l"'elm;,,,,,, ,h""H-"';"'''' 



2 -0>< ""'.,"'" or pl.,. cu,,,,"' I, ""II pl.,. "'~,.&<" \', kN • 1" .. 1 hl,'''''',,' 
<"".n' I, i, <.iI.d ,,",>II, rh"mr,,,;u;c, 

.',~, I \n.~I,' Clla ..... I";""'" or "·1 t:hal'llC,.ri>!;o; ur U;'od. 
In. ,''''-''U''' d,,,,Je ,he fil.n",,,' or ,.11100< ,,<,~''''' ... '''' ,,, LT I<~ fll.",.", 
I>o~"n~ H,-I""" •• ,0001< ~noJ pi"." '''n''~lr 0 C II T ,"I"go I, ,-""""" .. d 
li'I~ 1 4 I, Whcn ,he fila"w", " he",,.., up .k .... "", ,,< .","cd (,"'" it and ,( 
pbl' ,,,,'.~,,,, ~ "p'.' ',e n) W'g, 3,.11, lhe .... , ..... ,,," 1l1/'li an <1"'''00 .'ou.! 
""",,,,I ,I>< ,'.d~.1c. ~"""" "" '1""'< ch" ~< , ,,,01 ,h., «~.~, "called >I'U' 
,'Ir<"X' "'II'"'' 01>1 I"",'y I"" 'I""'<' ch:u~" I, neg."'" ""J " IIKKC ck<'"",, at. 

"~It'''''''' I""" ,I>.- 1,1."wlll '~.Y . '1"""""" , ",.rumg I""" lIu, :I, lhe pb .. 
""(.~,, " ,,,,,rca,,-",,, Il\0l'0 .nd """" ok'lnm, :u,- OI,,,,,;I<J,, In. pl.l<: I'hu, ,I>.
pi"'" cU"""' ",II ... mcrca>Cd ~11>Il",lIy lloc ',n,""" "I "",. """""' I, ",III 
pl,l. ,"hag. V, I. <ho",. ,. ~Ig, l.:'i, Th" ~"ph ".,lIeJ 1'/ ,lIa,,,,,,,,,,,,-, '" 
,,1OIk <11"",c"",,,,,, u( "oouum d,\Xk h ,',n t'< ...,.,,, f","" ,to J'.'''I''' ,h., "' I;", 

F;". J .. ' \ ' .. uum dKod • , • 

,. 
• ~ 

1 1 ~ , 
~ 

\) " ' .i -

,,' • 
" 

L6=" ., 
~ll. M .:'pm .... n ... , .. ' up lor "U~)' , ... , '.nolion I)f " .. , """., I, 

""~ pt. .. ,'<>1,"11" I', 



•• , 

" 

r 

, . 

I , ' I 

'. 
I .... _,_. \ .. b, I..~.r pI.,~ <.,,<n' " .I,h p"'~ .01 •• "" " ., 

1"'h,·~I ... r.1..o_~' t .... , ...... , • • • T 

,he pt. ... , "' •• '" I, ,,,,,,.~,,,. <...,..th .. IIh """~"" "I r,. ... ''4<' " ...... Ml .. 1.:11 
fun"". ''''''.~''' .b \' .... "', ,~ ........ 11 In """,h ''''''''~.., ,II pi.., ,~' ... nl SO ..... 1k 
pLo. ~u'"'''' ..... 11<. ", "", .. <.I~" ul...,. ~ ,,,I,,,!,,, "",,,>lid .. h ... h nnL .... 
",,". '", ...... "'" I ... J :"0,,, ... ,,,,1,,,., 

LI"" -..'"'.'h .. p~", " ,n ht \~, "'"'~ ct...r,. c .. ," """,lid 110<: " .. 11>.01< 
11K" < .. ".,,, ,n ,h,. '"f"'" " lim""" d"" I" 1"""""'0 ,,( 'f"""0 clul,. TII:>", .. h) 
tho <"'R'n'm 'h" '<1""" ".',Ikd 'r"'" ,.".,~ /,,,,,,.d r ..... ~' WI>-'. II.,' pbl< 
'-ollOf< I' ....... ~ ,h ... ,I>; .. ""., ,,'" '''''"re .1",,,,, .11 ,he okelt •• " .'" ,-"I1,'<,,-,J 
b) 110< 1'1,,1\" It" ,.1,' ,,' ,n,,"'"'' t'",,,,,,.., In,,,,,",u",, .".1 11",- ."11 ... ,,, "I 
<1«."",, h) 'h pl . ." :~""'~" ,I~' .... "'" Tlh'"'I,,,,- ,I~' 'I"'" ..I, , • 
.,h.ou".J I',." ,'OI •• n' .... , "n"" "Ino'" ' .... ""n' "h.,.,., "'" ,he- '.<1 ... "I pl.", 
'.~Ia~'· II"~ ,.,,, ".j""" 'II< tc.",,,,,,,,"u,. <Jf , .... ~.lII<xk ~\ "'<I""'n~ 1,1 .. ",·ft' 
tune,,'. Ihen ~I ,""u.<"III""'I~·"H'" ,ho ",1><>01< <.n"'~ ,uPI'I,· llot rln " ..... ' "' 
... h.,h ",,, •• ,, .. ,, '~""," ,hor h'rh '''''I'''' .. m~ 'n.c • .[ ••• , , ...... ,""' ... " .... 
'UfT~" " ...... ~"'<f Thy. 'hI' ""lIt:ol~ .. 1""'''''' oI'M "I " lit ... <.k'p< .... , "" 
I .... ,'..,"'oJ. I<mpt'''u" .... , .h" ""~r.,_ cu .... " . pan"'" ..... II,,·'! ,.' __ ""." 
/,_w •• , ..... , /I 'Ik lCmp'''-'''urc ,,( , ...... , ........ " f",\hn , ..... <"11. the ... ,...-.,.", 

'""';'''' (""he. ,.;d",n '""'" , .... , "II "1"'<'" h.r,,. ."," ."J'" ,b.o •• , ... 0.1<. , .... 
pi;« <""'"'" ",10:,0<10>1..,. 'h" """ .••. ....,.. II ""'" IkM ..... '" ..... ,t.. ........... , ... "'" 
,J , .... , ....... ~" '''''', ~ I,,,,,,,,,, c"""'" " ~""" ~V ( h,1d ...... ," ... "., 
,h"", hall 1"""" I .... "" 

" 
,. \' '" , , 

"' .... « 10 ,,, , .... "",,lOn, ,., prop<><\""uhl) 
Sa,.,",,,,,, ,u,r.nt ocl"'''''' "" IIIe 1<"'[1<" '''''' <>f.he .'.",>.1< Cu"en' In 'I>c 

'C"'I""~'.rc Itm".;d ",lOrr "~"c,, ~)' R",h.,d","·I)",h,n." .~".""" 

/ _ A.\T:~ «J'u 1.1 ~I 



~ 1><,< A .. co,,,,.n,. 
T .. ,ompe"'.'" In oK 

Q " "'KI. f."""on 

S .. ""'. o[ c.,hOOc 
K .. Bolllm.R "0"'1.1", 
r .. 01«"""'0 o"''I;e 

T"" , . .,,,.< ",!'if I ~ "called ,'.loc <~'r>O,""'ti< ,"u". [, ... "dit>d<' "n,"< ... hliMl 
".j ",I. •• ,n 'he 1">1. CU·"",, T!rt ".,ie pi". ""i,,~nc< ',:n! dl".nli,- 1""" 
"'''''"''''< r. ca. be """"mod IrQm ,1>0 i"'''' Ch' ...... ·'."",,· , ... , •• ' ",11",,·, 

St ..... plal<- "",,,"",,-",, \'"1,. .. , , 

Uj "."". pi',. """'.'I<"e" {i\' ,161,. .. '. 
(""/I.1I".I<IOII'''C CU,,'. ""b. !.",d ;n ,I>< p .... CU'"'''' "",,11ro d,I1lI"''' 'h ...... "''', 

c"". ,,[ d,,"Jd< 

) .!i.l Th ermionic C honlc •• ri" ;n 
\\ /'I<n .no<k. '-ol,ogc 1',,, I.op! ,"",,>I,., """ \<",pc ... ,u ....... ~.""n' '" ,I>< r,I.,,,<n, 
"S.1M.lu.lI) ,,,,, .... ,,cd. ,1-00" ,10< cu"'" ""''''ten I, . I, ""'"'~ r<tl doll.",., 1">1< 
,'nl,.!" I',,, Ml<'''" ,n Fig 1 b 

'. 

;;~-:, :, 
" 

.. 
• ",.3 .• \ .... , ..... o' pI_'r <un'rn' I, ~-ilb r., ..... o, ' . '''' n' I, ~,.h 

""" ..... , .. pl .... ",.atI< 1', 

11",,,, '''''.' .~.'" .... ," 11", ... 'u,,""', ," I, r", • p;>n,eula, ,. Iuc ,,' 1',_ TIl" 
" ""'.u'" "f ,1-00 ["". ,h ... , "-0 ''''''U'''' ''''' em,,,,,,,,,, .• he '1""'< ch .. ~ " .1", 
;",.",.",J "wl ,u;'hll~ I, will incrca", " ,i.h ;"" .... "" or I,. hu, ,inc, 1', "con"",,' 
,0 p<:",.~, ,,( '"NC'''''' by.ho 1"'''' i. con""'n' .1"11". "n'y. ~m "t"d numbe, nf 
,loc'ron. ""'" "'lOCh 'ho pl.", lI.rou,h lilt '1'''::0 ch:lT\le. So pl.t. ""'Tl:n' I, " 
".t""'ted .r"" «n,," ''''1Ie Tlru,.' ,he hend or tl-oo cu"-'. rl)( • p;,,"~ul., pi", . 
• -"Ir"~< _ ,II<" >j>Ke .h"r~ ;, i"" ."meie ," ", I"""C"' "><.wo . Iccr,,,,,, [,,,m ~<'''n~ 
Ih".,Sh tho .'oud or olo ... on •• , .... Iy .,,,unr' ,lit for""",,,, 

'-11< .. 1"'0 cb:uxt.ri.H •• ~nod~ ci"''''ICU1'iSl;~ ...., '~''''';Cllk ,1wrn<"ri,"C 
'uU .... ,h .. "" not l",,,,bI. tn ohI.," "",,un,ed C"lfcn l ["""''''' pl.,c. o.'y b~ 
'''''''''''''1.10. plo .. 1"""""" 0< only hy ,nc",,,-,;,,, ,).., f,t."rn,II<"'''BI eUIT~n' 



~"""" .!\:or,.." ..... ,' 'hoR_ ""'l'D~'" 'mp<1fI.n' ..... f,~ """'rulllnl'~ pi ... 

"",,"'" 
J.6 l.'hild-Laultniuir I",,, ror SI,an· l.'h:UI(t' Umitoo 

t; urreot 
... n ... hc ..... k..J .. . .... ,,"'" f, . """" ,WI.'" I~ u ...... ~. """I< .".,...,.a ,'o","no 
< ........ 'M'" ". 1" .. lkl dR_"""" .... Ii", Ik",.,.j "l L'II,1tj (19( I ) L ...... L .nr""''' 
II~ I II .,"' ..... "<1 Ik" "n.," ,', I", .,1" .. ,1 ... '., .""',,,wk< h. panlkl .10<1 .. "" 
(U11'cn, ,k."" " 

J~ !!.L,, " 
d' ~ 

"'...... J. ""n ... , <i<n,,"_ ull<ln ,....., ct\>r~. 11m""" "".<1,,,,,,, 
d _ d,,~.,:~ ~I .. un ... ,h<>ck-.n.I rl .,. 

~ ..... 1«" ....... t...r¥< .-.1 n .... " 

~ ~~" • ~,.,'" .. ........ CI",1oWI1. Ih>I ....".1Id. "" ,"" dooci<' 

I.,. """"",'.n) ,r r.« '1'4<~ 
II , " .11< ..... or ..... n. __ .,"", 'M""~ ,II< .... ".,,,,, lit..., ,t"n ,lit "I .... ,~'" I,. 
,he ".. ...... u" ... , u",-,,". '''''' .. ,-~ hm"n1 "', .. ,.,,, 

, "I 
1..,<, ,'n l.."~,,,",, ~I " "-.),n,, "'P'""'"'' II. ')'''"'' "'.1 ,k,,, .. ,,· III< ." 
<I,,, .. ,,, I'""""J "' "1'1" "n~I.·, ,~muth on "I\;o~'rwy C)'II",,", C>t k.~'h I .1Id 
,;,d"" , " 

s" " .... nM'f ..... p." ..... 'h,,~h .... " kD,'h" 

I,ll. U 4#)" 10· \'~.; IIh,/J' I 

.. ""n: Ii , • ~ .1" ~ 

J! ... """",,'" 1"<'<>1" 
_ I." t(.,!" I, ~c ... ,"Uy "'~."., I .... ea"IOt '.»" 

" _ , ... ho. <If .,~"k ,. pl"'~ 
r, _ , .... 'u, lot" < •• hode . 



i 

E<ju>li"'" .1,1 .,~I' H ore kw,.,n as Ch,ld I ... ~t"'"" .q"U""~' I", p;or.oll.1 pi,," 
01«,,,,01,,, .00 C) IonoJ<nc.1 "ken,o.k •. uno.k, 'paLe ,h. rge ,,,,,,,,,.1 curren' ,e~,,,,, 
From lilt "'lu.""", 11,00 1 ~ ,,,. c." '") tha, fo.- 0 In',,, ,h'n>Je 'y"<on 

Tbc' ",Ialof'" n.9, " <" ,«1 ChdJ /.""."''''' Ih .. u /wI! ''''~''' I~,,' on.! A~ " ""'''' 

,.1><, <""".", 
.\. 7 l)iod" as Hl· ... lilier 
' .... ,,"r"" ", ,10:\ 'c. "h,eh «""c",At" ,n'" IX" A, dK>dc alh"" ,I>< ,urrent ,,, 
II",," ""'y ,,, ,~'" ,It",,,""n , .. " ,'." I>< "",d •• 0 h.,f ,..:r,. 'H lull " "'. """(,e, 

.'.7 .1 1I " 'f,,~ ,,· ... :<"U!l« 
I" F'g 1.1, rift"j, d'"f'"'" (\f ~,,'f " ,"" ,,,,,,,fic,;, ;hO\.-o The i"I"".>.(' " 
<"""'''''N """", the 1"""")' ,,/ 0 """"<lin"" "" Io,,'h Iu.< '",,'0 """on.l .. ,c, .\, >n<I 

S" S, is of Te" ,um' ,h., I'"'''''''' t." '011< for tI<."n~ of. fi!>"","". Tbc 
,<111"".1 8 of S, "_""'n«:'ro 10, ,II< riot. "f ,Itt d,,"-'" .nd , ... ,""", II "<,,,,~'«I 
w ,ho r.1 . mc", 'h"",~h • h'gh ft'"'''''''' N 'The '~"I"" IX' ,,,hag< ""~<" 
.... "'" N. 

, J 

~ r ~. • 
" 
I ' lie u..,.. , 
'! • ! ;. 

f iJ: .. 1..7 11.,1 ~., ...... till« <1",.11 .0n"<<'100 

A, 'IK- cU""O! 1'-""" ,hr""Sh ,I", "I,m,,,,, " ~C~, i>e,,<d ur ,nd " ..... m"'mg 
.1«1«"" . ,11< inp"1 ~1I.m"u"~ ',"".~. ",uPl'l!e<1IQ """ p,". I'", """ h,lf 
'y'de ,100: pl . ,. 1>«01''''-' 1"",I,,·t ,f'kl for ,n. '"'000II ""'f " bo«"""" .. g.",,<, '.e, 
",'Mn N" I'<'>"'v< ,ho rlo<o """,,'"'" I'""",'e,oo the cirrn,'m CR""ro by 'he 
(,I:m«n' ore ~'lfXte<I h~ Ill< rb'e.f'kl ,hu, a c"mo"' no,," " ,he 1"'" "''''"'' 
,hroofh /I. No" in ,ho _ .. nd h.1I C}.:I ... 1«" B" ""fa"," ,tI< 1'1". ,,." 
be",,,,,,,, .. g.I,,' •• nd ,1I"",U"" "f """ d ... ·"~"; by''''' 1""< , ... « pi ",.., .. ' ,,,"", 
. nd a!" .. <ul, ,ho .. " "" n"", of Cu"""" In It>< pi'," "''''"'' ' tw""~h II ,\g"n ,n 
tho nc~ ' cyck II>< 1""0 be<;"""" 1""1"'" .nd. ,,"IT~n' no,,~ lhroutlr II TI", 
"'oc. '" i. 1<1',,«<1 "goln and ~F"n In 'h" ellcu,' tho ou,,-.,n' ~"", ,,~ ay, ,n 'Il< 
,"n~ d, ... !>"" , 

I'ro", ~bo,'c ,I "d ... Ihal ~u"onl flu"" 'h"""h II. for Io>I! ,he " me onl y "'11<:" 
pl.,. " 1'0,,,, ,,,< ,00 <och • "'ft"'" " .. Il.d h.lf" ... """fi", W",cf<>rm of II>< 
""'1"" DC i, I".n in MI· 3.9 



.1.7.1 rull " . ..... <,ifi<c 

n.., ",,'ull ;, ''''''''n in F'i ,1 ~ II.", " ." ~sr ~ d,,"'"s. AC ,npu' "upph.~ """".. 
,"" pm".,), 0' "'" ,ran.("""", .... h,ch 1»01 ~ ~,\fI\!.,,~) S, wrnJ S,. 'I""" ma," 
" .. , ... "!.o'l 5, ""'-"'1><'<,<11 It, ,II< pl.", of ,II< dl<l<k .• , I.e, .t.: !C,n,,,,.1 /1" "'",,,,,,-1<:,] 

,,, ,I" rio". "f d,ode, .00 lem"n.1 A " C,,"",'ClOd 10 'h" pl ,II. l.f diWc- 1 
5<:"o"d"" S, " "",,""-1<'<1'0 ,t.e m>~" "f ,lie d,odo:, 11>< «n'r-,I 1"""' o( ,he 
on .. ,,, "",-,'n<.bry c,' ,~..,n.,~","'o ,"" fit,,,,,,n, 'hrou~h III< h'F" ... "".nco R 

111< "'''I~'' wh,oh "d""", """~g. 0< <>!>Ia"' .... ""1>., ,he '''''''nn_'' R 

'-t--

"" ~ ~-----------''------------'-----ccc----J 
Hal, 

.-.u 

.'~. J.' ' n",,' ond O"'P~I ~' •• < 10'''' lrom holl" •• , •• nd rull ,,~.'. ""Hr.« 

.'I-e<'~k'ary $, "hieh has fe w '0",' .uppli'" • 1o" ",luge '0.1>< fil."",", r,~ 
<""",,,,, ,of """"un< A< , .... Inl"" ",~'.g. is AC live '0 .h'i, " .... n 1.,",,, .. I,l .. 
p<>.<1 " ," ,tlcn /1 IS neg",i'" 1M fi .. , lulf oyele, IV""'c'< ,n ,~. ""~, h.lf o),<,lo,l 



I 

In Ii'" lulf cyck ..... lI<:n " " P""'''''~ 111<: pi>!. "f ..ceo"" d".<ic .. I"""".~. and 
• <"Unon' no", 'hrough II .l .. '" .««.>noJ d,ode While ,ft 'ht "'",,00 h.lf q<l. " 
,; ""i,II.' and II ,$ !'OS"'". b.,,,,,,, ,hi: plalO of /1"1 d,<>.Ic .. PO''''w 000 os 0 
",,01, ,hi: pial •.• CUIT.n, now. ,hrough /I doc '0 <>«Iy UN d,od< '00 so on. 

In ,h" "'Y .... h ••• on ""'1"" "h,eh" Jun,.nd no,," lor III<: ,,'1>,,1. of,hi: 
qdo. ,...ch 0 recttr"" " c:tlkd full ",. 0 ,,,,-~ir,,,, n.. OIJ'I'"' "olugo i. 'oo"'n 
f", holf .o",'e and ruJl W"," ,n ~I~ 3.9. T1>I>ugh lh. OUlptA " IX bul >\,11 " " 
noc,""un~ fOf the rull " •• e "",,,liu So ,,, re' Srn{>(>l1o IX" 110" ""'1"'1,. p"';c,) 

'h"",~h iii .... u"u,1 "ht<h I "'" Ill< tin.1 ,''''-''"," d,ree' ""'1"'1 

I . h) Tu""",," ,;"",,,, .. 012 "I "'"'.~ ,utl .• :O .J<.,' t ,,,aI ~<"u",.II) ... ,th. 
<yliod,it'.1 ... 1Ok ,ft ",,-""m do, ..... ( '.1.-.1>« ,.." .,.. . ,""'"' ,,,,,.,,,.bI< 
<1«"""", <on .. """ ... ,,""' .. on. f,I'"I<''' '<"'1'<""" 1OO("),K G,><o ,.." 
.. I"" of coo ..... " A """ b ,. It"' .... ~" .. ·n."'.....- 'q""'"ln r,~ 'U",'I<" 
""" l< '" 6O.! ~ 10' "",plm'- K. """ ,~.ooo "'''I'<' '''<~ 
s.~.,,,,., _~ ~ 1 "I mm ~ l" "," no'. r ~.>w t-

,I .. 60 ~ x )(~ om ..... ' K b ~ QIK" '~lt.J 

I " Ion' .'" ~ 60.2 ~ 10' ~!" 10'· ~ ,!OOO)' x< """"""" 

~ !I'I~S '" HI" .... p . !II '01 n'~'" '''r 
",) Cokolot< om«."", "" ..... , """'I'y otI<I """,be, 01 .""ron' ,,,,I om"~ J><' 

""" .,.,. ('<1 "",,1IId '''' 01>< obovo ",,"'kn, 

.WHO'''''' ~ ~ T°..-"" • ItO ~ , III' " (2[0:1,',"'''"''''' 
r IO!}J!'A'n,' 

I. For .", ... """u"m~....t. 20 rnA,~ .. ',. ,"o<n' "Jo-... .. III) ,.,." 1lf plot< 
, ..... t< . •• Iotl.,e ,tot pl.,. «'1,.0:< '" ,,,">on I<l mA M ~'" "''''''" ..... um,nt 
'''"' 01>< iii""",", ""."., "",,,OJ " .""', .. ,. 
s.~.,;,," I, . KI','" 

I" ~20~ K t!lll,'" on ;;' 

1,< • JII ~ KIV,')'" 

Moot (II """ <21~. ,rI 
'" 

'" 



\\ ....... ''''' ....... k <_" ..... Suo< ""' ............. """_., ,., ... .-1 "1'1-
I,,,,, ", ..... '.1 '" ...,.., .... ,_ """"" \\'luo ...... ,,'" '" " •• l (_''''"' ' • ............. -.-....... . 
Ilo< ... l1"" ,Oot """" ..... '" pbI< < ....... pbI< p""' .... I, ,1w"I<1'''", ... 
• ob.olr """ """I" ',pb, ... b11ha ;, " ""' ........ ~. ,_ ... 1..-..1 pUo< 
, ...... t-. 
,.' , ..... " ... II .......... """ .... I. 
,b, , .... ,,-.. , •• pi ... "' .. "' .... ,'OJ} 

J"'~Loio Il1o; ,«_" ""' .......... Ion"kJ <""."' ,. <I ... , ... J.ok .-I I", .... , 
"r"". ,,~ ......... 1""'<'1' I ... ' 
'" \\ h" .' " .. '"" .. ,,~, ,n"",oo" Su"" ,Oot R"' .... '~" .. l)o·~m"", <.,.., .... , ... J 
h<,~. ",.,.I11.'",,,, .. ,n I'Um'" "".''') "..1 om,",,,. <o,,,'n, ,,,' ," ,Oot "",., •• " 
I . .... h H II.""""., llu>h ..... ...,.,'""' ..... , ... ". ,I>' ,m",,,,.' K ~. 
11.",' 

J ,,,' ' 0 I\~ I ... J~ .. 11Io'h ..... .,......_ Ih... ". do .. """" ho ... " .... \ .... ,,, ..... 
,_", • .01 """"pm_",;01 ,""'" Gil ............ I", ,I,,, 

I '" I ,pI.o .. ,"': ...... :1 ... "' .. ,",,< III .......... dl<lk I,. ' .. , .... I~ pUI< '" .... .. 
...... pI.oo< "I/O.,.. .. r,<alr,......"" , .• ,"'"' ........ 1"" <. "'" ... 1< ............ , • 

...... ", ...... ',,''''''' ........ "'"' ........... ct..qr I, ... "" , ... ,.-
'hi I."u.. "'" " .. ~ ... 0I .... ' .. a-< _od ............... )I .. " "',., ~,..,._.-I 

-h. ........ _ ..... ,. ___ 

~ ,., I"'. ' .. ,,_ ~ "'" pUo< """"' ""' ......... !U • . \ II ,,,' ",," .... pI.ok 
.. _ ................................ '" 1Ituo. :~ .. \ pW. ......... 1Ii._ 
,,,,, .... "',, ...... .-

,b, I ,~ ..... ""M ~,O<l< __ "","",;oily II>< "'I_ 01 .pM." ... ,.' ~ ... 'N ,."". 

,.... """ '. 'mIJ'<'T.",n' " .... "" """'''' 
1 '\ ,,,.,""' ,n, ... , ''I'<~''"''' ~~ ........ , .... ~ '" ", .. I""".", "1""'''''' 

'" ~ "II ,..,'" !I"-' '''', ..... ,n ,.""~,, <u", ...... ,,~, . 



"'00'" frc~u<"q r~"J;.-20 u".,;. 20 Ub. 
Ih~;" f"'lu<",,'Y ~.n~,,_5s() ~H< 10 22 Mil , 
TV r,,'<I""""Y "'"~C __ n Mil, <0 23U Mit, 
A"' .... "ud," r:.",o-Ullnson" (aro,.. 2<1 ~II.) 
UeI" .. ~"dlo ~"n • ..--Infr""",,,,· 1b<low ~O Itz] 

-1.1 Inlrooud;nll 

4 
Ultrasonic 

utlr.>$<""O ",\C, rol.", 10 5<1\11.11 "'",'0' prodl.>CN by "" <>bet1 "b""n~ at a 
r",~"",,,,) hlfhc, 'h.m ,he hu",.., <;or c." hoe,r II". "1><". )) ~1l'1 II)' ""'" 
II.",km ,,,,,I,n"l""'" "," bc.-,""," I~""N" '" 1",>oJoco .i",,,",,, ... "" ,,( "'''l"""')" 
up''' 2$ 1»111,,,, II<. "hoch t.;" " ",.'d.ng,1I of 10 • m. cO"'l'=bl< "Llh \ I.) 
... .,.kn~lh "n ulltaSOnk ",,'"e I> hIghly .""I'Il",,,,,nd "'" .'1"'"1<" ''''.m 
.. ,.><kn~d, I'>«:;,u,", (.f ,I> h,gb freq .. ""y a oo.! .""'~)_ ,1>< .<,< "r u" ... ",,,,,,, 
"'pcel_,II), ,n " .. r ... ld "f ,,""''''''''' onJ In '-lIf'''''. ,nd.uno. h<"c,m< 'cry "''l'''''.''' 
00<,",. "r", ,,,,,II ""okn~th ,nd hi~h c""'I..' I)ue ,<> ,I", " "", ~r<"'<' 

rru"""- ' '" 1u ru,,· 
~"",,.,,",,. mc •• , .1'0 of wr)' hll'h [",qu"ne). Iml U~",,,,",,, 0,"_1 ",. 

dlITer<nllat«l f",m '"r<""nl< , "n« the 10<""" "ud}' of .r",., p< • .lu,,·J 1» 
ooJ«" ,hal Ir."i Ih"'''¥h .. ".,d,.m " • f'>lef 'pcrd Ih"" the ".,.' the) 
S.'",'~'C. '"p<,,,,,ur,, <,,,,,,,, . 11. connn<J to ""'''1'1..., .... ",,10 •. "h'h tl} 
""""Sh "If al > ..... d CI !II< JOIInd In .... 

S"""J ".'<> h"'",~ flc,!",,""y I.". th •• the ... d,hl. ""go «!u lin.,.., 
<.11<:<.11"/",,,,,,,,-

4.2 I'rodu~t io" or Ultrasonic Wan's 
DIl,.,,"'" w~.r~ c,nrK>l1>c prM""ro hy .,.,1 """t"",b. lite lrom. dl .. phr.~m 
of .. ~ .. J.",,"l<'. 1«1 10 .h<,"""n, , .. rren' Th;,,, due ", tl>! f"" ,h •• a' 'e, ) 
h'Sh f~uc""y d .. ind""I;"c .ITc",," IIr ~>Ud"f'C.lCf coil ;, .. , \"'1< t/u, pr ... "" .111 
no <urrent P"'K' 'h!Oll1h i, M~".'. III< d,op/tr.l,llm "I. lou<l.p<·""'·' C""'~,' 
"",,"'e at ,,,,,h hl~h f."quenc •••. 1I0nee d,ffer"", melh<:>d:. oK ....., .. 11) 0<.:;1 for 
,I .. 1""'1"""00 of .10",,,,,,", "'OVe>, The ''''0 ".porIon' mel ...... "","Iy u>Cd ",. 
""'Hn"",'In~"'''' .OJ pi .. ,,,,,,/;n..-k. M.gnelm.,-k",,., mc,hool for f""lLICocy uP'"~ 
100 lHL "oJ p,."",I"""" m.'hod fOO' f""l"""",iM . Ioo,'e 100 UII 



1'u undo,,"'nd "'"I""""""""'" .nd poc,uek\:.", .... ,11." .... Ie. '" fi .... 
u"""'",~nd ,ho "',. l.n~ ""fIC'.,.. .,( """"irK. and ,,,,,,,u.,, •• "" 'hon """Ill 
~, .... u" ,ho , ..... ,U.". 1"""""'" 

4.3 A"'I,lifier 
An,,,l>f,,,, l> .... k\:." ... ", .... ,'''' .... h",b .""blt-. "' .... ""~,, 01 " •• ~ eke."",,1 
,onpu''''' i....., >1""'1' in"", ..... WJorn lrK-.dt ,."...-oJ "' ... _r1,f, ... ,ho p>d" 
.. ~" ... II} n .... n ... ~ ~ • """U'·. "",.n,,:..1 ,d,.<~ '1> ,,~lI"~""'. II..-u .. of lho 
",,~."'o "",.n"" of.ho ,oJ. Ie" """,,,,", '" .,«' ... " ..... M. N, ",;o<-h tho 
rI." A, ...... ".ho pl ... <umn, ", .... ""cd 'I1,u, the "td I • ....,n"" "tbk ,,, 
",,,,,,,,1 ,ho num",". "r o'«.ron. fC""htn~ ,ho.' r"'.' '" ,It< pi,,, ,"''''n' r~ ... 
~"~n "" .... "tole .• I'"""·U,., ,..10,' ,.f J"~ .. 4"10<".' "~t,'h ,I", pl.,o ,'UfTon, 
",'u' oi, IJ •• II. d <"" 011 h, .. (l1g 4 .'1. 1 "11< .. "'"" of a '''''""In ,"be- amphfi .. 
"""r • "" ..... " .• ht,,, n tn ~I,. (.2. '0 ,ho bot", ,,,,eo,,, "I .",~ltl'<f ("d bocomc, 
""~''''e .. " ... ho.lo h) " ..... , 01 gOO.b,,. ,0l"F" " ,. I '11 .. tnl"" AC "gn:oi 
r. It,)", 'mrhflcd " """nt<1rd 1><1 .. '..", ,ho ,.m""a' 1", oncI T· on ........ ,,'nh 1:". 
On lhe pta,. l-iiio: II OC 'vI~( I. ... ollal rlJI. "'!'PI) >vI;ar« ... IKM 1'1'>,1". 
1<"", .... ,,«_,cd kJ ''''1'1- ''''''''P k~ 'n .............. 7., ,. ... k"'" ''''J'''d-''' 
""') he 1"'''' Pn'"......, .• "''''plu ;n~m<. f,,.. ,"noN ""'~" boa, ,'01 • .,. 
f "n<tt»ar)' ,,, tJUtN;o,ft ,ho p>d .,""", "", ... ,,~ ... , ,-aohto.l< , h i 4~) 

~ ~ I \ _1000 '" pIoI~",""" (I~I .. ,, ~ uitII .... ,_,. ,'_ """",, 
",Ii_ ", 110. ,..w r.,.. • ,...,int .... pIo .. , ...... I I ~I 

'" ,ho ab,c""" .,,- .. , ... 1 •. ,~'ag~ I~ • • 0) 1"1", ,.td ,,,,',,,~" .".' .... B' ... f~ .. 
.. , ,hit '·''">I~.' pl., •• " .... n, (I~I flov" ,n ,I>< ,,".e ",,<u' '''''''0 .hl> pl>tc 
~"fT'·"' . 'olra¥o ""'" (I~Z<I;~ I"""'~''''' ... "",."" " ... , 'mf""<l'''''~' I.~_ .• "" 
'''''~Ie d"", <k:p<nd. Up"" ''''' p'"'' o,,,,"on, . " hk~ In ,urn. ;, .on'rollod b)I grid 
mh",c " 'ho" r, • 0 n.c AC componen, of 1""" ""n< n' n" ... ,n~ 'hrortt h kMd 
h"I""" n< ..... ""k..",. ,"" .mj>lificd "'''1'''' YU""I< 



" 

'-;.:-~ ;------'---,., .. r-----' 
~" ' .. 

.. A Osd llalOr 
Any c,"''''' ,h., ie,,,,,.!,.> on "",'m,,",. ,,,,,,¥o i. ,.,.II".! on '>5<,11.1<". To ~OI>('1""" 
A(' "oIUlae. the eireui' il '''ppll.,.. <1\C'~y rmOl DC ' .... ,cc 

llcJll'ooing"pon 110 .. """I1;",,,n'.,,, pr ... I ... ·.d.11l< ".;c,ll,"x~ OK ".mrd ~, 
(II Tuncd mtu" I L C.I ,,,,,,,II.",,,, 
12) Il C. ,,><,11,,,,,, 
(3) Cry".] ,,,,,,1)"<>0 
!I ... ju>! to ~,,·o tho • .l.:~ "'>I, ,,,,-,II .. ,,,,,, ",or~ .• Il< (U""J .",;oil j, "",,,,,bod 

4.5 Tuned Cirrui l 
An ,ntl .... ",.. II.) .00 ""l"" UI..- ({", .I'" ."",,,n,, • .! on panllrl t" 'Ofm • ,"...-.I "r 
11In~ . ireu;!. In Fj~ 4 1 \>'t""'lIY ;, in,,,O(!,,,,td in'" .hi, drcui< b)' ,'OO_""~ II>< 
c'I''''''''~ ,0 • IX' "'I"go ~y Ih''''' 'ng .~ '" I 1,.,. CliP"'"'''' gel< <'h.'g,-,J ."" 
,he ... IS I ,'ollog< "'""',. n WI><" ,"!h:h ~ " ,h_'n 10 2. <0;"'.' .I.:IR. fl''''-I"" 
In III< "".",( TlI< "_1'.1, ,'''' " .. ", ,' ."h ,10.,. h",~,n, Ih' .... ~h rh. ,,~I ... (0. .~"''' 
,be: ,oJ"",,,, h", ,I>< I~"I"''') W "Ppo.»<' ,he ~'u, ... h ur <"""n' ." ,he <,,'f<n' 
h<I,ld, up """'y_ ul"n",,<iy ,he "~I""i"~ "MI) disch"""," 8., 'hc ""g"",i, 
IidJ """fJ!Y ,,,,,,,nd ,n. ,nd,e,,,, ,·",1 " ",,,,,,,,,un, ~'"' ,n. .'c-:""" """,on bo:,n~ 
,he B, •• It". Lc_. 111.'-<, cum", W,' 4.Jbl. 

On<" <II< "'r .• d"~,, fully d,,,-h",?;,,d ,II< ma~"",", r",ld ""11m, '" .,,11,1"'" 
.nd cu""'" in ,he ,,,,h..,,'K "",I i, jI:<>,n~ 1<, <Icc"' ..... 8u, ,he .... If·,nd""'"'".-< of 
'ndue'", """ "I~""""" ''',<ay 01 ""ITe,,' So. blIC~ e.n, f.> <Io""h~>e<l io ,II< 
ind",,'''' .... h,eh k«ps ill< cumn' flo .. 'n~ '" ,II< .""'" d'rtC,iao . Duc 10 111'1 bK~ 
C "' f ... "",,'01 at'''' ,he "atl, chaq;,"t. bu, w"n """""". pol.n'y I Fig 4.3c1_ 
II, "'"''iC hu,ld, up ;Kill» lite ""1),1(1101. lilt CUlI'cnl dccn:a.\o() ~nd nl'¥IlC,k
rICld dcc",,>o ,n ,he iOO",,'o. ""il Ul'in,"'ely 0"'''' .g.in ,II e .. orgy "",ed in 
'~e C"p;w."'''' i, ," Ih< f"''', of 1"-""""" <'",'~y n.. <'1""'''''' 'lI.in bogin. ,,, 
di><iwl.c ,h,OIIS" illd"",,,, ILl ( I',~. 4.J.d1. bu, ohi. Ii .... <."c"' flo .... ,n ,II< 
""",,' il< di"""i",,_ Tho< ,",,,,,,h'"I" .,. """II" .. ", of C""'I) bo' .. · ... I ol1ll C " 
"'pt.,cd :og" •• nd .g>in_ 8u, due 10 \lie ,.,;",.ncc "f!he in:l"",,,, coil and ,he 
leat.,. uf lile ""1'*'''''' ,I><: ampl"""" uf "",ill"""" Ikc ... <.es o;on""UOO,ly 
(Fig. 4.3<:). " '"'I""""Y of _ 'II.lion ,n L.C. <i",.il i. 

F.IIW.JLCI 



" J:~.~""'~·"'N "~\"'" 
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HttttttttttH-ttl-tt~ 
... 

t lc.~..l l; ............. .. . oIl.~. r..- IK ,~ \\ ,,,. ' ""'" ... rc~.l 

In oNor~' ~ IIftd.unrtd ....,," .. '_ "" ........ ,n«! """lb'MOI , h; ~ If). rhe 
""l .... ..t ~...." "'<> he ... ""' ...... ,he n ..... " .... I •• ~h ,~,k .. IcnJ>.o. ~ Th., 
,''' ...... 'n ...... ,"<"," .. hleh 1"'< ....... D«I "",,11 .. _, fy,. de f,~" ... ,n, ,,,," 
f< ... "'~, ,n .' .... """'. 

til TlIm' IIIYSI be an acu''f dt,·~ Ilnllmlo, 01 l~Nll/I>l "'OI~> II III 
"",pI",« 

'''' n",,,· "'"" boo ,.,..,) f<>«l'-l In .he .... phr ... , 
I "'1Th • ., ......... ,,( rcc.lbooc ~ my" be ,ulf",icm ,,, " .. " '"",, k ...... , 

4.6 I'oslth ~ F~dbllck Al1Iplilirr liS an Chdllalor 
Thc "'",,, "I'~"''''''''' "fl""''''''< r",~k "In on ,,,,,ill,,,,,,. .... n , .... ·, II.',~ g.".r .... 
AC ""'I"" "II".' ,, ,,Il00 , . ny in",,' AC "gnal ,\ ""n ", 0"'1"" i. fl'\l l>a< l 10 
"'1""."" 'hI' f«<lboock .'~n.l" ,I>< <>nry In",, ' Lo1 ... <\III)lJ<1 I '1l .. ~3 ..... ·hoch 
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.. , 
.,.. ~.~ ..... 1'1>. f, .. ,n.",,~ . ... pli!i<r~. ~~ ...,...;il.' ... 

• 1>0"., !II< h!OC"~ di.~r.m of. I~b;.d "",.i, ,,·he,cA j, ,he .",plifiC"3'lon I"",,,, 
01 the "n'phr..,.rHl fJ rrpr ...... " !II< le.bgo I..,,,,. (rn!U , .. tuned meo" 

Tile ,.I"'go II"'"". V d<n'· .. from ,lit in",,, term,nal ) ol !ll< ,.«mal ..,'phr"" 



I ........ V ",.,n AI "The "npI,r"", ",,,,,, 1I1''''i,.,'ho r~l ll<1"""~ '" ~ 
l<etlbKl "~':.e~ II". .1,.,. fU'"ns 'h""'1h 1M IU"",,, ""nl' ... ,111 I<"""~ lao, ... 
fl II V ~_ •. ·IJt!' ,,,,, ,'OI!:'$<" n:1umUo I"~n, X If ,100 pita .. ""fl. oluc .o ,he 
ampl,tie.1OIIII '110 ' ..... _l n<l" ... l """,,,,'1. ,to.. "pol .. roM ... X .. ,II)'" 
U":II} ,n """ ..... "" , ..... ,,,,,I th., dmC"o t'" In(JIM ,con, .... )'.,( .... '''' .... 1 
.mpl,r~ 

N"",' ,I .. ~ r""IIK' "'""" X """ l ond ""n."~ ,,~'.v '0>1\'. r IF" 4 4bl. 
,ho I""""'" l "l''''' ",n' dll''"' d't=lI) ,,, ,10< '1>(>11' 'c,n .. ""!. 17 uf ,'" ""'pI,r ... 
N",. 'f II " , ...... n",hfi'·~'i.", I ....... """ fI'''' 1~.l~E. lao"". ' .... n. ,hr..- "'><"' ..... 
",,,,,hi. 

1I,lfll/J< 1,1/11 ~ I' 
m If A/.l:> I. II/H > , 
Ol IfAP I II/IV .. , 

""'I"" "~J ... I ",II ~,. ,,,,t ( h~ ~ 4,) 
""'p",.i~""1 ",II tII"ld Up I I"" 4 old) 

, .. I"". "~n'l .,nrh'..Jc ,. ,11 "'" .... 'O""' ~'~ 4 4<-1 

4.7 Ma~nClV'>trklilJn ~iII;l lIJ r 
T" 1"001 .. ,:. "I"." .... : .. _to' ' .... ,.r, ..... """t .. ,.,.j """hod. i. "<.tgIIt ..... tno;,_ 
~h<ol fkrc >=f ... ~"'n,,,, ... <lrn~ " ... ,Iurd A"".,..,,", 10 thu .rr«"1. If .. 
'I1tI '" ,,.,, ,., (0'" ........... '" _< .... ,,, •••• ,1<""' .. pla...d I~"" _<..-/,.. ,..-/J 
""...JM~, /I. knt,lt. ""8,~".,It,..1.< ,''''''''t<J .I,t"''' "The <"""V .. r .... '.h" 
,~, ,,( , ..... "I" ," ,he r,d.! lou! dcp:oo,n, "" , ..... """ ........ .,( ,he r",!d. 
"", .... of Iht m.,<, .. 1 ~'I"l" ,,"'. ~.,",,,o, ,100 ok~'cc of < .. ,~, , ... ~not1",;,!"" 
_ 1M '<mprlll'''' I, ,,~ •• """ .... <01 ,h.to ... , of, "'(1<1, f.n"""'tM1"· main •• ),. 
n",l .1 ...., ...", ... 10) ,~ nO. l~1 ,Ito"" >!"!fI1< .00 ,~, .. I .. Il<c ..... ,n Icn"k ,"'II" 
,be " ,<1<0", ,of "' .. r .... "' .. '~'" ..... f""be, """.. ,be "10 .. ",,_,,, .. ,,,,,,,,,bl<_ 
I .• ,"""['10"''''' "r ,I", ',~I .I"n:' kn~'I' ,"'~";I"'" nl>$nc';.,,,,,,.,,, l"u, ,f. "od 
.. , ... i ;. pi",''''' ,"",k ;I ,,,,I "10,.-10 " Co'" ,n,' ~" A(" <um:"'. ,100" I< ~uff.,.. , ..... 
"",'" .bJ"," ," I",,~'h " .. < .... h b.,11 q".' "I ·K 'u,,<", .oJ •. ~", "br.",,; '\" 
un""lnc",,,,1 1',.1 "I ... , .. , ., • t'rc~ .... n<) , .. ICc ,b:o, 'J' ,he A(" r .. hl On tbe ,.he, 
b:ood if Ib< ,OOJ " I"n ~""I) " .. F""u' .... ,he" <h."F" ,n Icn!,t f<llk, .. , ,10< .... IIl< 

fmt""' .... )' "I 110< At· f"'k! 
1' .... natu,.1 t.C<j ....... y lIt ,100 ,.od" 

[~. :,-c,;-=,,=,=, l 
......... I .. , ... Icnrth '" ,be ... d. I i, Y' .. n~·. "" ..... ,'" /J ,100 ok.,,,, ." tbe rod 
tmll.",I, lind 1'" 1M itxnll ..... ~ I, 2. !."r 

Or~'lW1ly tloo .mpI"~ 01 ,.bra""", of,1o< rod il.mall Ih' ,fill< f'""l""I1<~ 
"r , ... AC ,"""1M,, _",noc.> Ill< "",u,al ff"", .. """ f)/ ,10< lUI. IlI<n """""""0 
",<UI> """ , .... an'pI"udc of "b. ... "", "wn,odcf.hly ,,,,,,,, .. <cd If ,toe "",,1«:<1 
r''''I''''II<Y " "r ,he ,onk, .. I .. I'r,""'" f~u<""y ,hen r",m , ..... nd> o( ,he ,,,,I 
,,11 ''''0'''< .. '." •• ",II hc .m;" cd 

An <. pc,,,,,,, ,,,, 1 .,ron~," .. n' lor rrod ... m~ uh, . .. ",,~ .... '·0' .. >hown ,n n. J ~ l 'hc,c;, • ,,,,-,,, N, mol "h ieb .. d ampcd ., ,he c,n". '1" .,.001 .. 
PC'11I,,,,,",ly mag.n,iLed in ,he .... 8'nn '"~ loy p'ming > oJ,,,,,,, 'U"tn' In the "",I 



UI",,,omc H 

I)C ""rPI) 
0 

0 
,- " \ {'" -, , , » , 

0 
Dc • 

"" 
, 

--- , 
'" -

I I J 
(rnOU/) .<»11" h"h " ""'I'I":d "",nd "'" rod. TlIcr<' .r<' Iv n ,~hc. "",I, /., .",1 
I.: ,....-condo!)" COIl) "h«h.re " .... ppru over pnma.y C<MI., 1n h~. 4._~ {'mil., 
i. C""flN'«.I In ,he: plate Om-u" ..,r 'Il< ' -."·e. "'hilo L, "ooonoccled ,n lbe ~"d 
ci","" ,nd L , .00 L,.I<" ,<HI,,,,,,,d~ coupled. 

\\.- .... n IIIe r'>lc <unc", "''',n~ Ih,,,,,,h a """ L, " c!t",,~,",,_ " "'",," , 
">rn:<p<II\<l,n~ "h.ul~ In "'" nu~ ... ,,, .. ,,,,,,,, nI "'" rod '''''hlCh " .I1",ad, "'.IF"''''''' 
by "ead~ cu"mH. "h,ch c ... ""'. "\ante In lhe Icn~'h ul 'Il< 'I, "oJ TI", 
<h,,,gc '" Icn~'h ' ''·C, ITS< '" Change ,,(the ny. hnled ,,", ,he: ~"d n>ll L, .nd 
"'. ,-h'nf' in ,"" gnd ""' .. ~.,, Thi' <I>:tn~. <>f •. m f "" .. on Ill< ~nd. 1"',""..-<, 
On ."'1'",,«.1 c,,",,"' ,h.nie In II", pl.,e oi","". i.e. In !be ","'I., . ..-h,eh .~.'" 
co .. "", ach.""" of 1e"~Ih ufN, mol. I" 1111> "lIy"""illa.~", or tr rod .. n""nl.mC\l 
'The: """,II.""" rlCtjucn<y' of the N, rod " """rolled by ... ,-,,,,ble '"1"""""
C .<HI h ~"-.n hy 

If .h" Ir<'~""")' m""he:, .. IIh ,I>< n.:"",,,' f'"'luc""y , .. l~ , EiD ," !be rod. 

~"lI<c "" II occu, lIy .dl"""'1: ,he ienflb of ,he rod .Dd lhe: ("""""nl "f Ill< 
ronden"" •• hIgh f""l"en<")" """,11.11 ..... o{ dofferen' f,<,!u<ocM" .re obt.,neJ 
F.",!,>,,,,,,,., can be ."ended uP'"~ 3 x 10' Ill. 

I • ."-d.,, 10 "",,,U'. m .. tn,Um '",n,f ... or e""'8Y ,lie ,,,.<cIue., ho,,,,,"~ " 
tltlod dO><" 10 lhe- III<d'um ..... hot lhe tr~n"'u«, "olII<n, ",n ron,,,,,' .. "h tl>< 



med,um an.) " ... ~ ",.", .. ,"':11 ..-..-e f ..... """"'y II( ""' .... " 'n~ <I......,,,, 
1bc <It" in~ <Ie ....... , ..., ~, 'ull<-<; 

Tht ' .. ,,", .,J"m',l<r, ,I,.,. h ... """f ... "",n. ".", "1<,lIold 

II, 1bc 1"""'1'-'1 .,h..".~ .... r '''''jln'·'' .... ,''~~ ... ,""',11>1 ...... ~.mpI""1 
~ ..... 10" ...,.., 'M ..... IIIUCt .. ... 

121 A, k ..... ~I"~""'K h"""' ..... , 1"'1<' 1"''''' .... 'J'O'I .. 1".",...., .. ,,"''''' ".~ 
.~ ,L"",,.. ,,, , ......... '" ...... I.'",'"" .• ,,'" u...xt ICIOJIOf'I'Y .".oiIW 

'.I( TIl< ""'~""""""k'" ...... ...J...:.<> ""'e '''''.on "('''''or<' ,,,.,.. ro<""'''''' ..... 
""n ..... "'·.'. T1>o:~ I~""·" l>t,< """'<, 1I.",U,n, ,'.p.o.''') .!Ill ''''''1' 
,."", ... " • .-. ,U'IC 

'l'h" m"'" ,/0"" I~" I, a," 
( I, I),(!,;,ul,y in lnolk~'''g 1"""'.'''''' p.'I""",,~ "' .. ~n<" .... '"", ,,) ,lie ',dd 

rod m,II.II} 
(1) I.""".,,,,,, "(10 .... 11<"') ", ... . 1" ... "~Ie.,, u,"" (," "'1) h,~hcf f~,.,n,,) 

'.In,. 
,I, (;n .... ol<r<.....s.:""'~,~ I ............. ') '''' ,e""","",,", :a!I<I~;,dth 0( """"""". 

~u" •. <>u ... ' .h.on.-.o. In .IN ... · """'~" "I I." ....... ; ..... , ......... "" •• 
""b <k, ..... I~ .... , .... ,"'" ... 

.f.1I " iu . .wiffl r k Effl'<'1 
Wh<" """,lwucal'''''''' II~" "lOI'",.""" '" "'n'~" •• 'rrloed II> a ,"".bt) 
"'" f'IC,.,.k;:,ncn)'II.1Iol. ",,>n/. nchell. "~I ""''' .. 1' .... , •• «fUm d"tt'~" 
,he" .1«,,,. ch .. "" .... d,:'cl,'!'<'l "" , ......... r""", ul 'hr ,1 ... 1"'11"""h<ul., 
1<> ,ho~ d,m"",,' The.",,,", nrocn.IICCd tty 111< I'I.l~ 111 .... lho m<>t .... ul •• III 
lbe ... ,,,",w.l, u'~klll" " , 1".,,1''' ,n """,,, .. ," '", '" "" h .«ulh ,,' ,be .1'1"'.'"'~'r 
(lr rh''',' """~'" TI," ",., "," ... k "I,ll,' 1"''''"' "I .hrr.·,~"" ,1'''''''''lk',1 ... ;H'" 
,lie I...,,,. ,If Ih. pl." ;, I""!"~'''I<LII '" ,I>< .Ilk'Un' or r,~,,', "1~'I,<'<I. ,., ,I>< 
ul<., ui <1<1""""'''''' pnod",,«l,n.I II< P<'1.mv .. ,j( b< '<VCf'i<' "'lI<n "'" d,,,,.I"'" 
<If ,II< 010:1",,""11"" I, ...... · .. ,~, .. ",II h~ .'~,,'pk ,I ,I", ,,~, ... pn"","" hi II>< 
nl"~1 " 1""""< .. ""n ""'''P'<'',"", 'hea ,1 ",II he ""I"'''' "I><" ",.',·11<'.1 '1'''" 
pIoe""""''''''' " l",,..n ., II"", I"r..->('/u,,,,- <fIn' n", <1'1"", "11""",,,_1 
""" 1>< ... " lhe U),lU1 pi .... ,hoouId h< "'" ,n 1'f'UP<" d,,,,,,,,,,,, ",1~1'" If) II, a'OS 

"f ') """"") 
c, ... ,,,,,,, " .1", """_ , • _ .1 ,he .-ryll;ol pi"" " ..... ,..,""" IU .k;:",,;01 ,'K>.., 

".,.,Iun,,'~1 II,.", .n • p.on ... ~s... d"cc""" .. ,II oIt •• I"", .. h. h ......... ,lui .r. 
d".." rl«ln,; l'irld .. ~l'JIhC'd M" ....... '''" I""" nil"" Cf)yoJ pl"'~. 1 ..... " ",II 
.ul>« «onIIa<' or UICnd and ,i AC .. <ld is I,,'.n, 'hen .1,"""", •• M .......... :a!I<I 

~" .. ,_ .. 1"""''''..1 In II>< opl31 and 110:1.,-. " "' ..... "hr.",,~ Tlu,,, ",lied 
ml',,'" pi~:<"'lff"', rON I ... <~""r • .-) ,,\ ,·,Ilt_",,,, ",II d<p:nd on ,he "JIIII"'" 
AC r,~.....,) II ,lie [, ....... "") ul ,I>< A(' fk(.t ;, "r ,I .. n,le..- "f IH"~,,"'~' 

Imj ...... yand if i, m~',II< ... "" ,he lI.:nul':ll r"",,,,, ... ) Ilf ,he ('}".I ,hon ",,,,,,:,,,.:c 
\\,,11 .1«U, and <'1, .. 1 " ',11 pmdoc. ul'",,,,,,'" " a"., 

(.!'u""" <r) ".1 bck"'I' '" 'k ,,,!,,,,.I 'I "",n II h., • . '''.Iroc of he<ol"".1 
rri'"' " '11" p)~,d .,,;o;:1oN '0 ... ch e .. 1 'Tht UI' J",n,n, , .. " end ""on" "f ,he 
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pyramid ".,.lIed "I'''C " '" (0.1 Fig"'o 41\(0) ,110, ... ·" ,Ire ,tIc.ol 4""'.' «}'tal on 
" •• "ur. 1 .ute ,,'h;r., Fi~. 4.~bl ,1>0,,', ~ ~,,,'" "r,1re cry ... I., 'ight .ngr., ~J 
7 .. " "'h,~h j, • IreM~on 110"", 10""" ,l ,.' ." ~',X ,. ~',x, .. Ioklo 1"''' 'hmugh 'iI<' 
"PP""" ~"'ncr of ,1>0 ol)"al aro <.Ikd ./., rnr<l/ Of X"Ul S .nd ,hey"'. 
I"'l1"'nd,~"I&r '0 op". u", 7.L 11>< 1"",,,,,Ioc'n< dtc", I> ,,.,,, m;"~ct1 alon~ 

,1..,,,n·,1 "-'" Sonul,rly. tlo,..., I""" ... hl<h "'~ l""I"'",houl..- '" ,t.: ,jilt. of ,hoe 

,., 

I" .. 

"I"~ "" 

" i---' 

'. ,,-

,
." 



.... u."" I,,",, ,he r .. ,," ,~ ..... ''''m~'''' a.d., ,hey .,,, .1 .. , 1""1',,,,,10<"' .. '" ,hi: 
,~~" ..... " ,...., """''''.'''.1 •. ,i, "'''~, rlllK .."k-. '" ,he «'1'<"""'. ek<:"", "''', 
lJ.~.lI y the 'I'''"' pi". "",",rod ,,, he' '0,1\>, ,,"00", ""rallel,,, ,II<- "pile ... ,,, 
""" I""'JXOO,<.I ... ", ,he .Ie"". ~", '" '" tl>< """han .. -.r .... \\ h.n ." la'f'"" 
f ...... ;, r<rp<OO"'"'~' '" ,I>< \' ...... I", .. lied X""'U, "he:n ... ,"'1:"" be.""'~;, 
1"''''''001<.1 .. ,,, ,I>< )' a,,, "" nlk-d l ·r., P!dW Ih, ~ 1>1> 

Nor • r"'''''''''''' ,.) ..... 1 .1 ... 01«,,>< \Ire<" ;, applot<! ,n lilt 010 .. ,,,",,, "t \ 
.", ........ " ... ~" ......... M".I ..... n .. ,II ,,",'.Ior ,n ,he ,h.o.'.", ,~ ."'/'C'." 
1_"" PI mrcIlMu<.1 "I' 

SUf'P"'o<' 110<", Ii OIl ,\ 'n' .'Y ..... , pi"" 0( ""d ..... ' and k-ooJlh I. '~I",,~ "1"'< 
,.,,) W",""AC ''','~ ".opfIIotd al "", 110< I>e<:.>f ,II" 1'1.'"""" ,he 01.,.,,,,,:.1 
."'. "l<'tn.lt,,,, ' .... .., •• 00 ''' .. ,n .... «1 up hIlIh ' ..... l ... -" "'" "'"r,I\·" ,..., II 
,ho Ifni"""") ,of AC "~l"l''' lupp<n. ,,> be ..,.>1 '" ,he ......... fr<"'1"<"") 0( ,be 
,,_"""~ ,he: pi .... , I""" , .... _ .... ,11 "";UI 

no.. h...,......, .~ ,he 'h .. l ..... "'''' "hi •• ..,.."" .1 ... , .\-.,,',.> 
, r 

II,"!,\/) 

~,"", .. ty ''''' 'fnI_'Y ,>1 ,"" "'nF'h- .. ,.., ,.In",,", " 
,- ,. 

"' -21\ n 
"he:t\: /' • I. ~ I, ,~" to. l.no.l;om .... ",1 , I .. m'." ..... , 200 "" .. ,,,"" _ ." 1. £.he 
'"''''"E -, ... .lul", .10",# ,to.- .1'1"'",.-, .... ~"''':loon and /) II>< do,,,,,> of ,he ~Il""' 
pl.« 

-1 .'1 l'iHot·ll,<:ll"i .. (hdll:o'o r 
I'LOf.",h,,,, dlc<' " u"hml j", I~""."""' ", .Ior ... ,"" .. ..... ,n ,II< ,,,11,,,, L"~ 
"") Th, "1' "" ".. "I'" ,t~'''" ,n I',~ ~ n" h;h '''4' ,, " \'; 
".'ta~e .. ~" h " .''I'he~ ,,, ,..., <o}".1 I, "h"" .... 1 h) lid""'" ,,,'- ,lId"~} • ,,,.,, 

N " ..... -n" ~' .. 'n 

r ' - 1 ~, • 
'" \! , , J 'Q, 

I , 
IOJ.. ~,7 ' ... _ric_ .. ' .... 

1I",,1e) "",.11 .. ", ..... ,," 0(. '"""" .... ·'11 .. 0<)' ~'I<U" (nJ""la .... "" I ....t a 
'I1_ """""non C In r-allcll 0... end 0( rho ouoood em'",", .......,.,"'~ to rho 
rl ... ",hoI< lhe other end" ~<d 1O!"".no! I""".",,. ",", I." l.>pp<tI on 



,,,,h " "·o}, IhOO II>< 1""';0", I" of 'I>< "",I i< in pl.,,- me"" "hi!, I. , i, '" the ~"d 

"""",, n,,· ~"",J,f .. d """'lIY in lilt pi'" <lfc .. ,1 " rod ""d, to ,,,.. ~"J o,,,,"iI b} 
" .... ,,' "f ,,,,IlK"". ","'pimg. n.c t.I'I''"' 1''''"' " ,·un", .. ,'.d to Ih" ,.If .. ",", Til. 
~".n' e"".1 Q .. '~ """"'N p;tr.IlId ,,,, . ",,,hl. ""rae""r C 

n.c H.nloy ,""'II",~ ' ",n'"" <00" n In h~. ~_1 I' r.u-.lld r.otIb...,~ "",,,II. 
,'''' pi". CI"'"" " d.-,dcd '"", ~ "",Ikl OO'n<h .... ",w i" PR,,, ,k. ralh f,.,. 
,1,,,,"'1, ""..n' ond tl>< ,.i>c, h . hem,,,," <0,,".1 RI · d~""., ~e<f" ,t..' .hem:d ,nf 
curr.'" ,." "f DC <ire\lil "hik It.. hl, .. li"~ 0"1""';'''' f'. ~"'"I" .he d;",,, "orr.,,' 
, .. , "flh,' AC "",'"i, 'The 1""1"" gr,d ",",,, "",,.,,,,,1 II, """.n. ~r H, ""d ( 
TI>< "">nItn, .wltoh;, .Iused lhe ,·.1'0 .,I.ln, fur.cl"""nf '" on ,,,,,,II;a,,, (If<'!llK'n~ 
""-,II"".,, h;o""g f,<tJ""""O<' 

( '" ) In ,,~·h .... y ,hat"" luocJ "·,,h the n.lur.1 f''''l''''IlL l n,".ii II I) "llhe 

c<}''''' Then ,..,,,,nan,,. ",II lll0 pl, • .-. and .,,,,,,,,,,,,; """ ", I II< P'''''''''c.J b) 
~""'" <1)'",1 I.I lt"'"",,< ""Y<, "I"" (lnJueOC) ~(j. (01 Ut, .. "h, ",,,,,,,,,,Ie 
,if< 4"'"' .<} ,t>1 e.n t-.c rrodoccJ IIy 'h" mctttnJ It""",,-, (""I"""") "ph' 
I 'l!J.(lltl ~H, GIn be produc<-d b) '",m".IID" "r", .1 

'd"an'.~~' of p,,,,,,,,Ie<lnC o"tll"~' an: .. 1,,110" _ 

t I) 1',,, h,ghc. f",'lueocy r .. "~. """ "," '0 "'"' ,he p,",,,dcctrK" 0><",11.,,,, 
,2) Tb<j .rc om:dl in ,"", .nd ""'",",,,0<::11 
(l) 1"""", >Ie "ery ""n""' ~ "i>cn "",d In <Io(C""'
,~) Tt.. ""c ,,,,.,,, " ~oo<l 
n.. d,,-,,h •• ,,~.,,,,, In" pn .. ,., h.n.lhnf , .1''''' 

-1.1 0 I"'I~'CI ion or Ull ras .. "ics 
UIU""""", ",,'", nn"", "" "",«,,'d d'I't«Ij'. t>u, 'I,"",' an'1I1'" Irk . "'" Ca. du 
." 1111",,,,",,; "."c. Jot'< dcte<te.1 ,,,,,,, .... ,, Iy ~)' ''''' foil"" ID~ • l)' 

, I J 1'"." ... /" "or dr rr,-,,,,, Wile" ", .. 1"'" or ,he fAC~' "I a ~""'" e<}·;,.1 .. 
, "uJ<"',etJ '" ulna'''''I«, 00 ,he otll<r I""I"'nd,cu l. , foc. ,. '''y,o~ ~It'<."nc eh.'!',., 
arc prOO"'Yd , 'hough thoy .re "cry ."",11 bu, "on"" ."'phfl,-.I and ""t,...,,,-.I ~r 

.,""" ",,,.hk "",on;. 
III K.mll', "''''' ",,,"'1<1: WlI<n ultr.""". " .• ,~, .of ,cI.",~11 I.'l'< ..... , .• 

I""&'h. " .1,,><»1 co"'p>,~blc to • ..d,hl" "",nd. "ere I',,,,,,.J ,h" ... ,h Kunolt ', 
,ube, 'hen Iye.".."',um 1"',,<Ic, >jKl~led In tl-.< ,ull<, ,011""" in th!: (orm o( heal" 
., n<>dal 1"""" and i . bl,,"'n "ff .. """nod.1 I"',nl> Iro", "'>,oh """'Cli ... i< 
~>,hl" 

('1 Aco ... '''' ,Iiff"" """ ","h,~/; When "In""",,,- " .. ,e' wc I'rt>p"~~t<d ," 
a Ii~u,d, ,II< den,;'y "anc_' fro", I.y'" ", by., due '" P''''...!;< "",,,i,,,, of 
",",s'"'" If under ,Jus CClnd1t'"" """"",hrumat'" h~I" " "",sed th""'gh the 
Ii~u,d a' "th' 'n,lc, tn 'h~ ","e<, ,i>cn hqu,d heloa,',,; .. di'f"",U<>n ~r:tH!ijl. 

'11;" ~ .... ""~ bellaY<_, In the <an>< w>y "'. ruled ~r .. "n£. lien • .., the ,,""h!od <0" 



t ... """I r", <lc'rr'm~ ,nd h~ lindonB lite ,,-",'d.nr'" .nd ,'el,,, ... ,) ,,' oh,:""",. 
""'", on h~.,d 

-1 . 11 i'mpl'rti<'!' (If UJtr.I ~(lllk!i 

,I \ 'n",) al'< l"Ehly ''''''ge'''' 
(!, IlIe" '1 ..... ">1 "r p"'p"~""'" dePOnd, II",", II .. ", (l'<'Goo"". ',e .. " 'IK", ...... , 

"nh ,,,,'1'<.,,, ,n 'fe>I''''"') 
I I, I 'Iu ..... ",,,' "" ,,' ,.,~ ""rh~,1>k' d,lIr ... "OrI due ,,, tbe .. "".III " .. d,·n~'h 

Ik",,' ,I",}, ,'a" ,1.11<1 "1<, I"n~ d"WK<> """,,.".n, I"" ,,' "'''''f' 
I J) Th,' h~",d 'h,..u~" "Il','n ullr.t.><nrl< ,,",.~. PO'" beIt.w, .' • Jon"""",)., 

¥r .. ttn~ "nd .. "\""",'h,,,"" t , ~ J;~h' 

-1. 12 A]lplicati ulIs of UltraSllllics 
\'l".1"'~'~' 1>.1'. f,,,,, .. 1 n"m<n .. ' OWl,,""""' '" ,10: f"I1," .. n~ hd,h 

III ('"",,,,,,,,,,,,,,,,,, I!' 100">11)' 1.1) s.·,,,.,,r., ""~IJ H I ~kd,,'''1 ",~I~ 
Tln:1 ~I'< ", u",(,,1 """,1> """ ,,, til< f(jlln",nt ,<a"In, 

I I , '\' ,.,(!C",",k h'gh f,.qU"IK~ .lmn"l"'rJlloi bo.", "I rbn< ,,'J"C' e,IO 
he J>"'f'-,~,'.J 

,~, ,\, ,h" "."clo"~'h' .,," "".,11. """'Ofe"","", .0" b< ", .. <Ie .on d ,,,,.11 
'.""rJ~ " "h,,'" ~,,<:<. ""~ 1 he: ""I ',i.o] e"""" ",", I, ~< l<nlp'" .,,, .. <_ok"''') 

,II \\J\<I<n~'h .II HI} h'~h I""'I"~""~ " 01 ,II< Mkr 0' ",,,"'<"I~' ."~ 
01,','''''''"< foe" 1",,10 S""" w.eful rn, MuJ}mr ,II< i.,c,",,) "wclorc or 
, ,,,,"'11.') 

,\ . I 'hr~"mk' ~, M.·"".,r (",,,,,,,,u,, I.--.I;,," 
\,1([ .. "",,, " .. , '" .\1< "'"",<11 ..... ,Id "f,,,I"'8 11 .. • I"~h I"~"<,,,') """,,1 .. ",," 
m.,' I, '" -,,,II I, ,< ~n, .- cI '" ,,, , "" "'" ar.d "" ,n 'hr <Ie" ",I d " .. :H,," 11>.' ""din ,,; 
"",,,,I ,<" """< .m,1 II."" Il.lm." "' ,Ite ,00,0, "I Ii", p i .. " ,,' ,I" ~<"cJJ'''' " 
,n, ,<,,,.J ,n ",1.<1,,," ,., ,II< ",.d"n~tI, ,,' ,aJ"'c">l ><>lInd A, /oj~1 Kd" " pl.ll< "r 
1 '<m .1>.1,,,"'" " ",'".~h ,II """fine ,II< MlYnd "uh an '"E'" 0' • ,1c~,<"C, Su.h 
n'n,,~ h,""" ,' .n "<Ye' II< ."",,,,,d ,n ,100 .ud,hlc rr'«l"e ... ' r.lnr~ ,ukl,h" I"" 
p,,"c, """e.' ,,,. ,:&d,,10 '"'I' h'8" ,n,c"''')' of .llr.l""'I< .. ", .. I ".II "'. ~ h"h 
"'11 ,r .. ,c! n,..n}-'''' 11\ ~"'<, II<roo: """"S ,b""bed 

Su~"u"n.· uhr:.,,,,,,,, "~n""""" 10:0,'" ll<en .Je'~"1'-'<l ,,,' ."'''''-''"~ 110. 
P"·"·"". "r ,,"<'t>c'l" "I' ,ubn,;u;"",. II 'l'P",,1 ,.b,n,nn" ,111,"00'< ";m.nllllo< 
.'," 1""".,1<"", ,~"","'''' ~h",h tcne,.le, po,,",ful ul"~"~,,,' "."e' .,f 
f'<que,,,, ), ."''''' ~1l HI, 

'Thc<c ,ub"""',,.- uhr."",,,, " .. "'"U,,'" ""')' be "'" f,~ ,II: f,~""'m~ 1"''1'''''' 

,II f", "~",,IIIII~ [nH" _h,p ,o.,h,1' '1""'",11)' ,n ,,,1.""'1'-">1 ,uh",.,,,,,,. 
(~, Il;o'UIIIII""""' "I Ihr Jr/~h '1 II,~ ,'~". 1'''''''0. ~f. ''''P, I""""~' .,f 

,"b,,,,,,~,·~ ,"bm.""" .1<, 'l'h" '''r' Ih' " ... ·"/I.d .,'h,,·pmk·'I,lr lho: 
"I)'~ tn~ I""'",,'pk " I .... "' ..... s 'b.,' <If. """,,,,,,,ooal 1'111 ... ,1 ,<od .. , 
l'ul"" "r ull",""',," "~n.I;",,, ""Ill ,,'" ., ,hon IIle,,',J,. r""" ~ 1''''10 
ek'c,,;o; I,.,n""i,,", "hleh ;, 1}'1",.11), .""'ll;>Cd :t' • f'«Iuo",,)' "r .1>< ... , 



'r~,\I>"'·n fl' ~Q"~~!I(W~ jJ,~,><I ~,",~ ,~ ""IOQ p,q1J"">II 
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5 
Acoustics 

In 'h" t>.·~",oon. nt ,II< ~Uo h """""~ III< """""I< ",,,,,,,",", <" h,II,. Iflc,Uo<, 
"',<,,:<" h.l!> <"II' r<COIWJ wr) 1,,, 1< or "" eM"do",,,,,, 01 .11 h) Ih<- ",,'h,'C<1\ 
,~ Iou,~hn •• nl' ......," ,,,') ,,(1<" "",W,n., Ik,i,ncd f.w .... h ""t~H. 1""1''''''' 
...... ",,,II ,n ,"'h ~ ... , ,luI , .... y .. ..., (, ....... ,,, ..... "",;"", ... , •• , f,,,, ,"" 
PUl'JlO'll,,, "h"b Ihr, .. m bu.,I •. 111m J.t<'1IIIId w bt,o no pl:umt<l of,m 1/1 

.... """ ,II< "'-" '<'~l~'" of """,h and on""" L.lk,_h th" t>t-..... h ,If 
" ........ 1 .... "" .... """ . ... 1< .. "", fur ," In.p''''e ...... _ r", "" .. rc,f,u",,,,,,, 

5. 1 KII"ic KI,{!uirt'llIcnlS fllr an ACUllsti(aU)' f;ood lIall 
n.. "'-':h <>f <,.-1""'0 .. II>. h do,!- " -,,h ,he pI' .. ,a, of> Iou"",a~ '" • lull .. "h 
• 'Ie" '" J'Iro' ,<I< bctI • ..JJble .. ""..., 10 1M ."" .. "". IS nil:.! ,lit ..... ,,,',, • ,., 
,",.&1",., ,,.. "" ~"n '~,,,, '" ",,,,...-, I'm( W(' ~""' .... 1I"".d I '''''''''''~ II'I! 11 
.. "' II>< I"" ,,, ",,,,",,r .. ,'I~ ,;,el k ,he pro>bk,," of ... "f ...... } f.",u,e.,~ " • ..t .... ,..,,,,, 

I HI< " ...... I~,~rd "'"" """uf,,,, .... ,I) ~"""" ... " p" "'I~.' II,M"n 
,,-h' ''' "',,,,1.1 h" r""'"O 

~. 1 I>< 1>",1 ~u,I,') "I ,t.c '1'<'-';" .m "'~'" m"," II<! "",I .. n~,--.l ,r _ ,100 
... Iam r ,",r"",) .. ( "" r,~1 CO'''I'''''''''I> t>f. rompk., ,,,,,no! ,.u" 1>< m,m""",.l 

\ h~ ''''' ",l < "(<1",;,)" ''''' ,~,,; •• ,)II. bk. 'I""'.n n,u\I],. dn, and 
~'>I'''''~ , •. _ '''''''' m~" "" no """fllSJOO Ill>< '" ","'.flaw<n, of ~)ll..>1>l", 

4 IIcu,II<!'·.'K ... """'kJ II<! ~u'k II'UJIC' 
~ 'Th<r< ,1\< ... 101 II<! .... ,'''''''enn-"",", of ......w ,n .n) p ... '" ,I>< lull 
I> The "'''''''''''l' ....... Id be ",rr"""",I)' _nd p""" 10 ...... Iud< ,"r.-ou, --1, "n.n-. ._I.l I>< DO ., bel"" .ff<CI" 
M Thtrt <huoI1rl ht 1oO,~ "',Ih,n Ilk bu,IJ,.., 

S.2 Rf'"HIM.'nlion ~nd Time of Rl'n~rlM.'ndinn 
1/"".""" ,,,,,,,, .. ",m, IA" W"i,,,,~,d "fi«';"" 'f _ KJ f"- • ullo n,~.,," ",oJ 
'-"'/Int 'of" ,.,~"" II "b .. ' " .... n' Iii<' ~u.J .lyon) '''11 ... 1 ...... .." Ihll p""""~~"'''' 
<IT "..,.,i>l, ", " "/.",,,,J In" """" ,/"" W "Jirawft, ",",," ~ ,,," II" '''~n.1 ,,,~n •.• 
/00", • . "o/,/",d "mll.J , ........ /N"''''''' Su" .. all" lk!1ncJ., ,be """""<"1"< "f 
"..J,bl" ,,,,,,,II 'if'" lit.- " .. n-" I,,,, ""f'IW,1 ,,, .. ml, "".' ".m,1 11m, "',," of 



"., ... ,,,,",,,,,,,,, or. "OM" ,M 11;011" ,kr" ... J., ,he "'''~ ,,,/. .. ,,~, ,It.- ,,,"u,,,1 II> fall 
Imm!h "''''')1<" '"'''''''' ,,, !lh, .. /",btl", I .. I Q II ~.t>o .... n", <I,:Ii .... 1 ,,.. ··,,,,,...Jt,,,1 
m """"""'" "",,-- ~, ,',,,,.0<1<,,". _II ,h.' f"""M' .' "" ... ",.""1,.,, !>,',It.- "'u,,01 
I •• / .. 11,,, ,~". ... ,II"",,~ ,~ u, w,,,,,,, ,u", ""'" ,It.- .wml<, " ,'" ''/J,- S;abo"" 

t""nd , .... , "m< '" ... "., ...... ,"'" , ... p..,"', u"' .. ,lie "". uI I"," 1»11, ~-mo" .. / 
''''' ,,""ld. ~ "J"'" ,he ~"ld,~ mu'" ," "","", I,~ .. Iu,'h ,,,, 1>:&11" IOhc""" 

In. 11.>11 ,/ ,II< """""'''.''001 "rn< ,,',,'-' Ilfl" '''''n ,'''''' .. '''.rbrP"~ of 
..... ,c." .. ""'''''' .. I ... h , ~""', "",'u,,· .. ;on.! ...... 11· 'R k".,~ <I..,,) In 11<",,11,1; 
On ,he DIh<f /L.ond ,j ,b< .... ~,I><t .. "", " "'l , ..... 11 ,hen ,tor ~""'".." .. ,II "" 
""''''''1''''". """" lhe " ...... I ...... "" .. ~ .. "M a h.1I ,Joo,,,,IJ ..,,,"", toe 100 w,., 
""'" 100 _ •. I, ""'" 11.>« • .1<1,,,,,. , .. I ...... h',-h .... l hc \;III'f .... "'Y '''' ,II< 
'f'< .... o'" _ ,II< ~, .. b< ... < -r ... .,.,.-h-,' '''' ... ('M ",'''''''''''k", "~"kd ""' ........ 
,n',.,IN" .. ",.. , ...... 1"1..- "'1""""'" "I "1""""'" ,.,.''''' ... ' ..... ,'' ........ ,"on h) !;."' ... 
5..3 IHr;"alion ror Op'imlllll U~H·rht.'roi lion limt' (R-Timt' ) 
s..t<.!1< .f1IN ,he I,."",'" I,,, ,'"',ul",,qJ "1""''''01'1 ft'C","""OIO " .... hM i 

f'H'""u'" IN.II 11",,, """'" "" 'h< """"'1''''''' , .... , ,h.. ""''''' ...... n ,n 'h< , ........ 
"J,,'nbulCd "",r,.ml) .. II """''''' ,,, <k'" .,,,,,, ,.td ... , '",m./... (,~~ ... 'nJ "'1" 
.. ~ '0 "" , ....... 0.1<,"" 

I T" <ak"'~r~. ,n rom.j ", .""." "".,'" I •. Ih< "u. 111 ~I,,<h ,he ~""JY" 
, .... rdo:", ",""" ,II< ",~II, ."" ,~.." ,"'I ..... ,,., .., ...... ,'''' '~I<' '" ,,'h .. h " ,. 
bo,,,! ab".""" 

2, T"cakul"c ''''' ton.' ... :..It ,.1"" ,.1 1 ,n ICrn" "r ".., ,,,,e or om"", ... ", 
po",.... f' ,,,. ,"" ... )<,"" ~""(,, n~ ")I,,, C 

\ 1\, <>Ieu "'C 11... ,t ,,,,,I,,,! <c "'r ""r" ",on' ",Ie I 

"'I' I II <I, " .' .,,,.,11 ,'1, .. ",'''' 1". HII 'II II,,'" ,,,.. ,~'" ,,' e"'f~" 
,",<,,'~ I(om 11", "",or" ., ,I, ,,~'"'' ~\ 

, ," ,,'~ 

","',. • " ~ ,"' ... ,,~ ,,/ ... "',.., If"" ,joe , '''b;' ,,"'" "J ~h""I""~' "r "'" ",11 MI,,,,," 
K ... ,,' .""'J) ..,....""" h) 01, .. t. .. 01,/4 

II ........ ,II< ,,,,.1 .""""""", 0( ~II , .... "',("'., ,of , .... ".11 ."...., ,,.. "","", ;. 
blh"~ .. ,II boo 

"lI<rc l.uo/ ... A _ kJlal """""""'" ,,( .. II ,toe _f .. ..,. on .. ' .. h 'oOWOI.l101L. 
S" P 1. I( r" ,II< ,..... ........ "'" ,~ Ih< •• 1< 01 .m ... '''''' 0( Cllnfy rrum tlrc-

oowc< an.! \' ''''''' ,oIgnl<..r "'" I\IIIII\,.hnI".. ,(lUI ...... ) ,. "'" """"'., ~ 
,n,,_ "hen o""fJ) " 1 .. ,II 1>< 1 \ 

" 



1\''''''''1<'' !~ 

Hu,"' '"1 In".n'. 

t-ta'" or ,n,"·'" ar <1I<~1' ,n 'POX< '" t-t ... of <"rply of <.<'1)' hpo"",,, Roo< 
"r '~""l",,", h) all ,I>< ",<f .. ~, 

I.lf . 1' f~.1/4 ., 
l1>u,. "I><" ".ody ""'~" ",: ... 1>,,1. ,/Hh = 0 

If Ii. I> ,II< >lo...ry c"".~). ''"'" h""'''I'' 1~_21 

," - . ,', 

! ~ .. H'M] 

dE /' • . , " 
" 

,"' "1. - ," 
" 

, 

, 0, and b) 'n'<~<"""" "." ' . "" ~<! 

"he," K _ C"""'''' <>f ""<rvo" hoi 

';rtI"-'1> of Sou nd En. r lQ 1)e".i'J ill a Ihll 
l'I>< f ...... r:rl d"'noo"",, "f ""' .... .... " ., ,n . h.lll " 

t~ " ., ·11' ~ ... , A , , 
"I><", 1' " '"'"., 'r:rn,m",al .. ~ = ', .... , .11,,"1""'" b) tl>< h,1I 

~ . ,·.I"""f or ..... oJ .l,.I() mI"". u a "AI~I". \' a 'o~ ..... ur 11011 
1_ """', K. t"'I>'~n' ,,' ,n"~'dt""HI, 

,~ 21 

A • 1: "'. "-'mrTI>'lOno(lh< 1"-"'.1"", of d,lf.,.n' :or."'., mol Ih<If """",II" 
abo<>tvl,on ,,,,,m<l<n' lu) 

In ucd;:. tl) """,,,'S"''''' ,10< ~"'"'h uI ....... r.J ,n a hall . .. ""h" '"1I"''''',,"d b) 
.III~ , .... ,i)t'. lie h'\t 10 kIlO'" Ih~ ,~Ioo (If eM!!d"'!. 

,.,,, .. 0 " .. 0 

Su 

K . _4/'1'-'\ 

".4/'1,·,/ II - ~ '''I 

,=_.£=4/'1""'=1:". 
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•• 
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I L_" •• ', 

( 

--, 
Ill'- ' " :ru. ·,b or_"" .. ',h 'I ..... 

"" "' .• J,.~ II< lhr "In 15.51 F'f .~,I """"j lhr tApoo<a, ... 1 r"''''h'~ CJlC'" 
""h 'n ... ' "h"h .1""",,,,1) rc ....... , II .. ,·.1"" I: .. 

\\ .... _ ........ ".~..,m"N " r" ....... 'I'''~.'' " ,.., , .. Ilr< " ..... _~"' ..... """ 
\nrI,mm"" ",!hi; """"""",a~,. 11 lIIt :oboorpuoa _ ~"'''''' "k~, .... n 
' ...... '" , ...... "' ........ ,,) ",II be ",fk"-'ed"' ~ Thotn ''''' ,,~.J ..... r) ,n ,"" h.>J1 
" ,II "" n' .... """.,1) ....! .",,,d !hi; .~"natc c ....... y .a •• cO) "" ... ",,'" 

U ... ,I ... , ~, , ... 1"< ...... , .• of """,'r""'~ """ .... 1 in ,hoe h.1I ,.mucm .1",,,,,,,,", 
,»-<, p,"", ...... uli'" ..... " ", ... 1\<-, '" III< Ma,o,mum 'or ... I .• ~I I .. _ 

Ut<~) ur ~, ... , ... t:"Ol1U 
Iflb,' '".n, ,'" ,u' "'f "hm 1 1_ ,ben 1' .. U .. ,. I! . ,111 .,," ,be ""'-., '" 
".,,1<1,"""'" ,,,II,.,.,· 1'1. ,< 

Il<,~ 1' .11 ., '_II ..... I._ t~ 

~"In." 1"1 I~ ~ ' ,,~~.,~ t . K ,.e 

1 .F.. r -

biu"'"", I ~ hi """"' ...... , ~.)' or .".".<1 """IIY den",) "'lib II .... an •• I .... 
...... n:~ " .~. ,,(, ...... ""I"-_h.",1 lltay ...- ......... c .... 1Y " ""' .. n '" I 'r ~! 
Ur"' .. ""'.., tr ... ,,,,,,,,,,,, 1"' .... I',e. r .. 0).,., ..... ",,,...J • .,11 '''1''_"".11) 
.. "';~) ""h to .... frum r .. • ,' 0 

5.4 S" hln",'s Fum ,"';, r"r Optimum Rt>f rl>t' r~ I iun TIm" 
T (H.Ti"'" j 

11",<"""01",,, ,,,tIC r h) <kh"""",, ..... <o<tl,"' ' 0 1>.b' .... " lhe lin'" , .... <u h ... t,., 
"""1) <I<~"') ,,, f.1I "',"I< "ull;,."h ,.rib '~I"r . f .. , ,lie- " "'" .• i'iu" ""' "If 

M •• , Ilk' "." ... ""'r<~" cu' "rr 'he do<I.y of .. ",",t ."",~,. <1<" ,,,) I ~') ",tI, 
limo (,1 i. 

€. f:_~ g, 

,,""'" 1'_ • ,,"",I. <'''''~, "t-c .. >our< ... ~"' off IF'~ 5 21 
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• I.; .. ,~'",.~' 
r."!· 1W11'.4~t..111)11.~ I .Olbll 

'" 10111" t", 

,I,,,.,,,,, 91 

n,,, " _'""'on" r~",OI,,"' t,,, "I'"'''"''' ... 'r''''''~'''''' ",,', Ill" <'/U"""" " ,n 
,.,.,,,.1 ,n , •• >11 o,,,,e'''''"1 ",III ." ... ",,,.."1.1 '.I .... ..... ",..ru 'Y ,,~,nc 
1.ln,'!W1 Io ... of S~bl ... ·• "onnu l~ 

J Soh,,,,,', 'o,m.la. a, ,lc:d,,<cJ .... ·"c." In r ..... 'I, •• ,m' "'''' 01 lI.,. .. r<""'~1 
f •• ",ul. 1"" f, . ",,,,d h)· C F I'Y""! S.t.",,·, Inm,u1> g".' ,,,.-.Dol,.,,,'y ... ,.iI. 
II. II", c ..... of • dead room. "bt" Q " I. i ... ,n , ..... ,,( c .... f>kI. _"",,,,,, 
...... """"""'''''' "mt r """,k! ... 0. bill ICCOI'IIuIJ: '" s.t.n." 1"",,,1;> T • 0 1M 1'/, 

1 Til" '''''''ul.o <Iou ...... CO". ' ...... « 1 ",,,,II f.,. .""""""'" ,-.,..rr", ... ", """" 
,""" II ~ 

1 II" •••• ......J in ,,.. ..... "·.'ioo of Sm. .... ·, ,,,,,,,,,,1. lillo, ,11m.-" .. "I""" 
< ..... ~) .... ,,) anol ......... .,( """)' i •• ,,_ ..... ""'," "I .. , .... 1",",""01 

5.5 Absorpt ion t;orm cll'nl 
c,.,fI", ,.'" <of ""'''pi'''''' "'" _", "",/ .. Ikr;-J II. "... rut", <>I oM ,.....J ...... ~, 
"""~ 101 "., •• "",-, ~ ..... , "1"""- i .... toh.' _till ""'J' "" ./w •• "...-r. 
'< 

__ U_b'....t~ 
• T .... ~I .... , ..... _ •. _::c:. _ . ...; ..... -



In ,on\<, '" ,w"I"'~ ,he ,d",,, < ~[r",lCDCy "'<lilT.""", ~~,,,.hon. "",,,,,,,,, '. 
" ~ ...... "., "' I,,,, "'""" " ...... wnJ.ml ,,( :abo;or","",. ,n "'fn" ,~ "',,,h ~II 
... "',_., <;u< "" .'''"'~ s..~, ...... 1<,<,<:<1 • u~,. ;.ru .>I ""'& ", ..... ,"', ." 
" ......... " h, ...... '" •• 11 Ih< ''',,'''' 1.lh,,:: • ., .he "fI<'~ ........... ""' .... , ",,' """ .. _ 
.. ,"Ik,,' .... II< ... ~ .• ""' .... , ....... "~n .... ~~p. ...... , ..t.;;,.1>n ,,( ...... 0.1 "'bU"N 
<>1<,,"7", .... .... <'/I~·"· ... ", ..... "~,"'I " Ikl'~ u • • Ii<' ,..,.'I',,"""',~ ," ....... "'/r" A 
nJ" .. ,!>, ,It,- ~."'" ,,_I eN"",_ '" ,,""~ /" '''' ""'/ ""'I' ,,, "" ''I''~ ...... ~, .. 
'iu""' ...... '" nl "I '''-''.un '"'J'<" ,""".'" ,II< ""n>O ..... hI ,0( ..... 'n .• ' """orhc,] 
10)' I "'I no ,,( ,."... ~ ""~'" "Th<n ,II<' " ... m, ,<n' ,", ""'>rf""'" " I '".".-, " II~ ~ 
II 2-~ U ", a ..... ""'''''' ",,,·It,,·,"", "n"'.,utl'" ,n """" .. , ......... u"" (0 \\ t J ," I 
S"~" ... " I 

5.6 M"l"un' III ,'ul of Ahsorpt io" C,,"'Tid~nI 
h,II,," ,n~ .rc 'Ill' '"'' """h"''' "r n>O"unnr ,he '~""1'lIrn ",,,,I1 ,,',<n, 

(I ,Si81f1, WUIU ""1,,,01- n.... ...... .-"'~'" "",[rIC!.:"' ,,~n II< n ... 'u' .... ,n '<m ... 
of ~'('I'nJ ... '" IInlt:IIt-lIrtlO.'l r,,,. ,he R·I1!t1t: I' mc:tlou.rd ,,~ .11< ....... ~rnn~ 
..... lonJI I JIOI In ,II< " ....... I.", II, • .oJ ....... T,. 

" '" \I!II"" LulO IMI 

" ..... c ... "~'~I'< -"""l"." ",,,·n· .. ,,,,,, ,,.. It _d .. """" , ...... «11<, .. _ ,_· ...... 1 

}.. "~,,<I< ,~tI""._ .. 
I ."Iun", ,oj ,,,",,,,,,,,,, 

",," thr'e "",. "" '''" d,U",ont """ "I' mc~,.,,,n, , .... w..~",,,,,, «,oil" o.;nt 

" .... n on a""'~I0.,·,,, I'«' ... -n' ,""ok ,he ''''In Tl-oc","", . ,'on., f<~k"" 

'., '~~or""r \"'prM"<I In.;dr /Iu II'~'~" ... ,,"' .• "''''<I<r ~" .~.,",'n>- "'.tim. 
h~. ,'.~< ",n'" ~ ,,,.I, " 'U'I"""""" ,"",I.: I ........ "" . ,"" It ",,"' r·" "k'.··"" ,I 
.... ," Tho'" 

, " Ifl .... ". _II,.}_ '~"I 
II 161 V 

....... ", _ "" ..... "'''''' ,',,,,fI'I<",,"'" ,,f , ... n"" ... '.' ...r "'0» $, "h",h" '.'1""00"" 

'''' .... ,II< "'''''' 
~''''". I ................. .,. ..... m;>.l" "''f'I'_d ,nsid< , .... -. "'aMuf'I"'" ",II 

uOCU, I .. "" "'~b ,100- , .... , So • ...". """oopn", dut to ...... "",«,;>.I ,,;0.,,\, ,", ... 

'u~'I" •. "", ,,,,,U,,O<'t"'~ HJ In .. "'~ "I, ..... ' 

~"'S: .O It>I I'( I 

" ;, ) 

'". , .. .1)~~IV (y'-.S, , k) I ~ B't 

~y ~""" 'I\~ all ,ohe, q."""''''' ,I", .to.. ... Jo,"" r",,! r.c,~n' II, or "h""rnn~ hI",.",,1 
•• n "" '''''.'"1<<1, "h",h" ",'pc.-..bi ,n,""" ''''' "."n 



Ibl A~_'''''''' Sp..J .. ~ ,It, f '/txw '" ,~p~ Q,.. ,~, IIQI/: No ... II ,II< """"bln~ 
" .... , .. 1 \, .~ ... "" ,II< flo"" or R ·d .. ",II<, hl<! nlJlCl '" If" " 1,,«1 "" ,II< 
.... 11 II~' ",.,.s.".. r"'"'' <~"al" chll. ,,..,, r ..... ,Iu, ')1'" , ... , .... ,."al. -'"JIl'''"' 
« .. fll<I<"' ",II too '''~,'mllll>J ,n ,'''' ("I""',n, ... ) II It~,,,,,, _ I , "llh .hac 
..... <11.1 .. "''''' ..... " ~, mJ aM<irpr"'" ."'W ....... <I, .Iotn 

_ L.u • .. ,S, as, 
T, {I.lbl\' 

II ........ 1, " ."N''''1«lI"uu"", """ ,y,("" ..... of, o( Ii<" 0 ..... " .. ".11 d.."" 
"'" .,,,un"", •• " 0""""1"".' "h,eh " mdutkdln r,,", ,h. "".1 '"""","111 b) .11< 
ch.lt"""_ "",I h,,,. 11 " " •. 1.- "M , .. Ice or ,II", .. nec .h_I~~"" I.~'" pl., ... (II"" 

""" 'kl< ""I)' 
So by ",ho'>CI"'I: F"I I ,.~ I from IS Ill. ... ,. B.' 

by ~"""'''' ,~hr' '!"""'" .. , ~1>.<IfJIIK,," "",,!rK"'.' .. , .... <"'1"'1 ,. ""'''" .. rLo .. 
can hr (, .. 11<1 , .. , 

121 t)Od" Snrrt ' I".""." 111" .... ,""" n"q~II"'''''O _ ... _.< .. 01 1'<'""""'" 
f' _"" I" "" ... 1 "''''' .. ,.......t ..... ""'"C-"""'" t" ................ ,., """, ,.II", " 
~Ik"" n 1hc: " ... 1) _R<! """l) """"") 

, . ~ ~. p 
'~ .. II 

So f,. , .. " ...... ,,·c' .,.>Il) .... "" ..... '1) clen",) " 

, " . , .. ,,~ 
1.., "un", U", """' ." J..',", ,lk') f<""h • ,.IIK of 1»,,' In .. "''.b,h,, ~ ... ," II",,'. 
,(.""1" "h"·h,,~".nb) 

I .... 

" ., - - . 
, .. I 

"- _~",r , . ,. 

n k'l'.O' "/I'1 r 
II- dT, "I - a. 

S" ",cr.~r ohIO"!"" .. COeffICICDt nf,~ holl i, 

4 V 1ut:. 11" 1 t' ) 
'\ _ :!: U_ ,-$( T -T') 

"-IIe .. ~· iJ ,lie ,,,,,,1 '"tornal 'Un",," .rea of ,lie 11.0 11. 



8) ~"'''''"f.1I Ill<- ~"'"'''<e> un Ill<- R It ~ ufr"l I~ 11 ..... ~~. :01><.<"",,,,,, 
..... frl,..., ... " ,"U ..... filld 00' 

5.7 .' " .. Ion .Ur .... tinJ: Archil .... lur~1 A .. ",, ' I1<', ,m ol 
Iheir HrmNl} 

Ii) "" ... ,,,,,,,, .. 11) 1 ... 1 hall \Or me .... ~ 1\;011 In" h ... h ~'<I) ,)11.1"" IN nII" .. ,1 
.. ..., "" .. I><, on ;ru.l,Nc k,d 0("-1 ..... ' ... '<"1} 1""'" ,( d.- 1 ... 11, .",1 , ..... 
~""~ I) ,h« ."'J '" " ... lc ".,," 1<. ,I« .... " ,,11.1>1.,' ,,, p"",'~ III.,", '''l'''f1.''-
I""" Ihl> n\lIlr' Ill<- ~, «(<<" ... ""),,,,, .. 11, T"" r~tI," ,,,,' , ... ,,,.-, .. II"" 
""'h'le. "".,1 ",-,.."m, 

I H(I',,"",al ... ~., In a 1\;011 ,,""" ,e' Clj,c,.,,,., " I.'~"_ ''''''' " "\C!ldl'l''''~ ,,( 
""'cO,"," ,,, ... "", ,.I",'h '<lui" ,n ~." "I <I" II) in ,,,,,II", ()" "'" •• I,CI h.md 
,( , .... ,",.d~","'''' ,. "<"I)' ,,, ... 11. Ill<- k,w ..... " ;, '"...k.ju ... Thu,. tho I"',.. ,,( 
"·,,,1>,;, .,,.1111,,,. h.ill ,"' •. dd ""''''''', lor " ... 1"1< I." I,~' ,n. .. 11 \ t".-mul~ f,,,, 
.... IIl.u~ ""'" I,., rt"CfIor~.""" II'"," F"cn hj <;..,~''''' IIh .. ~" 

T- O,lbll','\IIIIMI ~" 

.t..'r< " " ,'''' I,-.u( """"",,,_ 0( .... 1l.i.I1. I .".. ,,,Iu,,,", l.., U~· .'<'"" ~~'" 
" ... /1" ........... ,I>< ,,,,,,,uI wrfx~...,~ 01 "'" 1\;011 

"'1><""'''''''''''') " ,. ob>cr<cd Ih>I ,..."'_ ... !1m<" do: ,..",1. UP'" ,I>< " .. 
.. , , ... h.oJl kllMln<,. ,of IOUnd. and l,nd (If """" I •• "h ... 1\;011,. ~"'" I .. " a 

''' ........... ' "I ~ 12 <;/" II>< """ rt,~obc ... "", II .... • " ".,".~~'J ~, III< ,,,I,,", '''f 
I .... "., 

I~I I~", ,d,n~ .. ,Il<10>>, ."" 'rn"I~I"" lhal ,." I .... ~", .. d or .1" ... -.1 I ...... ~c 
,I>< ,al>",,~ «,,,1>< ... ,,.,. ""'" "I'""'U'TI 

<I" 1'1.. ...... ,''',,· , .... ",II, ,,"h f'K""" .",t ""'1' 
,,', l"'n~ .... ,,, ."""m, ""h r"loI, 
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...... mplc1dy foiled up oo ~,.lIy r,lIed up 1M ~"" umU' ,./w,.,"", CHaM 
I' H .~r". noJ rlr<"'~,k r."I:'> (n,1 oJ'" {,,,,mil/,ll I, rill/,ll f nrl>iJJm '.''f'' 
ll''P tf:,I(F"II/ uwllll;r, 

c __ 

•• 
J - ...... " , 
• , -- -• 

1>0 ..... . -
t"'. 6..! \ ' ........ born<! (\ ·.11.) .... , _ .......... _ ,1:.8 .) .. il~ ............. A _A" ,_. __ ......... ". ... 



N,,, • • ' ,II.: ,.,<, :01,""", """.n,,. <1«",""" tunl><. ,I>< t,.I>r.J..kn ..... n ..... 
' 1;,.",11 ,r..Jotall)" I"" .... >or Whon tho forboJJcn c"".,) .... '1 .... 0 •. "h"'h 
""",." ,"" ""'''''''''., ..,,"'" A ,n fiJI tb '1, ~nd "'1""""'" ........ ,'., (·_.AI 
'> ... ,"" ,. n.' ... ~" .. II ,n ~1' 16 I., .. 1><<< ,I>< ', .. ~"~",,, ..... ~~I J'P , .......... 
IL , .... _ I <\ '.~""'''., SotNC<>llduclor ,.~ S'.li<.~'''' I I''''' I~_(' 
In h I I~ I, ... I><", II", , .. """"'. me.,) I .... " l<ry brl , I ..... .....J ~ .. I 
Kpr~",,,, ,I>< I •• ul .. .,. 1<1 <llir.....,.J/ 

I""" .I<.·U"", h"m 2 •. 2p ,. 1,. II' ,. ' " ~p.n , ...... k"". t>.ond "".,m, ... 
,"" I ........ ·' ,of , .... 1>00. S I Of Go "'1'«\"") .nil 110 ... ~ p.u'I"'(I;o"n~ In "'" ""'''' 
I>.>r>.j, I" J ...... >nJ tT};W ,he r"", ,1Ik:not .I.. ... ,n .. ' .... ~ """",,, ~ " ... ""'rht..."",~ 
."'m'. 0 .... tI",oI) ", .. lid ,,, ,he "" ..... ~1Id .. , ,,,..,, ...... ~) k" d '" \ II "J""., 
o ,,,,~,' nc, .. ",·' ,n." ,h. <1""1) k"d "r ,.'" «~rc.I"""""' ~ .. <, "r (,"" '''MII 
.. """, ,I 't b II, """, .. Iy (Of S, .n.! U, 

""" "II " I~""hl. 'v rcnl\>'" <>II< drtlf". ",,'" ''''' ... 11 .I.'n' ",>IId '" "'0","" 
10""" ,,' iI,anM,.d '1)''''' or ,. ~I or ec, .• t\<n" mol' .. ~""" ·"n,., •• , <"''''1') ,,, 
mI" < '"'" on ~""'I) ..... ,0( ,he c .... d...:' ............ h 1"'< " ~ , ........ ,he 1"""'1" 
,., .n D.·, II"" ft.Mn 110< I.k""" "-l ,,, moo",,' ... t...n.J 1'1.' .,,""""'n ,~y 
, .... , ""'" h< 'mp .... nl hi I'" ~~run I,. '~n""~ I, In ... IhI' ,UI .. kill "'1IIIl. " 'Ir 
<_f) ol,II.~ .... .., bel • .,.." lOP ........... krl<~ _,~ "'~" ... "r III< c-....... ,_ 
......., 1 "" " ,,-; . 0.1111 of tho (ott>o.l.kft ,..,. ~ ~\ "If "'...-t .• h .. h " ""' .. 
1 .. "" .-I "'..t'~f " •• '" ,~.,. >1""'1; So, ~ .. "'~ ",,, ... ~k h. <".,,~ ... <1<.", .. 
,.'." \ K M' (. lit." ... ........d ........ lu.h ",." •• , ... /. "'~'hI< Il ... , , .... 
01<0.""", un If""h I" tho...-loo<lJoIo -. '"''' 1urP<'" (,. So....a ( .... " i. fou 
-.l , .. n ....... ",,,,, .1>< "",,<nil (.""' .. .,.., '" .,""', ""' •• ~ Ill< ,,""'"", ..... 
_ .. ....".) 'The ,lee",.,., _ tho"",,1 propc:nle' 0' a .... "'".1 ore 01 ... '" 
"''''~l1lCn' 01 , ..... cl""'",,, ,n ''''' WIld",,,,,,,, h;ond, '" ' " .. ''' .~ .... ,c" ••• Ir~e ~, 
' '' ' .. I I <VI, ('" (10. ... O.7b <VI, by "'~'''ml'''' C"I ."'., t>.>noJ "' " fI ..... - .. , 
'<lnl"" ,,~"' .. M'I<' eire" .. ". e .... . "",,11 ,,, ,10, (" II .00 ~"C I 'n "rnJ.k '" i' ) 
p,,,. ,,, ,h .. , ,II< ... < ... tkol "" ,\~m" ,,,,,I. .. ,,,' 

6.2 Ml't~h. 1r'''I,II:llors wnd S~lIlk(mdu\'lo"" 
\ 'C') " , .. elk.' "rnJUCL<lf of dcclfl"" " ",.Ileol m",.1 1\,. " ....... w. ,,"" 
, ....... ,. """ .. wh,",nee ",,,,- <"""""""') IIC' ," "",,, .... ,, 'n'.I ...... and 
....... 1,,, ".11011 "'n,,, ......... :,," A .... l<'fU1 .... y b< r l:.o<OII" .... ' """ of ,......., 
"""" ,·I .. '>C>, okpcndln,.p<NL II. ''''''tJ)·b;ond <IN<1 ... 

\ '~'a", All ............. ......... "y.-ery ,. ..... cund .... , .. ,0( ''''''''''''} "" • ..,.,. 

_ 'I"",,,,,, .... """at rrystal CO'L1".,n ..... ,<IIt!IoJok. ~"" II.., '". "wt.I<t_ 
........ k~ h.or.do o,ubp ""h uch (IIhtr C ~'t b.ljal, Rt",l11 A ,. I" h.t 

So, """'" "., .,," .... 1IlY of ... <~,<nw ,,\«"" foeld. , .... ", __ c . ... I) 
.""«lln.,, ,al,'",'c tIolId 10 wOO .... "., 1>""oJ 'oW ,hty .. " " • .., , .. ' ''''' ....... , 
in ,10< 1'1)'''' (".,. .. "'" '" .""" """ 'h" ron .. "" .. , , .... ,.,"",.,.,."' ~ufT<n' 
'let II, "II i,,,,,~.,,,· 1M 'eml'<""u,"" wOO","" " ) ,,( ""' .. " ~,tI ,1.., ....... "" oIu< ,0 
il1C"'a .... ot ",,,, ,al1C< 



In""llIlu" Tbt ""I""~ .... n" f"". ct).",I1;"" ",b,.o_~ '" be ... ,,,,,,I,,,,,, .. 
"""" ..... ~t"'" ••• tlto< Y>1mce b.u>d maau be full .tId tlto< O>G<I ... ,_ lund 
_" bt ......... II~ .mpoy _~_1NIId >huuId bt <eponot<d t"""'~ 
tuo>ol~) • i.ur< 1....-....... 1) '''1'11.-,. b "V,.t room '''.'''' ... " Ih, 
G 14~' Rr,_ (. ,. 1 tf b .. Indwn<-t.lb .. ", ..... 1uW""" ..,"""'C ...... 
,ho- tNfIl' ... h • ..!. non bt ... pphrd 10 _ .kctron (,um ... ~IC"fT.oJ :oppI1CII r..,kI 

""",,""" '"eO)' ...w. 111M INtI ...... om;IIQ htt lbe: ........ """ It ..... ,......., Nnd 
", tll<"' ..... "" tr« .~""'" ........... tft C.II. "HoOO"'U,'" Cot_ bt """,",bk 
Hut .' ,hi.- I<IttJI<""ur" .n<Tc.>,,, -*' .k<;-t ..... , n .. , rrt ~" ... ~h ""'''U hi 

"" .. ,t..: I ... ", I"",,,kk .. '''1' .oJ oa\." """ In """"".",,", .,., '.,...,!..,'" "y 0( 

".'" ,n,,,I>I,. h •• d., ... >nd may'''''''"''''' "lth tm,I'<"''''. "", ,,., <lum"' .'" 
><1) r ... 

, . 
co I· .. ' -

....... _ 4-l ........ _."'._~.~,, 

" -
". C.', ., 

,. 
-.-~-I-

'" 

:..:-... "'""du<'ur- Scm..,ond",,.Of> Iu.,. th< ,""me: ' ) p< ,,/ '''''IJ:' Iwt.ol .....,'u .. 
,..~" .",,,1 .... 811'''' ;n .... I .. '" g" a f"oobo.I.k" 1"1' -..h"," ,,<OJ ..... , It<.~'" 
C. fo~ bit. ,"'" "Ot,. I ....... 1""'" 00 m... i, "' ...... n .. ml""'n'"k. ,,"'n:,. > 
'4:",,,,,,,,,,,,,",,,, P"'_ • ..,....'" .....,,. .... , ~" " ~. M",IO"I R i. 1"" 6 1 t • 
.. h><h "1000,. _-...... _ vi <"<JIIdoo<t_ .. "" ... "'" ............ GnpIIItc, • <" ..... " .... 1,,"" of."- b,n "" "11# • ayJUlb ..... ymmof\JY -..h.,,, .. tltll ...... 
h"m d, ..... ..-I Iu, _h.:.ngjl •• 1 ... 0( /-.,. """,," ;>10M .... a ... m ........ .....-. 
G,n""",.,,,",,,, "I .... ", (h,. 1o. _~I_ the 1"'0"''''' ...... ,,. II>N """'''''''''''''''',n, 
""mon,, "",",n. ,he f<>rbMkkn ..... > 0 76""" I 1 .V """,""",,() ;ot room 
trn'pro.' ..... l7"(' t · '<lO"Kl n.. ""'OO':,j .... pn.>pC11) "f "' ..... 'wluch'" h .. 
\Icl .. «tt • rotIdllCll>t Ih ' ''"''1'1'"'"1 """ an ' ..... loIor 11,1.00 d,"",,>nIl, "... ,-./"'.,"'" 
'1"',"~',~~/", M" '''' , .......... Mdh ' .... rruk<!"""'I''''''k'rhul''IO··A ~1Ititc>nJ"'·wn 
... I ,., ,m m,~I,",,, 11«,""" co",lc", boo.!> "'" "<f}" "'M'~ ,oJ ,"" •• knee 
<Ic<:",~" ,of ...,nn,:c.".Iuc,,,,,, (1'0, 6 ~.l on",~ hr,.' .... y Ihr ,,,, .kn' I>onJ 
.. ,,""", ,""," ' ng ,"" ..... ",,1 ''''!y.'oJ ,j""" 11<. fm: .. ke,""', ....... ,I.~I. 



'" C ij .. ij K . ..., n !dine, "'OIl ,","laM /I~,." '~"'fK""'.'" .... "'1 .... """" 

tmd ... ,,,.. "''''''. ~ ,II "" "",j,.~~ ~...J ,,""' ... '" '" . ',III...- ... ~ ..... ,,~ "",,,,,",.,,.. 
f;~ '~"'I("_ ,,,' 
603 Inlri ll) ;" s.-mitund,,"'lur 
I'. "". ,,'" roM",.,,"> 1ft ("1)".11, ...... m .. _,,," " miy duo 10 bl'''~'''11 ot 
"" .Ie ........... N.h< d .. "." ... , ," lIIc '~k ... c t......I. ,ho. I"",, ",bo.wIc<" 'lid 
'" lie OIl ,~"'~'" .... H ,~'" 'of' It 't' I> 10.' I> ~, 

6.4 ~: l e ... lrul1' ~nd I'"o.;;'h " lIul .... ill " S~mlwlld ul'"I "r 
Who ..... I «" .1<., ","Ill ,,1 S, .~ (0.- <",1.1 " "'n~c", Ih<ft • fr" ,Ia·,,..,,, In, 
no,,,", h"", lit< ,.k,,,"" runJ 'U 'Ir< ""kl']. """ """,I vf , """,,-.,00 ... ,,,,_ .no.! " 
1<>-<, beh,nJ"n "nlrl ... .Jrh"'-"'" ""'I' ",'Il< '.11.'1<"(" b,,1Il I~'" ~ ~_ 6 '10. ~IIJ 
64bl no, "",,',, ... .("" ,In m .. ,,, •. ,/,",,' I~ • ...J", "I .. "" /"''''"., INd, 1/'/ 
fh< ".'fII .110.>1(0. ,n ", ",m",>n<lu<I''I". ,,,,, .. 1<'1"" ""'" '" Ik <mpI)' .... 'n Ie\"cl, 

0 0 0 0 0 0 0 O· 

I I II II 
0 0 0 0 0 0 0 0 

I I ~. I 
0 0 0 0 0 0 1\0 0 

II I I II , II II 
0 0 0-· 0 0-0 0 0 

" 
'" ' ''' ....... 

0=0 0 0 

II II 
0 0 0 0 

II 
0-0 0 0 
I I II " II 
0=0 \0 0 

'" ' .. , ..... ...... ~ .0' ... ' .... of """'" in \ .11 . . .. 1 nk"." .... ' d h .... ,n \ '.11 •• 
.M<~ ,I" , I ... I . .... ,....' . ..... ", 



,n ... ",10,:0'" ,.., fi lkcl 1.1,,,,,,,, haAd. So "hnIt,·Cf """'" " oro C'I'" ~I«" .. n ' CI I .ft 
,10< "_,~,,, "-l ....... ;, • ,imuJuClC<lU' rouk«<"'" «I. hoi< Ipl ,n ,10< 
"""", .. Iund'H~ .. ~ .. lc, Tb<numb<rofd.,....-"'C It ."",,,,001 ... ,,,,,,,,,1, 
...... bCJ "I "' .. ,n \ 8 ",II ,....,."..., .. ,11, ' ...... _ ,~ ~g,. NUl I'" 

,~'''.,,~ " ... ~."""" I,,.. __ , 0/ </«1""'" ,~ C.II, I~'.-J I oI",<l<. ,~ \ N 
II" " ... .d.~" ~<_ .... . ""'Io< ...... coU~. " ..... -0) 

[ ~ .. ,..~, 
.. "'"'" ., " 11< .. "~ •• I>r, ,,,. ,·II<l",<tarr",. m """"SI(" .... Ie"""'" , .. ,. TlI< 1""'''''' 
1.,,1<. ,.~,,,k-J ~, II" "" "'~ ..... "<k ,n tlo< ".1<"". blt"". '" ,II<. '"'"'" ~ 'j 'h,' ,lot 
.1" ", .. " ""."Jc:"'~ ,,, to. ,,,:11,, I"'nlCk '" ,,""' .... ,,"" "'.... n", 1.· ... 1, h' ,II< 
"""-<I" ,h., , ,,,,J,,, '" '" ,. "lIIin~oJ.",,,,, OJ , fl. ,,.J ""I ,~,I. /" II< .. ""'"",, "I 
"" """.' ,,, ,~" ".J., "". "".,/ .·~"h .tri ..... ,t.< .. ,,, Ih .. """'/'''111"" ,,,,,m ,,' 
t· II I,", lit. .. hi 1/" 'h, ,."""" fIj 1M P<>S""v !ttX< ".~". ~,,<> ,,,, , .. It../, 
,.,,<., '" ,~ .. \'II '110< CI",'.men, of 110< b,,1< ,n ,he I .k"". ",,,J " u",kN"',J 
I"",, "'1' .. ~h -.l1. ~, II,"'" ~,« •• " ..... be <bon,m lmo,' ", .. pl;".. ,lI , .... , 
..,. ,nccld''''F'.t ,.,. .. 1"""_ ""m ckrlrun./F.,-, ".Ih.w ~ '" , 1'1"" I"",h, • 
.... lOIC .1 .... 1"'1 ..... 1 . ,,"' .... """",", '"""'< ...... "" ' .. "" ..... 0.... "f .un.'" 
,,~ ... ~ ... ,·;oJI.... /I. ,I. ('.,.....,- S ....... 0",,"_ 01" ..... " ,,.,..~'" ,,, ..... , ,~ 
.""""" . ." lhr J.ruh.", ot hoi< almM .. __ .. dam:,_ ~,<Itt .... 110.... "1" 
,~ ...... " -.1", ,.~ ..... " It"""" '~I!<" ""","n, ~I""'-'..,.J ",<l, •. S .. "~ 
.... ,10 .ko , ..... ,,',. ""h r~rg",,", bn_ ......... " ",,_ .... '1 ~ ... 
, .... /<u<tJ. "",/ ,10. ... " /<",.,,,, , .... *.1" •. 

6.5 Fuml r.~Hlllnd EfTi'd orTl'mJM'llI l1u'~ IIR 
Inlrill., i,· ~tmlfonduclOr 

,.kn". h.n~ lull ,nJ ,Iou"" "r ,10< "' ........ ,,"" b ...... ",. ''''I''~' ,,' • 
"'In"'<n<lu".~ t>c-.,~, ... ,.." ,",.1>'0(" O"K Rul "" .... '.n"" •• 'u" ,"",.,..." 
... ~"" " ... ~.","" h,on ,1M. "I.",.., ,.,,,,,, IV' ,.m" .. n' """'n ..... ('<., .... ,,,,. 
l'll<' """. h' 1110: "",","" I0Il _ >lid ...... p>n in con.l",,""'""" ,,,. II,., '"~ 
.......... ".,,) '" , ........ "' .. ,...00,,'''' IF!, b lei 

1'1,,,. .. ~ .. _~. ,I ..... .... ,10< .. k' .... 'k'''''' ",lb. <p>n •• ," ...... 1un".II"~"' 
01" ...... 0.._.,1< ..oI1,1octrun!. h;o~ LCrotII<fJJ .. ITK.""' ........... """loon ... 11) 
.11 .Iod."", ..... ~ "'"""S """ eoooou .. O'"K 1M __ .. ' .... .,., ,/wi 
<In ......... """ ,....><1" '" (I K <s , .... f,,,,,, , .... 'l'y t.., St! ..-'.'" __ ... ~ ... lIr 
,be 01«1""' .......... 1" ...... .....,.... UICnd'ftJ from (II<! t., .. , .. ~~'"" 10ro 

""'1"',.1",. !l.'J 6 ~I 
N .... · ,~unlc. '" \""" """. nwoy Dflh< .1«0""",, .nc'J)' ,"' •• In ,10< .. ~k, ... ., 

1und."J c.""''''(~'' Nnd .. ,II be <X"<"IIf"<"I .. drlf.""" 1CJ<1f'<' ........... ,' ,"', .. .I ... . 
• f .. '''''.f~' ,,," fIC), .~"h" ,h, .~",I>r' ,Ita, "1''''''' ,,,, 'P""""h,/,,, ,Ita, If 
.1«1, ,>I If , .. cn , •• ''l'' (L') ""uI<P •• d b) 1>" .1«,,,,,, "","" ... ,1""", ,., Ihrn""/ 
'q.,t.h"~,,, 'rh" ~u,"I".. /00., 0 m/., brl~'''~ ~'" arcJ ~m" urcJ" d ,un, ,,"" 

~'~"''lI"' 'In'/"'"'''''''''''' I T) a,. 
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rI .. <>.5 1~.tIoN< _...-_ " .. 10 f ......... IIr • t.,n. 

.. "' .... ~'. HoI"'n .... "'n.''''', 
1'. 1<'mp<'T .. ....,.n ,,~ 

I .• _ form. ", .. I <'f .... "J' '"~ .V ..... " ........ • ....,y "'"' .Ier, .... IIU) 
... ..,..,. ;ot II " 

n.. I-<nn. f .... (II' ... ndrl"Mm ." ,"" ..... ,,) """"'>' of "a,.,>. " .. ,"" 
prob;oI>.l"y ,II." ... ,,>Ie.' "'·'"r .. d a' ..... Io,·d. ''''''f'O<IH of , ... "umb<t "I 
"~'<' "" ... 11) .,....",m 'Jh., "." ".be 'IX,,,,,,,,I ""UI"'''Y ,,' "",,,bit .,.,<_ 

'Il>< , .. "",,,, ,'f I <!tt" I ... , •• fin" " .. <1><'1) ." dlfl,,<", '""'f'<'.'u", t.~ 
in";"", "'","" ...... '" Hoi " .... """'1 ," FI~ ~ I> ""'"' lull I n< """ ..... , .. , 1'1 f I 
., II t. .nd J..,<J 10"" .w,,,.1 I " 

-,., ..... ""' ... -,., ..... "/' 

" ~, .. ," 
'" I ~--;;,--i r ,." 

•• 

--
" 



WI!<n r • (1'" 1( I, I, , un IA~ , .. " .al"", 

I"~ '_>1., 

IU"., • II. ,"""' ... ...:. ~ .. -t 

,~, r <I:, 

.npl- .. , 

Thu,., T" O"K F, n ~ I. .. hen /. < r,_ .. h"h 0 .. ' .n •• 11 "'" k\~I. he",,. 1:, 
,~ V II h~ (Ii j. h '" "'~ hll«l up ~y ~I"'f\" ."" f,,',_ (\ .helll :> I, ,~ 

.11 0<' d ~"''''. t., ,. C II hJ I'" h hi ~," ~"'I") 6 ... 'U~., 0 I( "0 he .. 
• ""r~) " ,,""n' . ..., "" 0"' .kn, !>Md, ..... ho:,nt ~""~n .n~ lhe """,ond"",,,, 
heh,w, ••• n ,"\UI,,(~ 

Ru, .. he ... _ I K,hen"" . ', /,/ ...... , ..... , 

flt.'~ -'-- ... \ 
I • "~ 1(11 

. ',,",h _ .... ,hloi .. II<_ ,,,. ~p<RI ..... " .... It " ............. ~"hrr .......... ) 
f .. 10llJ K."'" _ ,.", ...... "'--h ,,,II ho Ion ....... MId ,,..... ~I«, .. "' ... ,II 
to<" ..... bbl<' ,. ell .. "" ... " ~""'" <1«1."., '0,'-""', •• Iw;>k, .. ·,,1 to< •• · .. 1abIt 
... V II 'Tho." ..... b) .1>< oIooc-d hI>< .M F.t Id. 

6.6 f~ rllli u"~l ln Mil IlI l rilisil' S~lnifO.",d\ll·lur 
n.. 1"'"'''''' oIl"<'fl1" Ie"'.n .... nU,",,,,- .ctr .... .-) ... " .... n I>< <ok"I ... <I '" 
,I>< rol~,,,.n . .... )' I, """-'Id hc ... «1 , ... , ' .... . 'cnn' Ie •••• ,'1 .... ........., .. hc"'.n 
, .... hl>irltkn g;op, """~ " .. ,10 .11 ,to< "1.",,. "",~I ,UI<, .r< '~'"r, ... I, ,,,d "tf) 

, •• ~ko.,,,",' ",II .... I<.,n.] ,n , .... ,''''oJ",,"," 1>"",1 ., ,.~"" '."'1""'00" 
:-';0," "", 'l~.1 no",,"", ,.1 '~."I'J~J _,.t<. 1·\11" h, .1,,,, "''''. """ "'''''1;) 

I>o:1"..,n I. onIil t. • Jf.) ,~ «./"'" '" tho pNd"", "r ,I>: .... 1.bI. nurnho:, <JI .,. ..... 
1.~(/11."" I .... ",,>h>~"") .. , d"m "'''Up"ftL) I/,f)1 11 ... , ". 

"hrn: ,\'(/.100 ,oW ..... 0100:, Df oc<:1apO<'! ' ... ,<> ,n ell"" .1«,,,,,, •. ,hloi " the 
"''''r col ~kc;,,,,,, in C D Slt·1oo ~.rnk, of ",~,Ubk ,,",0 MId 
FI£I'" .......... "'r oIo,.-"oopwt<} 0/",,,,- ...... 

S,m,"') '"."" ........ 01_ ... the \ 0 .,!h,n.h< ..... u 1-_If • <In" 

c ............ ~n<'l1Ic, .. /, "n C " """ I., .ft \'" • hKh ... )'_, .... 11) plO«"<! 
...... , 'h< «'''' ....... ,he .... 'n ~;op 11",1 W" ",, I-<tf on " ..... U ".n", ,U- the 
n""""" "f ole"""",. in ,II< (' B ;, 

""It., I ,1[, _ .\'(1;,) flE I) JI. 

Sin,il.,ly. , .... "um"", "r I~'I<, ,n V II " 

IV:,I JI:: . SIF.,III FI£,II,I/. 
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I'Hm, ,I>< JI>o," d' .... ",,'"'' " "<I,,., ,h., "thk, 'iI< f.~".nJ ~,., "'"JII"" I!
n '""' .. ,"'" h., a I"" '~"""n,,."nJ all,,,,, , .. ",'", ,,, n"" ", .. "" ,he I''''''';'''' 
... " ,n «,,,"" ~ .. "'" ,,,u'''~n " 11.1..< h,~h J""'""n '0"",.," "h'''h ",II ""t .,,,,,,. 
tl", '",1<,,' t<! 11"" a.""" ,lie JU,.:II"", Ih" t..·h.I''' "" "'Im,'.1f , .. ,,~ "",II ""Ilk 
\" I"" I"'" ",," " "f"'" n,l k,1 '" ,,',",e"'WJ" '"r ,I J' .1,' "/,,"~ .,.,,,/. ,I" ~ 

1>.1 7 \ -/ Ch~r~rlt'rislj cs nf II-II Juurt j"n/S<:",k""d ... ,wr. 
Uiodc 

nIl' '·.".,,,m (Of cuno", ~P"'" ""I,"~,' ", ... ", " " J,,,,n,nn I> ".II<d the 
.... "",, ",J ",." ~ ,I;,,,,,, <h.,,,,, 'e"" k The \ './ <h .. '" ,,-n "", '"'''''' P'" J" 'KII,," 
, .. , ".", .. " ~'."noJ .. ,.,..:' h,,,-, ,,~"' ,h,,,,"_ ,n ,II< '-h .. 11 _",n<'l.-II,", ,,,",,,, 
." I·to, ",,',. I ..n<J 11>0. "'1'0',,,,,1, 

.\, ,"" '1'1'10<'11 "',II'~. Ih< r<Mnl,,1 ~ .. "'" ",II ."., " '"'' dn) ."mn, I,. nnw 
... "", tt..' '""'-II .... (h (",,, .. J bra, \ "awh"J ... ",,' d", 11-1' 1""""""_ <""<,,J 
'IlL'"."" "'I'"",ruwlly '" ith ,-uI",~c <"'<pi"'''. ",,,,II n.-, ... '" tl>< "c'~"l, .. " ••• 1 
,,' tlk: '.'~'n ,':011011 -CUI'" '" 1'h,..,h.,I,/l\~",-~.·" I 1',.)102 "" C", "n" 0 (, V ro.
~" ""~'" "h"'h Ihc <0,,,,,", " "cry "uU .• 1."", "'!P. to<<>" ... Ihc .!'PI>OII 
'''It.~c " k" th.n the "",,,W, ",~""T I "I "' ,,,,. 1"",'1,,", Whl:" " ... ~,,!,I,<J ",I"~o 
.'" ,'oJ, ''''' """''''' p<tt""H~I, 'c .. ""yond ,he _"'m 'n,"~<_ ,"""n' ",'" ,,"Y 
"'p,dl) ""h .Wh<J ''''''1'' The 1"""' f,n", '" 1><,< ,II< , ... ,,,,n, ''''''''~ .. " t.p,dly 
i, •• Ik" t"" ,·"I",~, ,\f'Ct In'" "'~ .. ~<, <",,,,nt ;'" "'''''', .. In~'" 1i"".,I) ""h 
\ "'IJ~", hJ\ ,lOg' >"1111 cu,,,'."' ,,-,, ,".r., .. Ii, ,I 'r I> 11,) 

Til< r:rn~,· <,r r{IfW"~ •• m:"' ,,,'cr ",-h,,'h. "'"\I«mo.!"""" ~".k" ",~·,~tc-d 
" ."n) ""ok" 01 II\a~n\l "ole I"'go. ,han ,II< ... "cr ... '''"''11'''' n",'" .so ,n 
" .. kt , .. ""p'O)' ,I", f,~"."l .nd "', ... '" ,hd".:U",'''' '''gotl"" "''' ""oJ. 
J,fT."·"T ,'",,"n! ", . k A, ,hI''''";" Fi,. h 17,,·, " .. '.n.,,' ... -.1" In, h~".nJ 
b,., " ,,,,11 .. ,,"1" " I""'a> ('" ''-'"'''' ho" it " ",,,,,, .. "tl"· A, • p,n,cub, ""<, ... 
"", .. ~c ",lIoJ ~""(J,,,,'~ ",I"'K" • '>lg" '''''0'''' c"n"nt no,..,. thl> ,e~"", "f tile 
""'''''''' .h'"",IOn>lk.,, <ailed b"'''''''''''n "gtl)fl 
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I .. til< f"r"~rJ h, .. , ,''''kll,;,", ,II< r.,,~ "f ,,,I .. ~ ,,, ,urr"", j, ull<o.l ".,'" 
f;""' .... ~ (',(. (, I.,,,,, ~ ..... " .' '1"' ... ' .... "'~n' ..... h<ch •• o.:rc",,",', 

',. ~\ 1/11 ,oil", 

(n r ..... 'lIrII1'u- '''''0.111 ..... , .... r<.'",,>;"'~ "'" ....,.,., '" "'" IUII<OOfL 1'1l>I:I0:I.,,,,,,, 
", .• (1<0.1 d,."","'" ".,," .... " "" (,', ... ""',,.,,' f.,Kr.' dc:p<".h .... ,"" 
"".".,~'" "",nI...>oJ ...... .., .... ,., I ...... J "" .. , "~'''I'' ".""",,,,, 

."" ru ... on! ","" ,·,><kIII"". '. "oJ, " , .. ..-' ' ... ,,, ",. ,,,ull "f ,II< ,>rile. "r re .. 
,.,"" Ill" '" '<'''''''' "";to, ,.-111M' " ......... '!;O, .. :c" .... hId>, of , .... ,,,Jcr ... 
'''''P , ........ ~."""'" ro .......... " _b ILrflk, 

6. 18 So,mlr"nd'K"or llIod~ ,,. Nl'('lifi~r 
,\1 ......... 11 d"',, ............ _nl,... ,r II (. JlO"« '"ppI) 1C""",,"a .. a dc, "-" 
,,,'h .~ .. ,m, A C ,,, f)C _""I.,l~·", ,I><' .u,,<~, ,., flo,,, , .. 01) ,n ,_ J""",IOOI 
"11 ... , a .... · .. " "h"h .,n"" a k, .. ,,,,,,,-,,~, ,II< ,'u, ...... , ," ,_ d,,,,,,,,,,,, bY, 
hlp I<'''''n<'<' Itt ,110< """~,,< ,I" ... ",..", .oll(d 0 ...... 'f .... ,.,., =<I'l'D~ 
dc, "''' ,,",",111 .... m" ..... '''''' .. J,,,~ '. ''''"~'n d..olc \"'." ""n"~....w.:",, 
J • ..,. ". ~~ ,0""." h..o. ,n"",'" "''''''''''''' ,~ r.,."", t." .....,d""", ho, • ,,, .. II 
and """.'" .. ,'"., ..... /I. ,. ,10 .. 10", "J ""., ,', onol".",. ,., " ,,.,, be .<o<d " • 
«<,i'><' II , .• " "" u""'., 10.11", •• ,.11 u,e , ... ·"Ii,,·., t'~~'v,. 
~.l'-I Half II ~,~ iI,'('tifiu 

11>< ,',H10C<"'''' f," h.lf " .. c " ... "",., " ,I."." ," )' '. t, ,XII.) olld '"I"". ''''1[101 
,,·.,·e I'~ !II' .I,,' ,I." ... '" I 'f I> I~" 

11,. '"I"" '" ( ",,"ltIr • .-r.-J I" ,\0,' j""'",,), ,..., ,.,., "I .... '-~><kI .. )' S 'H'''' ..... ' .... 
," I' ,,,It' '" />" )'''''''''''' ,oh.-, .·n,l, ",,, •.•. , •. J.,," .. J.,,~ 1''' )U'''',"O" lh"",~h 
,,It,,J 1<",I.ln.'.' /(, h" ~",tI",' ,.,1'. , Ir'" 'h, \ (' '"1'"' I'" 1''''''''< ".r' 
II. Iil<" ,~~ )"",:,,, .. " ,,' tho, 10.".111 h", ... ~1 .,""''''(1(1 " I><.h "1l0Y" ,I>< OU,,~". 
,,, n"" Ihfl>tlfh ,II< )0",,"'''' nUl r.~ ""~ .. ,,< h.,r ~)de "r ,t", ACinI'"' I' " 
""g'''''' 11_" n . • h"" ,h.· i"''''''"' ",III .. ill ,t..- II""" 100"", "tOO",,,,, "h,d, 
",II n". ;uk»<'.he C"1T<" '" n~II 'h.,.,~h ,hoi"""'''''''' "ell .. "''''''Ih II, 
H."".. d'M "'''', '"" "",J"" "ooJlI.,,' " .. ' ,"n"ol m Ill.: ,-",H,' Tho, I""" 
"~<~1T<,,'1 ,h.".,gh II, f •• ,"" 1""""" 11.1, <y,k of '''1'''' '" C ",I ... ~" Y. " h",k 
file. '."1"" ,,,1,.1"" I'". I II, H", h" .... , . "'c h.U '"1,1< "f I', 'I><"~,, "" 
,'omo, ,\u"",h R. 'to '0111"" "~!;Ore ""',," N, " I"'" W.I,e f,,,,,, fur '"I"" 
,,4'.~. , r ,t.nd '."1'"' 1 '~I.f' ,I ',lI,. f""B 'B t-., ~ Lfil. I ,"" ,I>< ""'UII !" .... 

"",d .. "",.",,,1 no ....... ,''',) "~ 1""""" ""11 ' ... ·10 ,,," "":.1<'<.1 ",Ir .... '" ...... ~,r,..., 
Ou.pu, ..... I>< ._ho ....... "k .... holl' '" III",. "'''"". 

", . Il l ~ ... " \h.~ iln'tir .. r 
Full .. ~,.., .«"r ..... ~, .... ,," "r , ... , " .. ..J<, Th< w':u" "oat""" ., """'" ,n 
h~. b IS/b) """ '~puI >old ",,,"", ""'r j, __ "'" ........ Oft h~ b_l~cl 

Full "-a'r <", .... , """'I'fl"" I"u ",It ..... ,., e' ..... ". 1be) "'" ..,., ..... «1 ~ 
""""'n in n~. b.l¥tbl ,.,., '''0 .nol. of ,ho >«<l<HIaty S, ...... S, of"'" lnMf"""'" 
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11\0 A.C I'O"n q-i,' .. I><" S, ""'.,,"'" a/kI 'h' ... ~~ It..' ,11\0. J ...... , j), .... "". 
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",," '" ,lit "I'"n """U',,;'. "hen I,,, nIC'1I..I1 ~, .. ,,,It,~~,, .".n, 'h<n II'" 
III .11<1 I r, _ 1"0' """ , ...... ",11 "''' be "" CUlT •• ' 0. ... ,.,.,," h< ~~ JUnc,~ .. 
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Magncti(' Materials 

()"f ... ",c 1ft t>.:" ... """ "I '"m"" 'YI"" ' .,( """.n,1 ,n I "'Of"'''''' r",IJ ' 0" .... 
>ccur .. d) '".')1<'1 ~"h ,I", heir "r'l\Lltllum II ... """ ...... h",h" , ... , .. , It.. 
"'''',. "(,b,, "" nUl ""'P'" .",m" .... >dr' "II"," ",'"n"" ,"'" ,"'U , ... ,-."",' 
P""''' ' nlld"'" ",,, .. ,,,,,~'O,I II, ... ,,,,,, .. ' III ' .. ..,..., ...t. .. I"'" f<. "", .. N .. 

""""",,,. "''''" 
An ..... ,,, .. " ... "'" In .... bot _ .. 00 " .. <1m" If ,1 I I. ,-.I.,., ... '" .. 

• ""," ,'WI .... hop "h",h , .. tI nl""""""" I \'orqu&" ... o . ............ \ MItIJ ....t .... ," ... 
I h ._t ,""" , •• _ """~' ""''' ,I>< "'"'''''' ... ,,'I' .. k- ............. ''''I''.-. ..! '" 11" 
"""" ..... "", ...... .,.,." ,II< ,." ...... ~1-h.W ,""""' ... _ 111..1 . lb. ,Itt t, ... lh.~1 
M /ir/J ,...J ... ,,, .. ,iil. ,,' .~, f'<~'" ,~ 1M """"",J •• ...JJ t.- ~ .... ,,,., fIo.,N " 

..... 1J1 h< '" ,,,,,, !""ft' '/ ,~, .... ",ri"I., ........ r"'''''' 
A" ""'",n, ."",,, .... , .. "J It.< ""''''.,., ""-,,,-. III ,II< " I " I, ......... , .. 

•• • ""l ..... ~ d, ... >1<- 1\;" '"r" ""'."""'1<" 
!Ow ..... ·,,,, ;",. J""..,<J ,n,,, ,..., rl ... <>f 

!he 1"1"" ..... "",.". nJ "",' .... ", ,II< r'."" 
nf 1100 I'-'r<' n ,,,,,,,o, .,r,· o_~ "01, 
""OI"'J .h.,,~1 ,~ "u.k.,. ,110, "'" 
. 1", 'r"m,", .1 .... , ' ... ·","'hc. In 
lOdliu"" ,,, ,110 .!c., ..... m'''c''''''''. 
"""leu, "",II .,,., ,,", • 'I'Ia m<>IlOIO 
asoo;;"""" ","" _.""""",,h Ih,, __ 
"". _. ,,-.. v .,I",hIt cl!« .... Ilr 

"le 
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I " 
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'''' '.1 
Ihbil»l _ of<l« ..... 

'"'c .. I1...., ....... pn.or<rt) ,_I ,110 ...-.. .. 1 Tbu, n,h .. , ... , ... Iotdu.· .. ' .... .ru 

b) ""'~ . ... , •• , ........ ......,..... ""'* _',""",,~""'''''''''''In'''' 
_,.1 ""." ............ 'I.' _,,"'" _ """Ie. 'fH" ""MM" s.. ,lot dl<"<"'~ 

""'''''''"' d,p''''' "" .............. lot .. ·n"." .... 
... I .... ~.n'" m' .71' 

WI><,. I ,,,u""~, in III< I,,,,,,. \ • =a uf ,"" .,«,"", otb, .... ""'\'I_ ;, • uM 
......... 1 . .... , •• ", .. " ... 1,,, ,"" pl~ .. of ,he h.", 

On """.-h,.",,,,,," .. . k ,h .. "«1< .. M "tldin«l", ,he n ... "",,,,,,"'" '''';''', 

= ""¥",,,i, d'I,,)Ir: n""'Ie"" 1"" u"" ,'"Iu"", 
_II .. Io'iii .mpJrn 
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It..' ",., .. n.1 Tho. ".,,,,,,,, "I'I'linl r", 1,,£1' d." ,,( p;or.",:.; .... "c ."" d,'n ... ""''' 
m.,,<n.k ~" III< .1>0'< ''<I" P,J)..., .. bo • .-",,,,,, 

•• 

ii . Ii lMH , 
......... til< ",,,,Uk .. '" 'I' I " • .dkd ,j,. .... ~ .... ,~ ,...,_""'., ~1I",h , ... ,,'1aI .... 
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7.1. i\l urc~ ul ~ r Field Inside a l\1ujtIlCI;" Mlll~ riul 

\1"1<-,,,1., (~-hl ,n,")'. " .. , ..... ,,' m.",,,.' "'") , ...... I,ul." .. 1 '" Ilk' h"I,,~'nl 
., -,. I,'", "",,,.k, .. " ... ~ .. tic ".,., .. ,i.1 uf "~""'l '~"I" "",,' h ,. """"",11) 
'''_'1''''''''''<1 .. uh n ... ~""',,"ion ."", •• 1.111 1'1"" I .. , ."",,,,«.n ,n",~,n"'v 
'r""fI," cO' "Y '" II>.: ~II< "",,,·nal. ., ,lie .·.nlto ,~ .. h,. h Ilk' "~,'."'.,,, 
I ,dJ " I" II< ,.10.".,."," 1.,., n ... ttnaJ 00'>1<10 .ho, ... II)' " ''''''0.1 "' <"""n~"m 
If,.,. ''''' n'"",,"':''1'" .. ~'" of ,~,.. . .. "", •• ' ,n,ode ''''', .. "' 'II< d'r<>i<' .... 
tI .......... ' ''''''' 1<1 .... .1'1"-*> Of d'r<>i< """f" ",,' .. ,,'" ,,, ... ," 

1 ..... , ........ , ........ ·"bo foeW .. ''''' ....... '" "'-''''' ,~ •• ~ <on ....... ,,'''''' '"' 

H", _ H . H .N 

,,""'" If" I " ..... , .... .." .. :opoc .II-lock! ,nk"" .. _, ..... ", Ihc 'f'C",_" 
/I, (' .... ,; .... ,.'" '" ''''' M.r .. kI '''.''''') ao ,t ... n"~ ,,/ ,he < ... ltl 

..... ~' .... rf""" ...... <1<" .. ,) ,,, .... \1.,.,., ill< ,.~. "l ."rf ... · .... II< .. 

. 11",11.< """"'" ~n,.>1 """ ... 1.,.. .... '<"~. M 
II .• <" ... ,n""",,,,.n ,!'It M· r .. 'd ,n'eM") <I"" ,e" Of'''''' .1'11"'" ,",oJ< 

1 

""'0 if ".,,,, ~'" l .. ,e ""mbt, ofdip<>k' i",hk ''''' c'-') .. h,<h arc ,.,c,,''''' 
1"''''''<1) "'" ranil<.ml) d,,,,'~u''''' ,n 1"""""'. '""n f""" .·u~,,·., ,)",,,,,,,)' 
"' .. ""' .... ,,,., Ii," (I, ,n g.:o,."a' 

,1\< • • ,") I 



r 
n .. ,~,b ... "' .. ,,, .... ,"'" ",n cor ... , ... , ." 

11,="'/1 (7 .~J 

~,(WO" .... 0 1/''''' ,., .. "yl n ........ ul..r hcklln,No' ...... '"'''' ......,,,:.1 , .... 1>< 
~r"l<n ... 

;;'" ~ ii • .111.1 
...., ,nlOmal "",,"~bI flu. ""n,~) 

8"' . " II", n 1111 

"'IU.'"'''' (1'1 oll<ll1U) .". , .... ,", .. ,n,1 n~,lnul", h.-hi ,n"Ik. n"'ln'''~ 
m><.,i.1 In I.",,, of 'rrliod m •• """,plc ,If·OoM 1mr"i', III, .nd ,,,. 
n' ...... ;' .. "'" '~I'" (M, Pur m.,,' '1 ,ioe ";"'''''K"~''' .ntl'Nj"".",.~uml 
m.,..., .I ~ 1M "',.,,,,d "". h.' . Mil • X,.ll'" II ~,~I;.,"h " .. III,,,. II", · Ill. 
hoi In. ''''''''''''xn"". ... "uw/, ,h .. ,.",,,-.;,~,,, " ,." in''''''''.' .," ,.',11 ........ 
'pon~ ...., ... "m"'" .. en ,n 11'1< ,1>"",,< '" III< ."on;>I "l'l"1~ M h<l.I, 
11o" n .. Jll.\~'.nl_'" /I .01 

7 •• 1 \'uiou~ MlIJ:ndit M3Ini"b, 
t...h ...... COllI .. ", d<1f~ """"'_, ,01 ...., ... :l'" ~tf'ok "'''n'"''' ...... '" 
"hin,ln",bdaI ........... cl<drua 'PO" ........ .-1 _I .... ' .......... _ .. do~ 
""' • .e Id >ttliooo ,7 II.'" 111<., k ..... <ff,." do'.t.ll ... , ,'''' , .. <nil __ '" 
,.""' .......... "'. of u .. .....->l.-I ('f"' ~1< ," , ...... , _on", ,b\"r"' ..... 
h~~,",""" til< d,U...., .. ')'P<' <>I "Ill, .... ,,, """ .... ,. 
103.1 !mo."""",,,, Ma,.rial 
'" d;I"IlI,nc'k ""'l<ri,l. ,I>< ",bi,,,1 .. "".~, ""M ,/ ... " ... ",,01 'I"" ""~",, "I 
,h .. <I" 'n'" 1'''./''';'1.; .1/ fi'lo/ 1~'r""1C ,,, " .. h ",/,,,, '" "" '''''~"''', ,/,/ •• / .. 
"''''''''"''1 ,,"h "',,'" I if> , " :<"""m.t ,'" \I ti. I" "", •• II,,,, ( /I "" ",I"I",,,,,,.~""" 
, •• ",,,1,,,, i, ~I.o """. ,n 'hr ~h,,",; ""M ", .. ,"~I M fl./J 'rho,"n .. tern.' 
M r,dd <;IIIII(K pMd""<;III) '<Irq"" ,., ,1\0. "",,",. aIhl n .. "'.hln"'.n'"~''''' pi",. 

"u, ,n ,be: ron"",",,. .,r <.,,<""" M f",W ''''''''''~''' 1&1 "' ..... "'" '" ~,~ 17 II 
''''' ..m.M •• I«tn>o> ."h<r .f"'<'l. Uf' ..... ~ .... do .... ·• ,n ", " ... , """,,11<1,", UI"'" 
...... h<r "'" ,.Ioou.l ...,_ ............ nI , ...... ~,'kl '" IW,U<I '" tho opJIIwol AI_ 
r .. 101 ,ndoot: .. "" I /1,,). but;. ,,,,.,, ..... , Ilk' ,~'" ,II _tJ _~, ..... r_ ... 
.. .... " 111...,.- 6f'PM'" '" Ilk' "PI'i.<J J/ r;tJ./ POll ... f ... I;", So "'" ", .. "uJl 
.... c .... ,~ ...Jo..1 .... ,lf/ ... ·....l; .... Jb, IIk'/,<,,, ... ,tJ/IIo,o~,,,,, ... _,,.,, 

h" • ~""""""'" ....... ....,. "' ..... '"'n' " d.",>k' 1'<' .n" "~~",, ''''' 
......... , ........ ,"""" <wi be- ,,·"Urn ... 

Ill .,.. ....... 
~'t.: .. 
ii ... I'. Ii •. N "!>II .,.- d,,,,.M. 1'1" un" "Ill.. H .. '"""'0' ,~ ''''' .1«,,,,,, ,.m" 

10,,,,,, ,.", do." .. ,,,,,,k no"eri.1 II .. .. II.'" 1),.on' B'OC,k ~u"".I",bil") IlJ_1 

",II"" 
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1 ......... ,.,"' .. , ...... " .............. ' ",,,,,,,,1-< I ~I- '~~;onol .... 'I', .. ur< ~ 

",-, lilt '''4'10<'''- " ... ~" I III "al". I '~I ,n I'-In .7~, ,,11 .. 11 ph".' I~ 
......... ". _~ .. ,~"" //. ,.oJ.~/tJ~, ,/or 1""""" ,,' .. " ..... "'" . ... "m~1 
1> .. """,,,,,,,,,, ,. , .... ' ,.·,ul, .. , • ..<",', t..,. """"'~~ "" .... , • .., ... " .... ,,..., '" 
.1It "'l'l~ .• " • ., .. , ,I \, 10<1" ,II< ~Iec",,,,,,, CUm"' In .... " . , ... '.,. " • ..t" ...... '" 
" .. ,II. "., l/wlll"" 1,-''') ,,, "C .... D ,too ,'II,,,,. '" tb" .1'I'~<d h<1.1 \,",'C""" 
,.'n",~""",· '" ""',n,"" "MM'",'" ,nd",,«1 in ,II< .''''''~, Ih ... ""<,,,., M I,dd 
,oj '" "'" "'" '" "Ii ".,'m,,1 ,Ill' ,/0, OIl"' ~II<"" II" I"" II ... " ,''',, I~c '.'"' '" "",""" t-
,h., ... ,"',', ,'uh,d} '" '''',m ",- KJII. ,,"h do><"J d, ... ,,,,,,,, "",II, Ill><" ,,, Ilwl 
1'"'"", ... " .... ,,, """It,II"""" ~<" <"nailru 0,,, In ,.,." ,",1,·".1, ,Io.""'f ..... "'''' 
"fr'~IU.""1j ""', •• ,' h) ''''''''« p.:It':lII\lIKJ'I<II" '" I.m.".~ .. ". 111: .... , " .. , II ",",,, 
on ,·".-" ... 1 \I lIdd I' "l'!'locd II, ,he 
"'~'n~r".-Ik 'u ....... ,., .... " ni"<'- ,he 
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_ I'u I, 1~. lh ...... e ('01. 11,.1'1> 
\,. ,~, 

• 

, " 

•• 
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• "" H.~ ,·.",,·d/,"~ "I("~ ",h<~ ,Itrn <I, ..... "." k'/t.~r "", ~ .... ,."",. 

,,,,,,, , / .. " """I"·,, ""~nt"t"", "I tlo~ "I",", "' t .... II,·,,,,! ~",l", Ih, 
,". ,,,I "'.' n"'.''''1< m ... "rlll ,nil llu< ,,,,h., ," ',~- " ...... ,. "I '". ,"«n.,1 
\/ I,.IJ ,,.',,- ,,,.1,·,<>1, "',II .. ~ 'ho",;on) 1n"1""'" '.''1''''') llul ,n , .... 1""""'"'" 
"I ,''<In.1 \I rICk!. '''''I .... ",II 'I'!'I) '0 " ... h "".",. n"'f""'" "".""'" ..... II) 
,,, .".n ,...,,,, ok ..... ,t~ .. ~,)"'" M flokl ,\<, ,,,, ""'-~",". m,I",',"'" I H I" 

,,,,,,(lh .... ,J /" ,It.. ,.,-.'""" '</ tI,,,,, "f" II{ _,rn,.f, .. h .. h .... ,~11nl a' 
.,....,ur""' .. n_l. ~, ... "< ,"" do.""""", .. -011«1,,,,,11 ...,'" ",ho.h d .. :to."" 
II _ I" '"ot' , ... "It"" "'" ,,,,,,~_.n I R) i ....... 11 ,<;" ,n 'hI' ,~'" ,... ... '..., ... , .. 
"'''''1'',100' .. , '.r,..' ,. """II lou! "",II;', .... "h NI<"'~'" • f ,10: ' ..... n .... < ..... 1') 
.... ~"" ,or", .... , ... 0/ til< _""" .. d,poI<-o. ... 11 ''''<_ ' .... ,,~ ,II< 'H."" .... " 
le"IY" ',,,. "'rvll \I ,,,.,"","'" I H I ... /1 oY, ..... ". 't IX._'" ,., .... <r" 
,.",,.,,,1,,_1 M ub"~~,, '''''1/('''''~" 11)_ Gc""r;otl) .. hNI ""."'" ""m< Of "",. 

t.,ne 1""') 1,lIod ,M<, wi" '" udol nu""", uI <In", .. " ,10:" ,110:) I'''''''''' 
p.o' ~'n.I' ""'" 1>;10;0, II-.u' 
h~ .,11 p, .. , ... 1 pU'P'-"" .~upl ro, I."\II<'"''''~ 0,"' .1""1,,,. "'h'

nU~''''ltJ''''''' 'fi"'~' .II, lIN I'=""'~"'" "" .. ".1 ,,,II "" ',,,,,,, 
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,nk""'. ",,'*«tIl .. fld.!. ('''I ",..., ... """ 01 •• ., .. " flf .......... k< po< " .. ~ "~"""'. 
'''',' ,. Ih<: "'om", or _Uw dlpoi< ............. L "b",,,, ._, .. ,lit ,,~~< .'1 I ..... 
II,"", ..... ~f'oC\"" II Buh, m;oJ: ... I ..... _ r/J4_. ~ - I'I ..... ~ _" n, ... "'I. I~'I" II ... 

lI"h" ..... n" ".,".n'- In " ,II< • .".,."'" «n,!",,"'." on I~"'n'" " ,-j< ,0 
,\I,,,," "'I" ,7 14"~" .1", ,,',iuCft ., 

1" ... ' " ,,1><,< II,,· _"'"'0''' ( .o._ ! '" i> klK>wn., c."' ,,,,,,',m' ,"<ilh,' "',0 17 1\\ ., 
" ~ .. '''' n .' C.",', , "" . "hKh ,bu" , ,ha, ,1-0< I","""¥""'k ~''''<I.,I>rI''y 1.1',-) 
" ,n, <""I) I'f"I'",,~ ... 1 to , ... _ute: «"'PC"'"'" ,n 
"'."'~ ,,' JI'If"'''"r''''''< .. """" .. , >Ie 1'1 ~I~ .• \1. (', \1" 'to \' W "',. 

7.l.l .< .......... ~nt1 ... \'al<r;al 
, .. 1 ... "-..( .... '" ........ "'1_' ..... Ix ... ,{" .Ir "', a <I' • J, 
'''',.' J_~, _ .",.,.." .... ".1 ,/ .... ,mII '1"" ""_,,' .bk ~ "'" ... "n.. ' ,J,.,,,,J 
ro,'" ,.o ,,... "",,,,,,', ,o{"" ,,,,,,,,",, Mf~1J. "" .. I", ""j~"I""!' r. ,.J ....... 
,/ .... ,,, .... ,,,,.,, Tilt ,...,., 01 'hI> :dr~' " ,he> ,"' ....... 1 ..... ,,,.1...- r",kl, H"'I 
.. hk h ......... ,I,ng~.""". 17!h doe< "'" '-an,s/I .. he>~, 1/ • III, ".k" .• , '-an,""'> 
""",I,~,.,,,.,>I ~ 

,-.... ,. ...... l".d '<f'K>n "f ,n, ..... 1 ,,,",,,,,ul .. (,<~II/I,,' ~" n'l can 

....... ","en .' 

iim~li.r'l ,71/,1 

.. toe,,· Y" 111 .,.,,"Jon~ I".he ,,",pl. II ... ,,,) Ilu'I,~ (""" •. ,""'-,,, ,~.'o".I, 
')'I " hOI on,. I",i'~ "1",, "f , .... nroo ,If I· In', 

~" low (.,,"" .... """< "",'m.!. " .... " ,II • Ill. ,< In ,"" ........ "". ,,' In. 
., ... ,...,1,., roo"'. ,he on,<,.,. n.->Iocul .. r",ld ",II ,,,n lit .n.« "h .. h " •• Iko.l .. , 

,,,.,..10"'.'''''' ......... ,,:n"""'. ,~ !hal ~_ ., ...... ,7. 1111 n''';'''''''' .' 
1/",. y,lI nil. 
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In 'n" I ... ,,..,., .... ,,· n ........ 1. ,,,.,,", "'.,"'...,,, :.I,,,,,,,,, "~n' c.u"", 1M "' • .., .. , 
d.",.k """,.",,, , .. II"" up In on ... " 1'" ,Ikl "'J ~"",,'.n ," ,"" ,~( 1 7.4~1 
,," .. II <""~ ,"" "'" n'.~"""c n"'m"n' Ie',,, .ftJ '''''y .... ~ ., ""' ... ' 1 1 ~ hllY b) ,PI< 
I'fl'''''''<'~ nl." ... 1 ,It f,d,J M", C, ... h,"" .,,,,,I,·"''''r''''''''' aI n,." 1<"'I~'''un' 
M,,,. ( ',,0 .. ~I,,() .r. ,,"onplc ,,' .""".",,,,"~,,,.,,,. ''', .. , .. ",,,,,un.!_ Ao", 

r.""""""", ... """",,ai, do .. ·' ho,,·~, .~ ,.d"",,1 ""P."'""'. 

7.3.5 I'rrnm •• _'" M~I~ri.ol 
' 'o" ;..."ne,o< ,"u ........ _, 1»,'< n",,' , ..... >1 1lfIl<"'" 'PR "rue'ure . ....... 'm 
both lJIIn ""and .... " d .... ," d,l""" "'" .... <'" ~" """.r "tIC\fI'>l ....,nIt""" 
"" ."",,'n '" lht f", 41 . .1.:1. dUo: '" "b,eh ,"".~ ....... tIUIt ,oro n"llnell< 
''''"''''., ,n __ <>t lhe .... ""<'<"0." rOC)' "'" ~~Ik" I<"tll''''"",' 'K relll'.'. 
J..-n,"""tI<'I< "'"'<lIa!> "'" «""''''",' ",,,.,,,,,- ore ¥,"d oI",'IIleol ,m"I", ,,, 
l'om '., ",,",Iy ,'lIn"',, II( 1'.,oJ c,,"'~ ''''''' .. IIh "'''' ,K ""Ke ",)tIc, ,If <III ok'"~ 
""".1>. ,<ne .. II)' ,..""' ..... 'N .' ~I r ... .o. OK M 0 1'<,0, c ~ F.:O F<,O,. 
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oI><y ........ ~-...l II .. h'lh I",,, ... ,,,,} "I'J'I~~_ .. t>.t. ,lit ,n"""'" " .. ,~ .. , 
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" .. ~n<'''.-J , ... ..,1) "'ur .. ,,,," •• "'ml"""'"'''' belo .. l' ",,,' ""ij'"'.'U''' O. , II", 
... y h ","",pic I r,l. "",,'h " • I<I""".~"""" n"""".1 <,,'I' to." In '''''Jot'''''',1 
... "nn"~'''''i'''l ""oJ,,,,,,, Th< "".,..,,, h 'h" i, ,hal. f",,,,,ul'l"><Ii, ,,......,,"1 
""' ...... " ,"'" "",,01><, ,,( '" """"', O<""",,,$ ..... y II,,,,, d'II ....... "", .11<1 '''''1'<'', 
""1'''1 Ih'ill """ m, ... '.""'<' '0 ""' ...... 1 ,t."mol., Lo.h """,",n """,,", 
~nn.no.ltI dI""';'-,:ln.l ,,,,., .. ,""''' f~~ .. ,hoe .. _, ... ~, I, .. · ~r '" 
poonlld "'e' • I<~"" .. """ .""".1.'" .1...., ... mIx. ,,' ." .... ' n", ... "'I"'" '" 
nllnl .' cJo_" •• ' ......... " In ,lie f'E 0 ~.) 1bt "'~"' .... ~ "I j,>nW'" ...... r"" 
I"".~I"""~. \Ie", 'ft 1'1111 .\h"""lt/> • ..,~ IIoawn II _ .... ,.." M' ~ .. "'~ .. 
... , ....... ~~ • , ,lie ',,"'I, ... ~~'" ,7 ~ 1,. louI tile d ..... ·" .. " "I ,lit ...,...."'~ ... '" 
........ ,s. ....... , _ • .-...) ........ ICd .. ~. In "'" I'" n,~", H., "'f"" 
bet"ectI , ... , ok""."". " ,.11.-..1 ,I", olomo,,, .,.11 So ...... '" "",,,II , .... ,.,w..'" 
..... mo., ..... " .. " .... ''''''. ,n tit< """ ... "" 01 ... ) ""<mi' .\1·'·01,1 

, 

.J ,,[ . j 
I'" I' "' 1 1 I ,- ~ . • 

• . ~, 
'" ", 
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!If tIo"""'ft ".11 nlIIIM'f' I\u'oo ,f ,to; "ttmaI M·filal I> ""wli ._.b IIlm ~~. 
1',,,,,<,, 01 do", .. , .... 11 """_ .. .. ,,-cnobio .. ,III ,I>< mIlO'''' 01 ,I>< <"<foul 
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• h,nmen' 01 " .. , .. ,,,. ,,"" 'n ,i>c ,nJ""d ... 1 11>o .. ,n .• Ion, , ... oJ"",'" .. " "I ,i>c 
n ,."".1 '",Id (H I .. ~ •• pl:oox .. >bu .. ' .. ;n M,. (7.~ I an.! ''''' ..... y nl:lS ... "'" ,1>0 
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PART-2 





1 
Inluference, Diffraction and Polarisation 

IA Thin "'ilm Inferren'lll't' or Light 

1.1 WII"~ Nlilun> of Lill,hl 
Tho: """'".,,, ... III Inlcrf<rcn<;~ d,ff' '''''<MI, poliu'''''''''' ,;an Ix "rt~'ncd by lhe 
"al, ........ ,,, I,~'" Th" """""';, pcnOOoc in .... un: AI tho enol ,,,. dor.n,<c 

, .... ~,~I "I " .... , , .... p,.tHLI<" r. ... ""' ...... If I ..... """'" P">"_...t "," ,., .-.. 
,~""." 1-..., .. """e .... nl; .,., handed "" (rum .,.... 1-''''''' 10 II>< rIC" I •• 
dcf,.", "" ... ",I .. _<tup. n... ' YP" 0( ""nodI< mo ........ 0(1"'111'''' IS nlk<! 
,,""* .... " ... 0< "".~ ... (SliM ) 

Al all) I.' .... "f " .... I the w<pboccmml of lilt 1' .. ",.10 "''' " ,.'OR ~) 

...... « "'" ,"" on&ul .. f'oq .... ""y (. 21<fT1 >lid T."" ,"'.., 11<',,0<1. 
Ob., ... ,I) .he J"p'''''''''''.' "ari<~ ""'lh , .. '" t\ .. ".!r," p.:I'lI,k"I'II.t I I) 

",. ~1,la .. ,< , it",,, '''''1101 1"""' 0 II " ... rt..: ,-01,,,-,,) ", rho' 1",,,. 10 ,hen tI~· 
fb""k /' " ... ' ,;I>I"lIln! ,""'" """, b<cr ,h,n O. i .. cn hy 'I ~ .• k .nJ ," 
d"I~ .... n","' .' ~ny ,."',nI '" ,,"'" I "',,,,1<1 be rl>c: .. ,,'" .1 ,h •• of n. I, ~ ... ,Iier . 

• !>II II " "'1"""'""'<1 h) 

, . 



11,2 I.Mt'",·,,,,,. rh, '''' 

,I ~, 

6 ~ ~J"'~. pI>.o •• 1," «r><, b<,~"" , ..... ,,,,,, ... 1<, .. I • ..J /' 1'1 ... , "'h,,1<! 
II In ....... '" I> 

1.2 I HtHf~ r~ ,,~ .. 
When I,.h, ".,,,. , h '"n ,,," ... >II<:,on' """«, In " "r .,I<! .,,,,, < ... h "II~"', p.uh 
,hal .. nn.hfk .. " ..... I ,,,,,.,,. ,,, ,,( h~I" .. ,II "",m ,n lilt ""on "I ",,,,,n, Th" 

nM,t<I k'"~''' '" ,lor ~"'"""',, ....... hr~' ""'"'JY ,~~'n«J Iw II", "'J'<11K""''''' ",' 
, .. ,,, "f ... ,." ".J, ~", Il.~ m,~,,~rr ... ·~, 
1 •• 1 ,\nal) lkallli">(, lIssiQn and CPndi l iQns for l"nn, lruf lh t 

and l>\><;trUfli,,, Inlerfe",ucr 
I.., I', • ..J \ .... ,o." 1"""' ,,,,,,", .. 11'r~' "'J'MO"'" b, • ~''' .. 'u J_ ,II< 
"""""h'" ............ ~, ,', ,>/ ... ,~lalf'" A ... "'''' II)' ,lit., ,r'f I 2, 

I. ...... ,,,,,,,,, ,h .. , ... ',' .... <I ... ,n, , ...... ,\ 0IId l,. ~"M ,n ...... «.' < 
.... ) .... ,n "'''''' .............. "'" .In'!'l,',,do.· ~ .... e '" 1"'1 ...... ,"'" Jmol ".,<lI<n~ 
nt"arl) .~"" ,"" -.. "n .. ,I,,,",,,,,,,, s" ,II<, " .n I"''''''''' an "'oil."' ... ·• """Ct. 

I"" ,II< 1ft'''''' ,".-.... ,I"pl ... -."""",, " .. no( ", ., r .. h,,·h " ~, , ~'.' .. n':c • 

I"",,~, , .. I ' .. Ir,',,' ': .J"" '0 ,." ... ", "" ."on '''' 

,,~"""~If'Jo/ ,,1.1.1 

" - - ." 
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.1-0:. I.J " "I><.,-I,lon 04 lu Il~~' nol' 
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I"",",,,) .. I _ I ~ • .,.. SIll' 
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.. 1_ :!a' II • ,'" 61 

C"" I : n".ht f·"~.,, 
W~ 

, .•.• ,II< <<>11.101"", , •• """,,,,,-,,, ' . n'ed.",",-~ '" b,,~h' f"n~<, ,n «.m, ,,' 
pI\>'" .1,[( • • " ..... ,' 

.. 'IIn< .. .. U. I, 2 
1ft '""" '" p.>tIr d,ft.",,,,,. ,II< ","",,,,,,,, lot bnrtw fnd~' ,. 

C.$' II: IJotrrlt f"~t" 
WII<n 
So ,II< "" ... 1"" .. I.~ <l.I,~ 

1: 0 : ,.1.2u 

,.". 6 . 1./ a l_aU 
Inn,., on 'enru. of phA>o< d,f1e •• """ " 



~" ," ,"",,, "I "",I> J,ltrm~, • ,"1<1"")1\ (," .1< ... ,,,, ''' ' ml,'f'rw". ," d .. ~ 
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• I 'I, 

~,- ... " ... ,,0.] II, .. ~ ... ..,,,.-.)..n.,I .I<,olo,...-.! ... , ... ~",~".~ pi!. ,",..., I ....... · ,,, 

'" ""I'lc Id~","" ""." ,b,' ,,)r1"'~ '" ,b,n II .... """"'" ...... ' In .bol' \1,< . .. ,' 'r< 1 .. ",1,., ",.,h ,I" ,,"""''' "" ......... h) ,"" ,b ... 1,1 .. 01 '~I ,,. 'Il< .... 1 ... < 
, ....... , "" ,t..- II". 101," "I • ''''I' ""'**' ...... 1 .. , ,~ ,hon hl" ••• ~ """~ , ... a~ 
... , ... k ", "pl ... a 'h" ~ ........... , .. ""' .... ""~ ' ..... 1...,....· M" ... " 1,,111 
,,·n ' .. J .... '" 'Il< "'f' .aD,! 'Il< ""',"'" <oII'f,.'. tI' a 'h," hit .. ~ ju, ""'" ..... "'" 0<1 
th" ,"'<fl< ...... " ,~ lho; , .. ..., ,~ ,h,n 1010 " ,.~ •.• "' .... < ,I"" ,,, ,I I '.,lie'·' .... 
It ,oJ I ~I ".n,,,,, ,,,·J "rh' h,"" ,"" ~'I"noJ "'.""" " " ... < "I ,I~ 'hI" ,,1m 

t ,~ I lo i n Film I nler(e"'''fC I>ue tu l< ... n«l" Lic.:hl 
"'''rulld Thin Film) 

( , ""''1'"'''''' ", •• 11<1 hl"'lh, 1.\I"ll~"~"- .1.oJ,-I, ,,,, rul<, 
I' \ I., '\ ,,,,-,.I<n, , .. ,lit Up!"" .u,r ..... ,01"" hi",,, 1",01) ,,-l1 .. ,<J '~"'r ~II, 
~,I<II'-'''I)- ,.r .......... I,",~ .1 /I ." /I. 1"'" "I i< " '"''''n.JII ... 11,,,,.-..1 ~I""B III .)nOJ 
" ,,,III "'''''fc' ""' .I"n~ ('/I, "......11<1 ", 1/1 fll" ",II""",,,,~' ,",,1>0,', ,n ,1>0,' 

I',,,· I", .""~ ... '" hk'" '"' ~"",,,I>o,., ,,11",.,11,,1 ,,,,1".1,'" , ... ' hl,' .-\k, \ k 
""'" ,"""'. ""11>.,, l ,,"1 .... <,,1 ,I-." II"n 1,1"" .,,1-." ',1 S, .. "I.· .. , 

, ,,,""..-, "I fW'.lld , .. " .. ,t>< ' ...... .....J r""" ,».- " .. ,,,,,,,,,'': f'~"'''''' 'he '''' oJc .. 
'." , 1,1,.' ~ I " In 1 ........ 1,,,.lId ... 11"" ." ,." 10 .. , '"~ .1, ... '" " r>'~ ~,lle"""" 
"," • ,','n ,,,,,",,,,,I'~. "h"h ",uS< ,n,cr« ,"n" •. ~'""''' ,1-.') " ,II ,-",,",orll' 

1 ... ".,,, ,I,,~ 'Io" of Op"r~1 I'~'h IJIffu . ..... 
II.. 1'\ "'0'1, ... 1 '" III, .r.! \.1/ ... " .. 1 ,,, HI' 1 ", .• n,k ,'I ,n"',Jo .. •• ,. , """ 
... ~ Ie ,,' "." .... II"" '" I'" oct ... ,· ( II "'" ~" .'~ , .. ".,',. 1/ "' /' 11« ,. ~ I /'1: . , 
,I 'f' I I, 0;., II"", .\,111/' >III ' /1/' """ >II. a / /' .. , 

Tho. ''f''~-'' .... 'h 4(( .. < ... k1_ .... ft 11/11, .-l 01, " 

_\ .. ~IIIII • lUll , \ 

11,'''' ,f" .. , ',\C .... .-I .11"-\\' , 

1' _ 1\1(" tY-p('\/1 

\ ~Pl >lll . SO _ I'( 'M "I">l1I · //{·_('M' 

" l' lrS.8('.CMI'I'I/'(- ( .11 ' >IIj ~HI'1 

L ,lalll'lI ] 
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" L:''' "NI .. ~I"'''' ~ ( I 10) 

\110'-. C'QIY""" ,. 11\<".,.. 01' ",n«ICJ "~M doc, nul ... "", .. n, n ... ro<r«( 
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... 11 .. ~ he- I"""f.'-' I>n: ... ", ;"' .... 'd) "f ,II< I~)' MI . .ad ('/11, .. ,II .... I>< ,ho ... "'" 
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"non .lH~m -.I .lH1'." ,,. ..... ~ /1,1/ .00 OS ... p..~I'<''''I<"I. 01\ l'U :lIIII11I1. 

'~'fI<""<h, ". ,< .. 
, II \'I/I/), 

/I I I/II/ lln , • /I."/MlJ, /1,\ & ",1/11 

I • PIlle . 01- Yf), = pin' . CI' _ MO, 
I 1/11'11) 

110" t ...... " ,I>< .lH1'" 

,'". l'IUI'fI.l' I/ 1'/1 "'" 

I'M . ~ "'''' /'II • ~" 

,,, f'd'" ~"' .. ,."'< too, .. ,,,," 1111'00 CQ" 

I. "N/ . 2jjl «'" 

It,"",,, ,,,",,,hl'" ,.""'~ ...... " .. ,," I~ Itl"" mr~'", ... ,., Jon,"'nI ,.~~" 
''''' ,,' II ,,~.I ( ... ,,d~, I""" ,~ .. 'M'''''~ '" 1M ... "" ",,,I,"'~ ,~,.,. I~.' •• ", ".~ 
~",110 ... <. 1f".u.pI.., , ,.'h", ..... 

", .~ndl'~ ... r, ... 1t,I, h. band in . .... "" ... ~ .... "~h. I, 

" 1'1 

1"""".<Jn, " 12. I II) .,oJ ,I 14. I I~I.I " ,I .. ,h, Io",rol ,IWI ">OJ"".,, ,,' 
"",- ,,,oJ ,I.,,~ 1<. ...n.-, 'oJ ,,& and tr. ",m",e<! ",Ie- .... )"~ ""lOr -." ... ,"(~, ,,,.. ~" 

1./. 'men,it) I);, t rihu tion 
II h ... , "",," M .. rol Ill" h" ,."nn.' ,,,,,,;le,.,,.. >boot I'; 0>1111< ,,,,,""'01' I,~h' " 
,dk,«J..oJ %" " " .. ,,,,,,,,e<!. Tit" ,nl<nl") "f.1Io ',.n'n,IIN '/.' ..... m " 
I".-n I" 

" ,I lb. 

I,,~I .• ', 

,"". 6 ,. ,,,,. pm'" ~,rrm.,..·., ,.1 "'" rcll<a .. ", ,,,,,II .. ,,,,,, I. II •• ,., ..... ,,) uI 

",fk,,'I4'J t.: .... _I. II\< ""', ...... ,".eft'''Y. ",,1\<. I, " ""ft,,,",01 "n' M! ,.an CO' 
""""""'" ,.1 .. I 

h. ,..r .. , ..... "''' ~ 'l r""'- r '" 41,11-' 
p",,,"~ 'h" ,.10< 0(,'- '" <'In I I 1(,) \I'. ~ ... 

I, _ • o, ~n I I". X~.! I I<>. I, _ •• !0I1" ~ T ... ",,,,"<d ,,,10.' 
I,_.'._I, __ 'J N'l. I,_"'(II'I ~Rdl<'<'«I .. ok 



10, , .... ,dlt-..' ............ , .... ,,"<n>l') ,,' " ... ""<II",,, ... ,, .... ,,"' .. ",II "" 
11""'1" ,,[ ,ho ,,,,okn, ,n .. n,,,' ...., ,II< ,no.n_,(\ ,,[ ,II< .,,""'''' ",I[ k " .... 

! In ,,,", " •• "'nl!.J....lr. ,"" ''''<"''') ,,' ,1>.- .... ,,, ...... ,II "'" n~,. ....J "'" 
''''''''''') ,,' d ... ""a", .... ," .... ~~ ~". 

II '''" .... , ,II< .,,,b,I,,) .j( ..... f, •• ,... ,," .... :h h,p .... ' ,0 ,t.. ... -,'In ...... 'J""'" 
u..n ""lit 'r.onomm.~ -l,,,,m ""' .... ...,,~ 1I.at\ '''n~. ,n''''''1 Io<ln, ~y .. [. 
,~,,, ''"'' __ ,ho 111"1'" "'< .rr,..., '*""" '" ",n ..... ..I I,~ "'. "",-",,,,, "",II'" bo:, .. ,,' .... 
,t...~ "Ill ""JIll r"n~"' .. " mu.b t..~ ... , •• R' !,-, h'~ [,:h, ..... "~n"'UII"'" hrh' 
,,", h~ ,b", (,1m "'I',,,,,,,,,nl '" ,II< [""'''''' •• ~ ,dh ,n,J ,.J,' .. ,II t..- """., ,h.;r" 
""",,,,,,,0>1 'Mk-

1.1 Ori)tin "rC",nurs in Thin Film 
1-", ... ,.," .b,lr " ...... ".,,"" ,,< ~'>\'" lh., "h<n .. ,I" 'V"'JI' """ "",., 'ho" ( I I 
.hi","", ",I""" " ,II "" ",,,,n, i. •.• ,h. 'h," him" ,II .~p.; .... ' ,"I""mJ >l1li (ll 
" •• '" , .. I .. ,,,, " ,II .1"" h.urf< ,.,corwnr ,,, ,h,' 

""I .. ' 
,1.' "I '. ~p" "".., II(' ~"'" "or", 

, I , ..... lron """"f'" ,,~"-~ "''II'','"', ,,' ....... , ...... , .... '.n .\ ., " , ... ·rdror "" 
,II< ,h,n /,111\, ......... """ 01 ,t..'''' ",1' .,.,,1, ,,,,,,,,,.,-,,," .~""",~", 'ett" I I ~, 
-.I , ... ,.., III,lre:n' .. ,It .... ,,1\ de""",,,.- "<kl'''''fI ...... I Il, I. ''''." .. ~''''' 
""" "'I'<".oc.l ... Rc,d .. ", i, .... ,"" 'hlB tilm ~, .... ull "'Hft ".".." '''''<ft 1'" 
,_ .. ,,,I) ,II< .~"'''nrn .. ·c 0'-0lIl",,, .. "'" ,_ I, ....... ,. "I ... ,Ilt. Ii"",~ 
"'''"., .. ,h"'h,,,,, ~ .d,,,,.;,,, ,~, Ik ! '1' ..... " a ,..'~II ''''''~'n fil .. • ,/I 
. .,.,,,.,,~, wl,,,,.,.,1 J., ,,, "''''''''( ," " ... ~J" 1,"<,'" ",,,,~ """ 

,~, ,,," ., u """" ~I ... 1''''''' ,,1 III< I~'n hr. ... 00 I", " ""","1..- rolO"t<>d "t 
,ho- ..... ,to.. ."S'" ,,f ,d,,,,,,,, .. ,,,,II ,F"" (I!, "" ..I", ,,,«I '" toJ' ,lui 
r'no,·"(;o,. 1<"" ." .... ,,f ,,,.,,,,_ 'h.d""", ... .r M I I' "~,,,,,, ....... len~'h 
,) , ",1\ ",,,,f. ",,,,,,,,,,''''. ,,_I,to,", ,rqn I 1 '"'''' ,. I~ " ." ,,,I, .. , ".11 .... 

. -,. ,n ,I .. , ""~k "I •. ,,',," /J .. ,,~!t- '1~, ,,/h,.,.. ., ",,,, .. mho 

, .• 1/ J.- 'cC~. // ... ", 'VI',",,· ~i/l, Ir. ~" ~ I~ ", "'" ',I .IH' , .. II· 
u, ,,,,, nI I" ",I"", ,~ (" ,H,,· '''~ '" .1"'1'"'' .."·U" 

, ,,1'11< mooll."" Ir_ "".u" ... ..no! It ... ""," " , .... " .... ,n Ih<, ", .. , ,,"",,""1,-.1 
I'~!O' 0;., , .. , .... col .. "" .. h",h .'" .1J"c", ,. '''j~'''-''''~ It, •• 11_, ,.-~ 10"" "''P'~' 
.' ,n,,,,,.., ,,,I,,,, ... n h.",nunn,J It~hl. ' • ,hr, ", .""1>/, .... ",.,,' I" .., ... ,,,Jr,>. 

1.11 'IIt'('l.'!;loil) "r" Bruad s..u n.~ 
In .... '.' ....... f" ..... , ..... ,no.I .n,,,",,.,..,.I I',",, .-1', I ~?J, .","'~ .. ~ ~ 
I>l ,,," " ......... " ...... T1tc " ...... "" .. 101 .... · ....... , .. rbc", II", ,n ,,,", n ... "f 
''' ... ''e ...... -. 'd ,h •• Iii., .100 ......... '''".I.. ,,,,,,,,.11< '~"""" ,,f.r... Ii"', 

t ',,.,.,,," (,1\1 I rill" I,'m MIl , IUIn'" "''''"r \ ~,p I "., Ie.) I 11'00...-... 
'""" ' " ........ Inn~ • ....,,,, .. ,, ) :ond 4 ' .... b U .... ~", ""''''a' r.tI) ~ m«"l' ,Ire: 
,u,I ... : . .. . d,rr.",,,, .",'" 000 r<" «lit,· .. " .h~'. ~ .n.t I> .. h"h "'" "'" 
,,· .. h.nl ,Ire: 0)' T1tc .. ,f,,.., ,>nI) I""'~'" ~,~ ,,,,. hi ... " ",,~k"oo not lhe: I." 

lIu. ,n , ... '-0'" III' .""n<kd "",n', PI 1'1"" I " I I~I. f.., ",,, "lenl r.)·, I ""J 
~ ..... ' ' '''' .",'''''' •• " "'kill. ~"" .... ,·n ... h·,I.I'"'8 '. 4 ....... I> All uI' ,lre:m , .. ".<~ lhe ~~., !)Cp In I ... ":I" uf_ .",,,,,. of "~ h' , ,t.., JO ,' ;n,,,\<., ., ,hh.",,,, 
.n~k, I>rt lhe fi ln, a.e .. ~,>rnnlUJ3,c.l h)· ,II< t~., . M the fi<l~ " I \ ;ew Is I:tq!< 
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1.9 Frh'~(" I'mtlured II, \\Mge-sh:,pe(l Film 
1..<. ", """",1." II", pi .. ,,,, '"" •• .-c {}II .<><1 0/1" ""'" ..... " ., "n~k ",,~ '""n> 
~ ' ...... l~ ,h"I~'~ ... ' hh" 11", 'h"'l '",,, "I ,I><- "i, iii", I " •• ,,,,,.«'01 ~IJd ...... Il' 
(""" () '" /I 11'1& I M K~) .1/1 ,,,,"',,,"no "" ,II< "'''',,, I"~'" .. "h >I,,"" ,,' 
'II<KIoII«' r.rt,~ "h"'h refl«1<o.1 olunf Nil and ",IT "'I1 .... If~'<d ...... ~ lIt 
"'''h ...... 0/ «Ir..: ..... " AI ,he: "",no C ,I .. . . ~'n . 0110" ... ,,"h ... ,1< ,~ 
.. n.c,..,., , • • "1"~"'II (-n ,,.j Iin.lI~ ~11I<'fJ<"~' 1)11. fW .,Id til .= ,h..
pnp<iId" .. , ..... """,,, II"", " '" 11K """ lK ""fir .... ,,'''''. -,. .. """"" .. Ioew"" 
I!IQ .... q.!"" lit I"~ I>o<:ho-ad ","", Ill' .. P . ..., "n'll. L Cf)f' R 
It. Q')..w Io ..... .u /'V. ('0 _ cr>lOll WI . MP _ , 

"'''''. thor.or hi .. " ,,,,,..,J ""Ih '<1~'~ _"""""10. " tN. I ')..10" 01 
«f"Hl ....... ' ,n,,,rf<"f<II<' '''"t<' .... "b,,,,,,cd .. hICh .... fWlIll<I to d .. <tIre'~ lh< 
• roC. Th< ""erk,ml nI)' /III ond 1lII, Ill> .. ~ ..... ' ,II< "I" "",.11..1 ,,, .""~ 
",II<, t>u""" .1'1"" .... ," ~".'V rrom • I""'" ,5 ""or ,II< (,1m ,""" ,'" ,"'rri=",,, 
,~ .. '""'" pi..: •• , ,\ " \ ,,'u.1 'I'll<' .110<1 ..... ,"I<,f.,o",'o '" I be "",' "II,," II, 
angle nl in,,,"',,,,." <m.1I 

In ",.,k, ,,, "m,,"", "0< ,"'e,lc""",'" I.d>ll<'en ''''' " ,.·C' H~ .n~ /JII, . "'. f1"" 
,'.kul ... ''''' I",h doffm:n« he''''ccn ,hem 
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I ,,"n Ill'll ,..,., I,' <I" 11'1/'(J 

H' ,,/),,", •• , ~"", • • ", ,I:!O, 

"" ''P .. -.1polh d, ff.n'I'''~ ~ l,,, ,',,,II • 'If II 21) 

hom d, ... ,,,,,,,,,C"""" ~ .,( I 'r~ • " ..... ~ , ... n h", doo< I<> ",0...:,_ 
1.01 llot I"H'" II! r""" tht ""h .. .., "I <'I"l<"alI) <kmn mtdn.", .... u", plio"" 
d,ftrtr~. ,- ,. , •• I",h don"""",,, ;.n ' .. ~ ... ' 

';0, h. r ... "I,.(I .. '~ ,'.,n/,mll" <lIo;e •• u '>JII ... 1 (\01' d,lletr .. c" 
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~ ,...:,oJlti film >lid bfn. (I n &. I 2" .. ,II ",~., .. ", \41" I 1) & I 1.11 

1.1 0 hinl:~ Width 
1 nn~< "'~'~ "r Ill< In"S.' ' .. "'''",n~ Jw 10 ",," 1,1.""1<"< ....... ,, .... 1'< •• kul't~1 
.,10\""., 

\ul'l""" th., nth Ior 'lhl illnle ,,"un at 1'.' d.""",,. I. IN"" Il I h.d .... · .. ul 
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1. 11 1'omuI'f' uf Inlt'rferent"t I'allem 
I ....... , .... "'I-"T' '''n ", rn"~ "I<lth " .. h,,< .....,., ,"", 

, 
n"". '''Of'' .. ,Jlh /llk,,,,,,,!- ""I. '"' 'h,- ""'d<"~'h'" ~ I 1' ...... n~l< "'I'" 
''''''''-'' \'" "1,,-,, """".1",."""" 1,,101 , •• ",,1 "'''/1 •• "" " • /, ""'n~" ~ 
/""'i, "/", .,,1 .• ,- ""./, ",,1/ ,h, I""., • ",1/ ,,,,,,, "11"'1''''/ ,~;, ju,.., 

h. JI<~" .. I ,n, ,,"'n, ... , • II .... ' "" I,"" "",II. ," «" I, • "I I~" '''' 
."' ... "'''~ I." h".hI .. ,.)..,~ .. , 
I>. hK h ..... <kl"'"~''' ... I~ ... , ". ,,~ .... """' ........ ). 1DI , ........ uUr ' .... 
,,[ I' ... ,,,, ' ........ on ..... "'·of "",,~,- .Iu,"" 'ilm I ' ...... 'n. " ... " ... , ,d u.. 
~", ... 1~'" IW-"!.." I .. ''''' .-.I"" "' , ...... ,'..., ..... , ... "~ __ to ..... " .... ... 
k"~lh ", Ilk "",If ' """' .. ""f.' j'U."rl,,' ,,,,,<,, • ., ,~ ... I "khlt. 1"",1/ .. 1,,, 
,h. nJ", "I ,h. .." ,oJ,. ''"' J 0" .• " ,~I "I ,II< ''''F> ",II ' .......... ""h 
in, , .. '" .or II,,"~... , .... ", '"\II4l'" '" , I .'~, ~ ... h rll",.·, ., .. <.11<'<.1 I""~" . ., 
~q'~" ,~" I~" , ",,} ~~ , / ~ '.". "I/.J ,~" , .... 1",.,., I'" f"~." .~ "1""/ ~ "I'" 

1. 12 Thkl. l1l·" .,r Ill\' \\~tl ~~ 
""1,,,,,,10'.,,,,,,,, ,,'" 'h,'~' ~'l<",,1 

~, ,he "<JrN '"""f".,j 111m 

1 h. "N)-'<' " ",' ,,_ d~, ~'"f' ,,'" 'I' 'I. ,,'n .. "' .... ,~" ~"'''' ,~ 0.1,."",." " 
10 "" nl<.",,~J. 'n ..... ~ ,-.cn , .. " ..... ",.11' II., "~,, rl>' ... , .. "". <<1<1, .. hd< .1>< 
.Mhe, .n.l ,"""Id"" M"'''] II ,~_ I g, 

' .... "~J'n.~. , .... 'hm 101", ,n"',( ... r",< , ....... ) I." ..... l "-l ,,,,-. "....",~ ... " 
~J" ,'","" • III" ~.l 

o ~
--"" . -. 

I , . 
j -""". 

• , • 
flJ. 1.8 Thld" .. " "r ,Iw .......... 



~, ... _ .,.,k ,~. I .... ·odcncc , ...... ) ",,,,II ," "Sk I. ,"II ... , , ... " ...... ',"I' 
.n,.lI.an.l .... ~k (II ,II< .'""~. <I IS 'I''''ft ..... ,' ,......,,""" 

,..,." •• >1 I. I' • I '<If "" 

s,,,. ,II " ,II< Ionl''''~ ,II< ".-.I~." ,ho .. mt.;o u, \LlI1 'nft~ .. ""<"",,J ,n 
, .... ' 1<.",10 .' ."" /I'ho /""'< .. "II". ,hen 

~"'I/J 

!t ,. WI' 

" 
" 

~.Ih<.;~"", "'''''"fl', IIwt >pO<,,,,,,,,.:an be 11<1..."",'"" ..... II"" "'" , ............ "". 
'~hn><PK ,n ., .. ~. oh;ap<'IIl"III 

1.1.' T,,,'tnl: , h ... . ' ~In,~ ... r Surra • .." 
I, •• c.l~. ", •• mod bel.""" ,."...nacn O~ ..... "/1 .. k.h ~" I",.,,,.~h 
rt-, ........ 11.' oil film " .... 11) 'n<rnI>e<I,. ,"" ~ ... " h,_I' , .. ~ IN '" ,10, • 
• nl<l'<rno..· ''''',.. •• ,It .... C'W. "b"'b .... "' ....... 'h"l~ Ad I".,U<I~' ,ho 
'""~" ,of ,10, ~NI"" ,s" ...... ".-h fn"l:< .. tho: k ... ,,, ,., ,II< 1'"""" .... " tho 
'10" ......... ''''" '~8,ohh< film Iw I cmWIII ,all>< "". , ~~ _, 110" "... ........ ... 
,OIl II.: 0"' ........ 1m!,"''''' >1'1""''''''''' (If ,.,.,1 ••• ",. It !I .. "" II" ..... ,,, ", • 
.,t ".. ... , ,'ud",,,,, "",.", ,113' ,"" •• ,he", 1M ..... Oil ........ ""'l<' ," I" ..... 

• 

• ! , 

In ,.Jr. '" ,ht<~ ,hi' '4""-..J fuI-o' o(.a) ""I ........ ) Olf, 11" " .. .t.~ 
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... , .... " 'h" f'I'" d,fw.""~,, «Iuol It> ,OOlJ I1Iul"I'I<"~ ~ /:/ .. ,II~"" d,,,,,,'''''' nI 
,",",«1<"'< ,n,",,, .. So ,he ~11"'" of ,nl~<1' ,,'n, " ""n",,,. ~M ,~ .. "k "" " 

.. ".", ~, I,~, _1 ,,..os ,II< l<t. ~1IoI. 'N ,,,.\<, ''''n'<'~''''' m'n" .... 
On ,ho ",I>,.., h;ond ,I ,I ,, ~'<n ","I"I~ ... I All " .. ,II f'" ,,,''''0''' ... < "" "" .. 'If ,he ,"n,h""" f,., iMlnl"'''''' ... "" .... ,. 

G ... _~'_"n6.l.AI~ .i t1 'lb' 

.. ""'" ~, n. I 1 1"-'" tc"tItnI. hI, !ntl, ,onk. ,.""'..,., .. " ...... "'" 
",' I !~) :0..' 1''''''', ,n F" ,1J .... , ,,,-..,he ,., •. " .... "' ..... " .... '" ""n' .... 
r"''''''', 11<"" .. 10". _I""' ..... po'" d,lf ........ 

HlfJ.,.. ,1wt 1'1 .. 1 ......... Mini .... 
I.." ., ""', ..... ,he ...........ury ... ~,.'" d, flfX1N ,n • d"e<'~ .. ;""""" ., ...... ~I<' 
~, """ ,I>< ,"" .. 1 dl"""""" .,.- ''''' ..... , ",tot '1'''' I"',h d,rr",n .• toe, .. · ..... ,,'" 
d,lh .. ,,·~ "".," 1/ a",t HH, .m.n."n~ II"", II .... "~mll'" ", ,It .. "'" ,III " 
(h, I ~.\1 



I~g / ""n"'-"n~ /·h,.. .. , 

/'0" .. " Ih" I""h ~,flm''''''' "<""II , .... IIIr ... <>f .L ,hoft 8 ",II,,,. 01"-...·'''''' 01 
JlUr ... ", .. OI,nll'IO,n. "h ... h •• ..., be upl><fI«l'ft <be _ "'0) .... ,I ,,-.. _ ('" 
"",1< ,(" (-,.,_ ,he ""0 II" .. , .III '0 be m;ak: "" ,,' , .. " h.<1, ... " II><- ..... h 
d"I,·",,~ < 10<,,,, .. :,, ,I.' .""'"""....sll'! r--~"" "' ,,.,.. IIf'I'<' -.l,1I< k ... .,. to..Ir ;, 
'"'l~.1 1<, JJ~ ,he ... 11 ,I .. , ...... ,.o.bt) " •• ~, .. ,II '''''''(0 " d<"na."'~h TIw" 
,,,,. d." ... ,.".. a ..... ' I'" ,/.: d,,,,,,,,,,, <>I d,II ... ,<O<L .. ,", ..... I ..... "",II' /' 
II ,~_ I ~ I ", .. , I"" d,l" ... 1"., "~II,"'" I''''''.'' Ik ... o •• r"''''''''- ,he " ........ ,,., 
I •• M ," I~ ...... ~,_" 

• I '.'a' 
", .. ',, 1'. I J "o<r< 10m On ,n" ,.10., ""0.1 

II h,n 1<.'/ ~ " lin IJ • "I" 11.1/:' 

,II<" II", d'''"II,,'' ~",II ~". ,1>< d,,"",,,", ,,( (Mfl1~ ",," """ ,II" 
I'll'''''' , ~J, ..I .... , ,I., ""no:lor) ........ , "h~'k",p<C"'"" ,he "TI<n,,,, 01,,,,,,",,"., 

Qr d,IT""""" r .. ,.m d"" ,~ d<"'~'" ,''' .• 1IlI1"" ,,, ... "n,,, "'rr""'''' 11,< ,,,,.n,", 
,1"1"1.",,,,. d ... , .. ,,,,. "",'n,·,,,,,,_· ho,,,,,,,,, ,lie ol,nr .... II,j h,'h'. 1/,<11\ ""'h ,10., 

,I" •. '''' , ... ",,1/, 'I'"~ <II mk '(~ ... n, ~ I'«/Jr'~ U '''f'<'''''V''K!I ,., ,I><' d'lfr,trfft., 
1"'/1, , •• ., ,It< ,1".'·., ,I., 'Til< R"~K" '~1"",1I) , .. ,U""" h\ ,t.- .~"" .. "',"""um 
,,. 'M -i"" ... -,h, ,"'" ... ,,,., 1"'''''' ,,",," ,ul""""P""" b) ,\,.- ..... 11; 'I~"J 
'''''''h·' ..... ·~ .... ,"'y .,,", m.n ...... 1 ..... '''''''''') rot ,,,," " .. ",.1 ..... "mum "" 
"' ... ~..., .. ~ " , .. ", """" ,""" ,II< ."" ..... "l rof ,ho "'""',," ",,,"'Um I,. It.- ""ok 
010, •• ",' ",II..,. ,n ,II< h>ll .... "'l d,,,"u .. ,,,,,,, 1-'" lnl,·,.". "I ,PI<_" 
",.,oJ." " .. " ..... -",' rr""""l1) """"'.""1' , .. ,t.- ,." ...s.. ", Uo< ,.,",,,1 
,n."""o", 1/'.: ,"'~"'," d,>ln .... "'''' cl"" ", dim.,,,, .. II) "'''''''' .1" ""h 
:!., • /' " " ,,.,.,,, ,n I-o~ I_~~ ",.... 'h<- 'c~'''., '" ,he ,0 .. ,,_,1 .ond ,,","""Ur' 
", .. "m. d,I', . ..;,,,," 1"1I<,n J"" I" Jo",~k .111 "'"I"''''''I,,,,.·,I~. ,10.' ,,,0,,1, 
"I." ,'J ,n'., I,',,'n,,' ""'''" ... ,,'I,,~ ,.'cII'''1. I· .... ,lie , . '" !t, ~ 110.", ~,,' t.. '''f 
II" ... 1.-.. ' .,.11'.' III ,he.-co'r.III,'lr",,",., ",,,,,,,",11 n, nJ "', •• h·,,''''' .," ,,""' 
, 1/ ,J ".lII~ ., I"" ""'OJ "I "I" d"I1..,,, ... '''''''", .. ,,' " ",II , 
.Jo.·,,,I, 'I'" I , ..... ,'<1 

I .2~ ~ n"' ''hufcr rhrol) uf Iliff rfI("lio ll G ra1i .. ~ 
(M,' ul II>< ... , .. , '''1P<1fWU ""'" "".,o."nf "f'I'I"''''''''' ,~ ·111" ... :",,.. " ,h..' 
J,II, ... ",,,, r"""" I, ,' .... "", U(" I..ot" .... ,,,,,," ,,( .""',,"',, /Un .. " ...... 11,·1 
,/", .... p.w..ru I') CIf"o'I '..-.u< 'i"'<" Tb<f<"'" ,,," ')l'<' <of """'" , .. """ .. ,, .. .. 
'''''''1' -'" "'1"1«1",, rr..o'''l 

·k.".",,,,.,,, ,""A~'.ar, f"'1'>'od b) "'~ .. II., I,,,,,, ""n" ... ,) ,-I,...., ~'f<"''''' 
,," , .... , .. "r_ .. ~· ,~ .. rl.!" pi". I>} ~"D~ .. r. ... ",,",p dI., .. ·,,", 1"."' In " ... 
..1 •• ",,,1111 ..... ,,1>. .. "'~ • ''1''''1'''' 'fX'<"" .1IlI ,t>< """1'"""'" ' 1"" ___ In ..... ",..,., "'" 

h"" "".' 'h' 
I ,~"'" ,I ~ ~) "'PI"< "' .. ,, ,"" .... "'H .. '" ~ l' .IIn, "10.-",, .,", .'11" ,..-,1"''''''' -ul., 

,,, ,lie r"''': "f ,I", I'-'IX' Onl)' r"", ,Ii" b". "''''" ,)."'n '0 Fo~ ,\ ~\'IK" "" 
... ",.1 ~,.""~ """.,," ,'>oo..;ro,h "I ,hel1l I"" «0""""<' n.. ",J,h ,,' ,· ... ·h ,I" 
" " .,,,1 <I ,,' ",,,~. I"" ~ «." ,~ " , III, ,,/, Th. ~"'" ''''. I" • 1>1 " '"'''''' "., 8"''''' ~ 
.-1m'''''. 11 numbo, Q' oh,. 1"" cenll"",,,,, of lho '''''''¥ ,N ,lien '" • 1». liN 
,"' fh" ,T ,\' , 1~-'KKII",". IX' 'IKh.,lIen 
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'i<o ,!'It .. >,,' kl ~,h .4 ",J",m 10"" ' _ ~UI AI ",,,,,,,,,,.tk: 10 Iht ,""" ...... 
.;« I_ bo, .. h,. h " ~, ... ",,"I ". d,n, ... ·" ••• 

To,... ,he" r , ........ ~Ct J,U' .... ·'''''' .... 1<'nI1ft • or ..... m ........ ', .. ,", 11"00 ,,,,-><10..", 
.... ,< ( .. "" ~ .. " "" rI ......... , ,10< ~,fh;oOt, .... "!hI "culk,,"'" ,." ,100 """"n ... "to 
III< help of !II< lon' I. I.." .• 1':LI':I1I<1 bo.m of _""'m,"'~ I'~ ,,) .. ~\. 
1.".,llo;' "" ,,,,-.lo.'ol ,", Ih,- """"n".""' ~"M', 1'bc pml>lm, QI flnJ,"~ It.< 
''''~II''') .,( hrhl ".n"'"",~II,, ~r.""~ In, .. 1> <, tIN: ",,, ... ,ph ,~ ,nk,kn:", 
0 .. 1 din" .. """ ~,,~< lb,- ,I" •. Ire 'e" ",""'''. '-'""1""'''. I. ,"" ""''' I<"~'h 
,.J h¥,u '" .... h I" ,', '''" ", JIll ""'I<J f.')' 11>.:", diflr ... ·'ru rO)' ,hen "",·,t" 
",,10 n,,<, 11.".1,," '" I"'-.l .. .,. ,(", h"'" p,.,<m Thu,_ ,II< r"", '''''''~'' ,I "'I'" 
1''''''''''' '11m. '1'''''~''r I~"'<'" " .. Jill""", '" I"''',m .b~, j 1_~ .. ..J I 1'" 
''''''''MJ ...-

I W ..JeI) .'1' ........ J.II, ... ",," '''''''''''' (~ .. , .. o ., pnnuo) "",,,,,,,,I ,",h ~ 
If" If, ... ,n¥ I~" , .. I>orh II", .o.k, '" < ... tal n ... " .. ", If 

1. A 1>lF<' """""" "I '.I,'" ..... ","",.tr) ..... ,,""':.no! ""n'~" ,. Io<t~crn , .. " 
pnn ... y III'''''''''' "" \I<>tIr ,he "oIn QI 'f., I F'1l I .Hi 

C .. ltdi' ~", r,w "rI ... ~'} ".,j,,,,, 
I .... ""11< .. ~,~ I,,,,,, t...- 'oc«lrnt .... II...-"'''''1' "'If ... .., ",,,",,II) Il ~ II., 11<"", 
I"'oc' ple •. ~.,.-.. ,,( ,he", 1''''"'' ,m ,he ,I", ~ ..... ..J:uy _-.«k1. , •• 11 
~'m:lion<, ~' O)<I ...- ,bt o«Mduy ,,-., .. rro<ffiI "''''J''' ud ~lI<ft "~I<'<'«I ~ 
, ... Ie,,, I. 1",><Iu,'" ,,,no,, I'".''' 1"""' a, .I/ I,,, ~",",R.' "",,,, ""'"n",'" 
N",. <1 ... ",,", tI~· h~I" ,1,,,,,,,-,<0.1 ,n ,Il< """',.'" '''"~'" • • " ."Ile 0 ~ "h ,"" 
"r ,.dd.", 1...-.. " Th< <,,11«.,,'1' leo, 1 .1>0" IM'1""ly IIM.,«I MI,'h ,h .. ,h<"e 
.lorr'a<"eJ ,~~. "" .. r.", ""II"""" <H"',,, ~,od M'" loc.""'., "" n... in,.n,"y.' 
M , "'ill 1kp<n.J upon ,"" p3.h d,rf.",,,,,,. bo,u.,n K<""~>ry _.,.,'c, ",'~m'''1\~ 



lrom the "<>m::,pon~,n~ po-"nl< A onJ C "f ''''~ lI<,ghb.","~ .ltl' I. I',~u", 1.25 
,\/1 .. ".nJ BC. h, S" Ih< I'alh d"le"'''''< ""''''0""' ''''~ ,,,,",f",,ng "":""""') 
~"' e, Ir"". I anJ C I",,,, ,,,'" "'W'''''"'' ," ,I", " 

I'"h ,hflcoo,"" . J _ C\' . K 'In Ii 1,1' hi ,II, 0 

n", PO""' 1/, ""iiI>< uf"""""",,, '""'""') ,III .. , 1',,1, 'hl '~'""'~" """.1 ,,, 
,,"- 11,", (, .. " ,,,,,',,,"'a, ."..., 0' ",fl, ... ,," .,,~I,' fl. fI, "hen ('\' • A. ,,~ ~ ,II 
~<I I" ,onk. pri,,,ol)' m:"i"", .. ,II I II ,I>< d,rr,oe','" ""fie /J " ,,,,-n",,-'" IQ 0 
'""h II,~' "..,,, d,ff""'!1<'< ex bo,,,,,,,,, ,,," n,.,,,~ ,,"« .""rf ... ,,~ ,.'" ""m A 
,n" ( ,,~A ,hen 'h"' ",II ~,,'< ~OK! ,w,k, r'''''''') ",;""n.", M ,",1 '" "" lie"". 
'"< ~c'l<r"' mndu,an 01 ml<rf''''n,-~ "ro,"~" II""'''",, " 

1 1·'lhJ'fI<"""~ . ,I C" _ I,,' /''',"I! .. . "AJ 
"""'" n = (l, 1,1, 1 ,"" B. = .nvi< ,,' ",fir ... ",.., h~ ,"h l'nmH) ,,,,,-,,n,,, 
h., /1", 0_ ,,, • IIi ~'''' ,he d"""",", "1",",,,1 n,,,,,,,,,,,, Mo 

("ondiUon of ,;Hond~1}' minim~ 
Wh<,. po lio oIo(,<,""",c 0': • A .OK! ."I'k HI d,Il, ... ,,, ,n 8" 1;0 ""I", prl""'} ~, 
II, ~ ,11 "",,< I Fi~_ I ~5). N"~' 'f .he 'n~1..- ", d,'''.' ,,,'" fI, bo ,n,',<.",d h)' dB,. 
"'L'h .h.u ,I>< 1""" d ilk",,,,-" ex be,,,,",," ,~" ,-""",-",,U,," ,"1<&,,", "",,,,...r'1)' 
r.y' f,,. A .nd C inc",."" I>y All', ,iten ,00: po,h .1,«<.<,,,,< 1><,,,,,," , .... """~""'f}' 

"'0'"' I,. ,,,~ c,,«'"'' I'''"''..! "I'd S 1>' ,,,,, ~,," ... ~ '''(''''C "",d. ,''''''.,," l' 
no,,,,,,,, M ,I", ,..,11 b<, AI,\' x N .. A_ No" .""m,, '"'" 1 '" "lIok "~'< 1M" i,' 
,,, I>c .r" ,<lN1 10'0 ",'" luh'c', 'h<n ,) ... p .. l, d,ffc.~",- .. I' .. ,~«" 'nc c,,<,", •• >OnJu'~ 
r<H"" "ftl., '''0 luh", ",I) h< An .,.1.11 "lL "'C<Hkl6) "'",C' .. ill i"te,fe,e 
<1<,,,,,,-,,,,,,, 'hu.; <B •• dO,) ",II ~,,< ,he d"e-'WH' ,of ,he Ii", .... ,',""'.<} 
mm,m •• [IC' ,uh p""'ory ""',,,no,,, S,,,,,'.,I)' ,I' 1'," h'~"'" '.''''' "f ,18 _ dfJ" 
,X " "", .. ,...oJ h) ~)J.v, Illtn ,ho r.,h ~"l"."", ""," ,"" ,,,,~ """m< r." ot 
,,,,, ~""'''f ""1,,,,< h"m ,\ "OK! ~ ",II h< 1~11\ , \' . ,' A Ilo:n" I~,I< ".,c j""" 
" ,II "" dO' """I '" ,,, f,"" p''''. "",I ~ ,,J """oJ,., """on D '" jU be 1'".1 "CC" '" '" 
". ,," n,u, in ~",~"., for g • ..Ju.lI) ;n<',· .. ,nv ",..., 01 dB rmm B, ,r..: po,h 
",(feren,' .. ""' .... II ''''0 .. ""'""'"',," "'}' ''''In 'I ,00 (- ~".,. on i","",,"~ ., 
AiN, !)IN, IN~.!l! ."" pr',.,r",,", .. ,he",' .,,~Ic, ,~< h', !OK!, ,,~ 
IN , toh "nle, ",-,<,ooJ''Y ",,",mil .fI~, nih p<,m",y m .. , ,owm S" , .... "un,l,... "f 
"""""';11)' """,,,,,, ,,' I>e,,,',..,,, ,~.~ I~"""'l ",',"". "IN - 1)'00 """''''', uf 
<"(""~;If)' "W,"m'" ;lU,~"",,,<.lI) I,V 11 

TIILl.>, Ill<: ""nd,uun lIle hI ""unoLar) ffi,mtrul ;I!,,,r n:h pnnwy nlv.,m~ i~ 

( L~.lb) 

,,'100"':0, ,be "'NIdi""" for h' <,«"nJ'I)' """'''''' .",', ,',"'rAI ona_,,","m" 

lu + b, >I" 'II ~ ,/0,1 _ (). ''''''J .. AII>' 

t" + M"n ,B, • dO". A ~ ~AI/'I 



LZ6 Kesullunt Int r nsity 
It .... _ , ....... ,,') d,,,,,""'",,, ". "", ... ,(,', do:..toIt ,Ii, ~ d,',,,,,~ .. ,...''''_ 
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t .Z • . 1 1' .... ~I.l ... "" 
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f" ..... c.. ..... ","_,~ ..... ~ """It ,Ii, I ro. 12!1 n.. ..... k" .. ""ft\hnl ",,'" 
<011 "",nt, ," • ,III .""'r ,II< d", .. ', ,, .. fI, ...., "'t"" .'onl ,,, • ""~ ..... ".,.,,~~ 
h"m.1It mtd.Jk 1""'" ,., III< ,III I, III< .. "lIh UI "'" ,,";10 ,I" '" ""Kkd ,,,~.,, 
o~u'l p.u1 •• 00 ,It ... ",pht""" ,~ ,he .. ~,. rn,", .... h 1"" ,,~. ,hen ,he "h ...... 
d,/I<,",,,, 1><,. ","II .,,, , .. " ,',,.,,,,,'oh,. ""'<, h"m ,he", ~,,,,,,, "" .. IJ I>< 
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U h.2 t"o< 11 .... 101. Sli. 

In .J, ... hk! ,I", .• he,.. we I .. , < ",,' <:enlr.1 J,lIr.>elc"ti "''''~'. ""h ."'" rn"" 11>0 
"".kilo I~'H" ,,' 'h< ,."." ,I,,, So ,he ro,h ,I,IT .. , .. """ I><.',,«n ,."." «""'u""" 
c.'" I""" '''''''.n .... '"'''" ,'H", h,· /., \In ~ 'h,. '1,1, 

("II' ~ ,,,. /., "" (J 

I !;'~«"h)"nlJ~1/J • 
..... ". ,I", 1,",,1 ,"'on''')' ,n , Juct,,,,, fI, .. , 2-t1,(f, •• :!<J r.'" ,·."h "I ""plu....., 

, _ IU" I ,," rtlill ,,,J hoi, ,n~ ,',"",m." ph ..... J,Il, ... ",," :fI ~ !: '''' '" "" fI 
",," I" "k"I,«d In ,he ")I1 .. ,,,,n~ '''' )' 

,'~"'" h~ "''''~ ,"" "IC,I>I.I "r 'C""<W' .. IJu"." ,,' ,.""I".,,1r '"'' "',,,iI,", 
>' "ph'",,,, ,,,.,, 2 -, I", >h • ,I • .-«",.. 0", II ,.' 

. , ',n" >tn 2/J I _ "" 
" ''''II 

).", _<"" .• 1 m."mum ,n d<"'~1< ,I" (J ~" 

111<,,,""'"'' 1'_/l~II"h"hf"<' 

", "" -" ." ,,-

"n' " ,'" - ~II 
" "n ' ,~ 

Ik,,,'< ,II< m'<n,iI) "r """""I ,n • • im"", ".II Jue ,,, ,~..,hl< ,In i, 

"hm n _. lIoflll fJ" U 
n,",. ,II< '"'<",,'y ,,( ,he ""mr.1 " .. ,,"'., in .. ,,,' .or "".hl< ,Ii", ("u, """', 

,I",n ,"'" ,,' ""~'" ,hI 
Tho ,n'en,,,) ~'>lnbu""" .bu • .-n ,n F'g, 11.~4J ,'one'l"'oJ, (0 ~ .. h ,,1>1-,,' 

., ",he" ,d,h "r ,he ,II!.OO It ,he ,~oc ,,,,.:,,,~ b<;"""n ,,'" ,III, '110", 'h< 
1""'<'" .j"" '0 d,(fr","",,,, .. , ", .. blo ,.h,. « ... ',,', "I'" Jilt ... " • ., I'''''',n ,I"" ,,, 
,he ind i, i,lu" 1 ,Ii" ,0( " Wth " .""h, .. h ich i, , "f"""" '1""".1 1» ,I", ,," ",f ",.."", 
""It"m "",.inm," and m,mmum of "1",1 'l""m~ d"" '0 til<' m",rf.""". ,,( ,,,,,,,= 
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1(-" ................. ""' ..... "'''~ ,~)" (" ... ',.0 _" .. '" "'" ", .. . b, "" 9 
,h~ 1 ~11 '''~d ... < ,1)0- ""'<....,...to .. JII>- d,If....,,,,,,, , 

i','·~'>ln8 .. !fj 
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Th< ", .... ,,""" "" ..... ,) .. ,II ,,""" r", It _ 0 ...r /J. 0, '" I,,,,,, <'f\'.'I'''''' • I <, 
.1Id I ", .. ho," IJ .. n, .. hI< I, r"'" ,I>< "",,'IOn ,~ """.1 .. "",m."" I, ... I~·n 

U .U.""" ."J" ... ·n/l'Il"".\'/lI"" P-' 
" ~" 'h,' -- '''' "",'I"'" .".'. ,,,,,,,I .. ,,"'""'" ,1/" It ...... ,,' d 11" , .... f' ... " ~ 
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,1'1\;1' 

,111, 

If"" , .. ",.....K .. ,I 511 ,he r ....... ".J a'«- ,. "",,,,"'''Nc I .......... ,1< .. "" .. 
"rt«'. olw , .... ,,~k ,I" _.he ..u,.,.. r .... '" 'III' .\ /1'"'' /J .. ''"'I''"",1\Ir I", 
,he ,-.-1 .. < ... < .'Ia:" nI,t.: d,rr"",.cd .. )" (rom \'"1,,. 

I'ri",,,r) \ Ia.\i",,, or I' rindpall'ol:iximll 
The «'ull.nt '"I.~''') I .. ,II he "",,,mum ....... " "'1IOIII'ft~" .. "I <-ojIhI, ..... (I ~11 
"I<'" ,. "I",,, 'm/J~ () 

tI~J."W"t-.,,-,,".O. I. 2. \ 

fj_1nw 
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, ... ..., ..... ~" ,to ~ .hoI,,, ,II< 1"''J'<'Il "f .. _ ,d, ... """ ...... " "") .r.- ,,,I.,... ,,~, 
,,, ,,_ , ....... 1 .. "',,," 

,,, ........ , ... h ".-.,"«1 "", .... ,>1 " pbc ........... «01 '''n ",,,..c.l ...... ~, ... 

,,,,,,,1.'1<"" 1'"'''''. "."'on'," ,'" 'II",,,,, .. diU,""'" 1'"".". ",,~ . .,. ' .... ' " 
dtr _,"~''''' ~n .... to< 1.oLL'Il.lb<-w<f" n,..",",,", .. ft." tho; .. 'r1, ...... , 
..... 1<'0 ",II "" ,~ .... 5<. th< ",." !'w.,.."c.l ,".1« ..... ,~ .. I"ok ... """ 
~......w u. I« ~"''''''''''!oj 'hI' met""'" Gc ..... lh • "" ..... , ., , .... I"ok. ", .. I., 
"I. "_o,,,,,.n, "I .. ,,, ,,, .. <11 .1 ",~",."" in .... ,.,'nI ,"" • , ..... ,,1 h",~ ....... 
,""" ",,,,kJ 1'1>< ,'"., .... , 1"""''''''<1 '" d,H,..-en, ""'"" ,,, ..... d",I, ,,'<I .. ,.. 
.'lun.,,"\1 ~'II« lit< >I'e" aO<l ",,,,n "1"",,, ,." N <'"0"";.1 ~) "',' "",,,.1 
«.h""I'''-' '" 'h" ,,1"011." "-' I'~'~" '"'',''M-''' 



(,It .:"'TIO,"' 

L,,,u.~,,,,, "" " ...... b< ........... " •• """ l)o~,,"""" .... ~ .... ,. ..... ,.., 
•• ,W.-l _ ..... "', ,.~'" 

~ , -.""''''''.~.''' ... ,-.. ,. \'. ,,. .... _ ....... -" .. ,,, ... ,. .......... -.... ~,,. .. 
~.pI.ooo ,.., ....... _ .... ,~ - ... " ......... , ........ "')"<.01 
"'" , .... " .. _ ........ ,~ '. ___ pi ... _lull . , .. ..... 

, t,,,,. ,Ioff.".. _ .... ,,f ,.,.-, '"I .--. "' .... "'~ lot ... 
~ Yo"",Io. "" .... "~, t>i_ ... ,1 .. ,,,,1 I.,·h. "h",~.lh..J •• " ..... " "., ... ,-.1 

h,'k, • II< .. ,,0., h,,~ ,,, .. ~ ,I! 1",01",,· ,,, •• 10<1, ... ,' ... ...-.(',,"'....t ~' ".n"",_" 
""_ ..... ',-'1,"-,,( 1 ' ~Iu' 

1 " .... '''" ..... '"' " ...... " ,.~''''''' ....... '"' ..... '1" .. I ~ .. """ 
I., " t",.", ,,' ,,,,ul ... ,y ... I .... ><d 1.,hI " I',,><d '"''''rh • ~" •• "" ~.,< I""'" 

,ot .. , I'I .... I"......,"'J' 
'0, .\ "'_,~ pi""" I"'.<...><d b,h1 •• "",..J ""''''Ih. '1""1<, •• " rI

" .. ' 1,10"".01', I" .... ",.J, 
,,' .\ ",,0, •• <11.l"~"'" p-!Mt-..J .. , .. ,. ",.oN ........ h • ......,.., •• " rloo< 

".' f,_ "'''''''J, ,.10 , .. _, .... _,. ......... ,.,.. .. ....-..' ...... 'h._ ......... __ 
... "" ,,,,, .... "" ............ ,,---.. hf'" roll .. "" ................. ~ 
rI_ " .. " ... """", .• J< ........... "" ...... 'J'O"-"" 
"., ,'.".1.0.10 1"''''''',,(' 

'e' \ ",'" ""~/ooh ....... "'" 11< ____ ..... "" ....... , .... < ...... 
,to. I .... ,"",_, I" ..... ..-J. 

~ I'.fIl- ..... I"_,,,,".,f ... ,,_.,f rI-' ,,f ,. ..... ,"" •• 1» .., "I" .. ,I!, .. "" 
" .... '0 .. 

~ ....., ""'~'~'J I,,"" 1" ...... , ..... ' ..... " pi"'" ~"h ...... """"'I"i ....... 
I ... · ... I .~"!.ol< " .. ~ .• ,' 'h~I. .. ,. '0' , .... pi ...... ~ hI<' <"",,,,II I",.", ~.II k 

,."p, .... I"''''' " ,,, -."'."'I"~~~·.I'.'I<""' .. ·,, I'" 1'·1-1 
'. ,~" \. ;110", ,. i ..... ,I " .. I 0'1"' 7! I 

I" t'r'''"r ..... <'1 .... '''.-1 .. ... 



2 
X-Rays 

2. 1 /)i."",,.t· r~' ,)( X-Ra)'s 
1'1",,"'" ,. I ~'J~ 11,,,,,, .. ,<'<1 X _'U}" " ... ," "" " .. ,,, .... In, ,"" """ .. """,.", ,~ 
d''''IwJ.''''''''~h IV<ro<~ ~.~. H< f .... nJ ,11., "lie" tile I"""U" In ,"" d,"'~ 
,"lit" 1C11",0\I ,0 11001 .'In 01 "",rc"ry onJ On .lcCIf', d, ... · ... "." p .. ..,d 
1>."1<,'" ""'ho ..... ..t _>d<. the rl." ",.11 bchmJ III< ,'.,J .. >tlt ... ,.", '" f"'" 
,,,,h. F'",,""h ).I~, .. wi",,, Du"n~ 'h" "II<"'"IIC.' "" .j" , ........ ,<'<1 ,.." • 
n ... "" .... """'. ~,·~ .... IO II>< <10 ... ...".,""'., ."", .... -.I~. II", ... ,n ~ 
"' •• ,I th< "''''~ ,ube '.-os comp"'lth ,,,,.,~J ... "h. N.d III ... ~ ~ 
All •• pcrl,>m"n~ • ...,n,,, <rf .,pm ..... , M""t~'" " ... 1 •• 1..,11 ,,' ........ tic .... 
.• t." ..... ,".~ .1«""". "'''~c> ... ~ol "'f<' .... ,.",,1>1,;, h",hl> pc_AI,"!' 
.... I, .. ~ .. " pn""""" 1\0< ... .., ,,( ,." ......... n ........ K.'IIOjc,·" • .allc.l_ 
, ....... " .... X",), ''''y "', ............ , ,. Iht f<'ItI.I pn",~,.""j ......, , ••• "bk 
r.,. , ........ .,J .11:0, L1wy ""lho be 0( II>< ............ '" ........ ,itI~· .and u~ .. ,iok1 
10" •. N' ,,' ""l ""., ... ,.Im,1h ""' Ill' ,nil Tilt ,,," .. ,·n~.' II> ",One,
«1< .. """,, ~,flr .. , Ih<III "Cr< ........ "'Of. ~n ..... ·_"t~! 

'" "II~ I't,~ I ... ",· r,M'" '''I'cn" '.' .,', , .• ~ " "I .. ", ,. I' ~'k", ,,,. '." 
~l" .... ·.'<n' 1I"'''U,·,IN.h"I1hc',,'",,·m ,I, ""i ,,,I, .•. ""1 I<lIf .. " ....... ', .. 
"f 'I:.f~l. , .. , "", .. Iy <1 ... '" ,lit ''''I"'''''''''"' '" • I~"I":' ""'J,",, Wlu, .. '" ~".J 
I", ,~J,",,,) .mJ .. <n "'n-"'''''''I'r~' ~~."'~ ,ua~h'. h~ \ , ... ' <on """.on"~ 
Ih< .. ,1>.., ~.",~ ",n~'~ lIu, ,~'"""I """ Wit" 1'1 ,'n .. ,.t. ,",~hll"'" ,~(JJ", .. "'I> 
,,',"~J ",d,,,,,, I,,, X"" ., Jlna "fli,"~" ,\ r~, ~," ~d'. I. nClh, """''aM 
II! • ~"" /() •• '" ~h,'~ 1M ''''''~~ 01",,,", r 1>,'1" "~n "'" •• " ,ft " ".1,01 " I,,'~,,~ 
II! "1Ol /Q.,.. ',:" u "",,,I . an "', ... " ,{ ... ~" I"k leJ ,I ",. ,/,_",w .. ,,1 
t""'"~' • Mf' ~" ... """,j ... .,j~, ~,II '" I U' f.,....,..~ V"'" ,m'! '"""",_". u. 
fM""_"~' ~I", <1",,,,,, ~ _ ,1/ ... , '" "f'<''' ,I", ,~ ,_,u t/, __ "" .... / 't- ~ 

bp<n_ arncd "'" _lin. ,d .. "," Laut "'"""U ond .>tI><". ".It ,., ..... _ 
",Ih ........ l ... '" """ ..... 110<<< ..... rolk, .. cJ b) .,.11<. ,,,,,'...-.h _hl<h"..,.,"" 
Ih:oI X· .. )'>CtouloJh<dl«tl'd)'~.",lT.o:tttl.wflT"'l<d.poIot'...:d_...-l 
....... ,,, ... ,II<"" ,."' .... ,""" ... b< <~rI •• ..,.J'" ,he",."".I,""' ... ,,.. ".1< _ ... 
,J " .... ). boo, ,,""" no. he c'rLo,..,.J '" , ... ",a,,,,,," .... "'" ." \_")' 

2.2 l'rlHh,l"' /un or X-Ray ... 
X".), .f~ PO-''''''''~ .. liLn r." moving 010< ... ,.., ."'~ < • ""eI h .. ,"".1 0/" h,Vo 



"""'''' ""'E'" h~. 'u,,~.,<" ~"'" on 'aruum lb. to..." '''lu"."","" ". :\ ,~}, 
1~,~I'~ '"'" ' ... I I, ~ "ou',',' "f d<·<ll""l. 1~) ell«,,,,, "",.n_ ,,~ .. "d.r.t!n~ ,he 
.I, .... !!"". un.l11, .. ' ..... « ,,' ,"" .. hk ..... Ie"." ,,' h'9h . _."", ",·.,h' 

1h<<<;oJ< d"krcn' Ill'""'~ 11<,.,,,. f •• 'h< ", .. Ju,'."',,( \ '." .•• ",01) 
1" , .. , ,.h<, ,:, (· ... hd,. '''''''. oJ, be""" .. 1hc ....... " 1>.0,,-,1 .... d", d,ff .. ~ .. 
,mp'''''"' ,' .. ~ ... ,of 1'<',(""".", ,,, ........ "1"'< '" 'Iw ".. ..... , ... ,.t \ .. " 

H. , .. ~ ,t, ,,",,.he (', .. ~M.I~ '.Iw III "",-", 
2._' " "d.-rn e""' idj(f Till"" 
I bo- ... , '" C,.·I, '. " '"'.' II 'I ~ I. ,Ie"t""" ~, •••• .I)~ ,,~ .J.:h "",.I ,,,' 
"~"" ... ,,,"I ..... ,,,,,.1,,.1 ""'PN' h mot,,,,,,~ • h,~h" <, ... " .. ,~I h.,,1 ,I." 
holh , '''' .. "unf • ,.,h..k .....t "",i,.,hook , •• ",oJ.' 11," ",,'" ..... f'!.~I ... ...J 
,hr",,,,..,, ... II} f, .. m .. ",n,>I<" fil"",,",.1)' c.,,,,,,,,, f .. h"h " 1w."J '" 

'''' . ...... · .... ·n,· •. " ..... ~l • ,' • ..-.. ~. "'''cr}' UI" h) • I"" .,.",~" ,\ (' ""''''nl I",m 
',OP ,k,~" II"",'~r r II,~ ~. 11. llI<~ ..... ,.",'"' _« ',,,-.\Cd "" II>< '",~d ., 
",,10 "~. I~'II' "f .. ""h'""",,,,,,,, ,,} hnJll",1 ,h,dJ \ .. h"to ,", ,, .. ,,J, I ~'f".' 
.. 'IL·,.,"'" 1,,,"".1, .. ,I-.., 1,1,,,,<", '0.. ,''''" •• ,, "", lOo..c:I">lcJ ,,, '<I) h'fn 
'I"'_~""I~" "~, ,,' ,<I .. ,;,,, "I hj;l'll' h) • Il (' I'>~."" .. I ~,""'.",'~ "., .h.."' ..... 
In II" ~ \ , ,'rrh,'" ""'" <'<n I """ _lIN< t 1\, 1l1I ' h, ~h r I ( !"~.n".r,, .""", o<J 

IMn .. ..." UJlIr"'''''~M'''' I, .. h. ... ""'''''' "", .. ",,1,..: ,"", J" •. " ,""",,,, '" 
I~II "., ...... IIh", ....J • "" ... ~'" fohn_ n.c , ... ¥<I I _.on • .." .~ • "'1'1'<1 .... ~ L on 
.. hod. po.. " I '""I"'''' , .... ,')t>Jno.om,' 1,,,.-,1 1"" .... "'"n',""'.~ ... ok 

• 
Ih -h .,,""'" .. ",~hI ~, ........... h;o,J \ .. ,. 

• U'1k "",I"n, r-_"'--.o ,1uI." .. not "'d',"' ........ ,he h. ......... J" .... , ." 
I." "" .. ,n; "hI""" .. h",h ~"" "" ,,' hr ... 
11 h ,lI<rm..I ,', ">Ju.;,,, "l - -fl' ,:om <" •• lho. .,,~, ... -.I 1>< ... 

no ,. "pi....... ,"~Ir~, 1011",.1,',11, •• · """ 1/00 ... 
,,,,.J","~ "I "'_,, "''1'1'<'' ",.,1" '"~''''''''' hr., <it"'"""'" ,,, ,lie: <,'«~"I ,· ••• hn~ 
''''''. """., "., I' "f ') .lem. I 'r.d« ,10< bM,h,,,JnM'''' "II .... ""1"-' ~, ~, " .. n, 
01""""" ".,,' """.1. ",Ii ",<I, Th"" .. h~ "",,,,I, I , ~<' "h""" 1'1""""", .,.1 

• • l • .,,'~ ... 
• ~ 1 •• 

j i.1 
• 

r l ......... 

J •• 
, • I '(I'!"Q 

t 
~ • • 

~~' T ~ qov~ 
11""''' , .. ~ • • 

• ~X'"l' 



..... hI>.l<Q""' •• " ...... ..cd Il' '>tJCI """"".1. .... hl<h h.a .. h"h .... ,,,., P"'"" 

.... 1,,, t.. ... h,,11 "omo< .. e,,,,, When f." n .. " 'n~ e"""~", In"" ... hooIc 

..., -u.nI) ....".ru I') ,he , .. ",\Om 1>fJ<' ", ... ,«1 ,~,he ....... " ,he, npct~ 
a , ...... In ...... ne,."" ..:«k,,,,... ~""~ '1""' U) .In.. k, .. ..J " .... 1""' ... ~.,. 
<1ICfJl ,n ,lot f .. 111'" 01<;.,,_ ... 11, pol"" ... ~"h ''''''','', .... X '~l' He, •• .., 
Ih,., """'''' he K""' ..... m:I ~ only ...... u f'<""""'" ,~ , .. ok ......... neft) 
.. tht IM~ "«,,, .. ,,«1 '0'" X-ro» IIn,l< 'he "'" "~,, ... ......,j ~,be .. n,,< ' 0 
'h" he.<on, ,he '"'J<" "he.,«1 "I' In ,.ru", ,,, yo.' ,be , ... ,' " ""."!An") 
, ...... ,~} ".~i"J .".n~.",,"", 

(",,11'0"'( 'nw.";,,· Mild 0".1,,), 
Ttl< ,","n'"l· .. r X.rol" okp<oJ, ,,,, ,he n"n,I><, 0' ,Jc";,,,",, '''' ~'''' ,I>< ... ~" 
n", ""on",,, ,.Ilc'tJ,,,ilk'd bl ,I>< ,.mp<r.o,urc '" , ..... <l""mn -'n'''''n~ fib"",n'. 
~ h"h ,. ;,,,,11 ",,,,,,"11<.,,1 II, ,11< tw.,", ,,,,,,,no It,,,,,· b) .~ .. " IllInJ , .... fil.",,-,", 
,un."1 .. "h ,II< .... 11' of ,he _., R_ 'lI"'m, ....... 'no,'""' ..... he"". I01<n.,,) 
n' \ , .• ). , .. I>< ,,,,,,,,4kJ l hc ~u.j ... "I \ I.)." .. ",..u,C'd In ,."". ""h,,,, 

p<ne"."", 1"'"'' ....... "h .. okpcnd<n' "" '''''' ""1<.,,.1 J,I'.' ..... ""' .... «n 
hwne",...-, ...-._ • ..1 ''''' .......... G .. _, ''''' ",,<In;>l,"I '''''-'f'' h,~I .... tht 
"' ...... '011 ... """" .............. _ ......................... f'<I"1' ..... , \ f~' .... '~_ 
I,,, , ... , ......... 10 ITI., '" ... ,.,) p<fItrnt'''I \ .>,," t .. Ii'"'' p.' ...... "ft~ h'fb 
h"""".) I, •• ...-11 X -n), >nd '" ib<1>C k" 1":,1<.'1' ,~,n~ " ~, ,I h,,. f"'-'II<) I 
.... ~, \ f>I', ' .... ""''''1 '''''' lfIIOII~) ,~ 1" .... " ... ,., 1""0« ., \ .. p , ... "'" 
'-"."'~Ir"1oj ""l,m. '''''' 1"'.,,, .... 1 ",!T« ..... \1<,,. ,','R , ... I • .,J,.- .oJ _ .... 

II ",II "" ""'''ftI r""" "">I. ""'''-HOI ,,,-,, In (' .. ~""'. \ f~' ,~"", " " 
!,,,,,,bl. '" ""h, .,·. "p.lMC <,"",.,1 of ,h,- ,n'<n,'" .oJ _u>"" '" \ f~" 
,n",'ponJ<N ,>\ .... h ",h« 

2 . .1 l )-(ole!" "'" "r X- Ih~_' 
~ ")' ,",' .ll'ln."'~ I" ,,",w: '" ,J",,, """",,, h., '.1 ... 10,,, ,''' I~"'''~'.rh'. 
r'_'"'' ,I>I pr";!uu",,, "I n .... ,,,,,-",,,.:<.m ""', ... ,.,I","'k.·.", "' ..... '''H' 01 
,.wo •• oJ ,II I "" ... 'r."'", 'hm"", "",te, 

l .5 Orlgln of X· Kll)~ 
X ,~) ..... pt~ "'hra h,~ 1pre<l.l«u, .... ""~< ....... I\,Il<fl .. 1 ,Ihp:' ni 
h,,11 .... "" .... ,_ I, I' ,,",,,,,,,,,,, ...... ) Y'! ~' • ..t .......... ., ,~,II< .1<;.'",_ 

".... ,n'" Ihc ..... , •• 0I1hc ''''''' m>~ .• ",J) ~ I", pglllb<. "',"" .... 'III 
..... ,""'. pro<hot:. X ,a)', ...,. ...... D' ,,.'" ~, ..... <ft<fJ' .n Ihc f<>!k ... ,nt , .... " ..... )' 

~~. I Uow Sfw<" .'" • ...- Channni>li<' SP« ..... ," 
"' .... ni ''''' ... ,h '.~"''') "",,'f""" .. hd. ",,' .. '''~''n. , .... 'B'''''.'' ,-I ''''' "'""" 
,~, ..... "'tc' "" ... n." l, ... :l ,or' Ibr "rholy ..... "" el«",,,,, ,n 'hr ,ft ....... ", 

"",II ,Ill . A" I. """II " •. 1 of , ....... ,,,,", 1" ..... 'M ' .... "",.' W' " •• ,.d otU.) be 
foII«I up "1 , ... kc""'I' r,,~n hl~I><' .hell., c, h.,he, Ie"d el«'"'" run", ,,, fill 
up ,he <,<.,.J ..... ,,"" ..... {Jou< (0 'h" 01<;.,,,,,,,, ("", .. ",.11 ,n.. ....... Fl d,lIe",,,,,. 
i. ,"",.".,. in d., r,,,", of X'I» "f .. ry ,.".11 !Iu, ""f,"" ....... ,~ knl,h, I •• d I"Sh 
f''''I''''''cyl Tho .... "0 k"~'h' <on" ,,"" lhe line 'I"'''''u",. "'hi<h ,1o:pt'oJ, "" 



,I\< d,,,,,,,,~,,,,,, .0{ I~' "'~I, ·""I of ,I\< , ... ,., So ,I\<", I"", 'P«"~ "'" .1", 
,~II .... I ,/0",," !'.""" ,~, ,,,' 1'-" ..... ",. ,hoy "''' "''''''n~ .1 • IM"".I., I",. "I 
,lit 'I""·"" lit"", ,II< n.' .... 1'>""'" ,II< '."'1" '.~e, pi;";' f~ ... ,.1<,.," "let",,,, 
'0 "",, .. ,," .. I "h"h M< '10M ,""",,,.,,,,1><<> ,b., .k>:",." .. "_n'",,''' pn..!""", 

"",, ..... ,I!<', ... ''''''k 'f'<'''' 
hi." ~ ~I.I ..... , .. , ,'''' ,~ ..... """ ''''' h,rlo "lui "Y ..... 01<111 "hi .. ", l"'~·h 

"IT ,"'" .. ",.,,,,,, iI''''' " ""'II A, ......... 'n 1·'1 2 ~Ih, ....t I, I 'h" , ... _, on " 
.11.11 "ron .... up h, "'·Mh~ </n .. ,,,, ,. III< I.·wll 1M, .. Ih" 1""'" .n \ "', 
... " .... " <m,,'n! .. , ...... " ......... , ".""" hy 
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-

."i~ l.l " rido 0( ......... _1< .,...."'. ,,","" _ . _ .. ............ 
./II"'P ,,_ ............. ri 

.. 1>«,. I" ",t..: .... ft' ''''I"''''' '0 ",""' ..... • Iet""" In", !he K ""·II • ..J I 
" , ..... lnIu,"'" I .. L.JoeI! ~,...., Ih" ...... 1 ""rr.rroccc """"I= .. "d) '<ry 

"'''''' ,I><- X .•• ) ...... 11." ho,. "') I .... c.....,) .",,""" lind 100,., .... h'poh 
1"'1'<1"''''1' Th" ... no> ,.d •• ,,,_ ".'<"'f"'II<I. '" A'. /0"" vi " ..... " ... u. "'''' ~"'. 
'h .. ".';;'''''t '" " ·>boll .. ,,11 .. <1 up by all .Iet ..... from M .... 11. ,I\< X r~}" 
."',,,.., .. ()U1d ... JI>tI ....... ~ .... .,.'''' :on.! _Iol ""'~Il 1"""''' .,,11 
h,p.. 'Ir<j""""> broou",. 
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" .... ~ ,Iuft .11 , r. F,' z /if,. Th" ,><I ... , ....... IIh f~""11: ".'''1'''''.1_ 
'" I.~ ., ..... of t. ..... "" I t 'r' ~ 1 I bl >lid "" n.. ... K. 10:, II ....... " .. ''''''' 
__ ',ll<, In ,"" X ,.,~ 'I"'""" S,m,''''},,, """ ,"" ' ''''''''''' ~""i""I<"""" 
.. _ .......... " .... _'" (Of tftCtt' ""'"" """"0' Ibt cltc,,,,,, r""" I. wI, an.! 
.. "'''''I''''''' .... '" .... h, .. ,~"", ......... ,,m,''''l II. N , .. II ""......., )( r." I~ 
It ......... ) ~ ... <I It.... .u, .. r 1( ..... , ...... n.c", ' .. n,"ion. fl' •. ,.., kl ,he I -""1<"> 

01 " r~" 'f'!"< ".If". C I -' I I 'hr' ~ ~"" "II 
~r«"'" Ion,-, '" M "''''''''~ 1"<',10,,<--.1 In. ",m' .. ~., ., ,n. ... n I. ,t.,. 

< .... U Ie<", ~ .. F ..... 'FI~. ! ~"I· s<> ,,,. d •• "''''-'nUl''''~ "'" II"~ .,..-.,,~ ,,' 

,1Ia,~, 1m"" 'I~" II" "" 

II 11:11 ~, .... "' •• p<cu~1 II ... , 01 1( -"".'. 1..- ,"' W', ",' 
! n", ""''X' d,(fr"n« V I T f . f, (Jt J f:, • f:. I:w "",'N ..1"10. 1m"" 

'f'It<' I.,",,~I~' ..... ,,,,,,1 ~"J~. ~ III,!" i~ ,/" X·I., '~I ... ~h" h ~,,' 

''''''''~"N' 1"'- lit.- I"~".'''''' "r I.., K, I,.. 1\, 'h,,~ It .. , """ "" '1 \ 
,,,'-, .m 1.,11 • .1. A."", , .... or,,· 'I"" "" '1_ II .......... , ... '" ,II lor d.U ••• ", 

{Of d,U ... ", .k .... '" 
I '( ,~~ 'f'<' 1< •• ~ d,H<f<nI ,kine ... , ... foun.l .. ""I ... u> .... h ",lin .\11 

_d •• "ftf A' I .. II -nr< ...... fI ... ' ...... ~~) ~I<""' ......... , ... /....,.. ..... , 

'" 1_, / .. , " .. " ...... , / •.• .". <k_~, '" """",..- ~"..t'·1 .. 
~I"""" II,,,~ ,"' .. f""",".J k _ <I ..... ~, ,.,~)~ ... _ .... ..t .. , 

II. 1<MNId ,lie "'1.", .. ",,1' 1><, .. "". fKqK":) ..... """,w, .......... a>o 

,f~"bl 

.. lie ... :" 'II< "",m" num"'" ,,00 b III< """I,,,, g.""n,nJ ,( .. " .nl 

:!..~.2 l'"",I"u"", ~I .. ''''''m 
11><' aHl''''''.'' '1'"'-""'" """"""d. "lItn • I ... · ,.,, """'"I .1«""", pt .... " .... 
lle<p '"'" , ... ,"'m •• "f ,I,,· ..... " ,,001 ,uffer '.pc .. ru k"..." no' ..... 'l) J"" ,,, ,"" 
d"..",,", IIf ,helt p.>'h {"on ,o,~,n.ol I'-"II. '" ,110 ." ... "',,. ( '""ktmb f.orr, r,okl 
of _"",~ ''''JO' ."'m, n", ""otto., ,,' ~",nl ...... ar It) ,<1<1,,,,,, .. ,. ,~Il<..~' 
B .... ..,".~AI""~ ,br.k,n; 'j. ""~ ""-00.. ... <1<1, .. "",) n." <."WlJ) "1'1""".' • 
• _, ........ X,,), 'JIC'''''"' 1'bo ", ............ " down""'K", ........ 1Il.0l oil ,"""" 
a( ...... ) h"..., .... 1'fOb;d>k- ... ho< h <"","'" ..... ,lit ,.,,,,,_, >1'«""" 

If !he ... "l,,,, ..... tr"" Iu> ", ,d.",,) .~ r""" .. '" "-'''I ! \, ,"' •• " 

..... of ..... ) ,,{ ~....,... i _"1. n ... _01 h< ~ '0 no", of !he '\ Ill' 

~ ..... ",ru 
.. ,bon..,.!1 1 .. ,,,', ~":'''Irf 
:on",dy" ~ 
nc' "'" ,,,,lfIho h " ... ", 1f«lU<1\L} 01 ,ho ~m , ned ;Ii .r>~' con-.,pond, 10 .. " <I."', " .... n IIIe 

',. II. h<, ... ~, .I«1"" " ''''''f<lcody ''''fII-ru. I.t .. II" .. (I 'I><n 
d l . II\< )( .'" I ._.' ,m,.'.A/_, .. c~lA.. ,· .. ~.IA ) 12'1 
., l"oS- • 

.... ... B lUI ."",,,,m I> "",<kr.1<d by . polen" ' ) V. lilt" ~ , .... ' "' enc,~~ " 



" '-

; ..... -<I ,!A I 

",.. ;. II\I'~. III .. ,. .. ~ ). 10' 11""'" .'~>a" ,.,. 1o:1."...,.J h 0 0;: ~ 
III " ~ .. I<_. 

" 

~~t.."'~'''" ,..., ,01<1<'~' "...,.J, _ k., ....... 

I ~ . .l.(lI1 "' III 

" 
'" 

\ III ,. 0, 

I ~ . .JI" ,\ , 

I ~. "''''N, ,~ ,-, ,II"", 'h~' _ "" ,,"",Ou.", 'I"'''~ .I."" ,," ""I"''''' "I""' II .. 
''''I'''' ",."·,,.1 lou. ,t " ""~,,,,h pn~"n,,,,,.,l , .. I!~' ",',..-.1, oll.~.· I Ix'~ .... " 
,.,,", .. "no.! .,,,ok 111~' 'IK-, /w",,,'''''''IO, ''i' ,,,",, N"," ,., ... '/~" """, "". 

I, .... ,,>1' <i tMi1'""''''' mo~ uf 11,"'1""' .. : ...... "1"" ,"AI""'''' Ucq .... ,.,y 
,_ .. hoch c<>«"""m, ~, "'- .hr .!. 4~, 

• II" ,~a1 fm,,, , ... ",,,~, II 't ~ ~h, ,lui 'hn~ " ~ >h,I, vf ,lie 

.... "0 ...... '_.''') 1""""'" ",,, .. d, ,lie ""."·f .. .,< I<",'h ,0& .. ""'..,.. \. ;""",~ . 
...... '"InN" ,,f ...,.,.,_ 'f'K''''''' " Ju" ," fO''f"'''~oul ,,, Ilk" .k_ 
.~m"'" f~ I .... """ ... ,.1 .. a '~"''''"' "'I'I'i',." "~I~,., 

I 'r~'. ~ ~'~I'''''''' Ilk" ,n"',,,,,~ dl>u, ...... '''''' 01). f.I' I....., III ~ \ X ,ay,ul>< 
" "" n",I}iId<n,," IMo, .nJ '""~'lCn IW, .... ~~, '1'11< ,"t>o I", '""J"<o ( 1'0 ) 

, .... ,'" ,II< ,', .. ""","" 'I"":,,um ,,( X ·r.) "Ix, • ., ,'U' ,~, (,w n"'}iId<nll'" (M", 
'.'~<1 ,I,,,,, ,,," ,tl;orp 10"," ~ a ..... ~ ~ "' 'I' .... :,r'" ""c 1~"BIt '. '"1"''''''1'' ...... '"' 
,I", ,·"o, ,,'~,)',, '1'<'''''''' 

A ~ A, 10 .. ; "" I~nlt".n "'" ""'~'llCd., 75 ., "p,:r'liA~ "01,"11<. n,u, ,Ix 
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t11. LI ,_1 1"1 •• "",,,",,,,, ,.,....,"',. : lb ' (""' I,, ...... ""'", ..... . Ion 
d,II, .... , ... iI~' ..... <>1'.0' 

... ,,010,:, ,~ ,b,ot .... """" I"",. I'f~""'" ,n 1IK \ , . , '1 ..... "urn d:po:".h "'~~ ' .. ,II< 
_we ,~ ,II< ""I" ""''<fl.1 ..... ,II< ."'" ....... , .. II;6f<" I '1_ I ~ ·Ibl ",""., ,hal 
". d,tr"." .. ",,'c it,""'" , <>luI< ro""""..! ""')" "" ..... ~., ... ~ nOlI,,,,,,.,, 
.. ~,. ~'h ....... ,'''' 1.., ,. I.,..,.,d} 1"',....,,, ..... h' . pploaJ ."I,"f<" ...... ,. 
,~I ... 12.&01"" 

2.6 Mt.>S<'"I~)'~ I",," 
In I ~Il 14 \I'''''k) ,,, .. P<! ".11 ,~ .11< , ......... 1<"' .. " X roy '1"-"'''''''' ,,( d,fk .... " 
dc-nocn"". ",,,,>rl.bI) "miLo! 10 ..... h ,"""' .• 11 ... ,,",," , K t ·, .11 """'" 
II .. , ,he .. ". dlff,·' ....... In 11«1'''' ''':' ,,,' each "'".' The f .. 4 .... ""~ ,,' I"." on 
"'<1)' .. ,,,OJ 1"<>.1 .. ,«1 ,""" on ck mc:n, 01 hl~"'" o,om,,, nu ,n:>o •. " ,,,,.1<, ,h,n 
,h., 1"''''",«1 b) ." .. 1<"",,,, of I"",., .,"'"'' """""", I,,, , .. to III< r.." ,h" 
bo",h"f <II< •• Y "r .1" ""." ,or, • ., "I<f.","~ a< "~ ' '''''''"'''' ..... '''m" """,'''', 



,,' '''p'' .".",m.~ eM,,) """,,"N ,,, 1,11<",. ,n .In,,,,, I"." 'II< ~; I or AI 
""'II ,,( ,,,",, ok"1<"'"'''''''' .. .,.., .. a~"""',,, I .. ,.., ........... "') kof K I."" I,. 
"'1'1""" ~,,,' Q~ • '0" lit. .. 11<"'., ....... , •• "'~'h..I.~,wm,: ~ !, .. 
" ... W'· II. n ... «I .. k"" '''r k-1",~", ,I>< ............ , .....J .~""" .~m"""" 
f"cn~' \1 .. ,,,1<, .' 

"h,,. /t, ,II< or,,,,, .. """"""...,j ...... 1 ~ .... "",·1,,,,, , .•• r.~'''~1.ar ....... ' ",n 
.. ,~ ... .,. ........ , .. -, ,,, M>Ulhc, 1k """'.,,,, b ,. ";011,>1 .... I •. ,· '""n'n~ 
I," '.·r h~ K ",,,,', b .. , . od " " 11.1. 'n~ h'rl><' ,." .... I" I 'I "", .. So, ,II< 
\1<""1.., - I.,,, " ...... ,11.1, Ir"l"'-, .... ~ ,,' • 'f'~ " .. , " ... ,n , .... -,,", '"' I,,, "'''' X "Y 
'I'M""" "'''', d"wly •• ,I>< "IUJro ""I>< .,,,",,,' ""rn"", ", ''''' '""1'<1 .Jon"'n, ,""' :.~' 

t 

• 
, , 

• 

~ . , 
I 'a, !_. \O, I.' ~ 'n of "Iu . ... .-.." ..t ''''l~''''''' ''', .... ".,' "'/' 

~"h . ,."',. n "m .... ' 'II. 

", 1 ' ., .'1 
....... Ii "II" .. 1I.)~b<,,'. """ ........ " ., or,' , ......... 'r) k,c" ........ <to .. h",h Ih< 
".n,,",," """" . ....l _ II>< 'c .... ,,) ,,' liP. 

1"11< ,"'_" ... ,. kn'.h ..... h'I""'" .""'1) ., .. ~, ... " •• ,h. ""'II " nllcd 
d .. ""'"'1'1''''' ,J~, •. 11-' "'.l'~ -of .ha, ,lwll "The ,-."'" ..... ood,nF ''''''JY .. ,II b< 
1011<, . ' ...... I><" ......... ,"'" )"ml" r",,,, ,ntiM< (II • _) , .. ,Iu, p:t"".,,, ""'II. So, 
"<~ ",, ... t'~ t; ~""lrf'I"'" «l,~" 

,,~_ 1/~(7 .. ' [ , , ' , 
-' 



X nm 1_11 

Z.7 Curnpurisuu nct"-l~n Buh r'~ Thl"Or) uf t\Iwnk 
S~Ir~ ynd \ h_le)'s L,." 

" "'" ..., .I!o.",n , ..... "" • .:1<) -, 1> .. ",a pol..,,«, ..... ,,"h lI,oh,', 'hc>~, I", 
b,d"""n ",~n .\1 ...... Ie, , .... , .. 10><><1 11<"', ', ,hroo) ,,~ .lI ~~,,,. .... (/WI<.-.n 

• ..".,""'~ , .... " •• ~ n/ II"'- ..J M",,*, '" ~ ........ _,,~ "~', ",""" " """'t''''"''' 
..... ), II"", ... ,..' 

<\,,,~d'n~ ,,, IIoIw '>l1\c<I<y 1M f~ .... ~ of ..... ,,,,,,, .. I lor.:, (~ h)Jn'l\ .... ,. 

r~ lk(/.-hl ' [~II n
l.] 

.. h<-1. Il),lkll • ,.,,...,,.,,, It,,_ It~ ..... /. ,n A.ohr'. ,......,. " ..,.. .... ~J hI i/ hi 

,n \''''''''') • , ... 
... ". ,I ". , .. "'". ,_ of , .... '''0'' .... 11 <ln1""" .,' ....... """" ,,, ,,,lin", 

, .... ,,,,,..,n,n, ,"'I<, .1«,..,.., .. ,II be .. ,,...,.,,.,.~' "". _ ...... ,<lI~) , .... nuck>r 
.n..r,.- ,/..' .... I ....... ...-.:I b." by. c~ (L< -, ,. One gu. ,.".~ ul "' ..... "'al-
K·"tc.''' .... '""n::n,n:- , .... ,,,,Ie, <1c<Imn. f .. _' .... t~1I -.1 ... , ... " ... ' .... 
n"" .~. ',,,nl t .• M,,"'Ic,', 1> ... . om<> "'" '" toe It,. " ,,-,k' .. h"h " .~tJed 
"., I.". "'''"'"1 fIMh" "'-. ~"'"",k) ·. 1 ..... "'n ".,.) .... «c .... n' ,,,'k I"",,,'. 
'''''~ ,,' h"",,!,<n .. ',.., ~mm Ih"., .. M ..... ,,") ',N prmed ,1" " " '''' "''''" .. 
nurn ..... ' " .. , ... ,,," 0\0f'II>C ",.,t:h< of ill .kn,<"' .. h",h """,.",,,,,,, II, , ........... <n.", .. 
• oW 1""""'" 'n'Ioo I"'no.l'< lablc. 

2.l't l'r"pHlie., " I' :\_It:lys 
, II \ '" I , "'~ < ..... ·'I<.'""'f.""'" " •• ". (1/ ,cry ,,,,,,11 " .. ~ I<n, , h "I ,h.o , ........ , "I 
1,\ III \ lb.·~ ,,",~I """ ,~k .. :,,) "I hfM "",I .. ~ ,nl"'No: '''<)<, 
1!1 n,,") ... < ,,"l ''''''IfCI''' .... 1 h, .... I) P<1><1""~I. , .... ,,, "I ..... ,10<) .·~n 1"" 
''''''''r" .. ,-_, Ik--h. ,",,' "!okh .... "'*"'" '" conli....y "pili 
I') l' ........ WII.tok' .--111_'\ .. ,.,..-an .... 1\of<1. ",ft>l<1. ,,,, .. t,·,,, ",ii, ... , ."" ~ 
roI"''''J 1,~~ ,><\I'n>!) hrll1· 
HI.\ .. ~, .... """'" 110< P' ,ho ... , h .. hoo:h ,I I"'~"" 
,~, Tho<) .. a ... n .... "'<""~ ' ....... )' wI»antt> 
,1» X.I.), ""I< ..... """".e effoc' OIl I .. '"I "."", 
1'1 r ..... ,,·""" If;'; ~ff.." i •• 1 ... tIbw,wd .. i,h X,,), 
1~1 X·,.,·, "'" ........ Ih'lcd h) ~"'-~ri< 0< .... ~""' ... r",kIo 

2.'1 X- Ita) l)ifTn~l i"n and tl nl):J:'s I.a .. 
Tile "),,,~I .\",,,,~,,, ",n IN: ."" h<d by X ra)' d,A,,,,,,,,,, ''', ........ Lion"",,,,,,, 
.. " .. Icllkl""od "I"'n , ... cry<lol ,("",'ure.nJ "n ,he .... '. kl~'h "i ",h(. "'n 
<>pI ... ·.1 ... « I<"~'h ,,,,,h •• ~I A. "h<n . ut><umflo,,,,,1 un "'·'Y"ol. .. ,II "'.,,", 
01 •• ,,,,.11) h~ ,ho: in.!" ,""0<1 "'Kru 01, ... orpl.1. r<>uil " .. illW} opI". 1 «fk<,,,,.,. 



U., "n-.'n X·r~l 1.1(1 .. ",," "I """. kn~'h IV' '" II}"' .'m" IIW'''''OI "" ,t.: 
~I) "al """'"" I.,,, •• · "","an' h.<" ,I>.' d"",n, ",,,,,un ' .... 0 3,om<1 "nl ,I>< '~<I<, 
"I 10 ",!II' "". ,,,,," "a'< knl"" "f \-") .00 l;o,,,·~ <O""an' 1>....,,,,,,,, 
'·'''''I'''r.~k!ll < ..... " .. ",." . ... 11..-1> 81'c' II"" , .. \ . ''''- '1</1.-'" ",," 

X .... y MT"",;'m " """, ",,,d,",,) d;ffr.>C1ioo "~lCh 'Il<""'-if,h~ ,,J,''',,'lr 
JI'~ " n~lIl",r,,~'" ""~ ,h,' ~ ,IW I~"<III "I ""I",,,, ... ,~t~ ,h,,· ,/"~,, ./""" I/t,· 
""x,n,,1 Ikllh ,,,,,I d'll"~'"'''' ,,,J.~, I'I,~~ .\,"'~ ,IK w""~ I~,,"," <if~' "''' " 
"""",m,h/e •. "" Ih,' '"",,,, .. m« ,11""m'~ '" ""arol,,"nr"/'''''",,' ,,"~" ,-"",,1 
'" "h,'" , .. ,,,,, "" "" ,,/'-n, "" Ih," " ",JI -""1«, ,',IJ~" d,~.n """'''', """"e,'"'''''' 
''1,11,. "IV"" '" I~,' """,1/"". ,,,I,J '" II"~,, ,11m"",·,,,,, ,,,/I "",,, " 'h"" 
,I,mr".-."",,I ~""111~ "'h,,, .11,"", (I," 'I' "" ,,/>,wd, "",1 "",-,''','''',. '" 
'ntnl"""~~' dm,,,,, ~ 'h 1 '" "" "Ih'~ ,III. III" ',~r "row",,' ~"'''n~. /)"" ,,, 
... -1", ~ ,lID,.." '''~, ,"" ",1,,0 1'1,,, " 

W I IJr"~F p"''''n,aI" '''"I'k "'1'1..11'"'.' ,,( ,n.: X",) ,hll'.,.·',,", IfUlI'.1 
"1)",,,1 1.<,", '"PI''''' '( "y ""r ,,,·,11'-;,,,,", ,on '''''''I}''"'.' "" ""~I< 9 . 
.. I><" 9" Ill'''''"'''>! I",", ,II< '-I)',IlI pi''''' .nJ ~""" .. n a< -GI'"","~ onrlo 
1 F,~ ! 1» l""dclll X ".I~, an' '1,,,,,-"1.111 ) ,~II,,,'''' (,,< • a'~N: "I "'''''''',! ~ an~k' 
"I ,dl";!,,,,,1 '" """,-0<,1", "II ,1"<,·"",,, II""""" ""r.dld ~hn,·, "I "! .. ,," In 

,he ell ",1 Whrc"" ",-'0,11) ,,,",,-.I .. , X ' ") dIIT,:oe",){l 7'lIr ""'I''' J'll"""' r 
Ih·' • .... " "'II","'~, .. , .. "I"",,, ",mm"R •• ,~ '''if''''''''. " 'hm '" ,"II'''''''"" 
'~'r'PI"nwn ,/,,,,,",,, '" ",,,,,,/1,"",, J",.m, ~" '~'I"'n ,,,')/~ "',Jmh, ".·,·,mlm~ 

,,, ,ho' "~,,, ';UJI. "",,1,,, "," lit. ".,. I," ",J'"OI) «!!«""" '" "".IW""~ 
S,""" ,II< ,.".,."'~ ""1.,,, "I ,I", "'1".11 ""'I') "<.Illy C<jJ.1 ,,' ""11). ,,' 'h"',, " 
P'''''-''''"II) "" t.:oJ'"I' J"" ", ,<I ...... ,,'"' '" iI<. '( .r.), :or< <n"""'1 ,. b, "'t ,iI< 
£I}" .. I 
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-). -, . ) ~ . 
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0- (:} 0- 0-0 



\ ""~ ~.'.' 

In ''')>I~I, ,IIt,e ... ,,,"'m pI..,...~ .. hleh .... par,,,-ul,,,lj ,,,-h ' .... "''' m 
<hItt ~,_n""" .. 1 'I""'. -.I ,he ............. wlf.-...--... .... "" ... ..,"n~.~ .\ 'A)' I .... " 
the", pI~ , ... "" "",<>I., rrllc<,_ lru." ,he"" pi ..... , L"'h ..... h pI.m.o 
,~i'l<ch .... II A 'n) ,......JI " ... ,,,'" " j ,he " ... ""'- ~, .. " .. _I ''''j .. hen ,II<" 
'<lk,'<>1 X 'AI' 1' .......... .oJ .. 1 "' ...... ..r ill""" , ....... fCl~ ............ '''~h ..... n ,,,,I) 
dln"'~ d,II,,,,·, .. 1 "" ..... ole f.-..l ..... ",I< 9 (I 'J ~ h, 1(<<.' .. c "'''' 
d""" "'-"'"""1 ,n .. h,,·h 'Il< <OK'". ",' >; .-0)' " "'" , .... "".J ''II "II";,,, .. 
1 ...... 'Il< '" "~I I><h~'~, ... 'h''''' .... ,'''''"'..,..,.) ,dh.KOI. I" In, ,, ~ , "''')'. 
'" " ... I<n~'h ,10' 'u Ill· ""' ... 10,,10 "<<or"",,.bk-", I.",. , "",,, ... M 
110 ,,, Ill' ... ,,' 

("n,""" J'-Irolld 1 .. ",,-, pl .... , >1' .. ..". d IIp.n l l .~. ! ~I. th.- .\ r., ,.0.1 .. ".", 
"' ,,,,,,,1m. on'hc pl .... "I ,II< 1"1"" The I""h Mle"''''. j,'I< '"', f<11 .... ·~ It",,, 
"'Ij ... ·,· .. , 1,1 ...... ,,, 'I,,,,,,I,~ 1.,) 

1//1 • HN",!d " 0 /J 

.. he .. /J".1or ,,, .... ,n~ .. hllk Con .. " .. "",, m'.n."' ... · •• ~ 'h, , .. I ...... ,,,"" 
_.r,,, •• pl .... ' ,~.U'· ,hI'. Ihr [QIh d,ff...-.oc< "," ."lq .. 1 "''''''rk' ~ '" 
".,~ 1no1'h 1.", ,...., 

, lUI 

"'h."c~.I.! .. ' .", ', .. ""."""',._.,...,.. ... ,,,, ...... Ih,."I."""" 
~ .... '" n.l' /I",,'~' , /.,. "'''''''rio tht rci'l<ct"'" frtrm .... 10 ,,1> ... ,,_ ", ... "", 
onl) I", «".I," ul .. , ,>( II ,Ilt .. fl«:1.- from.1I p;ar>11<1 pi ........ 'JoJ up ,8 
rh:r'" 'n '''~ , ''','''. ,dln .. .v~,rr""" ... I><:un. F." •• ho, ~",I..-' 'Ilt .. n ... ",.", 
".~" ~'"<t<n, pi ............... ,,/ pIu.~ _ 'MY .. . 11 "'" 'o.nl.~ •• B".~·. I, .. 
". ''' .... ~ ......... ,., 'I'><' .... ''''ol'~'l)· "( ,,,,, I .. " , .... TIl< (0 ......... no" """ ,.,'Il< 
.rr."~,·""n' "I .'''m. 1)1) Ii'r< 'N',, ' .,,,,, ... ,«1 ""h o.,h 1."".-,' 1'"'"'. '111< 
, •• "",,.,10,, .. ,., 'I~' ~." ..... ".,""''''' lilt ,d.l"~ ,01<"",) ,,' II,,' ,,,II' ",. , ... k, n 
.~ J,U'..,I"m ,,,"" " ,,,en ,.,1 "I I",alkl pi""". II,.U·' ,.n.,., """ ,." '. 'u, 
,-..1) h "., < Ie 'f'" A ~.l~" "'< u"",. "'" • ,,,,* Iorh' '" " ' .. 'pi .... "'" 
,10"."", ,I 10 "" 

2.10 E~pla""li"" "r X-Ihl) Oiffl1lClioli 
II,,,,,', I.J ... !J, .. 1I.8A . .. ,II I>< ' .1 .... 1(If ........ 1k£I8 .. '~ .......... ~ ,tit , ... ........ 
>; """}' f"""._ ..r.1lt ,_.",. <d.,..r,..-.l'" <1)' .... ~ .. Iu.·h..., 1""" .1 ... 1) 
nch .......... ,,,,., _h 1"-''''' <hi, ... In Fig r~ 1) h) ..... hl< ''' .... ",,,. lhe 
trMnJll ...... d.'-UIII. ... II ... d,II"""" I", ddf"rIIl ..... ~ or pb ... ,., ... "'" d 11"' ..... 1' 
II '" tilt ."' .... '" X roy 11< ...... :;" II and 9 1F'" 2.11 ....... lJ ... """,htJ ",th .l 
,n ' .... 11" "",,/) II,,"'. I .... \ I ; __ ~_" ... ,\· r~\J ," .. ~, .. '''"~I~ ! ,",lm~ 
" ,h ..... J,,,, .. ".,,~,,,, ." .,,,1 .. , un ",btIN') ""KI, 'if "" ,d,., U .. ~/ '". '" 
~""',,/ '" d'''rrk ".,/ (,. ,.,,,./, ,,... II",~~:, I" .. 1r<f""" "" '''' hi.·", " .. II" 
,.,,"" ,/or< ,,,. ,,/, •• , , .. '" "',,', h A "i'~ d und It " I ..... , .. , "'" , .. " ~. ,n "'h" 
"", ... Ir"f,h ""m~l, I~",.,.,Ir",1 """hu,r. for .\ ' rn\ ,IW"'''''''' uord n,,, 0",1 
SIn" ,,,,.. ~""II-", h. lI"'n -. II'<' "'~"<'Irr I~ "" ... d "" 'hI< rt~"',...,",,,, 
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n ... :"7 S· .. , dlrr.....,'~," r,"~, dirT",-", "" .... lo"hp .. """ /Ia,in. dlff ....... ' ., ..... 1<' 

<o' ..... n' r.'~m 

2. 11 Kr~I(I('~ Sp<"-'l rolll~lN' and I}jrT~relll "'~Ihods ror 
X·Ka~ llilTr:., e'in" 

A " bem'lI, ~;"ll"'m 01 IIr.1~~ , ;\ la' . po<1n>melor" .,1\"" n ,n bS_ l.8 1 ... \ 
'''P hum . ,ube ,~,II"".'oJ "U'" "",,, ,,. beam b)' " n S I ",,~, nj;< on "'" '-f) , ,., 
(' on "'" 'n'" '"~k "h'<1> "." "." th"", don",",;"n.' J,/Trx.ion ~r.,,"~ n." 
.n~ubr PU>' ",",of.1>< cr~ ".1<'''0 h" , h,ogod h) Ill< ""'"'''' "r.1I< 'urn "bl< ,1> .. , 
~ """,'" ,nO' I"''''"~ 'h'''u~h ", ,,"nlr< .. 1d ." ''''''''" ,'>1' be "' .... "um ,,,,. 
"";"'>1" ",1<. Ah., doH, .... """ 'h. \ rd'" .ol«,n .'nll''''',,,-I\:I ,.I1<, I), wh .. '11 
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3 
Motion of the Chargcd Purticle in 

Eleclric and Magnctic Field 
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.4.1 Inlrodurl i(ln 

4 
Quantum I)hysics und 

Schriidinger Wave Equat ion 

QUANTUM l' II YS Il.:S 

n .. ".""""~. P>fI,,1t "h ... h no II< "10 ... ,,,..1 d".."h ,~'h , ... ~h ", ..... ,-'or< 
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4.2 VUIUlhUl' Tht,)r~ (or Had ialion 
V .... m,",n ,1oco."1 '" ,...J .. "" .. II .. Ii", 1"''1''>'1«1 by M,. I".,,,~ ," I"'" 'n 
,"" •..• ,,,.,, ",,10 ,~,.""," ,,,,II"',,,,,, <''''lied ,,,.,, u ~' ''':~ 1)0"" , """.," ,·\I,n.kJ 
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'''',r",ull) ~.pl~'nnI 'hr ~""1I:l 01 .".rrft,~n .... (I,n, ... ,~ ... Id .. 'o..lI ..... 

... , nIl' , .... ~) .... f,~k"'td 'n ,!h' h) M" ..... 'I·' ~ ..... "'~"'., .. ,"' •• ) I\.u, 
,,,II <on" .. ,""'" <.I'<'''n .. '"':oII'''' ..... '. ~.,..~I<<I"" <11«1. (:(lmp""" <11«1, 
<""""'" .11<1 .~"""" ...... "I ,.,,,, .... " h><h .nul.! III .... "P'''''''J "" , .... ""'" 
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In'<io'. ",.11 • .1 ,"" </~""""" ""'""", 
In " .... ,.1 1,,'1'" ... k ", ... ," .. , .... "'''h .' • ''''n~,n~ "" ..... 'um. ''''' ",",I, 

«('<"."' ... '.n"'" ,I .. , .. 1"".'U'u", ,"a ,,,,-,11,,, ... "h u", "·,,,-..uhl< I,~.I 
''''''IY an.! "'. ".1) .. "h " ...... .I,,, ",Ie ''''''1'''' TIl" " .... <;0.1 ... I,,, 0 ... """', 
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,,,,"" ,,{ ,..."" ~/".,." 'f)"'" ,,,, q_~ ... "","", ... It< ... _":N """ ..... , ,of 
""''11' (~"I " .,~,,,rloo-J b,' tit, ..... ',,' .~"'" ~ f .. - I",""I .. ~, r/t<"''''' ~.04 ~"'C> 
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5 
Luser, Holography lind Fiher Oplics 

LASEI< 

!i. 1 Inlrodul'CiOIl- tllSt'r 
""""pI<.of I~ ... , {1"hI aml'hr~M'" ~) ,Iomuloolnl ,,,,",,,,,", "I ,;0.1»11"'" " 
'm"l .. , .. ,1/" ... , 1M",,,,,, ••.• "mpM",.,,,. h) "" ..... l.ol.J I:m,«lOII l 

n.. h,,,, .... "Ied from 3 ........ ",,,>n>I It,'" .... "'" " ,,1<110 boo ,~'" 
~ .... 1'lOJ,,,,,,,,, ..... ,l<d from ,I'll ...... ;M,_"""" In IP'KDi. be", ... ) 
d<lin • .., ph»< .. 1 ... ,,,,,,,,1' .. -,'" <,""h "''''', O. ,I>< , ...... t...!. , .... ,.I\hI .... ,,"'" 
from 110 ... Iw • '-Of}' hlg. dtptt of «lII<mw:y """ If atm.", Pftf«llr P3'lIIItI 
Me'''''' ,!lba -Ilw; Ihror) olio .... , ... , ~,~ I'I~' '" 1·, ........ ...., S<h:. .. 1000 
,n US" n.. roN 1 ..... "'''' f>bnc:llCd I>j M.,,,,",, In I9hJ 

,,, ....... ,be r~ ....... "",,,,;01 '"""' ......... ,of , ........ ,"", ..... (,,110'" 

5. 1.1 A ..... r~l k>n ullladi •• ign 
W. ~nI>" lh., ",hI" .b<tIrbcd ,Of <.,,,llod hj' ~.""I<. dl.t1n~ ,I\<" IDR"' ..... 

rr"", """ ('11<1 n lei cI '" In<>!t"" In ¥" n",.1 aI "",,, ... 1 ,,>Oil ,iI<HI .11 I he a''''''' 
... ,,,",led ,n ,he ", .. , .... ",," If " {I',~ ~ lal Th",_ "hen , ... ''''''n I,v" 
(1', _ ~:,II, '"PI'llo.l fmn' """,de ,n ,he- 1." .. "..,1< «""''''''''. III< . ,,"n ,,-,II 
u.-",,, 1/>;0' ..... U IF., 1:,) and 8" '" ,1M: ul'\"" .... "Y ".'" F:~. Thi, 1"" '''''' ;, 
, ... ,1toJ "",,,,,,u""f ,pd .... u,," I ~'&-' I.~ JI mon' ...... ) "'lIf'I"Iio<l r""" ""'-_ . 
• ,,,'" .:u _ """" ~""n ~ ,u ,,, uPP<' .... '1)" >1.11. f. ~ I .•. ...., 

S. U 1; .. i>.>Iun '" lIad",' ;"" 
A,,,,,,, .. h",h arc in III< u<IIcd .. "'" ,I.",)"> If) '" "' ..... .a. ... n '" ,1M: ........ ,,_ 
", .... ~""' 11M: <AID rlWfO. III f_ 01 ..... "."' .... ra<I"""'" A,,,,,,,, "" ."''' 
"",,,,,_ III "'" ..... ,.. 

5.1.1.1 s,...~_t .... , I;".iss"'~ "/ 1ItJ4t1lb.H1 
C"",Mln 1'" . 5 Ubi .. 'htf. 111< ....... ,ft'hally" ,w.he ,~",t:d ".~ 1:, 11 ""') 
.."...... ..... "','y .nu' c"",,~ I,,·, • f. , £,.nd ""!I' ..... n ", ,'',. £ , No .. ,he 
I~" '''''' ""'"1 <'OefJY ~I'I- F,- F., "'" .m,""" ,n all fIO>""" d" .... ;. .... 0IIIl In 

r.md<>m p/Iatn. , .•.• !he enuuw 1 ,gb' ,. h'J111 y ,,,,,,,,,,,",n' ,n ,II< ...... u( '"1'<"" ......... 
<""" ..... Ir!he _ ,ni,j.Uy '1 In <x_liN .,oU. I;,. !hen " ,,,II <nI" .""'1)' h,', _ 
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t .. ~, I ,., ,_pi .... ~ _1>, .... : \I>Js' •• _~ _ _ .... 1<0.1000 of _, .... 

t, t, I» 'f"""-'""cn""~,,,.~ ~ .... rem" ~')" ,~. '"."hno •• ,," .. ,II ,""'" 
""" n In ... ~,. ,Ied ..... < ~ __ , .. ~', nil" """"" <f'<'II' __ ."t~ ... "" ...... ,.,. .......... 

( II "'~ n~"""'''''''''"''''. bote."", .hey .... ru"n~ dlff ... n' ...... y. f" ~,. ..., 

I!I hl,hh ''''''''''","nl. M,;,U,,", ,I><) ac •• "'UI'~" r~"""", p/o.>'" 
(.II ... um,I,,",!>,.,,,!. h<,".", ,hey"'" <m",od In .1I1"""bI< d,cn:I!,." 
(~I ". ",,,,,,-;1 •• ,,,,,)/0011 "'0. " • Of) k,,_ Enmpk "r 'I~"'''''''''' ."''''''''' 

;u< ."n!lF"1 ,.,hn.,) h~hl f"~,, """""'="'<01 lamp. ,"h •. ," 

5.1.1,) .~,,,,ul.l<d 1:",I"i<m 91 1l"tJi,.Iio~ Q~tllJ .. l~f "nl"~ 
hI .unlol.«J <m'»~"'. ' ....... 1000 of .. "'" (rum h'lhr, •• c,'N 'bit I" lu, .. , 
... 1<: " ""':lI~ ,<"u"',"" Ix-I",..,o ,,.,, ca<'fJy Ie,d. 0.11 uf lh:.. ,II< h'lIoc, 
< ..... JY k.-<l;, ,.. .. '~II' H_, .. ""I>I~ __ ..,hKh i< h;,,'n~ ...... ,.., I,r. 'nO<"' l. 
10 '''''0, m "."1'"""'" ~,,,,d,_y _. and 1tUj.O,_ I ....... _'UllIN, "a~ k' 
........ ..- ,. "'" --.call) __ . ~I "'''''''''' ..... """""""'" 5<1c<"u<In 
.,.~, So> 'P""'._' .... ,,,.,,.. (""" ,.usIabIc ....... nnI "' ....... 10 'k'~ ....... " 
..., .",,, ... 11) .. '''''~" , • ..,j m<1""~1>k ,._ /", r ~I" ~.2' '''"' .f. pto. .. ", ~ .. ... 
• "I'<'<1f .. c"""u A.·. I " - 1, <"II~b .. "h ''''c",,~..,j """" ,n ""' .... , .... 10: " .. I,· 
I:,. the. ,10 ... ",~I,," .. , ... I.,,,. or ",mul.", ,II< >10m II> d"-'l' 'R"' .... 10 .. ", Ie •• , 
F, Due • ., ,h,. 'Dn",~",'''''' phv<on 0( <""-u ~". Ii , I., .. ,II.,. o..,,,,<d. 
,n :0.1</"",,, '0 ,'''' ".,,, .... ,,' rI>o~"" h .. ·,Ri ,"" ... "'" .n.~lI) Iltj, "".. '" ,"'" "" .. 
" ,,,1/,,/ "m,,,'''',,/ .. m"""" ",", ,,,~,,'.. " " ,,,mo',,,,,/ /" lit<- ,.,-uk," 1'/"""" 

lhe no", ""I""'.II'I"MII' _"'Ill' ,".,"I., .. I."" ,,~,,, "'''>I ,10. <.11 ,cd pi .. ,", 
i ...... ·'Iy ~k''';,·.1 ,,, ,be ",d.Jen' """'on •• ~.:onl, <.'''lIY. direr",., ,""cnd. 
I~""" .",1 ",,,. ,,f ,ouI.,''''';''''' .. ,' No ....... h;o"e , ..... IIk." •• I,*"."", "."'"~ 

I 



, 
~-,--r---' .--. ---" . / •• 

.,.r. I ' - - -' .. '" 
" 

, • 

10"", ,.,... r"'."" "f ... Ie<. ,CJ fretj""""y " 11'1l<"" , .. " I>IM~'." ,,'OW be '''~ ,,, 
I fiF \~) ,',AIo,1< ~ "h ,nur~ <<<iN .. "'". In kId 2. ,h." " •• , .. IJ ~"I ",ullll'k 
oi ,,,,,01,,,1 p/Ii.>I .... , ~, ~ . 8. 16 .......... '''' ~""h vn""" ,,( i"""'.""J .1>0 
nurnb<r 01 ~Q'" " ,_ ~'b" In Ib<,. ,,"i<;h IS <.lJk<I '''''''c ,"',1<'" 
Tho, pho:~",,, .",IIon! by ,"m.I""'" . .. ,,""' .. In looK>' Of<' 

,,, _"""""'" bcc."~.11 = "','"p ....... 1IoC"y ~.' 
'~I hl~hI) ,"""""", bcc~""" 1II<n: ... p.,u.~1M ""'" 11011 .... "". bo,,.« .. ,,," 

"~I",, .. 
,', hi"") ... -.1."",""""""'"""''''' ""') w>,IIbc: ""f'IlC'dh) ....... '''''''jI-'1 ~ I, 
I~J ,II< < .. ",,,od ..... ),. .. ",...~ .. "<I) "'''' 

"",,,. In , ....... g,,.,. .... m; ><1'011. the r"II,,.. <Dr or .......... 

" ... ~ ..... ...." ,,r • • ",cJ .. ",," ,n 10,01 l 
2 Ph",,,,,, , ..... Id ... b< "",~, on "1'1""" ........ ,,<"' h) """~1~~.' In """n, 

," ,II< k",'., ''''''U ""'01 f:, or ,n any , .. 11<, .. . ) 

~ . 2 ""11111"';11" I "'~ rs ion ,,,,d l'IIl11l'i ll lo: 
In •• ""r"lli'1< ".mho. n! .", .... In ,II<: ~rnu"" " >1< " '''''1<, III,," III< "."'!>,;, N 
.'''''''In ,b., ~""N '-1.,<> Itu' ,n , ..... , ,U ,<, """1 .. " .••. " " r<~",,<lI' ..... ' .. ~ 
In",' .... e I .. " ".,,, ... , of ",on .. In th!: <"liN ".,., ,h,n ,. 'k """no,! Of ~)\.or 
" ... < 'I'hu, h. ",,,,,,I.1Cd enu .. ,on 10 cUe pi .... .,. "'" In,'" ... "llou") ,"" .. "'" 
,II< """" ...... '" of ,he "''',,'' ,n h,#,« ...... Y " ... Th"" ... IN '" ,..."..sm_ 

"'''''-1""",1.,_ ",'en_ ......... 'N by -""1'1'1)'''' c""'J) "' .... ) ........ "' ...... 
•• ~n ... ,'I ...... b a ""1"'>11< ........... urCKJJ:1 aIId,., f"" .. 'he ..... or bel I" 
b,t .... ' k,d Th" '"1'1") of e",rY ", ,It< .... d,um " ,.Iled p_ .. ,..~~ 
II ')\.lCR' in .. h .. h 1'"",11;01I0Il 'n.· ........ i. """"" 'N " c-.oIk( ,n .. ",.,. ., ,,~ .. 

S.J Op<'ra l ln(; I' rlnclplf in l.a~r 
0' .... 1'01",1 .. .,., ,n .. "",,, ,,","hoc,·N. >j".,.,..."."ly <rIU"N plo'"",,,. ,""""< 
, ... I"''''''i' "I .... rhfi ... I<>I\ 1>«0"'" I~ "umbo, of """'" «nln:. '" ~,"n", 
,n ,"" ''''l"orN '''ghe, etl<'IY .. "'. an! .' .,I.bl. In ",ilo. 'n m.~. Iaq:< "umbo, 
"r «~h","', I>tl~-«" ,he photon • .,.-C"""' ..... ,he ..,M" "C"''''' ..... toy ... ",J'Uill 
",,,",, plO\N Ix."-,,,," ' ... 0 hilhly ,dl«'i""ni, .. ", M , .. Ill M, II-oS, SJI. 
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,,~ ... h " ~"" .. ·n a. « ...... ,'" l 'hu, on ""1",," ,"" ,,," m""" ... .. ,,~, ... , ... ~. 
>,,, .. , buo~ tI"""",,, .. and ,"'orl .... .. "h ~;O<~ ,.h,,, 1M ,,, , .... ",bI< ...... ,~ 
.. ,,'r I""e." ",11 "" f"",><>I. cond,,_ r", Itt.. be,". lI>< "'''''> knCt" Co .ll 
....... b< inl<",1 _Ioiplc: '" Ul Thul 01 " dl2. i t 

••• A .. UI~, . 'Ior ... ~ .. L ! .. 1 

llI<.doo:. "'_, Itr-q ... ""y " / _ riA .. ~(r".d). 
1'bo,c ....... """ ,I'l0l ,n"d ponIkl ,~ Ih< ... , '" tht ...... C~ .... ,n 11 .. ..,1'0 

... rro bt .... -..... Ih< t.,,, mi ....... ' .. _no <II '''''If ",bled .dh1l0ft> E><"Y 
to .... 'II<y 1"''' """"'p .... """nc ...... u .... _ of ,lItm "",,0k .. -,," ucl1al 
.""". _ l"'" ,..., "' .. , ........ ed .... ,,_ '" phuO_ uI ..... I~y. lIuIII 

.. ~ ,lit """,beT 01 ................. Oft ''''' ....... "oOlOO\ldy ""'" 100>..., .-I ..... 



JUlIO, II .- 0/ ,100 .... m ... ;' ..- f'>I1,>.Ily 19'''''''' ..... lhero. IWy I"",,'nful 
pondltl bee .... ~ ph<rt ....... ,.11 roon<' "'" 0/" """_ .. .... h __ ,..., ... , .., 
rIr< < ... '~I ...... ,II ........ rlI>< 10 ,ntnaC1_ .',,,, Ih< .. ~I "'-~ ... 

ll1u, ,100 1'~~''' '1IJ t>.-..' '<qU''''.II",'I> . .. h,,·h "'u" 100 .... "r .... I,. I.or< ---I I lllrooR "'u" "" ..... ",~ mN'''''' " ......... M' ,:odr .. _ ,. , ..... ...,.,'''''' 

... """ "' .... < .... Iron<q' ... ''''.,.nnrm 
III """'~ ..... ,g,t""'" ", ... ", be <",.1<11 ,,"n,n lhe mood,."" ,h, .. ,n ,urn 

Inf'Ilfe, ,he ~''' .. '''':< 01 ,u".bl< <I>CfH kid. II. 1 " f , I .,,,,,,,.,N .. ,'" 

I .. ,"JI "'"''",,''' (.,.. pumprn. 
(.1) I .. " ... I..." ,,,,,,II.,,,,. ,11<", ",,,,, bt "p"c.1 fffllh.d II ,I>< r .... ' ..... ''''' 

...... 'U"' ", I",,. '."'''', ", C>I "Y in ,onit' '" 8"' h'gh') 1",,,'~tf,, , .011 ,,,'h,n.' .... 
""""",hlO"'>l", •• <:rho",n' I ... , bt .... , 

5.4 ChHrlle!l'r b! ir I 'r()ptrlits ()f 1 , Il~r Ligh! 
"Tho ....... Imp"" .... "r Ih< ~, of l»rr ""'n' .. ~ 'I> h,gII <irr''''' ,,( 
( I ) '" ..... .-1''' i'l>0i0<i1 .. bKII "'" """ 'n~ p;onrllol,u " .... «01""1 .,,' ,-.., 
"""1 be ",.wnod 00"",,, .,,11 .... kt:<., Thou. tho bt ..... <"""')eS ., .... '''"' d,,,,,,,,,,,, 
0/ ,II< . .. ' 1'hry ... alnor ... rcrl«d~ ~Ikl '" _h ",bt, 

(!) U _ ... _;I\ tlr" propc<t1" ..... '" , ..... "'_It' 1., I)roI, .. 
,~" ,,"'~ 0/ fi,'" f .......... ·, ,<i<I<ffo" ..... b)llIIt <KID .. ,rr~ 
f:, - 1':,) ........ """",f .... Ib, , .. " .... rro.- ....-_ ...... f.".,.,. • ........- <''''), 
.-Iy ," "' ... _ f ........ 11<;"" .. h",h ~ "I"'" ,"" <1,,,,,,,-......... _ " .. , 
""rruJ ..... be ....... ..... 

0, c. ........... , I, "h'rhl) rohrn:nI ''''''' <h<~,r ..... " ....... ~,,,,_Iot ... 
omi .. _. Ik,"~", 01,11< h'¥h ocr= "f C<rb<"""l .""<",,,·d ""h ... "" ... ,~~ 
;, ,,~,... in "'""') dll.N: .. ~~, Ir •• "'*1I'Af'Ir). d.>"I.'~'C'''"I. "~II "lUnt. " "'" 
,h""'gh nbtr- ''I''i, ,.bl •. "'. 

l ~ ,an rh,."" - t,... ",' ",. d, .... ,"" ... 1 IIy 1'"11"'" I' . .... , ,til """, ,Iu, ," II< I'''" or 
om"'.,J ..... uM .",1 ... < IIln P<' un" ..,hd 0 .. , 10 'JOO1 I...,. JOU.'<:e" '<1} I"f}:. 
If I .... bt~n' " (,"'~ ..... by a ,,""'., I.", OJ """" ""roo ,he" !I><-,"te",,,), .. ,lib< 
'''''''''ntk''', .. ,h.;11 pi",," n. .. h"h ''''''''.,,~ """ b< u>l'd .0«, ,,'<1) 'I' 'dnl! 
Ihruogll ....... ,"' ... J<1 No ... ,nmrdral .. urldf",."'Ff)"_" " .1"'''',... ....... ",.1. 

5.5 Rub, 1 .... 5t"r 
Ruby ....... " ....... from • 1.1",10 q l",d .. ,,>.1 ol}'''", 01 no"". " ...... norh .... 0 .. 
__ 01,10< . ... 1. ,,,""'pItI.,) .. h'e«d -' ,he l>lhe, .0Id " 1-""'1) .. h'e«d 

la rIr< """noJ ><1 .... of ~b,mm .• nO>.lr Iomp filled ,,·nII • ..- p. "" 
.-0«1", 1(;Ip><;"" ~ Fl, S 4.~ .. 'hich ...... ......... 10 . /c.. IJIo<T,h ... n.. 
0ft<fJY .. "' ... ill !he <apa<:"'" ... .,. wsdwl"'l """"III. , ... Xc ..... IMnp '" • , ... 
IIIIlh_ TluJ .. .\<IllS ,". _" •. "h"h". lew .... ,.. ..... l>."" ............ 
o,.tJ<'al "'''',N~1t """. ,! "'"."" b)I h"" ...... fJ:Y .soon. of,hiHr .. ll' iJab<o!bed 
"" ,10< ."",'e ..,,,,"'. oI.he ,ub)' rod ,,,,,ul<,n, ,n ,lie" ... ",,_ """ ,,,iJ>.:qUCfl' 
I .... ""'~ ... _ II oby run ..... of ",umm,um mrd< (AI,o,) ... IIh """'" of <h< ofwmi"," ," 
""'. (AI' 'j "'pi ...... b)I.hIOIII'"m 'OIl ' (Cr",. n.. .. <hlO"""'" ion, II< ,lie a.:,h. 
"',,<res in ,lie nr"" t • .." ...... . ,wd 10>,", """OIl. ,lie nrh~ cl)'".1 ron ..... <If 
._ O_O!'~ <II chrom,um. 
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'1K-~'" ,., .:.. ..................... lao- ... ) ....... r. (Io, IM'Ill .. wt II _ .... , 

","tftaI , ...... _ ... .,..,., ........... '-...., ..... 

, lit .... fJ} .. >Ie< '" 11K" chrom,...., """ on: """"'ft ,. b l 1 oIllt, ..". c .... r 
.· ""'''''' . ... ue ",.1It ollnJY I ..... 01. chromium"", is ,II< r.n 1r...1 ,""_ 
le,oIled as 1>, on<! 1:, In: ,be orW<\ar)' .... '11 I>olld . ... "",1 h r~" ..... S 10' >« • 
..... "' •• ,he .""o "",led •• M h., .Ionl Ilk""", .. h"h" •. l < II) ',<,< A."". 
,,!heh;. char ... ·''''j'''d by """h. I,.,S tor." 1m""' ••• ,"",,,,,,hJ~ ""'~ Fr.." 
It"",""1< ".,. ",n,1I< ""n"'" "",,",,,,,.:olly ~."" ."'~y by ."'~,~ .. "r , .... i"' .. ~, 
I',an''',<>o, rn.)'" "., ..... ble ..... '" ~"",od "0'<" {"",,,Ide .. ~y .. 1"";Qn ",I •• 

O! q""'" um n><'CiI>nio .... hleh i""cm "",,10 """ .. ,,"" •. 1h"" """',."""" • • "" ....... 

, 



(""" ....... ,>h ..... ,~ (M~ is "'" I"""'hie Chh""'~n' kill In II. ,mund " ... no 
~ pOOI, ... 'roon 11Ie.~ I ..... (of ~y u., _ (.1 ond ~ a ,~'''''' 
... ,100 " ... t ,. II COlI'" ako absorb a p/Iof<)ft of <lO<fIIy Il (>! -a .... ~~. 
nIN'_1<> /., _ In ~Ithn c~" ,1MI<\Io.",'. on..I. .. a .. 111 <;oJ .... ,,'. ~ 

"" I.J ....... y .... tI>c <1)"1.,,1) II> Ihc mct;olUbk ...... M ..nJ " . ... """ ,,_ M to. • 
• ,et)' Iortf; b( ... "",. tI>c •• ",ba ,or ......... n Ih" ..... ~ ~""r'" 1n<,..a>.ln, .... 
__ v_.,"1" ....... _ .. '· .......... ""' ...... Ihc""'" ""'" (...,.. ........... "n 
I.'.n_" .. h .. ,«I. Il,hl ompI.f,n"on .. lh.aI" I .. ", .... """ ..... , .... pix< by 

... , ",,,.II_.ly '",111«1 '*"""" 
('h",,,,,u,,, "",. ,I<c.y from noc •• "..hk ..w, ( ,1/) " , I'''''...! ,,,,,,, 1( ;) ~I"""n, 

I."" hsit' '", .. ,'. leni'" 1t').41 A Imll n", Ilgh' nn I'<' m><k'. NI I"" ~g .. n""" 
.!> In .h"",glt . ,uh} ... .1 by ""nf m"",,".' ", <rid, "Ill e'" .,,,pl,lied k ul>y 
I .... ' ".1 .. , •• 11, .... ",I.d ,"", I""" ~"" III ... ,ltd ruby" .. 

In ruby I."" 01>11<.' JIIIm;>lln~ I> no\ ClKllln,.), .. II i, in ,It loon <>f pul .... 
boGIu", IIIe X ..... lamp "'It, "'" ",,","'" ""","., .. ,,1) {""""f'llnJ,n,ly ,ho: I""" • 
.... t,.... I •• 1", in tI>c (",m """""II JIIII"" '" UI) ,1K>rt ..... r."'''' \)uo '0 th:d i, 
" .1"",."", ""p.Jl>td 1;0"" N<lrm:>lIy 1""'" <Iur;o,~ .. " 10 ,, ~ ,ond tho: .""'I'Y 
ptf 1"""''' '' ,0 ' '.1IIt •• '~ _ ... I. 'h" ... ~'" . ,,,,, ..... ~ ,n ~arh 1"""''' 

10 kW Muby ...... ". thn:c ...... ~ 

5,6 II l'Iium·N~m l. lOser 
TlI< 11< N~ ...... ron" .... of ...... 'IIf. of II, """ ,..., 01 .... "" U 1. pi ......... ....,s. 
• ....., ....... d,,,,,",,,, tube: II~, ~ 5~! 'l'h< 1"'''''''''' ,n.oJ< ,1000 , ....... _ 

I .... ". ""'1'C1If)' TI>c ,a"p"'" " .... k ....... bot, .. , ...... , "....., "" ..... 01 ..... 
,~ .""",'" ''', .. , ....... , tha,. ,r.on;oOor" fom...a On, '" ,lot """.", " u( ,'<f)' 

III", ,~f1t<1I\"~ .. klle ,lot "'"., " fJa",,,lIy '''''''p;on'tll, ... , ,~ .. ~""rgy may be 

rom'n~ <pu' of ,he: ,y".m ....... N~ .,""' . ... ,he: """.~ "n'''" 
w .... llIe d,,, kar,_ [1>, .... , Ihn ... ~h It" , ., ,,,,,'"1<_ ,lie" "'<~"""tiI_I""'m"., 

.·,,11, .... w"h tho: llehum "DIn, """ <'cll. ,kem h' dlffe,,·,,' t'F''''' '''''11) "." 
I ~, •. ~ ~bl .. h"h " u.o.. n a, ,ke,,, ... , ""hi",", s..~, .. of 'Il< keh"m .""", 11K 

nd,'" ,,, tI>c 1t,.I. r,.oJ F" .. h"h .... ,'I"'n ", "" m"",.JoJ. """_"" ,he 
100".", "b"", ~.d,o:d '0 u..... I .... " "P'"'''' I""l! tI"'" ""f"., " 'lIn, \I<...,u ..... 
Th .. 8ndu.!t~ • Lvlt outnbcr o>f IIe" ..... a,_ , ... 11 ICC ..... I~ '" 1101 $"'''' F, 
... ~ , Now _ .. lilt "",,1<11 lUIC'Io cot _ .'" f .. . "" /;, II'" ~ 5b~ .one"""",, 
"I'I""-",mar<I, II> , .... """'" eII<fJY '" oh: ~ .. ,t<d ..... " letd. 1') ....J " 1 '~ 
.... ".'" Sn .. ' ........ " ...... , ............ from ...... ..ubk ....... , "" r, roll ...... lib 
."",eM'" _ ........ :on nrf!Y ."._,.. u~ .. pbc<o TI>c _ ........ ar. "-
... ....d ~" .... IY '0 , ... 10",,1> E, _ ~:. """ 11th"", _ .. ,II lot ... •• <11'" '0 tI>c 
,..-I -" Ikc ... ~ of .... .......- ....... '" 1-, ....:1 / ', 1<,,,, oIloohum 
_. <Io"'~ ","""h lilt .... """t"", ron"~""">ly """",.:., the neon ....... , 
,,,,,1«1,,, ,I>< .".."y k,d, £., ODd £,.~Im.:ll) 11". 10011'" II> <"' .... 1"""' .... "'" 
'"'''',,'''' .... , .. '''''" It.'d. I:" E,""" ,lit 10"-,,, I},n, k,'.I, f.-, ..... f:) In N" II,,,,,. """. 1" ...... ,"'" Innruon ..... _n ... h"' ...... :ony .,.,..,Il<0\l.1)' <""''''' 
I""."" c"n trilll'" I..." 0('"," ,1"" .""""'. 1f'.In,,,ion. Wi. j .~~! k"" '0 c"U~"'" 
.! w,,"e ,."8 ..... J_J<1 I'm.. I.I ~ 1"" .... 6J~8 A. I .... first IWO ~ ift .... inf.......,. 
"', ..... " ... "'''-, 6U8 A "lite .. <lI\.no, .. n rW .. th, fn~" lie N. I .. "" llo" 



... 

" 
• 
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I 

" ----. .. , 
10) t:,,,",.loaoallOl "" "I' f .... n .... s. _; I~J . ' ......, ".<1 . u." .... 
....... dlff .... '" "<P' r ... Ie .... , .. ,10." II .. S ... "'" 

radOM"" i, .'''phlkd by 1110 I""':'''' (Of """U,,.C'\I ''''''''U'', ""lin, "'" ,,( ,"" 
1'1:1)"",;", n"''''''lFi~. "'J IIcft' I"'mp'n~" call«! f.I .. ,,,,.,,, "..ml"~.' ,,, ..... 
• 1""''''0' ''''''If'' ...... 1 (". I"""r,n~ 

) I< N. I ... , )"',m.II}' "'<Iu,,,,, ~ In III II' ill ".,,"non I''''~' ,1>1, pr''''''''''' 
U., 10 W ",II' <It I.,.., ,.,,"", III> .1", ,,,,lin! ~ .. -I ..... , " .... ,I i. on,m"""1 from. IkN. I" on,,,.,, 

a .. ·," ..... 'k. In .. ......-.1. r, .. "" )" 'n'" h~hl "hlCh i, It'''''' dl,,","""" ..... 
"""" """""'-.:. lIu. IS btnu«-0( ,"" ob«""" 0(",. .11"", ...:h .. Cf)"Wt.It 
,mpaf«tKlOl, ,""rmal d,"""' ..... and ... ~l1cnnl "h .. h ..... .,...,. In >0101 >tole 

Ia>cn C ... ·Ja>«>.., npoIIk '" "P"'.tIn, ..... ",,_.ly "',,"' .. , ,he ~ for 
rooI,", s.. Il10. aI"" nllod .. cuno,_, _ .... ' b>cr or CW ..... 11".'1< 1 ..... 
... ( ...... ·.11 ..... 

5.7 Moll'('utlir Enugy I.t'-t ls 
F ...... ) Ie.-'" ""11>"'" ~ """ -c <Ii",",,.,., for Rub, or IIe· No I • ...,. ......... '" 
./""'''';, ""~,,,.,, 11., "hnI • moi<culc ""Y CO,. i , ,,,.med. ,11m in -.1.1" .... '0 
III< .1«I"",Jc _m".".. A'MI$ in tl'l< mojo<uk< ..... y ,-,lMal' tft ,Ii'jn,m .... .Jr. "I 
,-,h",,,,,,, III "1m,, .. "h"", "",,,~_, ",r,', 11m,_ ,I", nw>l«u!>t '''''tIY 10 ,'01, t> 

,hu, "'",,,ro.,, '"~ on'y hy .h.~"'n'< k,·c" bu, 01. .. by ,tbno'~ .... 1 .,'" "~.lit"o>l 
10,.1, I,.,h ./' .. m,";" , ... ,,1 i. _'pli' up in", v>r;oo, ,.;1>",,;,,,,,,/ ""I> 1 .. , .. 1, d..., to 
tho:- ..--tli, ... n,~"'. 1 "".1"" "r '.d",d"al atom, abt .. , • "" ... , "r ........ i. 



",,,I«uk, in.1I< <1)"'31. "" 'I>o .... n in I~t. 5.1>. "->oh "I~ro" """"I~, ... I" ,sain 
(u"t.o. ",W"'Kkd ,"'0 ,,,,,"',,"',, .uh '~'-d, .. ",m,I<,d (1011' lilt "~ml<'"' ,,( 
incn,. "r ,he mo:ok.;ule "h. .. , I'Ill~"'" ",e" SuP!""'" ,he "..k,uk h., h.., .. 
~ '"l<n'H)''' of ,~dr. 0 Then ,h.' cnc,sy f:, .. "",j"ed ,,"h 'k d.,<.ronic mo,j"" 
"f. 'alo""o 01«."," j , ~f ,he ",-"" OJf 

-cp----{9~---,-· ~. 

, 

• o 
1"lJ. $.. 1% ... 10>0 of ....... in . m ..... , " k 

"h.'," '" " ,he ck<>"'" ""'" Whon., i; 01 .,.u.., ,.t' I.~ ;. un" , ,h< • • h" 
<"""'I'<'ntl> I" ",,,,,,,,, .. 1",~u<n;:I.' (bel"',,,," ,""", .. 01«1""" 0 10, d.) ,n "'" 
I ,;,blo> and 01":,,.,<:>1<1 r<,"'" 1:r><'&Y 1-." ~,~,cd ,,"h "t""""",1 mOl,,,,, ,n • 

"",ic<"I<" "f the ",dr, 01 
to. . ,mlM )'" 1::, 

"he", M "'h" ,,,,,1,,,,",,. n"", ,"nce ">L>IocuI .. n .... M " 1')0 """'_, b'I[I;'" ,h.n 
01",'''",,', " .. ,. ".'" f. " huoo"",, ,,,"'" ,m.'k, ,hen 1-.', 000 "''"'''p',nd, ,(> 
tr.1n,mOft' (I>o,"'oon I'''''''''' I"~r:1110'UJ 1.".1" In til< ""'1' ,nfr=d r<~,Oft 
1101>1"",,1 cnc'~y f , • •• ,,-,,,,",.d w"h ""~I,,"'.I """"'" " or lho. ",,\0. "f ,If,,) ," 
,Iu, ,n a "",I",,uk 

E, " ,mlM) f: • 
• ,h,<h" .bool IfI' """" ".,11 .. Ih"" f., .nd 100,,~ ,m .• II ... lh,n 10, .... h",h 
ror'.'I"-"~" ", ".n,jllon (b<l ...... ~ ,'on''', ""''''~''I k,d' ) ,n II .. rar ,n"o"", 
regIon In CO, I,<;<r.nd Il}" La ...... ""1' .,",,'" Jakes place Ix"",""" ",n",,, 
"br ... ",,,:rJ.oo "~.,,(),,.Ile,d> .... b,eh .. " ... ,I) d,-'C,,» no .. ," ,\e",,1 

5.8 Caroon l>ioxid" Laser 
In .",1><", d,~."k I",". I""", ':Ii"" •• \ '" pi ... be,wccn ,,"".I0Il.1 _,ub leI·d of 
• I""icul", ,ibr:olion.1 1 .. ".1 'oJ ,he "">1,,,,,.1 ,ob 1 .. '01 nfh'~<r '·'i>r'.""n.lle,-d 
Tn." l"'I"'I.,i'-'1l 'n"or>.1011 i. ach,.,'«llhrough. g •• di«h .. , •. ,"'" em<,.",,), o( 
00, 10"" " ~<".."'Ily ,nc ... ,>cd d"" 10 "'" add""", of 1'1, ,." 10 00, ,n. "ben 
d'«h"'~. i. p>s""" IhrntI~h rlx: , .. m,X1U,". n,L1os.n _uk<.n: ""'''M 10 
,he "PI"" I ''''''',<>n.1 I.,,,) J', Fl,ore S 1 ;1>0 .. , '''nl< cnc'Jy levels or N, lII<I 
co, , •• The upp<, ,if..-:o"oll.1 1eI,,1 E, of CO, g" " "" ,I>< »me 1~,'<1 of F, of 
N, g". Ihu, .1 ... to ''''' coll"ion 01 u"c. ei,..! CO, nI<>k<:'k. " 'lIh .. .,,,«l N, 
mo\ecule. "hleh ar •• , 'Il<' """." . hle f ", Ie.'d . • r><'IY ,,,,,,,ret .. \e. pl"" ."" 
CO, mule<:uks. "'Ised dlrrclly 10 IIie upper .',brau""ol 10,,,1 E,. n", <TOOle, 



" --!;--
" 

-.-.. 

, 

:~~ ;-
_'E-.'_ 

,~;--

nr. ~.7 ("n, ..... ' 

po .... I.',,'" ,.' .,",'" 1>cI,,"" ''''' 1<,., ,,' t, :01101 k"," ~""lY ",,,,I, f., lIn<l F, 
'" CO, m<>I«ult N .... I.",. ",""'" , ..... pi .. ." 1>cI",""u ~",,"., ''''' k".,,1 t., 
ot u~ \illI~iOn:Illt'cI <If CO, moIt<:ul~ 10 .01.0110II:II ,ub it,rl 1:. pd f.,or 
k", •• "",,"011_ k,~1 ..... 10 ... 11 ~, .m""" .. '" .. ,.e klll!,h, 106 and OJ 6 jim 

.. h,", .. ,. Iho , .. f~<"Il '0',,,,, 
Tloc CO, p ... b"'. i, m •• ,~ ....... dr ........ ,!un ........ ,,,, ....... n h<noo .. Iho 

Itul, '''''III! p;an ,n II .. I ...... """'''''''''''. ,he .. 110 ......... M"t-.:ol 10,..-1. 01 
,he k"' ..... ' .I«\n,>n>< 1t,.1 "Tho,.. It'~h"", 'f<} ........ 'I> ,he JftHI"J "".,,1 ... 11<-
.. c, .......... from ,he k .... u 1.o\Of k,d to> ,"" r"",nd k'd. ,ft",h" ,<f)' ....... U 
"""",n' .. ( .to<f¥y k", "h .. ~ .. "'~ .,..,..i ..... , .. , '"~ Iho , .... "'" I ..... ' ........ II<...., 
b'1'c I"'""'" ot ,he ,."'" """'n " """.nod "''', "'''1'''' I ........ ,ul ,"II in > -try 
h'gh .m.,,,, .. ")· 

F ....... ""·.111 ,","11. II> ..,'rnal h"lIIl .. d ".". """~, ou'J'U' i$ rn",hl<. (rom 
, 0 , I."",. lh~h f'O"" ("0, I.~, ,..In .... ' ",,"'J '" ,lI\lu,,'Y h" dlll',.,. ,",'.~hn~. 
,u" mg. " ... CO, 1 ..... , ,.In .1", ",. u",ful ,n '~IC" ." """11'"""'''''" ,y"«n, 
t>cc"U'" ,I>< ,"',,'. le"a,h frum CO, I"," nn, in _ NoOO ,",'II< .. """'>t>i><ric: 
."C"u"~,, i ...... U. iI un .1 ... t...><"oJ ,n"n ''1'',,·.1 r.tibt ')'010" 

5.':1 l}y .. I ,,,s..r~ 
0),", ""'" in lho ,_, ore "" ..... "' ..... >IIC .... hlOh ......n. ,n ""' "" ... 1In· 
'M""', ",obi< ... no .. ",I~ I'<t",." "f ,10< ~ .... , ....... """ .. 'flO""' .... ",.... 
,..."""""00\ ""' ....... , ............... y ..,t,J "bOLh "'" d, ...... '«i OIl . ' ........... """" ... 
''''''' .. " . >OIv~"h hlt- "~I<'r, C1hyl ak ......... rII' The", d)" b""" ..., ....... '" 
grns inlrT<" beau", of ,I><" hroMl :\hIorptM'" :uoJ Ibc_",ctI' 'fOt"I.'lUm :wl 
1""", .... ,";.". '" 1t'''''R. e"">f> ........ mf'l<' ,u""",,, 1"," One <all """ '''''''''''y 
.. ,"'" uflho ,,,,blf .......... " 'Irom tI>c ~ WI~ I>f dy~' 

\'anoII' ,',bn,KM>ai ,ub k,·el. d d,/k"",. 01<0:."", .. >1.01 •• 0/ tI>c ~)~ rnoI«:uk 
_ tel'o,,,,bIc f,. 'ht I ...... "'."'" ,n d)c liL .... , I'" ~ M ,1 .. ,,,-, 'he d,ffe",,,, 
ok"""" '" >lngk' 10 .. 1, s... S ,. S, .... ·h .. I "h,<b . '" ,ut.J" '.JcJ in,,' "110-.. "",,,1 
10'-.1. on<l.""h .. ."..,10, ... 1, .. -.1 I, agoin "Ut.JII ,dc<.I ,"'0 ,"",,,,. "..,' . ... IIe.,.t 
Tho< leOKl. '0 .""h .'''''',,"1<" k:"ol ron"'no", • I",¥" "u",b." u( ,·il...,:";",,oI. 
ml:lllOOII ,.b I.w!,. lind Ih'" <knse coll«1,,,,, pf ,.b k .. cI •• lu.h .0 I ""'" 



""""""um,,r ;" 'Cl'. TIll. d<"", 00110"0<1 of .ub 10'-01,;, Ril'<'l'"blo f .... br»>d 
_1>''''I'';,.,.nd em"",," 'pee''''n' <>f Jy< mol«Cuk 

• 

" 

• ' . 

F'~ 3.M 11,.. 10,.., 

0...: ,,, ,I><- oh''''r<u," "f j'snl, ~). ,,,,>1=1., ,., ••• "ru rrom vound ,I.t< 
_1'0. '" '-,n'"" "bta",,,,,,1 """"m,ll .. d of "'" b;,I><-, deAomc k.d S, Nov.. 
by"'" ,1><-"'1.11 ,."]j,lIlbu"",, '" Ic,d S,. mos, of "'" ~~c .... "«ul<> d,op (0, ,,'" 

k>~ "S! "bro,,,,,,.1 k.d IJ of S , 1'1" .... ""'""""" w'''"' "' ..... , r.>db'~," "hr" II,. 
dyo mokoulo. mll •• ,,,,,,,;,io" Iron> .,,,"1 II (0 .ny ~'1!-h<" ,I>r.l,,,,,,.1 .ubk"o ' 
.,f So. The hro'''''' of "I'P" ,,"', 'oI<l /J ,., iIf ,he "",I<. of 10·· ....... hi,h" 
",uch ,n",net '''''" 1 0-' ""_ ,he l,r"',"1< of "PPC' """",,.bl< I."" le,'.1 r", ..... lId 
"0'" 1,,,,,, Vibno""".1 ,,,,,,,","I ,ub bd, h d,rr .. ,", oh,ro,,,,, .. "~k' 10".1. 
"' .\'0, S,. ond S, .0.1 "'p'.' ,""." ~, T,. T, etc, rDr dye II"ko"le "'. ,ho~" on 
I"~. ,.~. 

D~. ""'koul ..... $(1 nu~ .. """ r ••• h."," 'r>n"'''''' fmm H ' 0 tnpl .. , ,,>I, T,. 
Th" trllm",on".cry ,mport.", ,,, ,,,,'",,,. I.,." """M" d)c 1."" Il«au", 
,he .""""",,,,, 'pee''''," "f T, • T: ",".lIy ""<11,1" ,he .. "" .... >-r«'ru,n "r 
of, _. So. thu, 1.:IIl"'~ '0' I"" >< 'hr ,,-,,'C kni,h cone'pundonll ,,, "'" 1 • ..." 
<m"",,". do< to ',..M",,," from 1",.1 H '" "My le.'<1 (If.l;,. 1'10:", """"'" e.n <'en 
ple".n' ,ho-l.'gor ""', Il.'~>n F",- ~,"'" I . .. , ,.01;"". ""'" no"" ""."h lhe ,ru-e,.ho.~d 
1 •• ·.1 !>d"," • ;ogn,r,<:>n, nun,bo, <>f "",1«"1 •• h"'e dlllJ'l"d '0 1" -01 T, fron>~, 
1', OC,,,"'. UPPC' I""", Ie, cI and ,he 1"-",,,,,,",,,,,,,, ,.~ .... polec from T, to, 10,,",,' 

lying .ul> I<.d of So- I) .. " ' 0 ,h". on "A""'", !lOUIn "'''h '"cry r." "I'< """' . 
• "b." n .. ,h I.,nl'> "" J"'1.cd I ... "".;, r.t«.,,,,) 

!)y< I""", '''"on8 O""':wxt A ;~ I"-"',ble by .cpl""ln8 me of.he re.<DIl'oc" 
<0'11), ,,',th. d,rrlO<llon ~r.lllng 1<>1" ",n .. """ '),p<). v.'h;"'h i, adJu$l.d so ,h .. ,he 



r,,,, ortk, ",n",,'e<I beam foo, ,100 oorre<l "'ove kn~(h " ',11 lit olon, ,100 .. " "f 
,100 ........ n>ne~ Cdllly By ro(a(in~ (Ix ",,(ing . ..... , .• k",(h can lit ahem!, • • t>y 
"'"'g IIr .. u"- bll' Em,,,i,,,, band, "f dye I."" "'" ",nally corr,iM'"t of 'cry 
'''I'e f,"'l""'ICY ~.m~" (~ 10 ". 10 .. Ii . Of 100 A. 1000 A), Uy U<r", ntUlk 
'''''t,n~ ,«hn'qll< nil<! cOJ! uI>I~," MOtt. Ir><:~od .• ~Ir."""Y .1><01 ,,~ III" \tt' 
"",,,,Ill flU"" ""h ,Iro: odtiill,,,,,,1 r",orJ.>m of "." .• ""8th ("nin~ 

5, 10 St'miconduclOr LUSI' r or Diode laSl'r a nd Ligh t 
Emluing Dimll' (I.EI}) 

An"" "'" Junell"" "f (Ix "",mcond"" ,o( dIOde dec""", .nd hoi" .... <" ,n)<'<ted 
..... , h..-".rJ h,» ",,,,,,,",,,,, . , n""","y c'me, (Fig ,_~"' .f,). 'The ",,"" .. 
m,,'''OI) ""tnCI d,Jf"", ."" 'n'QlIlb,oc " 'IIh n,.puy c~ll'I"r, In ,ho Ib"''''. of." 
.".m.' :1JIrlio.l ,''''lOg. no <"m", nn ... , • . a.s ""'0.11., blrmo, (E . .. ,I'.). pre' .m., 
,Ir< ne( Il.", of came, :urd Fe,m, In'el for I'.nd" lid< ... ,,11 """,,"k I 1'" ~. 11., 

" 
, 

O· O· 0 0 0 0 O· O· 
O· O· 0 0 0 0 O· O· 
O· O· 0 0 0 0 O· 0 ' 
O· O· 0 0 0 " O· 0 ' 
O· O· 0 0 0 0 O· 0 ' 
O· O· 0 0 0 " O· O· 

(""""" ..... , ... 
• , •. $.' ""n'." ,~, IIr d.pl"'~", m: .... In p·s ju"""h., 

Sponl . ..... u' .: .. , .. ,16" 
Who" .".m,1 ml,.ge j , 'PI"rro .,. for"-lIfd b,., ("'8- S.I Ol. ,Icc" .... , ".n 
fl",,' ,n8 (,,'n, " '0 p .nd ho ... rrom p '" n. T1lc:", minority .omen; >Ie effec',,'''y 
,"]<,',.'<1 ""w.' ,110 June,,,,,, by (i>< ' pplre"""" of "'" ~"em "' vol,ajO .nd """""' 
flow 'hrou~h Ihe <1<, ,oe :as rJlCy oonunuCHlSly d,ITu", aw. y fmm rJIC ,.lOrf."c 

PI>", 

---------_ .... , 



n,;, .. , ..... _. ;~ ... ,0>bIt "'"""""""'" ","",".I. al."" m. •• 1/,,,,, ,..,. ............ 
M'''~ ,/0, 'oH"''''' 'of ,.~~, I~ ,/0, 01;"",_ "'~H"'. "lM<h "' .... , ,,, LED IUJltl 
1;.tru,1<'<I 0" .... / __ -< __ b!.<f S""'~....., 1 ....... <1 bu....t I' '1/ JI"'C'-

u: ......... ...,.,........ ........ JI' '"' ttl<" "'" I..o>ft "'""""'" ... " " <alia. ........ """"""'_ 
~ tor Oood< u,..,. 

Tlor ,nrn:a\C"d <_ ... "'" 01 """"'1 """'"' '" .he 'W"". 'lI"" '<"t"'" 
..... {,_~ bi.Wtl r·.Y jot""';"" ",.:0,}. '" ,he ,,,,,,..nb<,,.,ioo tI( , ....... ' "'"b 
,he .m"""" ,oj pOOt"",. "" ..... ,II< _ r"l' ,. II"" olopl<tRot ",~" .. I' .... ,II""" 

,,, . '. 5 10 1'0"', ............. "r ,,",,'''''''''' .. I0I0 ... "''' <I</t"<ll a. 

.\0. uI rh<~"" . ..... ,,'" 
'I, • In,.",.1 ~";W"'" dToci<ncy " N" "rd.:;;,,,.,, ",-,"""", • I~ I.) 

~h,<h ,j ~n" "' ... 
t .... ,.) ,.",.<Cd b1,hl' 0/«,,, .... -10001< " .. ,,,,,,1>0,,,,,,, .. ,n de""'-,,, ..... ,"'" " 

'1'1'"",,, .. ,011 "'1".1 ,,' ,II< b>nd ,.,. ..... "') 1", ru." , . ...,.. I""'I"""~" , .. 
,""'~f, ..... <I« •• aw.J h) "",,.nb, ... t~"' ... 1, ... " IOU) ". ""I"" .. , ..... ,od, .. ". 
In nun l:ad .... !t~ ~IWIOII. ~1IeIl)'" rell'l.td II!. b1u,~ Ithnuoll.1ltd ,InK 
_ w". ... ~ '" bAnd II, han.! rad,.",. l'l:Conlb,,,,,,,,,,, ,,,. m<1JJ' ,,« ... ...-.1 
""b .... , ...... ,,, .. 01 pIoooo .. "Iu<h " ,,, ' .. .,.._,"', ' .. n '~1fI .... """""". 
Th" " ,II< ..... han"", to,. " 'h",h "po n .",,,,,·d rn ..... I.Hl <;" ..... "' ........... 
........ ' ..... '"M''' '" ~~ ...... {_, .. d Il0;0, ~"""'M'" r '1,.".,_., .... LED 
Hut h ,,,. "'j«1." I...-,.~. '-t_ \,,,,,,,bo<d bro ...... · " '-' 

'" >IIdt,,,,,, '''''' OjlIK"aI ... ' tty anti m,n" elk .... kJ .. m "'" f, .. Jt>;o,.·~ ,oj """""'''-

I" u:n_ ~", • .-.lIy ,lot ''''fIY .. "'a"'" "C\f\I.1 h> llot t>o.ro.l ' "'1' <lOCfty 1_. 50, 
lhe tuq ...... 1 .m,lted .. 

Et·." ~ 1 
1« (,aA .. I., ,, 1 I ,) 0'1. 11''''''''< _ O.Rb jJm !\/)4K' A 

lh" /j/ffl A ",n ,nfrat'l'tl "1:"IfI ..... '11>11 [[) "ulkJ IIILI) lh" """" ......... , 
""'''''''' . oj )'V>< (",m "·u h,,, ,lor d.-..lo >'''''- ,u .... ~ "'"." .' _""",~" m,n<>cr1I«t 
" ~. ''JII ..... '"""""'"' .... '" .1co:trtoOJI fxW) "Tho • .....,."., ,06 nod ... ,. """_ ....... 
ond .. n, ' .......... ,,'y <by " ,""~ ,,,. """"""'. tIq<rn<J,,,. ~I"" ,lor .... '" _ ... ,_ ..... 
...... n ... 

SU,,' ula, .... t: .. 1»Ion "nd I .... ~ i . s.-m ........ _or . ........ 
In o<m""""""'" __ ...... of p·N "",,"""" "'" h<~' 'It d<'f'<'d .. ,.' """~. 
I>uc wl/IaI, """"Iauoa iIt,~rnI.'II "aIn:~y .d'''''<4. IIt:~'y, ol.Iptar not>CI1IIC 
•.• "." ,.",., Itt c""" .IMO ,II< V II '" P-oo&. .. 1or1<;O; ". .. ) . ~ .""", ~"', lhr 
"",m, Ie • ., Iu moe. ,IMo lhr C.D I~ N·soIIe Tlor",..., nlW """" rum,_, .. .,.,1 
I'IIU«' lito) >1><"," ,lot ''''''" <,KtI" r.-l,,,,,,, ... """ r.,,,,; "',d f •• p'.n.! n' 
,t<Jt: .. ,II be "" ,lor ........ 1" .. Tho,"'" -N"J0""""''' I'">' ...... , ,,,. " " " ...... ,""' 
r",.:1 I ... , ""'ioo. ,,-• ...w P«JIUI.ltoo ,.\On,,,,,:u>tI "I"h:>II«<II»<-~, "''''''0 
popul.",," 'n~"KHlIlu ., .. ady been ach,t.ttl du. 10 h ... y 4ot""1 'r" obt ... 
,"tnul ... <J ."""""'. ,he", mu" be " <eJton of ,he <k.~. "......., ,, .. ", on: ""'"Y 
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''''n"I"''n~ the <m,,'K>n ,.j "kOIle, r""""oo 'hI< <On be "",""lICd '!'hu, ,ho 
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Tbc fOJ_". ,''' ~oOcI,,)·,,_ thaI_ .. I..,. ""mIK' 01 "I«trono. ..... 
10>10 .. ""'h ....... >ll "c;all<.l -..,,, •• "'J""'-I~'p 5 14, S 1 bj, of Ih,d ..... , • 
n.. ... ) DIll"'''''' nI <""IY HfalU<..-y " "'~I<h II ___ r, (I," 1_. * h.1 
ronfillC'lJ '0 , ... """ ' -. ,~,.... "'~I be ... optirlO1l_ """" """'1 .. "" .. , ... <:&I ..... 
<It, ........ " ." doppoa,) nI r' -f,* JunctIOa _HIe "",,~",aI " ..... 'oOcI .......... .. 
-S--''''w_''"" -Tbc,d,w .......... w .... l~ hl"'nrr .... lIbroJ>o1.:1<"Itt'" 
1.1" p;b.al !ho .... '" , ... r ,,(, Jun,,,,,,,, unrie. h"h ·f,,,,, .. J "'" "~"'F<"' 
'p.lrIr;ma ... <mi"""" ~ cohro:<>I >I' mulakJ <'m,,~ ... n"" lObo"" ,~,.,/to",1 
(j"'r~'. r -N' I"n''',on ..... , la,,, ",",,'" and """"m." , ..... " ""I ... M '" ,1o,~/. 
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'1'''"," •• :0." """,,,,,, •• 11 ",h., I.EIl (F,g, ~ 11., T ...... ,Ir.,,,,,, p-'l<r.,<J 
"'IIh,n ,II< """ ... ",,,"' uf ,Iudnru' .'f'«ad, ou' 'n'" I .... '"'J\ .. "'I,n~ I,,,,,, 
""n"' ... I .... "" I,"), IJ .... ,j 11l<rc: " ,.f ..... . '".l< ".,l1n<lllCo, "f tloc roJ,",,,,,, 
" ' ,hm • '<,'(In ,II' 'hl<l ...... J ,M,. '.1 4\. nlkd .. oodt • ...1.,,", .. recomh, ... ,,,,,, 
frg><>n .~'II«' ,he adIlu,ooW ,~ Ole p<6O'" duo I(> ,he d,flu,. ", ,,(.1«,,,,,,, 
.... ~., mll'''''I) " ...... In tbc """". "'. __ ,,f., <10 .... _ """"" ... ,11< 

' .... - • 
,-, __ I.E,O '""'" __ Poo*- '-.. .. _,--•• rJ.l ... _- ---- 1~ • -.~-

~ ! "'-• • • .. 
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' ,., .!-. ll \~.Io, ... olllo:~' '"""'" .. hb ...... """'"!' r .. " .\" ju .. , ........ _. 
, .. ..-- In 111(101 ou, .... ' .ftt< , ......... rId C'\I......,~ ....... h "",-, ., ~10"",," ...... . 1111 "'"'" ... 
Ih ...................... ~ wI> .. I.fll 



rdr",,""~ 100<, ur ,be: """, .• ",£;on ""II "" mor< ,lun ,be: ,u"",.,.hn~. oj'«en.' 
formong • ,1i~J.',,,,, """'~ g"ilk i.o c,",r."",,,~", "r ,:>il,,,,,," w;'h", , ... ,,,.~ 
"'~''''' In ~"""r.llho d'fl-'",~ ,n It I. Do! .. · .. n ".n" •• nd "",~h"""nn~ ,.~,(\I] 
"'O'} ,,, .. 11(0 I !o I'. " h~ ~ I ~ 1.,""",allyIHJ2'''. SO ,I ..... 'C ," ,d,.t '''err 
, .... !f,nc'" .nd Ih. ,:..l,.",,., .... ond, "'~, .. " .j' I><y •• od Ih" 0<'"'' "'t'''n. ,,,,,,,,by 
r,,<u"n~ ,10< ""od.' ",,1,,111< (!-og ~.14). 000 tlul .... y '''''''''''",. thoy He .,,,.,,,1<.>$1 
lJu" '" 'h" .",,11 d,n-."·n",, '" It 1 Dot""""" """'« and n",~hbo""n~ ",~oon 
·h."'~JJ"",,,on I~«r" d,,,.'" MI~ WCM'k< I"" ".11 c"""rh. ,,, .11" ... lase. ac,,, .. "' 
• ,.,,,1, "r, ,~" .. "", J>Un'",n~ 11=".,,,, nr 'h" r<.'Om Ilon • • ·,"""I.,," LIse" <"" 
,",I~ h<: _, .. ,",,,1 ,,' ,he "pulwJ nl<l<k"."' ",."" "·'''per.''''''. Mo .. ", 10< 'c,? 
h'fh ,h«,Io"IJ r""'pin~ •• urn-no ,kn,;,y 'C<J""<rl,, ,,( ,I ... o, .... ' .. r ~r~ ,\In"" 
Th;, d, ff,,",,I' Y •• " "" ","cR'>" .. in - Ho,.,,,. J" "''' n" - ,It -"" .. ~1r ,.",.",-, "n,,"""
d".1<: 13 ... r, Wh .. o G3A, "u"d",kllod be,,,,«. '''0 la)'cr, N GaAl,\ •• ""10,10 
" .. ",uk, ""'''n g.p and I",,'cr 1t.1 ,h," 0.,\< 11or<.<h.,I,1 J"Il'P,n; corn-no 
.... "",). '" Ik"'''' 'I''"''''''n Ir"~1 i, c"",,,kr.hly I,'''' ,,( ,he ,~"", ,,( UI AI"",,' 
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\~'''' ,hr."h.,ld <urn-n" <n,.11 ''''''''.''' ,n ,'"ITCH' ",II J"~ '<1) !1I~h h~h' 

I hI. ~,I ~, """1'"' "",,'.r. " •. ""1)' h'$h ,n,,,,,,,,1 ~""n'"m etlo,·,'''y t ~,I ... hich 
".h" tk"nc.J", 

"ho,e 'r" tl..- I"",,,,,! c"""n, 
to: .. " [,<'WI r:><li."ru h) tED or ,jioJ" 1.:0."", ~." ho "rittrn .. , 

(~ lbl 

r'~"I'"rI"", 11,·' .. · .. ·" S'·"',""Mdu. 'vr I .. "", ~"d tED 
I l.bll ,In ....... ~ .. ,~ .. 1""'0' <u,",n' .... ">'''~>. DoIQ" ,h .... 1101& <",,"",. nu, it 

os <bo:n",,1 for • ..,m;"ond""LO< 1= •. i, .,..,. I><,n~ oc'o<'" abo". ,htc>boIJ 
'u".n! ""I} !h , ~ 12) 

! . 1"0'" t1>< I.I'P. om"t"'] photon h>,'~ random rh"'" bocau"",, " "D"seJ by 



s~. Em .. """, and ..... eo IluI tl>< dc, .... "OIl ,,,,,,,,,",,,n' "",.....a ~ 

'M """,0C<IDd00<,,,,, 10"", is' «>l><f.", oourc. '" "flll. "I>«''' I, do>< 10 $1"".01 .. «1 

."' .. "' .. of b,'" 
1 11acno<'l) ,.r ,Ioc ..... n.:>l rw- II mooplyC\fU'll kJ I .•• "-,b< .. ......-"" 

.....,,>1 . .. ·tuch ,,,., "olct 'f'CC,rlIl I."" ....... h ,n U :O (I", 31.bol 8", on 
IJo<><k , ..... , ... ,, ... "'odoh" 'Tf}'~' ,t-" ~ II<', 

• UJ) "'1'JI'lrU ..... Y "",.....a mndeo ... ,'h'n ," "''''''' '''''' _ ................ 
.....d., "",I",,,,olr,, .. ,« h~ (~.Ilbl 'ic"~' .• I"""",~,",M~ 
..... "'. (1-0", 5 I "'I 

~ , .1'1) i, .... \in~ I"" '~I ... "r "',""'" "",n'H,n .fficlt""Y 11ac .n,.",,1 
Iluonlu", dr""I",'Y fl ... """"lid"",,,,, .. ""'" "cf) h,~h 

b. In scnllc(HldOOo, ,,>01. p,''''", """1"" ,nc",."" ,"n""b>, hn ... ly ""h 
< ..... n, ""M'OY 1 hI:. S. 12,. ,,,n,I •• ,,' ,tit 'p<>IIIl "OO" .. om',;''''' 01 1.101), un,,11 0 
,hn:"",M " . ... ho:d Af'<r ,hr.,hold Irr.,hl ... " ,,,,'oa,,,' li<><klcnly to. ,.'t 
h,~h"'lk< uI ' '''l!nIludc_ "h"'h " ..... "''fUn"'" h) • dr;o"., 1UIrl''''ina of '1""'''~1 
",dolllhi Slle, 

7. Upo'."",,_ rn"" tED do>< 10 'pon'''''''''' <m .. ' ..... " ••• y .. '.,~, "" 
"""fino.! OOIly .. "hili IIIe: ... """_ ... """~, bl,ho ''''1'''1 r ..... ",,,,.,ond,,,,..,. 
I.,., " 'Tf}' ,"'.n .... 

In ...... ., ...... "" d'"dc· ...... IIIICCC ,he b",. <"''''~'''' ...... "'1Cd 10. "C'f) 

.h,n ""1!"lII (_ I JInI"""nol , .... '_'M,. W., ~ '~ I, ,n .. "," .• ,,, . .... olo< .... , 
"".m u ..... lI) ........ '" ",cr ........ "'!'''' lkorc ,. "'n,",_"" to",,_ b .... 
...... "'. _ .......... n ''',,-... ........ ~ ................... .,.., , .. " .. ~Il""",n<d 
...... 1)' Ic,'d, So .... mil''''''' " ..... , ....... ,. ..... ,"" .... ,~otto. .. la."" [),n .... """ 

".- ":1m·~ • ..J,"",. b""" """II ..... ",, '<f) <flo ....... ""' ............. " a dll«"l 
c. .. ,'.,.;, ...... cl«tnc;ol """"8' ,,, l'r"'c"""t [""' kJ dY, ..... e' •• dU<'CI n"","1;. 
,,,'" .... bon.. 8y lI.olll,"tm~ ~ .. dc ... or,.'" ."-'1"", Ioc.", ~a" .1", ... ""ol"".«1 

lluc ,,, , .... '" '1'<","1 1'1\~ .. n"" 0/ ",on",ooo""". I,,,,,. 'I"')' /I.:o'~ ",de ~'"f' 
IIr "I'I'h<"'iool "bo) "'. b>',n, " ~"", P'''''''''' .' ,,"'n',' '" loth' 'n '1"'0,1 
fi"", oon'n<"n",~'"", .)·\,em" The: <m"",mll'". l.n~lh 01 'm'" ... mirnlldlKlO< 
I .. ",,, I,~. ('~" '" (;.lnA,P. m.1I,·h ""h ".H I,n"h "''''''' ........ ",>local 
r.1x" ,100\01 ..... y ""I. "'''''''''''''''. ' -""1 10K nl'-"<,<dlll fond oppl",.,,,,,,, ,n 
''JII .... 1 t:Id.>or «jII, ........ ,.,~ <O<mmI,n"""'" de 

Ab<n< .............. "" ...... >n.kl<WO 1_, """,>t«l """uAllVIly" "Of)' "'" 

' ........... "'" I _ n "' .... , room .. ....,...,. ........... «f'<h'''''' m,)' """,,", ....... ,n 
1"" .... (""no Tloi, probi<m ..... rrtt .. ly 0'= ...... by u .. ., '"'_ ...... "IJM 

~ Ileal pn.oo.loo.-..,.! doon., w., ........ " .1> .. do,,,' ...... -.y .rf.nrn,ly to) 

"""""ftl ,he d""",, ,,,. "" pl_ "hlCh "", a, .... ;o< "n~ 

1101.0(; R,\ "II" 

5. 11 I nlr<\d"{'l l(\n~lIolography 
All ,""in, ry pI""''I:.-.ph I<I""",nl> • 'WI> <I,n.,"""".1 ,,,,, .. ~ona of • 'h,«
d",.," .. " ... 1 ..,.. .. 11 ,.",.""" only ;","n,,,y ~"""",",,,, .,,1 tit"". ,h. ph,,,, 
"1>"'''''''0)11 "'h,eh J'ft"",il«l., I .... pi...., of 1M phvw"Oj'h ","" Thu, """ 



~"""'" <~I< lII<: pc"pce"" of ,"" '1naI< ,n lII<: P"O"'I~ b) '1t.'''1 II ''''''' 
d.ff...-.::n' .",Ie 1/.,h.""'IIIo",, ,"" m<'hOO "udo!'c.:! by (;aoo, ,n 1'/017 • •••• h",h 
.- DOl .... 1), ",,,,,,d,. "'" ompilludc 1M abo ,"" ph;oli< of lII<: ~.h' .. ~'''' ...... 10 
"h.<11 ~ .. phy "",, ,h,,,., .. 'n ... ''' .... 1 d(""" .1Od .... U l_n '" ,.U~ 
J'_n.~-S pitt,.." .... ,. 
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S. II . I K........,II •• 01 lI......,.,.m 
"t,."" "" ... n " .. " ...... by • beon' 'fII'"'' In .... "'" I>< .. n, \ ,.,.,J H (1'1 ~ 'S~ 
"The 'r.n,m"'.-.l lI<.n, H ill""" .... ~. ,he OOJ<ct .... "' .... IouI"N"' .. ",,,lor ,"'.."..,... 
11K IIFh' ",." •• e<l." n:f1t.<1<d by !he d,ff • .- "..,. of' , ... ..."..,. .. "h d.ff...-.::n, 

,"""'" ("'"" ,II< ,.Jo", "" .... 'n", obJ«' .. ,,, .. : f.lI, "" ,lit ~"1I"'''''1C ,,""" 
."""en "The .dlo,«d h .. 1n " ... hlCh i, call.,.. rtf,un. r ~~, ( .1.., 1.11. CHI ,lit , 

. """, Obje«" ...... 

• 

--

I 

I 

I 
I 
I 



[=
';

;'
_

'"
 

~
~
 

..
. 
-
:
"
 

.. ~ 
~
 

"
..


"

,,
;,

.1
.-

• 
•
•
 

,
.
.
,
,
~
o
:
:
 

~
_
"
.

e
 

"
" 

.
!
 

•.
 .

...
 f

-
".

 
" 

~ 
:s.

.., 
~
 
..

..
 

_ 
e 

"
"
'2

.-
'

'''' 
~~

;!
[

i 
=

,,
!!

 
.. 

i7
 ~

 ~
 S

 
~
~
!
!
i
f

'"
 

td
 2~

 

fH
I" 

· 
" " 
. 

,i
.i

."
" 

i 
'f

~ 
'
i
~
_
i
,
 

• 
,l

 ! 
~ 

'" .
 '" 

,
,
?
~
"
 

--
.,

,
-

~
j
f
"
;
 

, 
. ,.


=

ij"
l!.

;1
. 

~ 
3 

~ 
::. 

5 
if

 ;!
. 

'r 
" 

' 
-
. -

i 
;;. 

S 
-

=
 ;

; 
a.

? 
t 

~
~
!
~
.
 
~
~
l
i
.
~
~
1
~
~
~
 

!1:
"'~

 ~
 ~
i"

~~
~'

:;
; 

§
;;

 ~
;.

 
;
if

,
,
_

)
 
"
~
5
=
~
;
;
:
~
!
"
 

. 
-
"
.
.
~
"
 

o
i:

,,
,-

! 
...

 ,
,, 

'j
' 
~:
f3
"r
~,
 
,,

~~
~;

:
~ 

-
"
"
I
[
"
 

-
-

<
-
"
"
~
3

. 
:;; 

:
f

-·
l
=
i
i
i
i
~
~
~
_
~
 

f!
~i

~~
tt

!i
~i

~~
i!

 
i :

 l!
 ~

:.
 -

! 
'"

 ;
 

._
 H

. 
i 
~:

: r
 

if'
!t 

if
 i
' 

l
i
t
 2

."
 .

.. 
~ 

::-
:;;

 l
i 

e 

I i
 ~ j

;
 ~ 

~ i
. 
f~
 ~
 ~ 

~ ~
. ~ 

i 
, 

h 
-"

'I 
'fh

'"
''

 
j 

l H
I" J

 i J
 I

. 
~ il

1 
~.

 
i'

I
<

 
'
q

 
'H

,,
' 

,i
! 
•.

 "p
i'
J;

=
,~
~~
 

Ii.
~ -

1
 I

f;
 -
"t
"~
 ~
{:
s 

if
 

"?
l:
~.
Ij
fi
 

oi
-
U
~
a
 

~;
 .

. 
~e

-!
~ 

;i
f;

~:
:z

z 
~ 

f 
~ 
q 

if
 It

. 
if

 ~ 
!O

. 
P 

: .
.,. I

; 

'~
F·
 '
~'

l"
" 

,. ~
 

::t
 

if-.
' _

_ ~.
,~

. 
~~
1"
'l
~ 

;'
P

;:
;"

1
::

i 
~ 

':'1
""'

1_
 1

1
>

\>
''
''
, 

i.
:~
 fa

 
""I

 
:: 

h
· 

2 
;'

[;
1

 
:;

.;
:.

,.
 

~ 
"
''
''
E

-:
:c

 
. 

• 
'
p

,
 

"
"
-
.
"
 

;. 
~ 1

 ~
 ~

,.
 

of
 ~
 a

; 
~ 

;: 
~~
 

"~
!'
~"
it
 

'i
.i

i!
3"

~,
,

:;
~ 

'-3
'( 

:~
 

~O
I-

!:
""

il
:>

'-
!'

iir
f:

 
Jj
~i
fE
.S
l=
;:
;i
f 

; n
: j

'n
 

~~
,t
;!
i;
;,
z.
~f
i 

L'
riO

:i
 

H~
<i

Hi
 

">
1

,'"
 

f!
:j

tt
;5

 !
 

!;
i~
!l
fl
::
",
~ 

:.. 
..
.,
,.
,~
 

s
t.

l(
 .

.
.. 

'~
ii

"l
~ 

. 
"
;
 

•. ~
, 

t~
~ 
~~
 =

~f
i:

 
! 

!i
ti

ii
~~

 !
 

b~
!;

!'
~i

 
IU

!,
[t

~ 
, 

I 
",

.f
{;

~"
i~

 
r 

'i
I~
l~
'5
 '

 
HH
HI
~ 

r
:;

;:
l"

,.
 

'"
 

"
i
!
~
1
.
£
=
 

;:
j 

::
".

""
:;

" 
" 

"'
<

'-
" 

"=
!,

-.
.. ~

'!
l:

: 
.
O
~
 
_ 

". 
:n
i!
!~
"I
;"
 

\. " '.
.'

 " \ ~.
 

0-
• I I 

C
=

=
=

" 

, 

! 01
 

f , k } t - r o • ~ " • 



2- U"I";T"r/>Y " .1", ..... rul ,,, 1"",,<1< " h,~h <.1"""') 'l'>~'m f .... '""'I:" 
"ur"l<.n<! ,."".m,",",,,,, 

FillER OI'T II;:-; 

5. 12 Inlroduclion_Filwr Optic,; 
r ... • <onH filx" "I'"r. ,.·a, Ii"" ,",rOO"""" hy ~ S 10. '1'""1 as 'h< ",,,, "I'h' 
,~ ,,,' "'''' !"'''"., ~'"dn",,. '1'/,~h' '" 'h, u/",,,·,,,k,. ""hlr""J ,,{raro',1 "'~,,>'" 
,,{ ,,,, ,,,...-m.,... ~I",," ""'LIP""'" /i""" 'h"",~h 1'",-<1""m, .. «I,'ath," In 
n"," uf 'hr >pphcoII"" uf fille, ''1'''''' ,~ uplo<k.-II"""" ,be 0flI.~.1 heaHl' .,r 
C(",r,ocd 1.«,."lIy tu _ r,m'e ref"'" ,n 'I'''''. S!,«,.I ''1'', •• 1 dem"''' "'. uSC<! ,,, 

"""r'TI< """ .IIV'" """"'~.'''''' "r .wh <'1"",.1 n~ .. I<>. An U""""'H' """""r<! 
....,.. ," "",,<~I ,).l<m ,~ ,lie t.)crod "'U<lure nt "'" .. ·,,,'r /I"iJi .,,,,, , ...... A. ,iii: 
''''''''' ''''pioes. ,,,.. .. M,", "',.... "" "_",I,,, cO"/inr ~ "I",cal .. ", .. s In" ~',II 
"'fi",J ,,~"'" "",I ~""I, 'h,,, I""IH'~"""" ",.. 1,,)·«,,1 'If""'.'"" ,-,. Ix- ,,,><I< 
(""" .. ",-.<, )·".IIon< ,,,,,,.,,,1, Of (,om Of)'",I1,,,,, ,,,,,(o,iat-. '"' ... ",mpl. gl~" 
.. "1,1".d ,,, prOO",. "I"'rol I,bo ... u<cd ,n "p"c.1 r"n,muo,r_110n ,,·h, l • 
.... " .. ,,,>D<l"""" " .• " 1I" ,.\o$ "~.<Cd ,n ,,·m,<; .. dOK'()r la"',. 

The corrfi""""'D' of ,be <>",,,.1 " ...... 'I'''''~ " <lone by a ,,,,,11,,,, ,n ,I>< 
d ... """",· """~"" of,,,", ,",<I< '" 'f"'.'C" 'tho: '""'11",, couk! to:: '" ... gl< J, .. "",,,,,, 
,n 1'",1...:" r"n", ".,,... ~"i,k (h~ 5 17~1 \\'h<'~ ,he ~,.Iec'ri< " .. " .. " ,,,-ie, 
,n ,,,,, d"lOn,ion. 'lx-n 'hOI 1",-.1 .. "", (h i' 'I1hl Ionoar.or ,,,.,, .. ng,,l,, .... :ne 

~,,'d< 1\\>". ~u"'" ~ lrom d,.k<'u" ,'" """ ,..mlC<.'llduc1", JNW" .r"<~l"I). 
a,. ",uall)' pl.,.." '" "-"''''"sob, ,.a,'. J"",k h~m Wilen ,lie d,dK'''. con".," 
''''''-, qlinJ,ic.II)' (ng ~ 17el." in <'1"".1 lilx-,. tben r~ l,nJrk .. 1 ...-", .• ,ui<l< 
"f"",0<"<1 Oro;"al rLlIe" ,'''no< ,n ,hr.., m.'" '''''.S''''"' .io:pcndong "I"'" tlx
,ngrcdienl> uSC<! ,,,,,h,, "f "lie •• ~1.",tKl rl,.",· 

Opllr.1 iin., is IqhnJ"".1 .. .,". ~u'd< ,y,"m ,hn",~h "'h'th ,to< oro,~.1 "''''r 
,'~" l""flO~.'e "The "'''''''1'1< II) .. h"h !,~h' .. " " "",,I.Iu\><.Ott, ,llefiflO, ,_, "'1;",,1 
''''~ntlJl N!jl<'< '''HI-, ".;, ..... , lo"or ,nc""'''' ,"'en,")' "The h .. ;r ",..,'orr,..." .. ,." 
,,(a cur ... ,ho remre.nd • d.>dd"'g 1')'<1 ,,., ,ho """,<I< .' '''""m on Fi,. (5 18) 
"The OOf." ",. ryhndo, of II, .. '(Wen' d •• I<",m: matmal ... "h k ln,.nJ , .... 
dad.l,n~ " ."",1\<, d,el«,nc rn''''-;'! .. "h lo ... e, 11..1 " ,. Th< r.b<" lI>le .<ev.",) 

do>" r """Uff' mrSC<! "" ,he ,ndo~ ",or. I< .0<.1 "'" "'lfr "l<" ~> """",n .n h~, (5. ISo . 
h.~1 "The <I"~ "", okl .. ",.,.,,, ,",,, "'"n)' "~"">,,f ,to" ,~",eal " '",'ceon .,......,'.'0 
'Ion"-'!h ,ho rot"" . An ,,,,,,,'~I ".hl<- e,",,"" of ",veral ,,f .. "''' ''''' ~'al r,l><r> 

In "'.,,. "1";",,1 r,bel'>. "'C, . , ..... b""e cl.odJi"g ,ho", ;, .n","" ~i.lr<;lrk 
,n:"o,bl ~ hoch OS nlk<l lIulre,. ~ 00..., ",1,,,,",< i,>.:k>. '" " ""'" ,h. " M, 'i .• 
M,>",>M,,_ 
S. U Tol:II I"I~r"aJ Rcnccljo" 
If. r.y "flo~h,;, ,n,,,den' _,." .,,~I< i .. ok""" "",diu," (It L n, • ,he ,o("""otI 
ray> "',I! Ix"kl ""'"Y fro", ,Ix' ,,,~,,"'1 ,,' '~n" ,,,col,",,, (I/. ! " ,I .>oj S""II". I, .. 
i' "'n".n .. 

>In, n, 
--.~ >In, n, 

IS,]) 

I 
I 

, 
I 

I 
I 



I 
r 

-- -
[CdI_' .. , 

--- -
, 

'" 
.~ ~.U r...r. """._10. _ <, IItMI.w.i .. ~ .. .-

" 

: • • l J33':" r:.~~~ 

. '-
• • .. .., 



I' "", • • ,.'10" . 1/ 

....t "",I<, " ~",,,,·n .. ' ,,,,,,,,I ,,"~/, " 10< la'''' "i ,he "''',"'alo''lk okpcn.h 
~_ 110< ref"",,",. ind", ,of ,hoc den .. , m«l.un, N/ ... if , .... ~"" In do""" 
",.,hum .. ,,,,,>\knl ., .. ..,. ... > t ....... hShl .. ,II b< ' cn",,1CIl ba'~ ...... u.: 
ok""" II'ICd,U .... n Il. ph<nomc ..... ", ...... , ,,,,,,I """ .... 1 "'fi'''u,,", "'h",h,, 
u'Ctl •• "",0<111 fil>c. «",,,,,,,,, .. "111,,,,, 

• • 
.-

.... , ,~, .... 
, < , " , " 

5. 14 I 'rupoll~tilln of I.Il:hl in FibH 
C.",,,dc. on "1""'>.1 r.1><t '" Ilh d>dd,,,. I I 'I ' ~!Go/.. ,,""'" ... " ,100 refract". ,ndt. 01 ~" . ", ,he ,,.,.,. of ..... 0IId ~, II>< ,no,ko. ,,( d.oddonJ 10, > _, > .... ) 
SUI'P'~ I beam of ",hi" ,,,,,1Ik,,1 ,n,<> lhe "p"ul fihcr ., 1J\ o.lk Ii! I .... h 
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......... 1 .. 0 . ..... at .... "'f ..... K .. " .. illln.d.1ot p;dh .~",,(JA . ''''''''&11 « .... 
"'IK" by ....... , .......... Ie p"'"h ",,,,,,,,I .. O. oj ." .... ".., _'klaty _ ,,,,,ode,,, 
, .. ","-<Iado.l,,.. ~ ao A. ao ... _Ie , .. ,,~ "'."'" '0 "'ft.<Iodo.l ... ..... 

N<>o- II ,10 .. '.Y VA m:deo .. """" r~, . .. ,,10 "' ..... 1 .. A. ,ho 11 .. """IaoJd,,,~ 
,.onf",,~ ,lotto " .. ,II ... 11 ... I<>UI ''''cmol ",11«", .. _ .. ,II ~.",' ak .... AR Ip 
• "m,I ...... y ,ho lot ...... ,11 """".-'1)' .... If ... ', ... 1 """ ..... ro:lI«,,,,,, """I " 
.,ne,,... "'" oI',ho II .. " <.- .. ,I>< Dlhtr ...... I '~n If ,lot lib<" <1If>'''I~ ....... nr. 
hr'" ,"',II " ••• 1 i" m,,,,, ..... S'" (F.~ j.2()t,j ...... "'-'" .. ,ho 'M .......... Thu, • 
fibc. ,on ".""""', "JIM <n<TJY QU'ICdl"",..",') ~""1"" ot>out 1.000 .. Il«'",~ 
",,,"I; !ole A. H 11<' .... , .. ll>t 10<., re' ~n~"n. ""'"' ..... 10" .. 1).1).1% due 
'" .""""""", <I, I,. " •• 1 ,"',,,n.1 ",n",,,,, .. '0 ,al.> pi"", 

r ~ / .. ,," y~ n,ln, (from .~" .. ;. .. ~~, 

" 0"'" >tD i. _ <t. , _ .1_, _ ~Jg (I""" I'.~ '.~)oJ ".jl 

. c,nuc;aI ;lnJ:1e I ;,·r~"" ':J (H'I 

Tho 

'" htch " <.lIe~ n"_"'~1 "I"'''"''' ,A.A./ ,1 ,hi" (.1,.., 

I NA ....... .. - ~-;;; . ,,0 

IH) 

F<_ dr",,.nllnIII,r ...... 1."". ,locK >ItouW Ito: .... ",ha,;, ..... ao A R. do. the JIa». 
dO<lJ,"I ,,,led.,., "' ....... ,'" 11"" <""I) ",II Ito: .."., ,,,,-,,, ... 11, from 
Fl. S 2OIa). it 'Hk. lhao , ...... Ie 01' .... ""'...., ,ao ,ho r •• <<<Laddoi"1 iDterf_ 
.. ,II drl"'at ... " .n.! fJ. OR<! .f ,;" ' •. , ...... ",,11 t"'" ,n ...... , trilor<,,,,,, .. 
l"""bIr . .. 10"'10 ... ""' .... """"',,_ <>fl'eb< ''''''''110 <.IJII ...... r' .... So CUId,.-
for,1IQ( ;D1.trt.t.J ,dltc .. "" mjU,"'" 1IIaI. III< .."" 01 ,11<1<1<,.,. r", all III< nj'S 
.1 III< .nn ...... .-1iI be ..... ""'" .be .... upt"', ... ",,(I, "II'" Ii"'" "'""',... ..... ' 
~~II,,, ,II. _ .,,,",, .. "",/. "I .",'u},,,,,, /(1//0" K'~"'~ 'nI"/ ,~",,,,,J "P«'''''' 
;., 1"",,/)/, ~ouJP/"" ,', .. "~u}""".!h. " .. It< ,~It<"ouJ I( d ... . "~Ie <>f i""idr...:c 
" ".Me '''''" " Ih.n Ih .. "'f .. ,II go ,I> cl>oJd'"$ .11 .. r.-I'"" ,., r"." 'he ""' •. 
(F'1t S.:!OJ WhK'h ........ ,h.1 ,,,Iorm.<I.,., ,,,,, b< ''''' .. Th' ""<"<:"",nt. an~'. (1 
"'".," b)' tho N,A, c'I'f"U&''''' \~". S.9) .. 



-11Iou. "" ~"'" n •• "" u' <vlkd ,lot _ ..... ~"" .... II> 11 '" ,IN- "Iv .. IS 
" -....~ ... • of,Iot ..hoI." ""M {W, to a«~,., I.~", fM tr .......... , ..... l",uaJl) " • 
• _: ond r. ... i, .... I 

n...>. N ,\ ....... a 

.. ,' '" .. ,_n, "h<'" _\. __ --'-
~n,' '" 

.. nllod rd.", < rd, ... ", < 'rnI<x d,ff.,enco "he. '" • n, 
"0: di<ol"" ... d",khnM .. n ~I." ' ..... e n-,l •• ,." >C'''.'in8 10",. "''''''''' """ 

1'0'" .'''' .. hi"~ ."ern,1 ''1'',<.1 d",u,h. """" ond prov,de •• "",1\;.,1<',1 ""'"S,h 
, ,, nl"," ""'. fl." ""'" :-;',,,.,",noe' .he ... " h<olk, ., .. Iont """, ,-I.kJ.j,., "h"h 
:dh I"" .... " ..... 11" , .. ,he no,U" fibet ond proI<><"b fihct from """"","",I "IomM'" 
_II"~' 

s. 1s.r c:: ............... r 
S<.Imr (01 • ...,,111""" u'l"'ll 'n pr"""'" "hK-h .... _ "",,' obd.l,., , ....... ,. '~y 
rAII,1II "",.1, ''''''''~h """"'no I).". rA.~ksJ fibe, 

~. I S.~ t ;",dod l ndn .ib .. It;rl" . ibtr ) 
GI,. ,n.k-, I,bo, " • '1""".1 ,,,hn,,,,,,, .n "hlth 'he""", <II ,ho; .. ,..., " ..... '" Ilh 
'''"Y'''' .ef,;".",. , ..... , "hI<. h " • f" ... ·'" .. or co,"" . od,o, "". ,d.",,,,< , ..... , 
i. ,,,,",,<II .' ,I .. '''.11'' ,of,,,,, " ... aoo <ke .. ",-"" c<,,'i,,",,",ly ,,, ... ,...1, ",,"rOC')' 

"'" " .... k I "'''""''''_ .1,",,), F"""" ,1>," d>Lklm~ R I " .. ,." _r~ .. I.'h,"~. 
,"w", ,,k.1 1",10 (.,~, ~ 1":'-'00 ~ 11.) ''' ... uSh ."" Iyp.: "r N(" .. I,d IIKk, ... ",., 

, .. '--. 
• 
" 

" '., .. 1¥ , , 
• 
~ 

, 
'-

CIodoJoof; II"",, ,., 
.1c. ~.l ' Uvll pru,.. • •• kMo In m~"i_m"'''" .",oItd I"",", ~od "*<, I, ..... , fi .... , 



I 

n...c r,I><" (".oIIrd ....... , .• JU,.les "'" On)' """,h u~ ''" .. Ite""""......,. ...... , 
.od "'''''' aw!..-aI,o ... .... ploy"'! Imft>. 

$.I 5J ~I<P 10",,", "br. 
In "'" ' )P" .... tim ' '''M' ~ 21b _ ~ lib. hi """ •• 1 ,,, ... , nude "" ," .",,, 
rella"". " • .Iu I~,I ""' ... ffft 1.5 ...., lit. nIl. C<ft I ............... by ._flg 
...... nal hlo,co 1.>«1 ~ ..... , 11 .1 (.,. I 42S1 I. p!a>l,. I~ , . I lSI ,. ria;, It I 
~,<: n, A" .. n.llloe ,b.",,", ,he .. ". ""rr", ,.,..' .... 

S. I S.~ I'>o ...... ~ .... "'.,,, • • ";b .. 
1 .... rol>cr, """,nb<"d abo" Ole •• ll<d ~.i\< 1111<" A ,..,,,,, ... /I",", """d) 
I",d<~ h~hl ,n,,,,".' "" ,I horn on d.ICI'rW ..... ,,~. An ,', /", fol><, <nllb h,hl '" 
"'<11 .> ,",<Jr, ,,,.,, of" .Ion, ," I<"rlb . s.c,"',I1.,,", "I",,, ,,~I I>I'''~ iii"", .r.
••• "~>k' ",-",-,,,. r.J>c. 

5. 16 ' I)' II('~ of Hal"s (Meridional and Sl;r" Haysi 

I "" .w-Illar Tbt pI_ <OII1""'~J lI>o ...... , ....... " .41h< liM " <;;t\1.-d 
...... odo.~ pbnt M.,,,,~ t.), ........ HI .... _,"'<an rl ....... h .. h ", ..... 
d,,'~ .... f.~""',> \.) bound noy.1h:oI -..- .~"" .," I 1',,> ~ n •. 101_ 
Ihl .......... ")' , .... we .... bound """" . , .. on.! ... r<f,;o;onI ...... ,of , .... ,"'e 
__ .t.:d ... d""; .. '" burr.. 

• 

,., 

, . 

• la. Ul (.,. (h) M.ridiorud ..... {.I ...... ~rd ""I''''''''''' ''''' 
,h ...... w> nb .. "I"k> ... hI" .Ilo:hl 



1 S/.,. ,t"" T"" r.,., ,, ""''' ","'r ,n. fibrr DN"I""'Y, .. h",h~ "'" "",(,11«1 
,,,. ~..,.J rollo\< "lI<lIno' p.uh..",.,.,.j ,n. ..... ..., 1.JIo'<,,, .. ,~, 1\1)'" 

TIl<y ... """" " .. lem! "'" <>I ,he ""' • • , 11<..1; -t ..... ' u) .. " .. , ud ,hoI,do>_ 
''''''''''''Ie .. ,~,r" ... ,,) ,n ,'J'I .... I """"""-"'_ (1'" 3-.220:1 

!'. 17 Mod~ nr l'mpa~alK>n in tlMr 
)" 1'1, f ~ 201 w. ,,",. d .. ,,'n ""') ._ ny, ..... "coiled. ,.y"'.,..... bill ,n 
'.""y II> ,"fi", ...... ......,. of ,",,~ "1' I ~'~' ~ 21 •. h, .. , oI,""lt ""pt~ I""" 
oach <>Ih<', oJKI o;a'I be ~.ICd .. a " ..... " b",11 ore ,"II"~ d~",~,~, '" 
I"",,,,,,"HIIO. 'l'h<y ",II h~~,,, ,j,fI .. ,,", """'" '" Ih< r.br •• " he ,,, .. ,,( """"',..,"" 
'" .hI,,,'" ," ,". IS,l't 

N"" "hr" li~h' j, ,,.,,rihrol ,," n .'tt""""'~n;o,~. """e,;' co",,,,,, of. 
11<'"" .1;..-,11 ) ,"')·'"S . .... ,o< r",1d F. onol ""'~ foekl H .... "''' .... I""l"" .... «uw 
'0 cach "'h. ' Tbe mod .... h,<~ "'" ,bown ," Fig. IS.Zl) ....... lIN ",,"--""'''' 
"""/,, " .. "." ,IIU"M. ,110 ,.'" " "',, ,he .Icc .. ", r",kI ( /;; ) j, i'<'J1<nd,nol .. ,,, 

". " . • 
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• :"Qc ." , 
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H 

tla- ~ . ./J "lIf .... ,,' m,od ... of "p' ~"'~'I •• "'n Lh .. "" h ... p In' " lib,.., .... ... 
... • ........ ~ ........ "", )'; • • nob' ... ~ ... "d .n. • 11 ' 11 • 11 .... )'; 
" ........... < n, ~ ... ~ .... .. ~ a" 



I 

,,'" dOl""." "f 1""'I'>P'_i.i') ...... """"" ~'L .. U, buo a ,~>II<I"'a _,~ .. "". 
'" /I .... III< d""",1Oft of Pf"INI!>t_ . .)o th<oc.......,. _ ""lltd lnIIS_trK 

d ... ,nc ITt ... ) ......... ~,"','orly .... heft a """'pooIt'" 01 .1K1nc r .. ld 1: II I ..... 

d,ft'CI_ ..... ""'!'Ill""'" "'" 1/, .. 0, iii< _. f" ..... d If<' ,,,1i00i '010>'''''''' 
fNtI ... lI< aM~) n~> 1lM: ......k ." ......... Of. """"po ... N Into ,~" 
_lao"", loy ""I<nIlI, MI TI'.,," TM" .......... "" ~%h , ...... ,~ .... "'''''''_ 

.,111 I d'lll~ ... , .. p>lIcm '" 1I>CIdt .. ..., .. '" In h r I~.;JI ... "hln lilt ""I'" 
,pod< ' '''' folio .. d,ff.r.'" ~h, Far .",h ,.1 ......... , ....... " ... I .... of Ylr.,). 
y_ em ,,~. , .. I~ ,n ,.,.. ranr<' r. 10 I<!!.. "hICk ,nlJ'lK'> ,!go ,he ,m.II., ,he ,.1 ... 
of J!". i.e 1 •• ~""r ,0 r.. h"hct ,I>< mode .... mbn ond '0«+,,'" r""" r Ol S.U 
j, i, d ... 'h.' ,o. h,!bo. ",do. """"". c."y .1""8 '""'b It ... ". hi¥...." pun'"'' of 
",,>de . ""'11 ,.·"bm It!< d>tIJj"~ Th" p:1rI of III< .... '-e .. ~"'h " """,ed ," ,,., 
" .. .I,"'" i, '<fermi . , til< ""'',,,,,,<"' "'""C" 

(1) 1'". fltt ~ .• «",,,"vO,,,OI,,,,,. ,he ,""', ole<l"""", .. ,,< r .. I,1 I ... ,n lhe 
lfD"""" pl> ............ t ... k EL _ II anti ilL .. O. ",'h..,h i. ,".11rd Ir..",,'.,\C 
eke,,,,,,,,,,,,,",,,,, , .. ,. ITEM) T£.\! .. ".c .",cu, in mti~ll", «NkIoclOf I, ~. co

•• •• 1 ~~'''M ,ft " " .... 1 ""'C po .... 
ill R>< pI>r\.I< fu ..... ,....., •• Jly Tl.U.~.II' >nil TMIII, .OI""""' ........... ....s. 
1l1l1w cybu.r..l ... ,~ Ell" ., •• "",o<a! r .... ' ... b<IunoI<d .. , ..... <11 .... ""' ...... 

... 1>« .......... ""n pb ....... ,. ,u .... 'Tlun. ,,.,,, ..... CU' /ond ... ~ """""") 
," ",Ikr '" ,,,,,.f, ,ho- """""". , • .-f2>I '" ,ho- ".,Ie ......... ( .. , fnlwml r", 
pl.ow ,uodo ~" / •• ')b~ .".,'. , ....... -. rd .. n :., ... llll .. 1II<OIIc> n.. 
n .. _ fI>I ............ ,~.~ '" • ......JooouI nI)" (h ,. ~ !1a. h) .. hlCh .... 

I",'.,U,_ ... "h,n ,ho fil><._ I!mo..,,· ... hybnd _ ... he~ r, """ Til ""'_ 
'''''' ~I'" "" ....... IIhll' ,Ix C} h.oolrJnl .... '. ,u,"" "",.,. .. ok, .. hl<h ",,,,II, 
r""" >~ ... , r.), """""'''K", W., 5 ~2d ... "h,n'ho- fibt. III< dc."l",,,ed ., 
1II: .... nd 1:11 .. .l<I"',oJ'"1 upon "he,hct ,ho- 'on'I"""''''' ,,, il ." i; "",k 
lo,y"' ,.",,,,",,,,,,,, ,<) ,Ire II.""'.n,, r",ld Tl"'''' '~c"" "y • • r< c.JkJ I.,.~y "'Y' 
~"" r''' ''''I"""III'$ ,,~ .... , "'" .... 1100 I .. ~ ) mod< ..... bo .. "" "Hok, I'"., .. ,,,, 
'hoy .... prop.:IJ.1< onl)' ' PI,,« .. blc d,,, ..... t..r"", bein~ "", rrun, III< fibe. 

In ...... , """,,,<oJ ..... ,.oJ«. ,II< ",frae'''·. ,ndica or <_ >nil ,!.dol"." 
~,On f ....... «h ",he. by , .. Iy • few 1'<"'.'" and ,n 'NI ,,,,,,,tho full ... , or"" ..... 
(. " ~·If. II~: ..... fl.) """ he """" ... ".'<1 by. "",k ~ c.lbl /'Mud.- ,..".,n>;d 
(1.1' .. ) ""'"'" A. 1.1' .. mod< ,n ,"""" u< .. r .. 1d ....... , .... ....," ,>d,u' "«"" 
and U r .. 1d ....", .... ....,....j. clI'Cumfn....,., .. ....,..... ,. '. 5.24 



S.18 1\Iultirnoor lIud 1\IOIIOIll00l" t' iben 
Mul'"oodr >I~p .ndo, roben .11ow !he !""Pl&:"'- "'. hll'l< ..... o/:In of ~"Mlrd 
......... lion! ,ho ,!wI ... 1 n.. llUmbC1 cI ~"idtd ......... , " drl"' .. I .... " "1'<"1 !he 
.... )">In, ~ "r !he rrl"""'-r indo. d,fI ....... -r ............. o:<Jto"'" <lilli'". 
\I .~ N.".,· ,~: ~: ~ COIUadOUS "'!he f,h:u """ , ...... ~,. knt'h 'AI of ,ho 
'",,,,m""" h~hI, .,~ ~II in<lodod,~ ,be ' ......... 11Hd r,~_) I' r", ,ho!ibn 

.. 1I<1V • ,. ~ .. I< ~ tN."',,, NvrmoIlb."<J r""""","y, T1I< ,,,,,,I IIWIIb<, of B~""~ 
""""'. r. .. 'lCp ,n<k" rot .. , i ... 1 .. «1,,, I'.by ,ho """"' ...... ,~ ~,p<r""'" 

M," ."n 
"hcr<.' tow ~r.,tnIl1."" m"" M. " 1"14 

M.w"'n,,~I. ". Sln~l. Mod, ." ... 

" 12, 

II c.n I't .110 ••• 0", .. lI<n I' .. V~. only ,be LI'o. mode: ".11 Pf"POfa'''. '. 
hbo, ...... """' ..... , .. modt fill<" T1I<,<'<t",cali). U'., ""10k ",II "' ..... pI. "" 
..... 11<1 II ..... "",11 ,II< \' ".1 ..... , c,. 100 "",IIc:r 110" ..... U ,II< " ..... '001,",,, 

., 
fo~ "n,1< It."k· hbe, 

I" ,...-,"',.1 ,. "",I< n.1Ik fibe" e""., 'end ,,, II< 1>111) • f, .... ",kn'''' III 
,I ... " ... ,. 00' " h .. 'n .,d, .nlOS' f"'nl <.".,all'''''' "f, ".". ,( ".., ,.u, I't .",dr 
.' I"i' •• I,,,,,hl. ~"'''' II •• ''''','e <\!~e>''''' ... , ...... ,II>, 'h" "Illy be <1< .... b) 
.. d""'n~ ,bc N,'" ,.1 ..... i. •. , by m>kins ccu OM elodol'"1 K I ".1)' ...... 'I' 
c""h od>tf 0... IIf ,II< ""',,, '""'0fI1>F> cI ">lnl >llIfl< ".olr lobo', ",h., ,nl,,, 
""olrl d,'f'C""'" "', ......... c."t> . .....J "" 'II<~ .. c c:;opahI< <If ,'.nl'''' "'ll."" 
"""" .. ,J.h "JI'>! low h .. -<l,_ «orrunurooe>.Ii< ... 

5. 19 l>i, ,>eni .. n~ln"r Mndal ilispl'"rsioll 

, I ) f~" ""'I" .... "'" '''1' J""'. fiht' •. .. """ !he: "'Y 01' d,rf<I~'" ... ode. f,~k ... 
d,fTClTft' p;!,b,_ ,,~C ,,,""' "')' fAA'. Al ~ lli) .. 'hich P''!>.If.'c ...... 'hr fihr' 
no. :mol ........ '" ,,~,,~ prupopor ,...,..~ """ In;":"....,. of ,II< ,-,... "'» ("') 
CC' ... Sf( ... _"'" .. 'n ," F", "n!» .",.. Il'ocr< 0< ~ d,fr~ .. 1'«' ,n ,,,"" 'a~c" ,,~ 
d,rt .. <", ....... S II, .... ,'.1 • WSWICO I. No" ,be K.! of. rI'I<'<l'~" .. <Imply. 
rrI<."",< ". ",h,,") ,of "",.,., .. "'" " "r ,II< h,hl ,n ,II< .lnh,,,,, 

N ..... ' ~.K.l . v. 
". 

• u', • ' 
u~ " " 

• 



·~ 5.:5(., ,\I.I'; ... '~ ,0- ~;"pr"'" I ...... 11 __ ... p _ . ~KalIi"'. 

N"", ,he ... ,.1 "'Y AN ,r.,el an .".1 J""",c 1 .~"'J ,Il00 fiber In ""'" 

1, _. ,Ur I',J') 

.. h<.~.", ,he ,>bhq.., "') HH' "",'C" !/It ..,...., ",i.1 Ji'I'nrc 1 Il.>Ilg ,110 I"',h H,H, 
,n ,be "InC 

" • "-I , •• , 1 __ - • • , 
~ """'>'O-T.) r 

, 
SIn r, 

.::L.:. ', .... r .• ~ ""( "J " .. ~ II, 

I~ 16) 

'I"hu, ,f 1 .. 0 "'Y' 1M' """ Hlt' l .. c b"""brd tor<lbt, Ibt, '"' I ... .<o<f""'IN on 
am." of Ibt "' .... end hy d,'P""'"'' ,,_..I T. .. he ... 

,._~'I("! , ", 
I~ 111 

TIMI •• pul~ ""',.",,,,, r.y • • , .11 ~"bk ... ,1« ,I"cod, .... t <1"'"1""""'"""" 
by ..... "',,,"1 I,ven by 

(~ I R I 

TI", " ~ ,""' .. n •• ,"MI';I""h ",." J"P'"'''~'' .,1 "0< ,,",, " .... , r. .. ,. ,"'ho<h C'u",", 

pul,., ~n'". 

11) F,,, ~,arJ.-d M,d,. "'MI,,_oJr> fiMr. <I.lfc .... lIM>dc . .. ·iII r",,,,,,, d,lfcrrnl 

p.W\<. ..... OOO<bIly."Tho "'I' orul,", I>IJ<"I" UI~k'l hJ ~ ~.) "".' ...... ,.".,... 
.... h bu, ,bey .so ... '" lMo'et R.I. ore. >Ad bt""" ,bty """,1 ... ," hiJh<'r . p«<I of 
~ .. "'" SUI'" R I c~ padu.dly ,. vod<d ,..." rolle:. 00 lhen: " ... If 
I""." .............. ,,'" iJt.oI .. ~ "'. ,,,...11ef •• Iuc: ,,( 1"'1"" "'~ "'"" ,,,", of 



"<p ,nd<. lib« n... ... I .... k"r d,,.,.,,,,,, c .. ml""""'~'_ ,,"""'" , .. I", lil>c. ""II 
I>c _ ~",ful ,han ~ ,11<1<. lim . ",.Iu<~ ....... , Iv.; 1m .. d 'I'<t""" 

5.20 I.osses 10 Fi ller Cable 
"The ~ .. "" ," r""' •. I r .... """"' .......... """"I)' C".....-d to, obo.orJM .... """ >Catl<T]n~ 

t I ) ,\1,.(,<",_ " baJICOIlly I ............ """",It)" ... , I, .l'-~ .... , ... II """un. 
"I>c. <Ic<,,,,,, .. " ..... ,""', '~l. J>b<c "-'WD Ill< ..... ~,.I ,lid "'" r,~..".~ to, 
..... ·r""" .. IV< '01 .... _ "r",,,,,,,,,, A, • ""ul, 11><1< ..... ,..,"'.'" ,-.( ,hermal 
cn<"fJ) '" ,10: "'.1<.;.1 

Il' Sc. II<,,"lI" .,'" 1"'0'Y a "I:I1"';oII"'Jl"'l'Y "", ".1", <au'"" hy ,10: 
""1"""-"""",, '" Iho Ii..". ,«>m<try. I, ""curs ... he" II,,, mock 0' """"""""" <of 
"fh, I> <h.n,.d •. ''''''' ,h", .. "fit of ,be <>pI,ca l CDCI,y ic»',," ti c f, ... ·' 

III I ~ ... "'> due 1<, b<:oo'"J T" h, b<n<l , " fl l>< lib<1 ."",1.,1), «">c ,,""" of ,II< 
It~h' "'~ to ..., i"I<IO. lIy l<floc''''' I:>u, '" 1'<"1"'£". 1"1<' ,be cl:..1.li", . ",1 ..., ..... , 

~ 1..-.. , <I .... '(0 ''''f'<tI..,,,,,.,, Tho 1H"Cf<"""< fA im","""11>11 1ft tibe. m.lOnal 
oJ", nu~ """,.~, 100 ... {rom ,II< fib« op" " tabIe<. 

~ (""""""'Ilr'o;lQ<j >pIK'!:' "'both KqU,I'<d w"""""" '''0 Ii""" ICII\jXnIlI) III 
p<nR>",,"dy .,.., c.r"" """'<, "'" for lootl <li,,;urcc, <'<"'WHU"".""" c:rbic, 

5.2 1 I'hulo ')eIKlor 
Af'~ '''1 ........ _ CamN b)' fibtt opt><:< <21>1<. " ~Id lie ......,,"" h) .-... 
do_Ill<. Tile _ C,-! ",moroordu<,,,, """'" ..... «, .... " ,he ... ~" .. ..,... '" 
..... ~ ... 'r."" .... " .'lI< pho~" do,.."", ..... cco, ,I>< "I"~I ....... Cl r. ,,"_ "1''''' ~ ond 
"'''''en, ,"" '"UII~''' .o(,h ... "" .... , I">"'~ ,""'. """"'"I"on.J'nal} '>I} '"8 rlCCl." 
c"""' .. In "1""",1 ti.,., NmmUDOC"" on ""'" cunmooly w,.,.. »Slfm" I,\tIVO . 
.. lrf"· Inle",;,) of Iho "",.c.' ,,~. MO<lu' .",~ b) b,a,,", ,~"'"""' ,n I.H lI 
1>1 ...... I ... ",,! I~ I I .nd ,h" ' . ".,''''' of .""te31 1">"''' 1)""""11),· .. , Ird ,n p"'~'~ 
,k,,","n IfJll) 

5.:1.1 \ h'<It~"L'",..r l'bu'o· IJH.oI. 
'·'IUl<' !h(o, ""', ... , .... tM>te ,,.,...,"'" :and ope .. """ ul H",n ... ", I' \ )11",:1"", 

"10",,, """'" diooio. In oomul ope""tOIIl ",rr",,,,.,,y luee .. ",'" h,", ,,,I'.r< 
" ,,",hed """ ... , , .... dr, "'f . .., ..... d<pleI;"" " 1""" •• ,.-.. 11 •• Ioonk. ""","Ot'" 
" ',11 "-" I ... ~ N.,.. " ..... ,,,-" ,,~ ''''' ....... "" "'" "' ... .., b ...... ,. ,0; ,......, ""'-

, ..... ,I"""",,) "',he ~"" .... ""'" (~Vj .. hICh " oalk-d ... rw-. ...... nut ,,-
, .......... 'Of' ...... 1)' (.1: .. ,< ~ .. > ./:',) .• hen ,he ."""""""" I""JI('II C'C'" ... 

r \ •• ..' 

jG'''''::llJ--. ..... . . ,-:-~ .. 
··f 

........ " .. ,J •• 

_ lono~", 

l'. I Nn" .... 

... " . 



.""""" lrotrI V U IDe U and ... ,,.,,.~ hole 1ft V U ,,., .......... ...,.. ~ tT..-J 
dooc ID ,,,,,.111 hChl . .. 1Ioc~ .... -.w ,n tilt <k/'k1l<lOl ... ~"'" <11104 as 

,.....,'r.' ..... .. 
A ...... ", .. """ hole n.r.. ,. <hc ... pIc1 .... ""_ m M ) .. """""'" WMO' .... 

....... ,e',,"" _ .oIoa&< ........ cl <hc oIr<1mn Ide ... '" .. ~I MO"",too ... _ 
h<not ....... Tbr w_\hey .. ,U Ira'-.... bd_1hty ~ .. <al1I!d ditJto-
I,~t'" 1I.n """ '.fl. r", ~ ... _ -.I hoi< ~j.pt<',,<ly) and III< 11 ..... ,I ta~'"' fot 
.. <"""0" """ "",Ie ' " m;:ombo"" " lnQv.·II '"' .-ar"e, hklo_ IT ....... Tp) Tbr 
, ......... lif .. ,,,,,, on.! ~,rru,"'" ""8th <."all to< rcl .. ro •• 

Ln. m Il T'nlln. Lp. ( I)P Tplll! 

"tit,. On .1\\1 l)p...., 1110 <1«, ond 1101. d,lruSI"" <, .. melt"t. r<lp<:<\I,·.ly. unll 
<>1 .. hr<h ,,<,..'1-« 

PIM." ... un to< ""wrb<d ,n dep""'''''' "', ..... (Il II •• , .',11 .' In d,ffu""" 
,.~"'" (I) FR . ~I",~ .. h,<h " ,n ~"",,I ,nd, ... <d '"' ab"lfp''''' ,..~"' .. IA R I;ft 
1"1 ~ lOb S<> 1h" r<~''''' ~ ~ 0 ..... of h." pIouIo ,· .. n .. " N"" .. "h,n ,lor 

dtpltllOll rt,1III1 Ibtst tlecifOll·/iolt p.1.'f [:III1IDI r«'OII!bollt. btou-w of IIII' 
"""" .1«""""". (",Ie( .,,;1> dooc to Ih< depkh'- reI"'" , ..... ,. ,\n) phoo"" 
,......,.,.. .I«tr, ... 1rr>Io 1"" ,'''''<'" .. ·,11 to< .. p:o<M ............ "OIl lin "A"I"'''' 
d .... '_" '" ,II< c-.buo<"Il df"", of cqu"~' .......... ,.,_ '''''''-1. ~ ..... 1 
"" ' .. ",'" too .. , "~".I"""" ",",!l.... , ... " ""''f<' pol ... , ... .,. ,. III<......, 
~""'"'" Ill" .11.." ........... "'. p/Iot<>--<un ..... 0. .... ,. "" ......... 1 n,,'uM 
IF" . I 2II;a. I ;:"'.-1. "', phooo <*TlttS dnft ...... )' """'"" .... do."JIktrun 'OjUIt. T)"" .. 
, ... 1"" ."-.... '<",,"'. t", II II r·N ph<IIo drork "'" w.o .• ,II F'I. 1.;:6( •• 
1),11 ... nI """,.\1., «m,,,,,, ..... I",n, lrom "" h, ... 10 b"" hPM .... I Wh<. 
,II<,~ i. ,., I .... "", .. II,"'. ,h<. &1 .......... 11 .. ,e""" c~fre"' ",~I h< th<,c ... h .. h 
i. ~1kI"·"., <I;,~ <u .... ", ...... 

If ,1>< d, ... "". 1'10'< I"''' .'. 1"'"""",1 o""ide ,"" ..... ,,'1'''"' ,o~' .. n 1,\ K. I ""'" ""') ".« h'~"'r rrobob"I1~ ,<> ... ,,,,mb, ... ,n "I'I,e" , ..... IkI ...... "" CUlTen' 
.. ,II Ire ., .... hl •. It ' .. ,1""".1 ...... ~ ' 0 "'.~< 'Ire 'OP pll~' "" th,n .. 
I" ..... bk 01\\1 <n .. ·,,,,. derkhP!l "''-"'" .... ,de ." """,,hie ,n code, '0 " ... ,,,''"' 
,II< eff"''''n<) of'to< phoo ... droo.lc ", phi"" ..Ic<.ar:.. "h,d, " r<l<frro •• 4 ..... rum 
<tf"' ..... y QII .... um ~,..l<lftOCy '" "'" pIro<o-drcde CIoII Ire "",r.."'" ,/ , .... ,.,.. 
f""" ",ii,,,",>, r/K>I<>-<II<ItI '" PIN """'" ~,_ '" ""~ pI-.ilr<IiIc (A PI») 
'" .<xh ","",J~ .. -.1>11<11< pboIo-doadc (1lArD). Ideo II<h_ I'IN. AI'!) or 
!tAl'!)" 10' .......... eIlClCh"c ,xp/d"", .. ,_ 'OIIKh .,11 ................ , .... 
erl"' ...... ) O"~,I, of' ...... ~ not d, ........... 11<", 



The .. arc _r.olly "'" d'fl .... nl ",,",IU" """,Ilk r .... rbOO>-dl<>il< ...... '; 
I""" ,lIu",,, ... (d iF" ~ 27~1 "lIen "nl "' O.S 10 0 Y P'" '~. "'''''' " <odo 
,l1u"" .. 1Cd 1"1 IS !lb, 11pof .. ,IIJ., hit"" ... uk_flh 119 po. ,aft,., 
U l .l Qwo,""", I':ffk""""'· . .... 11"'1'0"";' i', 
For ........ ......,.". ~U .. dt .... ",} (1)1 ..... "''"'''''' .... .....,.t ... """,,">,,',1)" 
UI.). IfC , ...,-, ' '''JIOfI .... c""'""' .... ,,,"'" '"""" 1""' ......... '" lie ....... "" "'" ._nal 
WIllI,"". "'''''''''IIJ ... '< kn~'h . .. of """'m ...... Ih" l""" of I' _ N rq:"'" 
T" ..:h .. ,c h" h 4"""'"'" .fr"""q. 'Il< llep"'~''''' 1;o)'Of """" .... ' h .. ~ ....... ,h '0 
I"~n"'. I .. ,c h:o<1'<111 of''''lIknl l'~hl '0 be .1>M>rt>cd I"'" .,111.11 ,'11' "" AI'\) 
phMo·d,<><k .. 1><11 ... ,h,n I)nhoa'Y rliml) d,<>ok Qu.""", orli<,.ncy . nd 

'<>I''''''''''~ con t.: <lcr.nctI ." f"IIO>l' 

Ipl~ 
I) .. I\>lh .. 1//1, 

, 
1~2'1 'I . , 

It.,"""",,, "1 ~ It " IpI"" ~ Ouo~n~ ~, c"""", ' I..-""", ......... 1 P""'''''-

It .. Iplr" _ "..th'. ",AIr.. Ah.." I~ ~I 

.. 1><.< II' .. rt.i." <un."' ~ _ ,h' fl< "I """'''n,, I'" , '''''....,111 ",,,,,.1 """.r. 
h., . N''''~Y "r pt.."" ."", • ,d,,,,,,) Df I' r hl 

~ ,l,", 1.f1"~ \\ .... I. .. II~!I' Cu, ·OfT 
It " ",,..,,10.\ .. IM:n . ",,'odolln, ,n",",,,· "" ..... ,.,"" rr"."", ,h., ,I>< < ... ,,) "f 
,1M: ,II< ..... /), phooon (hi >hI ... kl 1M: , .... ,'" ,,,,,,,,lor no"" ,"" "II<'V 0' , ) "r 'ht 
.... ' .. ".1 u...J •• ph<lto<lood< • •• "'" . ,,.. .s..:(n", ""k """ ,"'oil .... ~., , .• 

Th~. 111< .. '''!It .......... >IIQId ... ." .. k"J,b 'Of .... ..,""". "111<~ .. C'<IIIUI>OnIy 
U<.w ... ""'- .. ~''C .... III ,,. ... , rr 0 .. ~ 1/ III< "",do., ... ~" tenclll Df tw-
rAI " mI>r<' "- "', I .... ""''''' ..........,. ",II "'" .. ,.~ 

S.22 C .. nlllOnroliS Or an Oplodcclron .... 

CnmnlUniclltioll Syslcm I llIock . l)ill~r"m ) 
.".., /oIi",* d",~",,,, f," Ii"", ."., ... C<)m"",n,~a".", " _1,,""11 ,n I-I~ ,S 2X) n.: 
;"'''''"'.<1''''.0 .... , .... u"''''.d Itb, •. ,.<~o<. mu,,, ''''.1 IS 1'<>1 ' ..... d b)' ........ , 

'nl" a C. II ,C, ~ 01<: ,,r ,"" ()1''' •• IIo ,~",I , Ill" I'C<IU".' • pr"",,' m.-.J"l,'<l< """ .... 
",,".~I ", ... ltO The ""'" !,,,,,,,,,,m' ","H ,. '0 "" " ,"",I ," IIp',,.1 CI"" ",,,",c.""" 



,. u ;/) Of u .... , ~'" IU, """ ..... lult the: ,"1«,.". ' I "' ~ Of an,""""" p/IIm>
d,,'Ik <If pNH.,'m" .. ",_ Tk uplocal bum "'"' cvnu 1Il00 ,,,ro"'.I1"" IS 
d ...... o.m..N 10) ". ""'f'I'.....,. r""'l"""". 111 ...... 111 Alllhc>< ...,_mo ... lit 
....... Ioe<"ll 1<) wolt ,lit ... f......oion pRl!,"'Y n.c >' ...... 1> ...... ruIIflIed "' .. 
",","'a! fobot AI.Iho "¥",,I I"'»c> I ....... p .... fibu .. _"'" j, .... ) ....., '" 

be .... ,Ie!ltd '" """"'" ._, .. n... ""flluu """'" . .. ,lella, "It ......... On« 
..... """' .... the: "",,"" I"~nl . ,I" dclo..1<"11 by , ... ~>OII"'I«". Tk " ",,,' 
"",,,,,, I.'poI I. ampl,f,ed. decodo:d by """""'" (~"""'" "1cc.,,,,,,1 "pal 
lind ,«.i.'<"11 1»' .......... ,,' ... Rq><;akt unn ID» be """"' .... 1 ""r """,,,.Iy 
I,,,,! "i,,",,,,, ~~I\m""w;"""" '" roon....- the: df«b of libe, U'"'"''''''''' ..... ," 
""" .. "p<f" .... In. "'1"'"'<' ,"" "gn:I' i, <Ic~«I. "",phfledw'hon ,,,,,,,,,,1<11. 
A «Pllr.". PO"'« lurply II ... mu,l lit p"",<lc:d for oil thcu "n ... 11-1# 3.211 
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R P II 

' .. --U» .. _ -

, 
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II g !I 

"" .... 

--.-

fj~. !' ZlI " ..... ~ ~ioUll"' for ,.., 1< .. """1D ... I<.o.... .~."' 'h ..... J/o 
......... n .... ...... 



,\n ''1',,,.,.1 mnllnun ....... ''''' 'Y'!<HI 'S qu". "m,l" ,n """"'pi ~, .1«,,,,,,,, 
Im",,,,,"'",'.)«>mlll'.lnl<J1"," oy ...... I HI' 11» CHlI) tho '''''1'''''''') ".,.. "d,ff.~n' 
till" ilL) ...... OJII,,~I fih<. ,n>lOW of "",,,,II,, fihr, 

5.H U~~ of Oll ll,'al Filx-r 
..... ",It "PI"''' fibt' ..... lflii""" h,,,, .... fJr "Of)' d''''''''''1) (I .... ~ 3.1_ 
~ ~ II 0", ,n ....... 10 'fall""" ~n ,_ of .. oil,.." .. ~ II«d """n"'J or 
bIondlt, "f f, .. JIb. f<be" or pb"", fit><n bono .... e'Kb fibt, , .. ,,""", noy, 
lrum a '<ry .,.,.11 "'1_ '" 'hr oI<j«:t IF,. 5 .291 n.. q •• hl) (,( "'" i......, 
tIof'<nd, "I"'" Ihr Ili.""' .... '" "'" fib«- I, c .... be ... " ... 11 .. 10· til "bu ... llr 
""'Y ron"" of ,housan<h a( 100" "'"., fit..n. 

API"",acICHI of fiber ""' ... In mod>c,""..., ........ ",,,.,n,. ""b.he 11011' or 
f,be, "flI'''''' " " _,bit '0 ~Indy Ihr ,n'e'"" (}(~. of.he hu,n;on t.o.Iy .. h«h 
, .• ""'. be ......... d""cll~ II " .1.0 ... ""r .. 1 ,n 'hr .. udy ,,( Ii""", .nd bIo.>.l 
,.,,,,,1, r", hrl" ... 'hr '~ 'n For 'hI> p"rp<»<", ~ 00""'" of fiber. i. C'I«~""" ,n. 
l'ypOO<mll< , ...... , •. Tl\ej,o flo " nl. fihc, bundl<>. "oed ,n m.,lIe''''' .,. c.lled 
·'l:lIdostupo." I,"""",<>po. "'" ompJOj,.d to nuk. oI>s<"'a,;",,, in,l(.< "'" human 
bod)" a,. pi", ... hlCh con be OJ'pro.><hrd .... Iy .1 .... '. CII""" pa'\ 



5.2.1 Ad ... ", lyt;"'; "fOlllicY] .· i~r 

IAII AbohlY 10 tnII<JI'CIfIllpl """'I Ik.>.itpk ""lb. 111" ~ ' .... 'n! 01 
_a, " 'h,,,h rnoold ..,. be ........ '«1 0lIl< .... ', .. 

! Abold) 10 >«<p -' Irompon lothl " ',I""'" k ..... "I ,fit .... ,) 

, Abo]Il) '''c ... , I"", ....... 11 ... ... 11 .. ,u..sc U 0.1"", .. pooh 

~ A"'hlt '0 PfOP"I'" ODd ... '"""'* "lft~.n'''''''''''' ...... ,uodo ......... 

(8 11 Fol>n"l'"'" romm, ... ,eoUon 'pkm ....... I..,. to-J .. oddt 16 III Th< 

~ .. ""h " ,be m:u'''''''' "' ...... h"h ,n/, ... " ........ ,.,., ... """.".;,,,,01 
l I'or u""",, ....... C<.'II\II'I'''''''''''''' ,I ""'", u .... ful 
_, It" h >«u"ly ",a,,,,, taf'I""" 
~ 1ho) ..., 1<->, upen"'" Ih,. ""I'(><' .. ,,~ 
SOl • ., f,ho" h .... ... , r". "'~ . "d ,ho", or."" ,hI''' ",cull I'",bkm< 
b Iti~h o.p><l,y-<>n. Ibe, "",,", " " • • • "y ul"" I .IKI.OOO 'clep"""" 

" ..... "<n ... "". or 100 dirr .... '" <ok>< T 11 """,'."u,,,,, 
0 ... u u-.J'''"'Y fal*"Y 'o IwIdIe C<)fIIm""~""" ,,,,fl·,,, ..... 'nl~ <hie 10 

,t.. 10<1 1l1.:li1 ...... h,h, .... be , .. ·""hod OIl ,....t ,,/I ,"<l,h i.>Ie, ,hall ..wIG .. ' .. ..,. 

Of mKru ... . . ·c' w>ed in romtmulgllOll 

I . ,_,. __ ... p_" ........ "It~, .. I" .... ,_t 'oO._~ .. I 
,... If ..... ""'" ....... ~,.. ........ _ ........... ,o-I,,~ dI ..... 
1ft< 1' ·1 _ ..... __ '" ~.~..,. 

!'"'IN.A.' lx'I.A'Il, 
V .. 1-- .. --

W' ,.)I,,_,JI'.I ''oOI' 
I ~ 10· 

I' .. 'I.Il~ .. 1'><."..10>«1 ,,,,,,,,,, ... ) 

T,.01 ... r>to<, 0/ I_«led ......10 .. ., . • -1'- .uM< 

1. ID ook, .. __ ..... _~ nl«. ,,",I<"" _.or .. ,II lor- II .. ""'" ,od,"'"' 

.s.~.," .. f ......... _ (01)<, 

• 
.< 1_11 .'O~ • 

• < , ~1 '""" 

). -n.. -...:aI......., of .. "",,,,01 r ...... o .... , ... < "''''''~ .. --. I Sol 
I II t"'" M I. ",,~ Ill~ ..... , .... p ,.~< ........ , .d~,< _A p« _ RJ. of \be ""'" 

N .... ' .... .,....,"'" '" "",ocoI f>lw:r ;, .. , 
.,_MloI«o« 
. ,. R I '" ,1.tQ.I'1If 
N'" • OJ •• ,. LSoI 



on \1' a (I '5-11' .j .• ," I'~ 
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6 
Rudioaclivit y ~Ind Nucle~\ r Reactions 

'd IIl'rodllClion 
11""'-''''''1 " .. ""¥' .... U) d"""wred by 11<'<4"'''' In I g ... Th" """""" ><""" 
"WIlli""! .,,,_ ~n"rc') to ,I>< he.,-IUI d""","t "II ,110 .... .,r>Jly ocnmn, 
'><1M"""" ok""'"I.' I", ,n ,II< , ... ". <If .,""' .. numb'" I. • S I " , '12 Ikc.,.....,d 
",,,,,wcr~ ,No ....... 'um In. ",,' """'" '1Jl< ul ral",,,,,,, .. 'hkh ... ..., "'v.'t 
I"''''''r:.,,~!. c .... 1d .If«, p/ootoI'.'" pbI. "r"f'POd ,n ,hod I>b<~ pop<1. ""''''' 
,."'. Md nD'" ..., .... , ....... on n~n' """". AlI<1 '.'-0 ~-. I ....... h 
roupk ~ C .... .... M...., C .... found ... I ~ p<>Iooo, .... fn>m 
"""'. __ . 0100 .... ,'10<\1 , •• ho~,',,-. """ ....... , .. h"h ..... _1 null""" "r 
"""" _ICI .......... """ .... WlOO' ...... "Tlo<t ....... I~ .............. . ,w, .... . 
Th< ... h>LlIn«' "bich om" ,he-"" ')'1"" uf ...... 'M .... ..., ~"""n '" ' no!MOKt'VC 
.... b<tancc>. wwl , ... ~ 0( ",,""->II' m" .. M .. of ........... from 
......,.,.,"..,~ '.eoI .... "nIl..,...""y· U ... ,u"" poI\JI,um. ""'"'" iont!lm. 
'IIon"m . ..," .... '" ........ ra.!IMCU'. ""Mia", .. . 

II ...... 1,., (""lid tlwt ,he- ,"",,*'"' t.:b., ,"'" .... ' un..ff",,'Nl by ph) , .. 01 
ond ."",,"', •• ch.n,." Rod,.".,,,, i,) " .,,,,,,,,,lIy I II ... kor ,""'111"'1<1'''", II" 
... , .. h .. ,~,,« ., b<c.u"" ,he de"",n' <"""j;<' in ~",J ~ .. ,,, II,;, .",I,,;on of 
r..J13,l"" 11 1,. ,pt><(1'''''''' .",I.n """,,,,1>1< .... If J;,"nlr¥' ;Il,I! a.,,,,·,,y 

1/;;0<1" .... ,,, ••• u"''''''''''' Ol' u,u.;&Uy f,"' .... '" em" ." .... " -r¥Y' IN (J. .. y •• 

""""'''"''''' "n"»_ of l"""Y' ,.."""'pur .... ,. I\' ..... I1<1<,.y 
1 Q' lIy;1 6oubly,_,~ p"'"iwly cl\ott<'d lIcil"m ''''no hll.'). ,."h ""'h 

of <lie" .ko<, ....... .-.nI. 
l. If ... y "o.u';><> of<l«unoo> , ,.~ "',\11 1-...,1 <,.... an,! 01 ....... Z<'IO IRhS 
/I' '11)'> CCObJ ... uf P""' ..... '.,.") .. "" \ .vc, d ...... _ in ....,.M_ .... 

01«1"", "'" "'Ill ~(c .. ,n _ ~ un> mao ......... Itaroa, 
J. )'..,. or phoo.- II .. d«· .. om.,......, "a> .. t.n . ..., '~y "'I~ ..... 

th.o< 01 X.rays. 'l1Ity M •• "" c""~. 

6.2 EI«trkal hL~( rume"l' IlS 1)e1« lonJG .. lli:u. Mull.-r 
Cuunlrr 

11)«,,"1100 <!lambc •• propOolloo.1 ....... "1 ......... C .. I,., ·M .. 1Icr <",,"leI. <:..h "f 
Ibc>c _ <lrtcc«n. u..-d 101101"", ..w."",,",'. r.od""MIn, I, i>llrd <on 'IM:~_ 

of it .. i .. """ ,n • I" .nd .... "'par.o'ion ...... <oIl.."ion nf ,lIo lon, by ""'0'" or 



0" O~''''''t."~ fit'" TlI< d,ffro:-., ," tl>< th_ 'Y""m, ,-~" be e'rl,,,, • .! .. "h 
""'.Id "r hI I> I "'h,,h """""". c)'lmJncal """"'''''''_I < .... "t!ocl CUlII."," •• 
«"lIl'l <'< ....... ,,"J elcrtrodc k .. >I<d .... , .... u" 01, ... ch:,o"ob_~ ....J ,"",I,IC.! 
fmm" n... .tw""'" " firl<d ",lh. g>< ., • ,.. ... <~tl" nl' """ "'''''pion' or ..... 
" ''''''''' \ I> "I'rIK-.! betWft"llIbo .. ~I >lid Ibo «1IU:II.1<cttodo a ..... p "', ... ".,," 
R ,,"pnocJ b) ,II< cAfWC"'" ( _ , .... ..,,,.1 dc<'"ok .... a '"""". Jl'."<"'~1 
",I .. ". ,,, , .... ", ,he ch>mI1c1- .. ~IL 

• 

...... u, ,.,....,.."'" ,hat """" "",iLOtion ocr...-. ,n ,he I" hc<-oto", ,0( ,he I"""'" 
,0(. <' .... ~ pathd" UoIt ion ptil """,,'>I. 01'. Pl»"'" "'" an.,I .... 1«""". 
No ... ,"" • ~"'." inmal ioni .. ,oon, """" ~Y M'" P"'~ "'" ",-.11«, .. , or """" 
"1.1") 0)""""", «""h ,I>< .en'",) .Ioc,ruoJe., III< lIPI~«J ,011'1:0" ,.,d." 
,ho,,,," '" 1 '. 1(021. ""be« <un-c, 01',,,,,1 ''''' .01lC<'~' ... f< pl, .. cJ., lu"",,,",, 
~r '1,,,10,01 1'010",. I',~ "."'cnk",,c. ,I>< ~-.g:..-i'h,,, 10 d", h". In of ,It< " .. ",bo, 
II,,~ "I "f i,m P"" h:" t>ocn u""-' .. ,ho ""din," If " .. ,~ I, n" "' I '.,~. ,0",,, the 
d,,,,,,<ok •. ''''' , ...... ,,',)I I.""",6",,,.nd "" .h:ug< ,,',II """' ... ,., the C'IU<"'" 
,,_< "'" ,,,I'.~. " ,""'rued. uy ,n. few .-0'''. I/><O lhe", " '00'1"'''''''' """'''''" 
,/>< 10", "r " .. ro"". bj' acomb,,,,,hon ooJ tho 'C"",,·>.I "I '''''' 1»' .. ~""'"on on 
,he d,,,,,,>.k, <;,."" <k<'"'''' ,,',II ",..ct.,hc "....-.1 d",-",>.k '" ~ v.,j'''l'" 1', 

oj , ... ,Ofdrt '" " .... Itl .'01 ... "'" k>s.oolion< II) ""'_'K"' ...... """ "'gl,,,,,... 
.,.J &I, ~1<'<1run, ",&'II the...-nlnl ~,0<"U1><k-: Iu& ~ "' ....... , ........... """Y, A. 
' ·01.",. " ... ,,,,U«llrom V,." ... y. corw .. , ... ,,1 a voI ... ~ \', .... ",.:IIed ... h",h 
~"} he ........ 'en, '" b-.l""" <If ""', dcprnd".~ Of> ,ho .--!r,""" .,{ III< 
....... , ....... "The .. """ hct"'<m V, -.I 1':- ,n " 'h"'h "'" nu ........ of "'" P"'" 
wllt<C,nJ " ,noJcptnoJcm ,of lhe "PPm '"OIUZC WIll ,he ,",,,,,,'t " hI."OOUI. " 
c.lktJ ,ho """"'''_ ,/oa..w.., "6~'" 

When ."''''10 I, i",,~ oIto,', 1',." j""rea~ """', HJ I,.":",,,.., .,... 
phen"""".,,,, ,.n",l , .. "",I"ph.:.,,,,,, Of g ... omphflC':lllOO The .~"""' "'I .... d 
,n ,he p'''''.'Y ,,,,,",.,"", "''qui,c ,""ough e",,~' ,,, ","W,: ...... 1.',,"'.1 ,''''".,,,'''. 
"lot" 'h<y coll'<Io: .. "h I" '''"Ic,:"I~ •.• n<!" i ... ·"'.'" ''"'Ihly ~'f'O"C"".lIy "'''h 
V I!....:h ini,i., el"",wn P'oo"""" • ,,,,.11 .• ,-."""",,' or d..""m II j,h n~'" of 
th.,.. -.""Ia,y 01"",,, .. , hll<m''''' <I",,, '0 ,be «"ral 01",,, .. .0. II ,,"onbe, 01' 



R,/Jj"K'" ;1." wool "' .. '"" R, .... 'Wtu '" 

1 .. 
+ j 

• ~ ---
i t- , 

r • ~ • • • 
• n 1 . -

j ; ~ ... , .... • :- • • - -• , j 
• t , , • • t ._\ 

• ........ 
~ -• • ' . '-, I 

, - ... • •• -.'" 
rill' 0.: , .. ,1.0,1000 0( , ... ,., ... ~k pn"' ...... , ..... J ~ I'~ , ppli«l ,01_ (, ', 

""'''''". arc (,."",1 ,n"o>II) "",''' c. <un." ,n .. lI, " .. 1"".11<1 It, cotv<" '" 
,h. ",""a,i,," d .. mbe, "'1""'.00" "'rd,.,«1 (,''''''' h) ".l< <1m( "" ,he u-.,;" 
"" I< ".. "" ..... "". 0I.1tt ,'O" Co"" ""',,~ I', i, inl<!C",n, I'", "" "e r ... (C 

oJf .. ~.,.,.... "P'" ,." <><h .Ire."", """ ,n.lqlc.-.kn" y ..... . " .. il> "'" B>'-:.I;,,"" ... ...,. bt.,., .ff«lcd by ,he "'~ o/",Itt ",he •• 1«''''''' C,.-,· ... a;ond ... ron" .... 
Mitt ponllcl .. ,m. d,IT"",,,,,c """ce" ,he",." ' ... " •• "" ~ lot: " ~ 
1k1~ I', -' 1' .. !he ""mbn ," _ ... ' " .. ~1«1Cd ... hen I"''I'''''oonai II) Ill< 
,,,,Ow iaoou~""' , "nI .. " Ill< Kpua ul ,.,.""",;..at "' ... ,," ..,..,NlirM. 

",,,,,,'. V .. . be po. "",'''plocm<lacff«1 """',_ '" ,"" •• _ .ft)" ~'1 . .... 
.. ........ • 1ocUua. """""'" ..... _ '. ,Itt .... "" hel '. " .-.-. " 'IIb """ 
UI<IUon": !be polIUt . _ ~ e/wr< of '*" . ,."."""be ._ ...... 1Ic,~1opmctM 
.~ ,he .. A' .".lancbe no. d."' .... co of iftll.al .1«,,,,,,, ,, eWW b .. "",,,,1«1 
.,.m • Ie" ftwabc. of """ .. cl«tron ... luch ."""'."'" leo, '~'Y "- ..... ,,'. a: 
,'w,,"," ond" "I'J'R-'O"h .ach .. her ..... . "olll,,,,lIy ""'" II V , " he "', .... bet ....... 
V, and V, 1< ,"" "'I"" "I /,,,,,.n! pro",,,",,,,,,/;,,, ,\1'''''0 V. ,"" <1ufJe .011«1"" 
bo;.' ''''''''' ,ndtpenokn' Q( ,he "",,,,",,,, m",""", ii, ..... <"""; n . "" b """"',.,. 
,denllcil. Gu ",,,'''p,;,,,,"on ,11<"''''' II,. '<>III numbe, <If on • • 0 • val"" 110., " 
1,""",11 hy , .... <""'''''cn",e~ "f , .... <""",,be •• nd ,he .~'<If'" CII<UlI. The "'~''''' 
.bo.c 1'. " ,Itt ",I,1ft "I G"lrT·M ... II" "",~,u ''1''"''''~'' It e"oh 01 • ,'<>I"ge 



V, ",be .. ,be d''''hott:c .... oj, '0 propag"c \IICI! ,Molin"c/). V, ""uk; ,1M: 
enol of ,he u>eful ".,',"~e .... ·ak. Ihc .. ~''"' """""e bemj ,bol "r """ ""~"'" 
J"" h~,ft, 

I( II>< m .. ,.1 ""'" .• '100 " ''"'Y l:u~c. cu"'" t" " ""' .. net! 10" <m"l", 10 """.' 
a .nd h . 011.1 r.mlld '0 ,ben, b<t~ oe" I', .nd V,. ,be P""I""''''''.' """n'~1 ro~"", 
en,h ""'''''''. ,""cat! "f al V,. Thu>. ,he n(cn' of ,h., re~"", dqJCoo, "" 'Il< 
""".1,,,,,,,.,, .... 

A, ... '",, m (I .... b<Iu,Ooo' " r (Il< ;"''' of II>< ,a, in 11M: "k<"'''I.'''' fickl. 
II",," <1«'''''''0 ""(ruo ... n,, hOle """n del'.I.,.,.d. 

,\ . TIr~ iulti:<l#uO <Ir~'"/t" "hlCh "~ml.'.' 1'01,",,, In iii< ... .n~c V, ' 0 I',. 
" c\u,->e'e",,,,d by <uolplc,. coli..""",. Io'"hoo, I"' .0,,,lor,,,",, .... of .11,1>< 
.""'(ron, ,n[(,.lIy hl><mlcd by ,I>< !,"""'ge of ,'''' p.",cle Sub)<C1 10 « "'un 
condltioo ,. i, " ,ill gh'c, pul'" I"''-'I'''''i .... " '" ,'''' numb<, ,,( (he!e ,1ec1,."" Fig 
6 I ",,""m,"eall)" .ho ..... ch.mtoo, ... h,ch could be uSC<! a.;on '00 ... "00 "h.ml><, 
I><, ... oen Wand 200 ,01, .•. al'f'ITl" Ol.'eiy, T1Ic numbe" ,n I~" 6. 1 ",,,uld be 
.ppropn.l< r,,, • ""unle, "\Ih a" oo'er eyl,nde, I COl '" ,-old,">. , "n, "cotrol 
clt.-lro;k- (J 01 enl ,n r::..t.u,. a ... 1 fillet! ",tI, ~I l(l" p<""'" 01 • Ie, «n""1<'.I" 
(lr IIg (e,g .,~"n at . boo( ~ coo of IIg pi",. li"k .1<,>001) T1Ic """"'O' I<n~'h 
,,,,.1.1 "" :abo"" 10 em 11>0 el""",-"", of :ur ;"";"'''00 elbm"" O\~} "<0 "" 
I"""'lIol pl.le> 

K. T~~ ''>-"""ni"ndl ,o~ol<r" ",.h """""'0$ 'n II>< ,'oltage 'C,.'" V, t4 \ '" " 
.~trn'"", I? • ~a' mUII'pl"",1OO ,ndepo."Dolcnlmlhc n"OI!>c'o!' ,n ",I cic<I"'" 
11 ,,,,-.-. > llh''''~h g .. ,ooh,p\o<."'" " ."\0,",,,. ,I>< pul.,. " .1" .)', l'«'\'Of1,on.1 
", ,I>< ,n'"'' """"'''''' . n-..-.", uf 'hI. "'''',,'''' 1"'''''''' b<.h "'" O<IU''' '''g and 
.,..,"')" i,Io.·,<mun.""" uf PO"1<\o • ..-hlch ...... nul prod"". o_~ , .... W )"'<I ~ • 
<l<loe,.hl. pulse ,n ti>r regoon V, tn V,. n.. pr"f'<'l11"."" <,.,n·,. ,i>rrd", •. 
"ff.", •• hanlal'<" h ""Ioc--Iype """'"1<"""0" m be,. rad,"""" .• n 01'P1t.-.,~" 
for" h,. h "",,,,,,,,,,, . h,mhe", a'~ "'. ",n<'''',. ."''''ih 

C. r~;t", \,~,II .. C""",,. (GoM C",m/tr i>TG·.If T~"").. 1k c,-'Scr.M"II., 
(0-.\1 I CII"''''' . ".moo .f'et il> In"en("" " • ".ry dficienl .1Id """.r." lie",.., 
(Of <". n"n~ ,ndll',du>1 Q. b Of t par"d .. <m"led (rom r:>eI,oact,,,, ,.1>\:1011«'. 
" """"''''-' In II>< ,·nll",. "'8"'" V, 'n V, .nd ".bo,.., .. ", .. d b) ,,,,, . ,,,.ad ('If ''''' 
d,,,.b,,se I""'.,boo, ,be emi,. leng,h ur ,be cuun'e" ,,,ul,,"I: In • ""I". 
, ndc~rKkn' of I"" ,ni,i.1 it>ni'.IOoo I, i. ,pc<:i.lIy .",(ul for . ... n!ln~ I'ghll) 
~"",jng 1"'''''''0> ""eh ., b p:1",c\e. '" t-"'Y" 11>0 O-M CO<l"'c~ u>J''')' . " ... ,," 
of • nne " 'Ir\' (.,J (u"~>1.nl m""'"led .I",,~ ,'''' .. ,, pi" IhI: ,utoo .. I".h .""(.,, •• 
• B""'" """,ure of .boo, 2 '0 10 em of IIi. llIc ,"be m.)' "" . lIC,,) ~1Ir:h A. 
,opper , \I, • 'nel~1 ')hndcr m.y lit: ~up porltd ,n"de • ,1~," luil<" 
(Fi~ (,,1.) .• """Ure ur <1()I;t ""!"" and HIll, e!h)'1 .1c<)1"~ ;; . ,,'lIblc. A r ,d, 
Iohieh rruoy too bel"',,n 800 '0 2000 .... 11 •. j. >ppl icJ too'"""n qliodrr and "ire 
"hich act>,.".""'" T1Ic .... 1 ... o( .h .. ",,"~c ;, adju<tcJ 10 tot, ..,,..,,·Iu, toolo'" 
Ihc b • .,.k_n """,nli>l of til< ~=<>U. mi ...... WI><" ,be ioo","~ panicle 
1""""-' 'h""'~h 'he (ul><, ,1 ,on"",. ' I>< K~"""'" """ure. 'h"<hl' relo,,-""s • 
"umbe, "f 'orr ' JIII'B. llJ< (H e).nd (-vo) j""" '" prodLICOO af< d"",'" ,o,",'.nI, 
II>< 'pp<op.-'.'c eI..,.rode, aod Ihc ,esul""i pul" uf ••• rrrnl IItH>ugh ,he ,ube 
)\(00.1",,< ••• 'oh . ge pul"", (10 noV) . ,""'" R An cI~ronic: poi" . mpltf,., 
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><aI''' , ....... 1""'1,. luh.r<' .1Id ,", pllr.~. ,lit," <0 . " "," ~ '" IOV n", ""f'Ior..~ ""'I"" " ,,.," "1'(>10«1 , ... ",I,y 'll'" ,«:ORl<, Of to • ", ... n,,"s c.,~ """,,'- ... , ,II< 
no,. 01 «,,,,,ft, or ~ or ,-ro»~ ... be ......... 0<1 . "'" I'<!,), ""h ""he ".'~' .• 
... "ablt ><01.,,, ~o.N ,n COOl"""""" ,"-,III "'" G·M 'ob< 

G.M «,..ok, ,uI>< d,,,,",'«1 """'..,,, SU",t.k: f,. fJ. and )'<101', .......... n ..... . 
;, I. """ ,."obk r ... "_pm'd"" ....,_~ "'" .... II. of.1It .la< ... Ix- or< 100 ,hicl 
f,. a-poou<ln."' ....... """ For.s...ruo..oIa poruc .......... C .... ""' .. e .... '*' 
.t.oo. .. 1ft ~I' e 3I1t1 IS ItlCd I, ..,.,,,"" of ....... ally "''''"11e( Ii .. "". ,nw.It 
• ,,., "It .. h j J """ __ III ( '~ I poItOliai ........ III< • .bo. Tho I"","con~ ... 
.,,'" .... ......p..nc "' ......... W """ on e>U ..... ty III,. r ....... """'" .. .-
nd n.e" "",0<'" 10 lit dn<cI<d <DIa .... , .... """"",!he .. , ....... (W , 

6,J Jtad iollflh'f I>isintl'j{ralioll or !ncay 
AID"" 01 h<Uj .k""' .... H. U='Um. thQnum. poIoo,um ... J radlum.Ie or< 

""".wuly Inol,ns up onlo f=h. ""bo"",i ••• tom, """h ,'''' ."''',''''' ,,,. "', 
/I. f)r I''"Y' . frum ...... , "",,'k' In ,he "",,"'CS •• !he Of'I, .. 1 (...,...) .. om ~;"'PI .. ,,,.r. 
on<! Ii'" nso 'u ....... Id."~ht.r) . tom . 'Tho ........ IIQn\! oro olIO. in g .... "'). 
rIId,NoOl,ve and ""nee ;pon'anooo,ly break liP. ,n til<" tll,n. t~.hy I.ool,n,.o 
• """ eN,n 0( d.rrcn,nt 1M'.,.,"'" •• 10 ...... " ,n til< form of . ,..t" ... ",". ",,,c,, 



un,,1 lOft I.....,"'·. <I." .. n, lu<u.II)· ~) " •• ""hoW ~'" ........ lIy <>XlI"'n, 
.... "*" ... Icmt .... Ill< IIVtt "·<lI-b", .. ,,,...,ntS .,., .. ""' .... ,osJ,_ s"""s. 
1.\1,,,_ ... "" .-I .... 1>8'_ wn ... 11", ""',." ... " ... , I>r<a~,al ",,"'-1lI< ""' ...... 
"\ ...... 11 .. ' ,_>OK,,," dUl8' .. ,TUI;"" 

I:'. <~AR1J'I< ad ........... X .. (....", ... "Ibn iI """ .......... ""' .... , L ".", ... 
...... nollJ ad (l pan, ... b ll.', Is <,<"" .. ned ,nlo ... .,11"" d ........ I' loa"., rna» 
.... m .... "'" Illan 4 .... "'omoe numbt, .. ,' 1'- Z 

, x~ 4,.,'" '~,lk' 

oJU: .... > ~,Th:". ,Ito ' 

~;,,,"I.!I) "lIen.1I .l<n"'01 di<;"'''V.""g b) ,lot <"';""'" ,,( II ""'Y', " is ,umtd 
,n'" a ... ~IIe' ""'" tl.",,, ... "'ho •• • ","'''' nun""" Inu,,",,", <>fP"~""1 "',II ,,..,,,,. ,., 
by I " h ...... ""' .. ,,",1111< Ill< <am< 

6.4 NaiurII l Rad lo" I.'iOIO~ 
II ";0> r.,.....! ,.,....-.11) ,1\;0, .Ior r-> ....... • of ... 1, ....... ," , .... ~) "" ... If nil....,,,, •. 
...., ,lui n.h ,of ,toe <I«:.Y 1"""""'" _ .. d •• moe.11> ,II • d,lli"f'eOO ma ...... 
1M" ,b ,m"""',"'" por<M on<J It, ibu~h' ... ""1<1",,,. 

,....."...., I..,' u, C<OIuJ<.o ,1M: fol""'mJ f;ool~..,,,..., d,,'n ........... .. 

.,Ion,",n"·"!" .. Ih~ ' , It.' 
I'hr"" "R.'''·" ,lit 1",~IU<"1 "f <1",",., •• ,."' "r I,.."",,, 11 .. , .... "", .. 11."1"''''.'' 
"I .... .,H' ill' ,,' '" ,,,,, .. d "II' ,,, I>< ,,,n; I '" ,,, ,1-.,,,, "r """,,,,II y "",u" i "11 .",1 j""," ". 

,I,n",n' TOOI;"m I ... l'h'''). ;n ("'" ,II< ,,, . ., ~I~ .... nl> ,,'I><n .. i .. " ", ... ld ", .... 
"'I","',"IJ <"'"\",aJ)~ ~'.n "tlh <~""",dy ",n>lUW ftltlll<Hl' MomI"". """um 
.niI lI'Ionum .... 1lI fClWlld "' ... sp«~lh liknuca! 'tlw.<!he pa;.d olcmtnu 
.. ~ ... ,~",'" -.I .illt'" .. loch " 'm: <IM:mIColJlr 1ik1lC",.t .... , ",rr~,o:J In "omK"" 

""JI" on: calkd """'~, )""<>po:> _ .... ,he ""'''' po»j'_;n I"'"odi<_ 
"~N' if ,,"'r.> ~,..-<" 'PH.n .r -.l ,I~ • "",.~ /000 .... IhffrW8' ",,_..- _.s 
1,1 ,,"j ""I"" <I{ "''''1 drffr"'" ~1nM'" _ ""'''' _ ,,_ .N ..... ' till aNI 

.Jt.~'" .""_'" JHOP''',rs. ."". IIriIu Jjtfu .... op«w, ..... c..Jkd ~" 

.,0) · ...... ~Oll' ........ w:al I~ ."mit.'r ....... ,.nI' ..... llI''' ... UX;" 

... all _ .... ,....."..,. 

j .. .".,,, 'Iltt. r"' ...... ·;nlok'''''" .... ux i" . to UX;" . .,UlI ".It .... ' ......... ""' ... 
n~m"". M) bu, ."""'" n~ml><' (Z)" d,ff.",n, Of) 'h.y 11K <l'Jtnlt<~lty d,ff"",", 
okn",n' TM:" ,I,,",,,,., ~ h,eh m .. J,,-, .. m~ .If' .... "'"" ~."''''. Iii I boI, .I'ff", .. n' 
"',"",,. n~","'r t/./ a ... c~II,J .">1>.>,,. 



6.S Lw .. ' of ltwdiowf ti n ' U i.~i" I"l.lrw l;"" 

,,""" \he '~p"nn><n"" obK" '''001 R",herfunt :.rod SOOoiy f"""o'''od .... ''' .... J 
of , .. ,IIO-=h'e <"""I' "he , ... at "h.cb • po",,,"I .. ,0.1,...,,,.,, " .... ,,~I 
,I"'nk"",." ". dt<.y' ". «"", .... ,i\;M" "''''''''' .0001flI<tc1y 'nxpc:ndc'" "r.1I 
pi'ly,KaI ar>d <hom".1 "' ... 1,' ..... , '"'" '''''''''''y "r ,he rad ...... "",y "h",~ " 
all«! AN"""', IS """""'H .... ' '" ,he "" uf _ ... ""'I' d",n"v.aoe< P'" .nn 
" ..... If 4.'1 ...... • ",.,. ""_ ,lui .. ·,11 okt.y In ...... 11 Un>< ,n""'" Jr. 11 " 
, ..... "" '" be """", .... ",, .. 01 '" II .. "" uf .""", N 1"">""" M I,,,,,, I T1w " lho ",Ie 
oldo_p_ 

·",NIdI .. N 

IINld ... AN .. AlC 

... """ ~ II "'" """"- ... ~"l. ~. tI"iIo~~""_ roou,. Of J«tt, 

......... II" II .. d •• oele"","" "I .. paot",.1of _ ,",'e .-cit'< "'" ,ndcpo ...... ' 
of all uk"..,1 ." .. ,1".,,,,, ,,~ len .... " .. _. poD""" I·ft) "10 ,"""'01<> ,h:.oo 

....... ". dt<n ... '0 ,"" '.'l'''''' "" "I .. """ ,n ,,""III .... _ . In I'.qn. (f> II 
A ............ ·"y .... C"IheIloltcl __ ff ...... N ... A.., ...... ;> ... ~""'" 
by Ibt ",Iaoon Alt".. AN 

Now f""" 14n 16 II "e c<1 JNI:V .. AJ, 
If II, _0. N. "".,nd .. , .... N .. :V,he. h) '011<10100II .. "b. ,lot ',m" 0 I .. ..... ,.. 

~~ (6,2\ 

!:quo""" 16.21 ""' .... INI ,'''' Ill' <>, .'omS uf. , ..... <*1>1>0<1;,.., ",1>$"""", 

<l«:ru!a.apon<1ll .. lIy .. ,'" '''' .. (I.,~ . 6 .~) Th .. &rapII <IMJW> u... N" ~I. 
"','ot •• ro but N _ 0 .. , ..... Th" ,~,,,,.I okt'y """ .. _ i. npc:n~lI) 
I""'·td r", ,lot lkay 01 ......,y radloac, j ... rk ...... ,.. 

6.6 Iblf Lift 
A r.od~I"" """,lid.: ""Y he: er..n.. ......... by.ho ,_ M ... h"'h" d;"''''V-' 
From I'.qo. 16.11 _ hl 6A;, '" ck ...... ;~Ilft, .. " ..... ,. be ....... b~ • 
-.I ..... ", ..,""-...0 do""ppt'. ~~Iy So .... qtIIIIUly _h I, ~I) 
.scd 10 monam'A: _ .... Iide' illbt M/f/dr lTu,). .... " ... in.horh ,he 
"" ...... of ......... "v~ .""'" _ f<'<loo<e.r 10 ~ half of ,I> ",,~,nol .al ... I," 

NlH." I rl 

,. B""""'" NIN." r" 



"hen' - rill , ..... NINe _, It., _ II! 

Arll!* k",2 " koi 2 ~ 21026 
a 0,)0'0 " 1,)026 • 0 IH} 

6.7 Nudcar Fun:~ 

(6,J) 

n..;. _~"",,,,,,,,,,,,,f 1".'''''''') <"horJnl pruI,." ..... """''''' .. "",_ Roo;-..... 
of ,he p'",,,,ve,y ~h:.rg'" P"~'"'" ,hen- Illy .. to. •• ,...,',i .. elK,,,,,,, .. ,,, ron: ... 

.... , ... <" ,he l""'on'.I''''',n, 1<, P'''~ " '" .ud.",,, .ra" 8",;,,, OW>"'"' r""" 
,be ,,1\;\11 .11 .. >1>11 '",0 <kn'''Y <>llhe 1111<1.", 11>0,. 1I""n, f"" •• mil" b< ,'or") 
,I""" ,n "'''"p;arl'''" ,,"h ,I>< f".,<., be,,,-,,,," III< ........ 11' ..... I ... '''1lI lIuck .. 
01",'''''.' 11 .. ><,< I( ",hk ,,,",,,1<-. "",k, ILl, h' .,,,, ,.,,'''' "U,I II< oUa.;" w 
r,,,,,,,,. 'I""'ifl<oll) ""...I .. , (,,.-,',' "'·, .... n. ,"'.'.'.''''. """''''''' I><' .. '«n ,,,-,, 
..... ",,.,,,, '" 1><, .. ,,,,,. ',"'II 1""'''''' n .. y ...,..", ,,, •• , n .... <mnpk. ,bm ,be 

~ .. , ".""" ., Of ,·~,,"".~n'''''· '''''". "'0'."'0" ",,)" ;"1 , TIlt nlll'l<", .n...",,"· 
(""' •• " .... , be ,'.ry ~""' ... ~1I'.n< •• <>f I ... ,""", '" ""d ... .-..1'11$ i. •.• " " " .... , 
fi'"" ",.. ,lttm """1' fim'" ()u',.,<Ic , ... ""de", ,''') Ik<'n:oo .. ., "'pKl ,y 
1'1>< , ... ~n"..Jc '" 'lI< """k .. 1"",., .. """ "!III"", u""" ".. ... , , ..... 'lI< 1....,.
~ '"~ •• n ... '" """Ie •• ,...." .. '" rmll' ,be ... "" 

In I 'n~ ... uk ..... IWd'C'I'" ,1M u.,,'''''' ,,(. p>nI<". ",,,,, 0.,"'" • -............ -, 
un", ~ "'" mw 1I<' '''Un 1lw: .I<rur>n and "1I<1eon m ...... Ii<> propc>JoO<Ia 
,h«w) '" d.,,,,r~ ,he """k .. f",,,,, ... ,,,, ,he 11<1" .... II>< n ...... and '" ",fum! 
III., ""or"", lkolry or nude," rorcc,~ 

NUCLEAII: IIINm NG tNERCl' 

6Jl: I'addne FrKllnn 
TIle c" ..... « .rI •• ,j,,,, buo '~"'muI'" <k~_ of 1lw: ....... "'.......e. ( ...... 1lw: 
,,_ ... n ..... '~ ""<'1)' "' .. ..... Ii, ... " .:,,'" by A .. "" I~ I~· ..... f ... k,."",-
fonnul. (Of dln:lJn' .... .-I.,y "'·'IM_, 



r 

M,. A 
r",,~,"~ (.-..:1"", • f· . II (6 4 ) 

n..1""'~j"ll f"""Oon i , ,he me." lain Of 1m, I"" pMlK-I< In "''''''''' m.,>. in ",dc, 
to I""'~ the e l.m<"''''l' """,,' 10 10 form a ... bl< nud"", TIl< , .... ,i.",," off " 'jlh 
rna .. r>O. ,....,,,'" In ~III 65, FlUm the ".r/! 11 i< d"",~" """'I" rOf ,m,II<,.O<I 
hl£hcr .. , .... or Ill..,. 1IO., .he Rtap!l" """I"f .,Il10<' n., .,,"imum ,,-uh I-"e) 
,.111<> "ff W""n/I> I-.'c), 0. •• mean> ""'" "" A .. ''''fer ,h.n "", •• 1 "IOm,e 
m", ... h,<h ""ph", II><: ""b,I ,Iy of lho """Ie", When!",. '-e) In" ,,,,,.n, ,h. 
"ocleu, i, O",,:>Il"'_ 

.,. 

'" 

fl .'} Hindin!: l-:nell:Y Dr the Nucleus 
I, ml~h'" Ii", Po '"'f'PO'Cd t/u,!be ""''' "r.n .. om _,OOuIJ hc ,"" , urn "f ,he 
n,",><'S "r;1> """" ",,<nl panic I." Bu, • !un '.Y of ''''' .'u",,, man .... ho""s .h., 
,he .",mio nw.s " I ... ,h.n .1It . um or ju coru", ... , 1"',,,,Ie. in ,/Ie r ...... ", •. 
To 11<"""., for Ih" d ,rrerc""" in ....,'. hln".,.'. ".a" Cna'J;l n:1'''n" .. u>ctl 
"Tho: ~"""'"". I~.'''''' of ,,,,,,- d."",",,,,y 1"',,><1<> (proIrnb and """",,.,,1 m'O • 
",ble """Ie"" in.oJ,-e •• <TfI.Oin intercb.nge of cnc,U. TIli. 'cnclJ!r" ;, tho 
" l\indi"8 tnc'l)'" (8 r~) of , .... "",,\c .. , i,e ,he: ~ncrgy ",hi<h j, ci' .... , lil><r.,t<l 
or.b.o.h.tJ ....... n ,iI< constlt ... n, p;onid ... arc bound tugot ... i",,, . "ucic .. " 

If ,\,1/ .. the """"" 1<' in .... '" wh<n • numbor <If pMon,. nc."","1 ...... 
01«:'I'0Il' e<>n>l»nc In form on "'on!. then , .... abo>" pn""iplc ".,.s lito, .n 
On"",n, M . nc,~ <qu.1 to 

I d£. d M .. ' I 
;; ,d<a<N in the pn>Ct .... "Tho ,",me ......... n' ..r energy ,","l<Ild .... n<.v.d '0 .... u~ 
,hor .. om tn'" it< <on"" ... n' fIMI"' ..... Con",,,",ly if d.ll i< , .... inc ... ,.. on n .. " 



We '0 ,he combo",,,,,,, .... "'''''''' ... ..... ""'" and ~...,''''''' '" form ,lot .1Om ,hen 
oh< amouno .... " ..... y F. .. \\/,.1 ""II be:al>,.orbod in ,hi; pHl<.-u.o """ "he. 'h< 
.""" .. 'III tnol. ,h,. """h ,,,,,0,,,,, ." OG<'f!y .,11 I>< r~_ ",.. .,"0.., ..... ,n 
_J. <I.\f It raj ...... oh< _" tkjt'N. 01 It "'"' ~ of...as. . 'b.d • ..-1011>< 
".,."cnN ",I<> ..... n· "no", ,"" ~rot"I) """,'~ <>I the .......... fe<: ,, '''"''f, .... 
• lD<,",ur~ of ,he 100"",8, "'''''1) of 'h< _k~, 

L., lhe,:<."''''''''''''' of.h< """" br ;'""",,"'. : ... _ and lA /J ....... """-
M .. -. .... 7 . ....- ..... 7·tI«""" ...... <qu""""" .......... of Z-h~donJ<'n lI ...... 
So '''''!MS> ... ,«. c ... bo I"n'l<lI ~ 

<\11. 7.M,,' (II Z) M. M,. 

,,'I><,., M il. ""' .. ofb)d.<>gon lion' on ' .n." 
M,. m . .. or ... ,11'",' II •• "' U 

M, ..... ~I"'"iI: null'. ,II< .,,,,,.1 m:w " f 'lI< .'om in I.m.u. 

:s, ..... ,II< m;\S> of on "1«,,,,,, ;, 'ory "'IIJo~'~I. so III< mo,n ~OIIIn\!u"on w III< 

!haM <>I 1M """""~ .... ,., ,,,.. ...... "'" .. i.c. d .... ' 0 II>< """"' <>I""~ .. ,, and .... " 
uf n<ul!Vll> So w. t· ... ""II. ,be ~ "'f«. "" 

UI .. 7M, _ til -7.~\I. - M, ... 

.. ,",,~ ~f~" .......... ' nl l"'_ Irll m_ 
S, ..... I a.m." ... "'1"" ok ... ,,, 931 ,4.11 M"V. SO 1I.l:.. of the _kll' I. 

01 •. ,l\f, '.91 14.1117,M, + IA Z) M. M, ... I 1(111) 

.1>00'"8 ~""'n pc: ....... 1« .. " 

'1M • • 

A ,,"ph "I ,h. II J. I~" n"",",,,,,,,. ("""""" ,,f ,I>< n .. " rII' h ..lou • .-" ,n I~, 
(6 hi Wi.h ,100 .".pI"" ,,( 11c'. C". 0" ,be ,.1"". of ,he IIIU.lld""" h. on 
III c""",, to. ""Ik ." ... n." ... ph ilive< "' , .... lo>Ik",.-inl "",,10> 

o E.I"",,1«loI I, .. """" '~I)' h,ht ft""l ..... M< Yn)' ..... II ... ~ fOf H. H~ ., 
2 8 E./Noc""'" " ...... lYrpiy ........ adwf; ....... """'" ""I ... of •• MeV .~ 

the .. ~ofA.~. 
I n.. """,,""'''' "'I"'" n ... ON!.he 1.1 E./Io ........... >I,ll L~ MeV ... 

A.I<IO, 
~ l 'or III, .......... ., no •• he ,~IU<" O£JA ""' ........ , .. """'" 7.b ~kV ao 

U,.n'~m ... A • llS '1'0< .. tnol. 01 ,he """~'"8 fr-.ct",. ~ • .-', ,1»1 
"",,~inl (b l. "-'I n"",_, ,, I_V' I IOf h~'" """ bra'y _1O<b ~"" '0 
... luch II t...JA " ~I .. " k" (no- h~'" arod h<a,'y n""I<II<~. II .. I ... d«""" 
,~ /I fJA. MANA" ,It.- p.Hdm,,,mll( m~J<' '" ... J<'I1><' ,,' """'~1 on ,iI<' 
j,,,,,,,., .. r h,h' .k,nen", .".1 ,n .pl",,~, (ji"k.m) 01. hea') "k'''''"'. 

~ o.·c,. ",,,,,kk,.hl .... ,,~ of rn."" "limbe .. I .. he", """~ '". (II." ..... ';, 
I vOll,be II!!.IA to .. "" >V""'~ .. I ... of .boor. 8 M.V 



• 
• , 
• 

• , I 
< , • 
• , , 

" • • • • , . ,. ~ ~ • 

(,. Th «ve) "311l(' 0( (~ R.E)A for .11 nIno ()f A >ho,,~ the .ll>bilily oflbr 
n""I~I. Thl, '00"-' ,luI ""'''' ",II t.. OIlRC,j,,, nude", f"",1'> be,,,·,,,," "'" 
nil(' kvn~. And I"""" the: ","",e; """'" "'" roll"",,", 'h"", r"""" "'''M 1"",,,,,,,, 
... p"I"v~ for "cry oj .... di"."", bel"' .. n nu<lron, 

7 Tb.; .,I"c " f II lilA '.'1 in" "01)' I'<"uh., rn.o",." ''''''' nude", 10 

"""Iou, f,~ 'cry h;hl "",,!Ideo;, l1Ic",,, . ",pld ''''~''.''' In IJ &.1" for 
lI~h' "uck, 10"'" • "" .. bl< pca~ .1,1. ~.." ("'Y f"Harlon_J~. mncn II>J. 
11." ,.n"" .. ,he "",,ull .. >lab,lny 0( 'Il< " . .,artlcle """,lure 

8 Alx .... ,1. > 20 ,.,. !:I.IilA IS "''''.r~.bly """".n, ,uplo I ~l nIl' ,<n«I> 
an ,,,,,,,,,,.nl P'O~'ly of ,he nu<lu, foro ... CAlled Sa,u,alion 
C10ar:0cw .... "' •. llt,$ ,nd,,,.t. ,lut R£ i. """')' prop"""",I,a 1\ i.e ,he 
n""k~r "",,"'ocR!, Inkn<' .. ','" ooly a iI",,,«I "omber of Ibm nc"hbuur 
,~ ,II< """k., fon; ........ ,"",,«1 

" Dl",ontm"",e> In tl>< BE co,,-.... = ol"""cd h) >", .... 1 "",l"r. "'I>on 
7 or N «1",1 to, ,t.e m'glC nu,.be, 2. ~. 20. MI. 82 . 12~ ,,·hc,~ 0 E. " "~of}' 

h'gh 

6.10 Q· Val lll' 
A • ...:ka' ,.,""i". Ca. be: >n.ly...cd 4"an'ili.d~ in ,<,m. ,>( II>< ""''''''. ..... 1 
''''''gk> or ,he .oc 1<; an.! ,be p:u1 Ie ko i.",I>'«I. n.. "".1 Y'" or "ocle" "",:I""" 
" one or II>< ""',n _"' .. <.>f i.r""""""" .bw, ""<I<a, r"'I'''''<~' lhc .n. ly'" 
IS HIm iLl 'III:mieal ruction c~ccf1llll.u!IIe "Iau"ishe rcillion bcl"'ccn mass 
:."~ .""'n In"'" boo '"~co '"'0 0«0110' C"",,,\cr . "ock" ",.,:1,,,,, n:pr...,n'C<) 
by ,I>< «I"""'" 

(6 R) 

"I><"'.f" II>< '''gel "ucl<:us. x II>< l><Hnbarding pon;"le. r ,I>< p<oduc, "ucl<us 
",wJ '" .. ,I>< pruoJ"c, l'in,cie. II w,1I be ..... mcJ ,ha, II>< ''''~<1 nudeu, X " 
," ,"ally"' ,.,' .", ,h. , " """ 1M! kinc1' •• ""'lJ'. Sl~ II>< 'OI.o.I.""'g)' of . panjd. 



of "'Oft'" ,ho S .. n. of,ho "'" , ..... ) and ,be K, .. ,,,, ."'rY. 'ho ...... n"'''' thM 
,be ,".., cr"",)· i, ..... "'''·N in ,ho "",,10 .. r<ooc,k", mun, 11\:.0. 

W ..... ~'" M" • CI., • M,":,. \I., • ",,":, (((.'1, 

1><,. ""'}oJ ,. "'~ M, <Cfl<C><.' ,ho ma<>e> III tho ,n.:HkM puI'."'. IMI<' """"' .. ,.. 
rrud"'" ..... "''''"'''' po"""" ."""' .... r<'1 .... ,,, ... Y , ..... 1.., "'p<C'<'" Iloc ~ '''''''' 
e ... rve> II~.~ " n,NI "0" ,0( 1",0/." ~'" k~>. o..J ,40- ""'''''',. fO{ _,~ , ....... 
,,.,.. " .... " I~ " ... ~ ..... ,,' ,~'" ... ""'~, 

N"",' Q r<pr~ .. nu "'" ... " ... _ btl ... """ ,1100 K,nch" .... r'J)' d Iloc pn><I..cb 
of the IUCI .... ;ond , .... 01 ,"" , ... IIk.! pan .. Ie 

[O: Cr . , ·, F .• toll . ... , 1'1 , ".'<"'] (6 10) 

Thor """""Y 0" ... , ..... , ... -ctOnl1 ""'''''''''- ,,( , ... , ..... _ or. _~I) 
,he Q •• ..J. ,f"'" , ... , ... (I( Un" .. ",,, •. ~, ... ". aInJJ'''( , ... prOCIoc1> """""~' 
,t- tho! ,,( tl>< n::o<U8I;; t'" ' .... ,,"" " ""'" ...., ,., ... '~""", ... ,,' ....... ,out 
mas.,,( ,I>< ~, ..... " ''''_, Ihion ,hill ,oJ,,,,, ""......, In 'hI> Q>< If ,II< ... 1"" 
<If f1" "'p'i'·.' ,1M: "'><1"'" j, .. 11al T_"',_' I,;,. ....... M fm'" &rt 
I" 10, """ 'M .... 'Y ... u( n"" ... ~' tN<,"" ....... ,hrrrl_ ........ '" """',n 
'''f''''''''''"" ....... , ,1M: ........... , (I( n .. d~, • • _ ....... ~ ... 0l1<"l'i;''' or .... , (I. 
'·.1 ..... tkpcnd,nl "" ...... 'nf""',",""" " .,a,l>ltk. >roJ .. h"h ....... ", ... , "'1( ... 

6. 1' t\ nifidll' Tru"sml lnllon tlr ,\ r ' ilir lal llislnl~ralion 7 

"The r"e, d,., ~I_",. •• "'>Im u""""", .fIOI" .... "". ",,,.,.,,.,,,", IN ,,, 
'1""'" 1>,;',,, >hou •• Ilt "",",IM"r ,,( """""I ,he <ii'In"s ... "on u( "'" onhn. ry 
,n",,",'. pl>Chdn·. Wh<II by """'''' .... ,r.~, ... "!Clnl I, il PMO,bl. to ~,-." on. 
'Y,," oh, obl ,"'0 oMlI .. " If",,1"". ,h .. pro<:t"" i' ~no~'n .. .."r"' ... ,' .... ""u'~t,,'" 
"r .... ,r"' .. 1 d''''''q;r.",., 'n", I'n~r"" rn,,,d) d,rr.«nl ("' .. 'P'onIaJICQU' 

Joson'·I'·""" 

6.1 2 Kulht'rrllrd's Ex~rimenl 
I. 1919 ~'Ilie,' .,,,,,,in,,,." on "",r,,'" """Ir .. di,m",,,,'''''' ... , .. pffl·"",,.d 
by liu.herlonJ 1-'" ""'."1"''''''' ..... , c ....... by t.I partie," from ..... -1toC"" and 
..... ,'«1 '" ..... 'm ....... 0( • h,~hly ..... 'C.". "",,on (rom ordinary """'fen 
m",lru" 

The " .. , ... ,"""'" ,,( ,I>< N .. "," due '" .1>< I:oomNnImtru ,,( "'1-''''''' ""')' 
I>< K~ttOcd by ........... ~'" .... ~.,. ... '" thoo.c.oa/ fill "l><mICa! Karl..,.. •. 

,N". Hr' ....... '·"1 ..... ,0". ,II ' 
1-'" II: ~I<"" " It.') i"'fII..rcd by ro" ......... ""' ... il hoto ............... .... 
ntII""",'" ."" ...... ,oF"] .. hn..-.l .. 'ht<~ ."''', ""_ Th" uaao __ <:an 

I>< "l"'C><"1M<d by "'" %brc, ""'"" ............. N" (u.I'IO" 

6.13 Arl ilida' Mad'(>JOclh 'lly and Art indal Mad io-ls<It~ 

In 1934 eu ........ 101101 .. ' ... '" ..... ,.., tho otr~ of I p;If1"'''' ~t on 
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.. 1""'( ,,. 1). .. ;1""·· . .,1"·· ..... ~n"·. ,,,". 
, N"(n. p) .Cw .• C"· .... ,N'. + ,.0. 

I'<>S""", ~n"»"J" "'''''''''''''n fl»" .... u,"y produ<N by ip. 11. 11. "I. (<I:. "I. 
(d. "I''''' IY."' "'o<"oos.. .. h,oh ,"',.:0.« ,he [.'e) ch.,,~ I~ n",,, 'alru uf lhe 
n""lcu, 

.c"(p. 1"1,1""'. , 1" '" -t.e" + .,c· 
" Ni ""( p.n, ,.,<.:u"·; ,.cu"· -tuN," + .,.0 

T ... " (n.I'I. II'. IlI.tIIl Id. a) "'''''lions ",u.lly 1<><.1 '0 ".bl.- prod",,, 
11m J,sro>·c'Y of "",r,,, .. 1 IH" ;""ucod ,: .. h""""1\ "Y by l oh", ,till Cu"". ,n 

1'1>1 ,Iat1<J • "" ... Ime o( ",<carrh an<! hundred, of rad''''''''''·' .... ho.l<, ha'e 
",,,,. ",",·n n<a<k by ' ·."0''' me,,,,,.",,. S.y for eumpk looiDC h .. ,,~.) ,>DC ... bl< 
'I"-c ...... ~,I "., <,," .. ini"~ S3 proI<,.t>.tIIl 74 OCu""", n.,..., Ore 110,.""., 17 
,,"'Iktolly r.od''''''''I'''' ,,,,,opos pewible. <ofl!.'n'n~ from ()l:I I~ lUI ""uU<HI •. Tho 
,n>""-;t,,,,,,,,,, of ,ho ,ad.,,,,,.,, f""" ,ho "",",a( ."" a/1,r",,1 tod,n n""h","~ h.
,I>.,,,,n ,h., . ,he nocl<u, h"" """'I.)' 1 •• 01. an.logaI' ,,, ,he ""''''< ""''if I.,'d,. 
N\~·Ic., 'I"" ·"""'I"'''I'Y. ,,·h,,·h do.1> Wllh Ibc io.l<n"lic.,ion ..... d."ilic.'''''' "r 
,h ... ""'ok ,, an i"'I"~'"'' ""''''. of inr""" .. i,", .hou, ,fie ,"",'ur< "r ,he 
""01,,"> A, !""'''"' """ 'y 1200 nul, .. """lide< ,,>,'e .,..,,, ;,\e""r,e"li. 

6.14 Radill· 1 5I1to~ of Transuranium Elements 
All 01""""", ,.b,c~ 1\>,'" ,.,1"". of Z ,n:>'<1 ,lI.:!n 91 on: ,1Il1<~ .a",ur.m,um 
"1<"",",, ""--.I""", ,l",y I", l>oy'HUl .,U'" in ,1"00 I"',.",H" IObk 11>< ro", "r ,I"oo<c. 
Nop'u",,,,,, ".,. "'·' oOl<·d ."..ncn • be .... of . Iow """,",,, " ."",donl .., "U"" In.. 
,bo «I"'''''''''' rad, .... i""',..,. U .... " fOf"nl<d ..-h,cb R""U II en"""",,, '" pr,oduc~ 
neplu",um I.,Np~"') (Z. '13). Nq"umu", em", {j I""'KI<> 'fl'",,,~<ly.nd 
d..".~e, m'" I'lu,,,.,," ,,, 1.,1'",,°). ,he ~,h de"I<"' In 'h" ""y nc ... ,,,,,mix,,, "f 
,II< ('<",i.od;'- ,.bl< "'. ;"'r<""n~ 

OjU"'. on' ...... IU"· · • r 
o,U'''' .... .,Np" ... ,e" 

. ,1'1'- ..... 1"'''· . ,c· 
6.15 Uses or Radio· lsotopes 
N:ll!'{)_' ''''''I'''''.rt" USf'd in diffOfon, field •. Th< ,mp"'''''' "I'I'1".,".n, of ~><I.l>
, ..... "1"'. 0.1<",,00' on ,II< roo, ,ha, ''''' ."""" •• 1 """""n,<s "r!l><: rad",· ,..,.,..,. "f 
• ~"'.n 01.111<"' "'" c,"","I>.lIy io.l<n"cal. lIu, • rad",.,,,,,,OfH: c." fie do,,,,,,o<l 
c"ily by," !"..J,6I>C' ",ly anJ ,I"ble ;""'OPO by . mo." ,,,,,,,ironIC'''' RaJ, ... 
""'''I''".r< u<c,1 .n d,rr .. , ,,, fieldS .• , f"lIo ... ·• 

6.1 5.1 In lIioll.t:i<a1 Fiold 
I When. pI,n, 1m .. ,. i, .b>orIn I'hDl.I,ho .. h both from ,fie ",11 """ fmm 
«n,h,., In onk, 10 l oow. "Iu, ",he: crr"", "f r.n'\11'" '''' ,fie 1'1.", . it i< 
""P''''''"' ,,, ~ """ II .. "'" proportion of """"phoru' ron"", (mm .""b ..,.,,,,c. If 
rad,,,. ,wtr.opo,, uS<"\l In ron,I,,", ,nc ox",,1 proponioft ..-ill.omo "", •• s,ly 

, 

, 



2. Simjl:u-Iy. f<>r hlood t",!\.,fu'~'n ,I i, Io<:I"f"ll<.> olcl«1 "helher lhe. Il,'cn 
blood i. ,"".blc for the: I"'"<nt or not. 

6. IS.2 In />1«110.1 World 
J Rao,Iiv ,><>I".,... have !>oOD usod to k>o,," ""~ ikl<C! III< p"'.'CI\CC of '"nM'"~. 
JUf1"'ola,ly !>tao. lomo,,"" "h,cn .rc d,ff"'ull 10 ikl<c1 

2. R:.:li" ><><I,um ha, I><en "",<I ", "'ldy ~~"', of ,c.,,,,md ci",u",ion or 
bl,.oo 

, p" '''rong otlion of ,he hean h"" """n ''',diO<l oy ""ng ~ ... !i(l.~><I , "", .... 
~.>dk~ ,,,,,od ,"" 

~. I S..J III l"du5I ri~1 .'dd 
Rod,,, '''''''1'''' "'" u<Cd in "><1",,, .. 1 lick!. 

I AIIOY"I< froqucnlly ,ubj<t<a! '0 diffe",,,' "<.11,,,,n,, .och" .. , .. ,l inS. 
quenching 0' •. R""i .... i""'""... h,,'c been u,,'oJ 10 fi"" II>< dl«1 of .... h l/'I:,tntCnl. 

2. The >elf cllffu .. ,," in ntCl'!. "c. "",vcm<nl <>f .. nn" ,n ,,,,, .. I ""'h'" ,1>0 
ctJ~'l l "lI"e Ni Mn Slwi.d by fatli.,.,><>lopc •. 

3, Uniformny of ",i"n, dunnr blc"",", of J,ff.",n' m,"e,i.I,. h .. ~n 
""h,e'cJ by t.i>eliinll on< of ,he «",,,i,,,,,,,,, """ r.tJiwc.i"c Ir""cr. 

b. IS .~ Car ..... ' I).II"~ In G<o>I"Klc.1 .,.Id 
Co""'" h.a. three ,mport.n, "'Olopt. 12. 13. I~ ha,,"~ ,cl.",e obu!'ld.lnc • • of 
~~,g'J'ili , . 1 . 11 ~, .... d UtO, ""f><C",'cly, Of Ih<,,,, (''' " "",'.,bk. " diStntcp-.'., 

0) II e,"''''''''''.' 
,c" • ,:0-:" • (J 

11>< 1>:0,,. . "ulUl" '"'' "r,he carbor> <Io\,"~ ,""Ihod i,'~" Ih. reI.th'. 3butld.>noc 
of carb<>n \$0101><0 has ",m.in«! un,hang.d r<>r I." f." ,hoo!;l,od )'0""', Wh." 
• linag <><g.atSm dito$. liS on,"~~ nf . 0'''''' <"a"",.nd ,he ""","nl of rndJU;>C''''c 
C " ,n" do;c"'~>e> «","n""",ly A Jo:lCfmi".",., lor ," 1"<-><" c" "",'<nl pcr 
gram or ,ub,,,,nc •. log<lhcr ~"h. loo ... k<lBc nr it, lulf1jf •. yic~h the .8< of 
Ih. '~mplc 11>c ruocca'r>t;oo nrc" in .lilj"ing pl.nt> " lhe >lime due.n ''''' 
roci ,h., ,10<: CO, la~"n fr"", "", • • 'mo.p/>C'" oonlolin> • 0"""'" q""n'''y ore" , 
But when. h,ng pi:"" d, •• jl no long'" I .... ",. ,n CO, ancl .Iam 10 tkc~~ by fl 
<n"-"""" \I,lh h.1f lor" IT",) or,lle vol"" 5130 1 30 j't>. lI y Ill., ""y onc can 
c.k"I.", the ""I( of i., do.,h. a, rollo .. '> 

W< know N _ N,," 

(l fNJ 
• Till • Til, _ 5730 ±:J.O y ... 

"'"<Ie N .. "",scnl "''''ily oOlln .. of C " Of lhe alJ ."..,",>en 
N • • ",,'i,iI1" the: "">e "f <lc: .. h 

, .. ""'c ~ .ftcr dc .. h 

No. the ang'n,I,,,,,,,, number., lfoe ""'" of do., •• " lhe ,om< .. pr=nl ~n' 
r.'" of the: fl· emi"ion fmm any 10_;", malter. H.""". , c.n be ,Io:!<nn i~, 



Who"" .. ". (>Ibc. ",' W>k "",'hod. fur <lctcnnln"', IIIe -ae 01 _. """"Ie" " 'ere 
... ,lobI<. , .... ",,' l1l<I ...... ' I"~ (00"""" ....... 1' "'1<"'" ,,,,,h .. n'pIe> .""noJ 
up''' '1000 )"UI"' 

6.16 Nud.ar W ..... o:-'Ions 
llorp<o1d,nl u,.....1hc _WI""" I""J<'<tik pon",k and ""'1""" ponek. ,ho '"'''''' 
.IOCk. I.":'K"" "'< ~", ..... roN "" (0110 . ..... 

1., ''' .. n'",ula'~m~) ll·l'~rtl<k 
I ( a _1'1 .. .."iM 
1."., Je ..... al '" ,,) .. "",,"' " 

,X' . ,H~·""I",Cn··'I""",V··'. ,II ' 

, .... '''.,Ik' ,1,,1'''1 .... ,,5; .. . ,11' 

2. I.. ~1 I~":'''''' 
The ....... , I a _ ~I .. ""',,,,, " 

~, , '-' , C '", ,.,.. , ,'" .~'" I,,,. ~'" . "" 
, Ik·. ,Ii<" ---> I.CIl ..... . C" ... ' 

Th",a ") ,,::.<, .. '" " .. ctl ~_n fur , .... """""K .. ...- .... ". r-''''k' II<U'"'' 
, .. ', .... ,,, IIIJC m:n, ..... ",. eh:.t!c. "' .... br Ch .. h'IC~.n 191, 

,III ....... n' "'u,.,1M 1» ' 1'nM .... 
1 'I' '" "'.II,"'" 
'fhc ~c ... '.' II'. 0'1 ,~""",,., " 

,X' • ,11' .... ".,en··', ..... ,y' } . II.' 
,1.;'. ,U'_I.Bo'I--->,I\C' , , 110' 

11", I,' (,' f""""'''' I"m,JcJ ''''''' of , .... ca,I« .. 4u.",,,.,,,. 1"'''''' 01 ,ho 
,·.lId,,) "I [,n,'.,n" ""'" """MY .d3'ion,bi,. 

2 (p "' """"," 1,.,. ,., ... .-.1 ')"I"''' 
,X' . ,11 ' .... I",C.··'I .... ",V· ... ' 
,a" • ,H' .... I.C"I ...... C" . .. ' 

In II' "' '.""'_'. ,he .-'" _., ;. ...... 11, 1-'-,) .... . Iot "'.." ..... >I. -. 
'II' l' "' ..... -
TIl< .,_ ')l'" .. 

,x'. ,II ' .... , •. ,en··'I .... ,.,y'" • r 
,I.,' , ,II' .... 1.1k·, ____ ,Ik' + r 

«j 'I" •• n,,,,,,,.I1,," by ''''''''''''~ 
I ,J UJ ",:oo;lioft 

11M: ,.""r~1 'ype " 



,X". ,II ' _I, .,Cft~·>I_ ,.,V"' , ,Ik ' 

.0'" ,II' -1 .,1'''1- ,N" • ,Ik' 

1'11< ...... ,....,." .""' •• ) ,.1<1- al ...... "" I"~I '" ,10: ............ at< ,. 

IVfI<"'I o...,.hmNo. 

1 (<I 1'1 .~ .. t ... 

1lIe~" ')1"''' 

,X' . ,II' -l, .,en"·'I_' ,X"". ,II' 
,,,, " , ,"", c O> " , .. ' ..... ,.~ ....... , 

II.", ,. (,( P) .... '1 ,,,,, iSOlop,,, "",II f""" 1". Q •• 1"" rm til<"" ""'''''''' " 
" .".II~ (Hel .... , .. ,~"""on$ .'" ,n &."", .1 ulIIlI<nroic 

j. IJ ~) .. ""10",, 
1lIe ",,,,,,,,I 'l'1"''' 

,>i' • tI' ,., C.,,·l, .V .. ·, . .... ' " " ... 
• c' , ,II' ... I,S"I ..... . N" , .. ' 

IdI1hl ....... tlooto _y N.u . .... 
It .... 1"'.' .... 
llot~ .. 1)1'<" 

~,(" P) .<""""" 
"I'll< e<",,'~1 ' J I"< " 

) (11- btl .... 1_ 

n.. moe'" ','p< " 

,• , ,C "', "," ,.,. , ....... , ...... ,." ' I '" 

,X· , .... ' _1.Cn""I .... ,.,V ... ,II ' 

N , ...... ' ..... I,N" I ---> • C" • ,H' 

,X' .... ' ... Le."·'I -,x" I . .. , .... ' 

,,AI' . ... ' ..... I,,A,al_ ,,AI-. 2,.n' 

1lIe II'IUS <~ ,n (~ 210) .... ,,"'" "oJ_y;.( . .. ) "" III< .. ""' ''''' " , . ........ ,--
~ , III :fj ..... ,,,,., 

n., _,\OIly,",,, 

IX' . on' ..... 1,CnA·' I---> ,X"" • Y 

"U'U . <1" - ' I"U";I-" 'U'''. Y 



h" lho < ..... ""~ """..". "'hleh """'I.> from """run npoOOKJ ," ...... ,...,,, •.• 
"'JII~" C""""",,1Id """leu. thou. rom>«! emil> """ '" mo< • .,.."y. ~ fioW 
a",-ku. i .... i"""fW ot ,lor '''' .. flOC ....... no.. Q ""~ ,uh ... )' ,,,., ThIos ,ho 
'" 1'l ~a<h""" <~OI_ ,.,It! n~n<q:y b<lGJ earnc<;l , .... y b< ".,y .. 

, .... ," . ",,' ...... ,v',!>] .... , .... ''''. r 

, It ' . ~' ...... ,It 'l_ ,H'. r 
TlN: rn,h • .oa:" ..... ~urc ,,( ,ju,. OC","'" otIC" ""ul" ,n I"',J"" ..... Id. ,.hkh 
""' .100 r""'.w" •• , '" ,hi, R'"",i<>n i, ._ ..r ,II< "'"., """,,,, .... , .. "''''. "f 
",,,rK,.J "","".",,". "",'11<1<. 

I" Tron,muMift" by ''11<>4 .... 

, , r ,, ' ,~""""" 
TlN: ~IICf'" ')'po j, 

,X' • Y .... I,C"·I- ,.XA , • .,n' 

,Ik'. y-t hlk· ...... ,Ik' .... ' 

Q ."' ..... I 'O, 10 1M rc"",_" .,,"""II<mlt,· 

2 I r /'/....,."'" 
TIl< ,......,., 'Yl"';' 

,x· . r ..... l"c,,·] "'V' ' . ,It' 
,"M~" . r ..... I"MB" ...... ,"N.". ,.,' 

h h.,!ott ....... " ,h., ,"m" " .. <lode, .,n ho .... ,,""""',1'''. ""It,,",, ,,( ,lIfr.",,,, 
... ) •. <k""",lon, "I~'" ,ho "",,,,. " .. ,J It> I'",JI"~ """"""'"',,''' :.lid up"" ,ho 
r.tlI.!r ~I\.n ,," d"n"~ ,be ",..,""n 

6,17 'n.wry or Nuclear Fissio,,7 
n.. iOl"IV""'" 1"<1,0'." ,n .. h",h """')' _!ro, ~ft .. ~Op1"n", .""'fIIII. >phn 
up ,nco , ... 0 Ii,"'" oc ..... , of lI<>rly tqUal """''Ie< "nllc<l Ii .......... nf ,be " ... ~ 

Of "...-1"" fill'"'' f", . , ."""", 

w""" 'h .. Ii....", """ ...... 10fF _no 01 <II<fl)' " , .... ..-.1 .. ,,~ "'" <mo.""'" 
of "",II"" ..... ·hKh .,.......... f...u.", r ... "", Th .. no<IJ)' .. ~_" .. ,,,,,,102t 
e ... '1Y Of Ii~_ n>CIJI 

'i<lmI: ,ot,,,,, """",n;"'o( """ .... r"""" ( ... __ . >1M", "'0,0'''''' orWogou> 
'" ,he I"<' .... n"" o( ,he f(~<". "hleh hold ~ litjuid drop "'I",hcr It"""" """I<~. 
""'Y II< <on;,tkml'Q be ~"'" '"'' drop or '''''',''' ......... ,h .. fl,,,d ,ot ,...,. 
h,gh <kn,") (. 10" "".) 1)", ,tka ha. """" u>ai on 1'>'W by fI .. Il, ond W!ottk,. 
'~' II<, .. "h .. ho, 01"""'0) ,<k •• lI<h .. , .10.'11", •• ,,,, "'1"'1 .. ", .1Id ... rf""" 
1<n,i .... 'U . , ,,I.infi";IHI p" . ... , ~,i'~ 'h, ~Ip of lill~id ,1"1' ", .• 1,/ 

I" II", .pIoo,,,,,1 1"1"'" Ilr"" 1111<1<.,. ,"" .h"J>< of ,he d"1' <I<""IId, "" , 

I 

I 



bal ..... m • .,I>'mg ,he ,uri""" 'm .. "" (OK"" and ,tic ", ... Ionob "'1"'1> ... (UffC>, 

If ene'gy i, ><kIcd II, ,he drop, .s '" ,he f ..... ," of ,he .'e,'"' ''' <O<'fJy ,<,ul""S 
(rum ,o. "pI"" of. <low ,,","""fl, "",m~liuo, arc -.c1 up ... iohm ,he d,u" Tho>.<: 
,~nd to d",on ,I>< .ph.,,".1 ,h,l"'. "'" ,h .. "'" drop m.y bc'OIJ1< ,11'1""'.1>1 10 
.hap<. 'Tho ,urfx. ,.""on f"", •• ,.nd ", ""' •• ,he drop ..,.," 'to ", <ln~, .. 1 
""'1'" Wh,k ,IH: nC,I""'" .""'gy le".1> to d"'llf111H: >hoI'< ,,,II furllH:, If ,he 
••• ".,,"" ."'l!y ;, ,ufrocic",I)' 1.'1<, ,I>< II",,, may .11 .. " the ,h.p" of. d"n,h 
hell l he coulomb "'pul,,,'o fOftt, m'y 1110. I""h the I"" '1><11\" """n """II 
lhey.plll ,n'" '''''' ,,,,.11 d,Of" He."., nud.l (I>fB" A) h.", 1"'1':" ,,01" ...... d 
,hey ~ 10<$ .. ,bl ••• Ii~h .. " prov"".""" lrom III< ou"';"" 1~IJ, ~,11 <.,,'" 
ul""",'. d,,,,,,p'"'" <of I"" • ..:I.u< i"lo ,~." .... """" r ... G ..... 1S "b,.h II) ap.>n .. 
h.rb 'pc¢<'-' Th" " ''''''' n :.;Ji"''''' .nd • la~.' a .. "un' <>1 '''<~Y'' ,.1,...",,1 
I~ Ii";'''' I"')(,~H_ n", I",od",:, "oclltlc, 10"" be '" lu,hly ... "w ",a'e'" ,b< 
in"~'" of r, .. "", So".. of Ih" <1><'1-') i. ",k • ....,J .1" ..... im""di>1dy and c:ankd 
away by ,be prom", ncu'''''''. 'Tho ","!>i",nS ox ......... 'lY ... ,)1 he ",1<.><:<1 by 
... olro." .... i<-p;u1orle, '" Jl-d...:.y' '" )''"Y .,'''~ ... '''', 

000 8 o 
o 

11o,"'"", if the " .... I" ...... I1'Y " not I"", •• nough ,he <lhp$<>1d "',II «'urn 
I" the ,pi .. ",">, <h.p<, In 'hoi ~a~ .... ,,'''''' ''''lY i , I,n. QUI ,n lbe fnrm of 
I''''y' .nd the I''''C<~' hc<"m,,, <H>< ~f lhe <ad,,,,,,,,,,,. CO~Y'< pruc • ., ,"10." 
lim> r,.""" proC<" 

n.. nl .. of <Tili<~1 .l<fOfnWl;"" ene'llY f: <rilk.1 .. ' .. r.", <akublw by 
ROO, and Wheek, "0 110< lI~o,d drop mOOc-l .n.! frunl lho, ,hey "''''''ed ,lit: 
rondi""" (or Ipt>o"""'''''~'' >< rill ;<' 4j ThIS .ho",. U"" fe<jU'",. nw,," 

.«11,11"" ..... Il!y 1h:tJl U' '0 ,nll,.1< ro ... "" 
1< '. r.<)W koown lba, r.«,,,,, ca. b<: prod .. «" r .... """""" be»y """I., "n.l<, 

differen, ron.I'"".", Un.nio", m .. :k •• "'he" oomb;a<i<d .. 'ub nco""''' ontk'¥"<, 
r.,,",,,,,nd,, splir< ""0 ,,," oucl,i of '"""OI"di>1' .. ",,,k weight. II " .,,' fOllrod 
th>l ,low""""",, ."".., r,,,ion .,f U>" hot "'" of U 2lI• r ... ncotr"", wi'" 
.... 'll". grco'" Ihm 0lK' ~r~v. cov .. r.SSI"" of boIh U''':md U"" Tho<,um.nd 
Pa'" ull<k'lo r. .. """ ttut ooly 'l'IIh fos< IIClItrtlfl •. Some belV)' .""Ie, b:&, .. ""'. 
found 10 untk'1:0 "Spo"," "."'" (""",," I. 'hI> 1"""00:.;' "'" n"<1.,,, J""l." 
... I"""'''.,.lIy," .... g ..... nd ",." ",,,,, ... t homlwdmcnl by po."",1n frum 'OI"Kk 

H ";on 1', 11<10,1< 

Due '0 r, .. "", Ih< he.vy " .. el .... n be .phl up '" """'y d,ff .. ,", .... ~" , -... 
Ur.niom nuclo .. , is "p,blc of 'pli'''"8 i" 0"" ,j() ,liff.",,,, ""y'_ AOOu' 97':1> of 
<I>e Uill nuclei "nd<f&oi"~ r,,,,1o<> y;'IJ prod""," ,,'hloh f.III in'o ''''0 8""'J>S. , 
"light" group (A k 35 '0 I (1-1) and > 'lI< .. y' poop (A • DO!O 149). wh .. h ,Hka, 
from follol'l'ng rex,iM •. 



u''' . .. ' ..... 'u"·,--> M/)" . 1.:1 '''. 2"a' • Q 

U,.. . .. ' -W''"I ... ,.8.'" ... 1(,'" • \.n' • Q 

IU"" li."" ... 1M li.,.".., p<>.luc" >Ie ,. a hiJIIly e~o"",,' .me -.t "",,, ........... y 
nnH""" r .. >I:.bolny ~""h >II "",,>bit _ ..... mop lot u",",~ It).......-~ 
,,"b,l"l to) O'IM' ( I ) .l«,"'" mu .. ..,. Of I~) il Ill< uo,_ clIo<1JlI II h'eh 
c"""t~.1>y CJf'Oliooo 1)( """ Of """" .... Iron . " ..... """n ("" ... "-'pcnlD<'llLOlly 
(~bo.(h ", , .... '" 1"''''''''0 occu, 

) F ..... ", ''''I'''''''' .. h",h <kca~ by ohtn., eln.,.."'" ncy .,,,,, " ........ 
,~", • ...nu 'nmh ml ,II< ~,< em, ... "", or .Iee ...... , ,,,,,,I! IlIC) 

,":om '" a ... lIe loI.bl. """'....,. Tho .. smo. "'" c.lk-d unIon .... cay ....... In 
abo". «l""UfOn Mo" and ..."' '' .,,, ,he "obl< "" ... ...,,,. An .~j"'r'" of r""<HI 
",n •• ,./ """ n,,,,", 1"'.<1 .. <, .. "' follow. 

" X."· 4 .,c.'" 4 .. II. '" 4 "LII'" 4 .. c .... (~ub .. ) 
2 Noutr"" <In.,..,, .. ,n r, .. "", II .. (-. ... ,~ ,n 1i,,,0fI .... .,"""'nd """ .... , 

(I ' 'OJ. r,,>! spI,1 ,nlD Iw .. f",Itv;1II).. oclI III .. ht<h 1\;0:, 100 """Y ...,.u ... r .. 
,1 ..... (11), ~nd .1", ........... 'Iy (6 MoV Of mo",,' nocdod ''' . ' (1<1 " ...... ,"" Tho 
• • ".oed _>bit _Ir", ~""""y <J«" ,_ Of """" _.' .. ' ".,h l'nys 
" ._. ''"'l' """" i,_ Min M.,."....."", n.. ......... ~lUnI "1Ih .. pm~ 
~,. 

F. ... ~ k_ In t1<.<i<>oI 
1m. ,,( 'be ......... n~.", I""," "IC> ,,(!he: (,,""" ,......~ ... ,he ...""IIw., oJlhc 
<1>Cf1) ,,, ........ I'" Ii."" ... " .. h",h" """", ;!OCI Mo\' •• <'01,..,. ... wllh "" ....... 
MeV ( ~ <>It.... " ....... . ""ni"". An coUma'o ",",be """"'''' nf c"'"'n ...... >Cd PC' 
fj ,,,,,,, <.~" be n ..... ~y .""" .... ""~ ,be "'nd' "F nI<' ,) <U1\'e tn l (> hi. The ""III< 
,,( ,h •••• r~,. h,nd'n . ... ·.ty 1"" 1"'""'''' h.," "<, ..... ",.,,,,,v'" ,,1_1>< .. , ~ ~ MeV 
in tho r;ul~< g' m,u nun,"'" (mm IW '" lSU ~od n h .. ""on ,110 .. '" th" ... OIl y 
.\1 or ,"" Ii",~ .. """'",,,, h:., ~ "Oln""'" ,n (hI' .~"'" Th" .. "r.~o 11.1':. PC' 
I"""'k ,,,.bo.1IfI 7 . ~ MeV in I"" .... ~ ... lIt VIO""um ,to..,,, .""'1" II "-
PC' """ '" k l •• "'".n () 9 M" V I"' ..... " 1M Ii ~,ion I'"lduo: 1.>. ,haft in ,be ",,,,,...,...nd 
"""la!_ jU'IO,""" 1M .'on.>. 0.9 MeV." hbon1«1'" , .... ("."'" process. 1'be 
IIUI ...-M of ....... 11 ... kll$d pttr ....... """'kI be """h'y_1 ,o1hc pn>ok><' 
","!he "" ....... of pMU<1r. ( lJt» "",Ibploed '" ( .... "ee" 1I1:Jpoo!",i< to 9 MeV ) 

••• 
2)(>><09 . 1OOM.V 

n.. 101."11 mole R'It:.lftl ""' rlUDt r:III .1", ... ",lrul""" ~"m , ... "<>cltl< 

"' .. "" 0/ fU' I ~ • ')pocaJ ~, of Ii...on pnJd"''' ,n , .... loIk>vo 'lII ..... Y 
Coot,ide"., 1M r,....", "'1""_ 

Un>. ",,' _ IU'"'"I_ Mo"' , 1..1 '''. z,,,,' 
A,,,,,"c 'n> .. or u '" • 131 124 a.m.o . 
A,,,,,,,,, 'n'~ (If ",, ' • 1.009 "",II " 

T"".I m,," of "'>OWl" • Hb.1J3 a.m,". 



... ,"""" IIWoIo of I..,'" 

... ,""''''' "".,,,,~ \I,,'" 

... """"" _. of 2orI' 
r.~ .. n"", ,of pn><luc .. 

.. 1J1.9~~ a ... _~ .. "'- ...... ~ 

.. ~.Olll ..... P 

.. 2J~.919. m_~_ 

flO"" _~ ,"0 <lk~"""""T ~ -Q , .. 1 .... - MIll an .... ' ,,f......,, ."I<~ 
pn fI"" .... <'1ft t.. ""kul .. od from oquac_ II> 10) .. 

Q 1M." "I' ,I>< .... ,,'".,> -M." ,of ,lit l",oluc"J ~ ~ 

_ (211) I" 215919,,, 911 M.V 

.\,,"'. (I " PO"'"'' '" ''''' "'.,""'" " ",,,,,,,,,n,,, and ,I>: .n ..... n' of <""'~y 
,<1 ....... 1, .. " Ii,,,,,. " 

_ 11.214" 911 • I~g M.... .!on \k'/ 

1 •• m.u._YJ I MeV 

AI,h""rb l~ .1ft' :II loa" .10 d'ff ..... D' "")' t ... h..:h ,II< ""''1''"",,1 "'"'tru, 
Il"", nil <h,'"",. I>In ,he ma>j; u«>S ,,""""' ........ ,) It~ ""me f"" 0/1 ,I>< ... 
p«I<""'" an.! ~, ~ I.V .. ,be "'-r<' m.,.UII of """I) It u..-.l ptr Ii"",,,,. a' 
ulo.ul.olnl ,. 'hI' ... y .. hod, .. ,.,...,.. -a:""'_ .. ,'~ ..... " .......... ,.hot: 

6.18 N.,,,kar Flsslvn as II Soun".,f En,'r!!} 
111< ""1< ........ of """,,, ", .. bod ,n 1",_, "-'C<,h< •• "h ''''' " •• "" ..... "f 
"" .... ,1\.uI '*' .. """" ........... " l'"u,Me ,,,"'" ,tt< fl"" .. ptu<'<'" .' • ..,....,. 

,of "'""'s) lb< ''''''''''''. "" tbr ""....,. , of! ~ ..... " .... , "''''' fl, ...... ,of l"" 
""",~", 1'0''''''' • '"">I .. n:o."""" In "h.,h .It< ... """u ... , .,.00,"'" IlIOf" r,,,_, 
.nd "'",., ,"",,'ron, .tId OIl on u ...... , "'"'" rood"'on'. ''''' n,m""" 01 r ... _ ""d 
""lIit,'n' ''''' ...... ' '"po""",,.II) ",," Unit lice ...... • ",,11 '"'''''' ",,,,,,,,, ... M"" 
"",,,,,",, ,rut" 'h< ,III< .~. and ,he "n."'.' "r <""'t) <~" ....... ~. 1>c.:~11>< 
<.0"' ... ' "'he ""I< m,."al bel..-..,. """ ......... JC""'.'M·O ,,( r,"K"" """ "" 
,,,ry' ,,,,,,II. ("""M'" of a '<=lftd and tbr <""<If "'k ...... In 'k 'h-,," .... "on <>. 
",l. ,I>< furm of •••• J>Io<i ... ; ,It< Ia-U" ;, .~ -~" ... bc .. h- Thi< il ... ,~ 
__ '1>11_1 tw-. Und<t ......... """,~"". tbr < .... ft ", ... U)I< <OIl be "",,,GlI<d. """ • uc", )boO. <u he "tlllncd ,. ,"'h"'h ,.. ... ' ...... ,. .. " .. n .... an: pro.Iuc«l 
"'" u." Ume.,. .... u....t "f'."n." ., caI~ -"""",nnlli.",,,-- lb< '0« .. "~lCh 
Ii",,,,, <ICC ... _ "DC'I)"" KIt_ .. kpo ...... " .... ...t tbr ",,,,It; •• "ha,. 
'.""'K .. "'''' _ Dr ,\ ',.,-t,,,, ~_ ... hot:tt c ...... u~ '"" • ,.,......, of ........ on. '" 
of .-1<. "''"'". 
'· .... 1"" , .... ", lb< .......... of <1I<'fJJ' ",10_ bf ,he con'pln< Ii ........ 01 Il~ 
,of Ur".,um ~ II< <.k"'.~ ,n rhe foll .. ",., ... y 

EI><"1 rtlu..all',,,,on . :uo M.' 

"" ,,,,.1 <"''''f ",kaK<! pcr Ii",,,,,, _ E . 200 M .. 

_ m ~ 1.0 >< 10 ,. >< If!' '" J ,2 >< '0" 10<1'.' !It lI'Im 5«. 

No .. ""'",,,,d', Nun'''''. _ N . I>,O~" 10'" P'" l."'""" 



Tho, c'>e'l)' rob .. ,1 hy ,1.<" """H' uf 1 ~ ~ A,o", of U'" or BS 19 of U' ''" 

N ~ 1:; r b.l)l X W'" ~ .U ~ 10 II .. I 93 X lU'· Joul., 

Hom" ."~~,," of enc'!') I<k .... d 110m I l ; i~ ffll nf I I"' ;, 

'" N f:;A .. I " I ~1" W'"r." S.2 ~ Ill" look. ur ,..", "" 

So 'ralal p"" . ., ""'1"" pcr W) .. 1' .. wr; i 

" 

~ I x~.Ul,.,I<JI>" 11X III" 
~J~ X ~4 " flO X hII 

,\ .. '\,on,I<' rn,_., <If I)''' .. 2J~ 

,. m'" L ,\ i" ') ~8 X 10' \I',m 1000 M ".~" lorI'''''' \~ III 

11.11<'" I ~~ l "" b) complet. Ii""", can '''1'1'1)' "1'1''''', WOO M ,.. .. , of i'"'" <1/ 
d.y 

1::/«,,;,;/1 f;"u"'ul""u If ''''' I'0"~ OIl' 1"" ~) Ii""on;, ,·~.ng«l ,,, d,,""''''~' 
.,. \fI'l- "",I<,,"",.ffi,,,.n<y" 'II 

mN, 
/' . " -

'r " ., 
If! I!, 

'.< I'""·,,," i'"'''.' E'·'l<r.,<d f,,"o I \' , of U'" "nh.lil':; d'fkkocy., r " 10"0 
" '1 " 1000" 0 1 .. ~IO M ".,\11).) 

n", "C4"" .. lcflf ,,, 'ho Ihem,,1 1'>"<0, rl.nt "hkh cO,''"'''''' .b<>u, '110 
"'1111." "f =1 pcr oUI. ,h" ",he 0<1, ." .. ~. of nockarl"''''"' ",·"n"",m. 1 P"""' 

Nud<~r I'""',, 
A, d,,,,",,,,,, .1>.",' Ii", r,"'"'' II( ,"". II'" "II<:k", ,01"", c ... r~y 3 2" 10 " I 'K 
W." .,'" 110"'- <. r,,,,,.., '"'" "I \1'" r", p"x]ur;ni '-"'" ''',,' "rok<l",· P'",," 
" II.' 2 ~ II} ".) I ~ II}'· "",""'...-rood 
110 .... < linK" r<~"rrcJ [Of '''''' Ii."'''". II' I ,,10'". j.!" 10 ' ...., 

S,,,,,, 'h" r,,,,,", ,a', " 'cry la'Il' and '''~~ 'muon' II!' (j",,,,n ~""'~Y" 
r,l,a"'" In an ,,,,",, .. Iy q"", ,11«"'.1 III' "",. ,. 10 ' ~I."" II, pre_I""""" 
10"", 1<> • ' CI)' 1"-'~·.rf" 1 .,pl, .. ;o" onl'" i" nil. uf ptO<lu<t;I>n i, cun lroll.d 

fI. ' \I "I"" ~ Cunl r .. n"cI Om'" R ea c li .. " Sys l"1I1 
C"", roIl«.! (j"M'" ,-"" '" "' •• ","" arc «-..:n,,,1 for noc\c.,- """'''1'. The ><hk>""",n, 
"f " .-I .. ,,, ", •• :t,,", ,,"h ",;",,'''''' ""1"'00' "" " r",'~'r~b", ""I..-~. '"lOII~ r,,,,, 
""'''pc''ng f"l""""'" 

I h ,,'M'" of "nlnlUII1 n",I<,. ""h 'IK en"""", of "10ft n."""" th,n:ore 
c.p,u«J, 

2 N,,,,·! ,,,'OIl cOf"""" (If """',,"', by "rom,",n 
1 N""·r",,,", I'af""" "r ""'"""", hy ,~her """~n""
.. E","I'" of """1m,,, ",".MII ""in~ '·'I"",N!. 
If 'IK I"" uf ""y, ,,,,,.~) 'h< I .. , 11<= Pf<J«" .... ;~ Ie .. Ih.n '" cqo.1 ,<> ''''' 



,u",lu' lI<u'"", prodlKcd by ,he: r."",' <hoon '<"';!"'" ""C"", oohc",-,,,, " doc> 
~. 

0.", of 11 •• ....,., "nport,n, (:oc,.,. in maling f"'''''I3~1e wOOi',,,, (01 IICU'''''' 
bo lo""" .. ,n.: .". <>f ,b< ",,"pk If ,~, 51~ "f ,~, ", .. pi' " 1._", ,~'" """,.'" 
~III ~" ,,~, 'if ,"" '-~'I1PI. ~'III,,"" pmdur'''R fiwon, "" r~' o,~" /tan,1 if"" " 
,,,,, J,;~ 'hm p".I"Nion "," ." ",u'"", ~-;I/ h, .. ~,.. lh,,,, .. C",", s<> np'''''''. 
",l ""I,,,-, TIt",. there j • • ~n.in ,i,,, <0110.1 ,Ioc *crlli",,/ si,,- ,.r ,Ioc .ample 
"""n,ulll, "h,eh i. """'.""'Y lor !he prod""'Kl<I 01 "!'U,,'"' In <~"trollcd ch,ln 
""""Oft II , hwld be iu" C<jual 'u ""'If 1<IIi' by ..... -r"'ion OUf'IU'" and <""po 
.nd 'hot help< 1<> mOllO'3,n. ehOll" "'''''''Oft, l1Io <okul31ioo (0I1h< enucol .. ", 
of Ihc , ..... pk" one or Ib< ""-m problem, In ",.,;!,,, ok"sn ,t.;,,., 
6,20 Ilasic Idea (or Nud\'pr R~IICI ... r l 
A ,"",k", ,."",or "~do,'",, m "loch ",,,,leu r. .. " .. ",." 'al.c pi""" ., ~ {'IM"rull<d 

"" A "uck>! .... """, """,.,"'." ''''''''nl of r.,,,,,",h .. "".",1 .",",on, <.110<1 
luel, 1"'8' cnOU2h, .«1 ,h .. ,he: I .... of ncu ,,,,,, Iry kal'e' m'~ b< ""~I«'cd, 
NaMal ",""",m ""'"'"'"' ')Ij 281t< .bund:.""t <>1 U))·.nd o,nll abu .. I,,," of 
U'" If """" 'I~""''"'"'' r. ... ,"'" o«u ..... " "'ill ",Ie .... ""'" 25 f." ncu",." 
",,,h ,,'cr,g< """lIY 2 M<v Tbc:fi"j"" <fW' ''''-';'''' (prob.obili'~)of, ... u "'"OJIC' 
'If ur.u"um v'" ;and v'" I .. ,he", f." "","",,.1< .... 1""", "'" .. A", >1.-.:<' 

.bIInd.",," "f I;"' " "'Y I.'g~, '" u ... r..,.,,,,, """'"...-., no,. funher r,.","" 
~ h",h .. -,1/ m,,,.ly "","I ,n V '" 11>0 ....... "" ... < ..... If", (,' f'''',,", (,;) rod"""" 
.aplol<".oo rill ) <la,II0 or ,ncl.,IIC ... Iteno,_ Sm« lit< 1", I''', pI""', .... ,"f'< 
n~.-e ",obohl. "" chao" f, ."~'" ",,,,,,,,,,, I.' not I"'»,bk ,n ""'01.1 U""" "m, 
.. I'u'" "ill "" pm.lO«d in. """.r.""", coplun: of ncu'",", by v~ .. '" 'OOwn 
mF'~('~ 

II ! ., I II 
,,-

/' 

"-

U"· NI"'" ,.",.. 

• 

II 

~s., " ... 11'< "-, """'" .... 
IJ'~ 



A cbo,n ", .. ,loll 'ft IWIIIlII u.ra."um oan I>< m>do pIW,b" by IU'R, ~""<lr 
h ........ "" ........ 'n; ~"' ''''''' ... "" ... , .. ",1 .. ",,,,LIm n.: fu ... ' .... '" tho 
"""""" .. ,~ " "' .. ,.,. oI. ... ·ft ,I>< r ... r.""", n<UI" ... , by c"I1,,~_ I' ~ '0 """"u1, .. 
,""ml 

1 'bo fWion .A,lOHC<"""" 01 u'" rill ...... 01 I/",mW ... _ ~ pra-tlC&lly 

",," .. httu. ,1W 01 U"'" "t<)' 1"'1'0<. t ic .... .., a ""'f .... _ .. ,~ < ..... ",XIII'" 
bc'como, "",><~I< 

lie .. ) " ... ,," (1),01 on.! ,r." ..... , ... bcooft .. LCd ,,,<.'C",,,lul!), .. 1III'Idc ......... 
"'nh n>l ... . ' u .... '''''' 100<; ... ..., u..y .." hglLt. Iu,~ ....... "00,,0 n"mt>tr. '!ley 
""""<I<''''bl) Ii.'ilu« ,ho "I" .... ~...r .,."n",,, ~I <..,h <oIIL,,,,,, anJ u..y h ..... low 
ems ... ",,,,,,,,, ro. ne""",, .bs<'><pI,Oft, Whon n,o i . ,"" ........... "" ... l'In,un, co. 
"" d,,,,,I,,,,, ,n 11 'l'h" ')1'" "f ",.."", I> ~",,"n •• "hmrt(!~(",." • ., ,,,~ , ,,,," 

WlK:n ".phi," ;, .. ",\l "' • n~.oc •• , .... "r •• iu", j, ,n ,he hm ,,( ".1, .. hich >fC 

dj,"ibu'~ in •• <,,,1 .. "'-.y , ....... ~ ...... , ,lie ~",,>IIi'. ,he.eby r"""'n~. I."i<. 
Thi. kind <If roOC"" In .. bo<h f ... , ,. u ..... 'um and _",'01 JI'OPI'Jlt ... ~pon'«l 
., .alled """'~"'trM''''' ,....,."" .. 

6.2 1 Crilicnl Sil~ ror Nuclear Kt:lldor 
Thor '-' / ... a I ......... bk ..... ,"'" Iu'"..", ~ ~'ft """",,_ "" ,,,., .Y"....., 
.. '10m: 0,,"," .. XI_ IS occumnr Thr ""'" ,...,.,.. .... loctOI 1$ III< ....,. If 
UraJI,um .. do .. nbu,,,,, In • «,uw ... y ,_,_, ,110 .... oMIy. tho: ..... ,"'" 
J'""Iu<""" ........... , .... ,II< .... 1 .. 111< of tho »''''''''' ILl: """" ......... 10, ', •• '_., 
,"" """""""'Y 0( <oe""" of nculron_ <kpc:"" on ... tf""" .. ~. I',~· l"'-'P'-"'oonaI 

,,,,:, N.". 'f ,10.: ')'"en,,, \"Cry .m.lI. 111<. ,10.: ",rf.rc '0 .'.~ .. ,,~ ""~, (- ~ ) 
;, I."c. ,b.>. lI",an. ,, ... "n" IIf "",,·r"'K'" <>1""'" and e>c,,,. 01' ... """" .. '''''''' 
'hon 1,,,><Iue",,,, ,"II' ,,' '~~'''''''. on ,h .. ",,'" ,'h.", '"OC'''''' <,n"'" , .. <I.," He"". 
i, "'pond, "" III< me <>1 ,II< .)· ... on. h>t I,'ll0' ",.<:. t"'., •• .. ,II be I" radiu •. II> 

""''' .",.c'op< ,~'c ",II h. "",lIr, u, ,.~", .. ,.,I '<I pn~ILK'''", "1<. on.! d"on 

... " .. ","" ... ,11 ',,""m II", ,f ''''' ",. " "cl'j .... ,hen .... >01"""". "'''' of """""" 
will be "'IICh blU.' ,h.n "><>J'I' '" >b.orr<;'", "lie. ,.'hioh ",III 'e,,,h ,n . n 
.~pIo-o""" Th'" f, .. df..,,,,·c """'.>1 ,"',,"" .... .......t" «,,;col .,',,: "f' ..... y.1<rn 
r", ,"'hoch prod ... h"" 01' ""II'''''' by lis-ion .. ,II be I"" "'I .... 10 'k" I<r<o by """ 
r." .... ""I" ute .n<! .,.""" 

6.22 ~::'~o;enl ia l I' arts or I h~ N"dur KU ( IOr 
N""I ... , ... " .. i< a do,.,., ....... c , .... "",,1<21 Ii ....... i ........ II! ......... ",,'f 
"'''',n,", <'<)fI'''''1t<! <1\>,,, ...... "'" aDd" ~ ... h,p ctICfJ)' 1"""<'1 "'rrly 
The ~n"aI ~; <>(,hc ..... k ... ~""..", 

( I ) H,"" .... C, ..... It " ,he .... ," f>M1 of ,he rcoc ...... '''''''' Ii ............... nol. 
e.lled "''''''''' fuel h~< U''', U"·. f'u'" "'" II""" I>u< '" """k" ",O<'LOLI. h .... 
• mo.on' "f ".", i, ! ..... , ... «l Ik."IOf ""'" S ... r.olly ..... 'lupt or ,,~'" eLf""I .. 
"ybOld<' .. "h. d, . "",,", of re", mo'.",_ G<n<r .. lly f"'" ok"",." "",.,:ode,,~ "f 
rod5 or ...... 'um, In ,.ne,. ' ..... ,'" eOK ..... f"ol ok""'.II. mo<l<ra'o<, COfI,,,,1 
'M' oDd .""hng ",.,.".1, house,1 ,n. J'f"-" .. "",,d ,~<c1 (n t. b,'I) 

(2) R""""" ~""J.ro"'r Th" f"ncll<>n "r ",,,,10 ........ i. ,<> ,I"., ~'. ,he: [." 



..... """ II """'Id 110.'. h.p ""'lidS ".,. ... 10fJ" "" ... ..,' .. <~"' •. """'""' .• ",aU 
""""JItI<lll ........ ·....,'ion on<! ~ _I< .... mbr, ('" ..... """'1) u..-d """"",""" 
.. h:avy .. ...,.. m,cn, ,,."/I1Ie ...... 

I 
J 

__ c ... ~ - -
(IJ N""·,,,, ("."",,/1 Tho< <oll1ml of,ht ,h:,no;tl "",e,,,, .... he upb,l'1<d by 

• """'''') A ~ ~ 1\ ... If..,...·. mul"phcaI"'" t."". " .... h", .. "", t"" ~,oOtI 
of ... ><1,,,,, .. OI<""y ... ,. Tho< mul"ph •• ".'. f..,"~ A, ,oll> ... ". ,he ""u""" 
<one.n' .... ;"" "'0111.1 ,11< ..... from rOIl<'.uon 1<1 lo"o"'i"" , il.o "cu,"", ", .. k.d 
'"" ho", the '1''''''', In <>nit, '~I.' • NII,mlkd ,hA,n .. ""'''''' in • , .. <lOr, 

"'ul"JIl ..... " .. (""II" K, .oo.hI be rumfflocll ,n '''" ..... ). ""h ,ho ".""II'y 
.. h,ch ,ell, .. """,h,., "bou, ..... It"" "'ok", •.• t>d ,h., " ,.Ikd Ellecu,. 
M"It;rli< .. ~", 1':or,Uf (K,), .. hich i. dcfiocll "' 

.. ....., /'. ptudtooot_ tal< <If ..""' .. ,, 
" _ ......"._ ,.~ of """'""" 
L _ ...... , ... of .... 1.-. 

K,. I """"1_<. <nl>cal cond""", 
K, " I ... pet ."" .. 1 
K, < I ;ub «i,,,,,,1 

No", .•• di","",,·d • .,Ik, ,. S« 6.21. 1"'01""""" .. ,e ;. 1"''1'","",.1 ", (.') ,be 
.·"Iu" .. ,0(,,,,, ,,;o;lilll! 'y.'em, ...... ~ ... , ... k.~. '" .... pot' ,.,. ;, l'f'l'POI"it>n.'ol 
"'.>, ,..., ~urf""" .,." ,of ,ho , • ..,,,ns ,y".m. n..",r, .. e 

" K,_ ,:> _, , 



.. he,~,,, noJ,., ,,,- ,he f~""lIn, >)'>1""', Tho, rlf"",",C "".,"'" "'.,"pI"' .... .. 
,,.."" (K,) "'pc",h OIl t . i .. III<";<t of ,he B.d ... """'''I ','''',n S .... 10 
"",I.e .Ir""",.., "'"'"pi''''''''' '><klf K, • I. lor .... ,"'.,n'''1 ...... ,oIkd 011>," 
"" .... , oon '". """ ..................... .., II<e<I a m llnol so« iii III< 'f"<m fat ,,-b ... h 
F'fO'ItrC""" of _ ,..,.. by fi .. "", .. ,.11 II< iu" II>bnoal by III< "'" r;"""" '""'u,," 
-' ....,."" 

N_ 

l~,odu<'"'" ..... ,,( _""", r _ IbIc of rh ..... 1""",,-, f "",.,' ... numbe, 
of IInI-I tori .rn ,"...... "'" Ih,"'" N 

., 
H.",.~. 

/'.Nf ... 
A' -A _',· 

1"1(1"11.) 

I· ,LiA) 
1).., .... '" f J,l "'p<, •. h .!'1II,he ."""'01"' r;",,,,,.>I>ic ond .. ",. ji,.HouN.,· " ........ 1 

:.nd "" """ C",... >Ce""". '" r; .. i<rrI.nd """""" captu,. 
'n ~ "u<k .. n" .. :r'~. r; .. "", "". nil Ire e.,..,roIlrtl "" """"~ " .. ' •• "' .... "'"y 
~ up of ( :.wmum IJf IkIroII ~l. U)' adJ~UIIJ IbrIl'I"fIIM oilhi' conlflli 
rod. '" ,lie c",. ,f". 6.9~ •• ~ of Wotpo_ of n .......... ,"".c.. bt ..tJu~d 
,. fill ..... "" ...... ,,,lIru -S Ihro . .. " """ ... ,,,, .. ronI,bt ....... ,., A •• ,. "',." 
.... "'~1nI f,.,,,,,, II K. 0( ',Irnh r; .. ~ ~.I .h",,~' ""-.Id<d 

,41ft""" ~" ft~ ... _ Tbt 1eaI.>fj< ol ............ I""" Iho ".0-..-'" mIu<cd 
,,)' .u,,,ound,n~ """ ...... _ .. "h. ",llr<1or."'- ol .. ~a~ ..... ",," _~ .... , 
""ph" ... "he .. ""'" for ,h .. I'IIfPI"<' 1'he ",fl<clor k"""h tilt "".'m ... ,"'III< .. 
Ir ... ,he ,e ... " ....... ~ ." II • ....J ,he drcrr~ kaio", . ,ru.,," ,lie ,rn",.' ''' .. 
of ,lor: ,..XI'. ""h . "".1,,"1 ,"v'''Z '" luel The "".w. 'I.~'n ,nc''''''"1 
... 11«<,,", m,," Iw .n<~ ....-d in . !.II,dd. "'''''lIy ", c~_"'''. k' ,<'Ib.:, , ..... 'n'tn"'~ 
fir th" ,ro,,,",,," "I nc"",.,,, _, )'-.. ~. "'"i"l ''''' ,~"""" 

151 /lra"'''' (''''o/dnl ""'" ma~ri., "K<! '0 ""n"",, ...... , rro.j"«J ~y r"""" 
.. ' la"" ,t" ',"'·I.(W.,' ~no .. ".~ >Yarl<" rool. .. , The ... "~.n'" ~r""'"I1~ 
pum[>«l ,h""Sh ,he .. ""," ,n.he r""" oll",ukl '" l'" II i< <o,.,uI .. "" Ih""",,, ... 
''''' "'0,:1", "'~. '" "",," •• in, u"iform .cmp<tal .... . The """ct""I"<IJI">"J ror 
.",,'an, ,a" lie (I) "nhlUr)" or he'-r "", .. ,.,2) I"","' "'"'''' ~ " •• ~ .... " ,,,,.111, 
~h)Jro.<_~ (4) psg. _ ordin>r)""~ ond "".,-) ">1<1" n --' cooLants. 
.. they.,. .... "'''''' both ., "" ........ ""....J co.>I ..... bOI, dooc '0 110;:" ..... borl,", 
1"""'. 'lot) ob. .. 1<1 "" I""'--.:d. The~ ..,.,1<1 hi"" III< I,.uo..', .. P""P'''''''-

I II,p Ii I' ,12~ ,top 'f'«,r", Ior:-. (3) Ea>r '" pump. (4)<''''' •. mCbt...rolly 

""'" Whr. '''''......-,y ~ .... .,..., on. ,_ .. '" "" """cr1<d '''''''''''',,''' 1""' .... 
"" mu",l.rttd from u.. «><>I.tl! ' o ... .....t,..., 1...,.,.J. to produa ... _ or. hot 
1a;, 1'he "".'ohn, ,........-", 1I>< ..... an be u-..! ". "'.....-ar. 1"' ..... b) .... ",,' 

01 '" rho "'" 

6.23 ThHmul I'o,,'cr K~ao:-lur 

I"'''-cr ",;00:10.-' on: rhosc " 'lrklt on: primarily '"t.nd<~ ror 0.. I'<0Il""' ;00 of 
. ",bl. !' .... ~ l'1 .. y 1",",1",,,, ,he: 10<>, "hjch i, pnloJucru 1,,)Ift "" .ne' ty ,~ka<rd 



,n fh._ ''''0 d<<'In,my 1bt "" .... ono,fcrKd ,,,. flu..J """""',"""'''' ,ho 
('UK of ,"" .., ..... ,. Tbo hot nu..J i. ,1><. ~ 'k""'''' • h: .. n<"""' ..... ",b<T< 
-U is 'r ... .r~ -' .IIhud b)' _ or .... , """".",.,.w..,_ 

Tbo ba>,. 1'''''''''' of 0lIl: 'Y~ •• "" .. ~ "" .. "or " ,~ ... ,,, ,n ~'I 6 \I A 
q ..... my of ."""Iotd """', ...... tbo fona of. """' mrt>l. (,""" tbo , .. "r. of tbo 
_ .... 11 -=. Tbo Ii_ .-.-;1 """'" ,"" fMC o· .......... _ of ho .. 
<'11<'»" """, .. ,II." by ~ttf'"n8 .he .. h", of X,. I, .. hiclo ""'_loy ,I>< 
""".""". of ._,~'" m.k ...... _~..,.,.~ ,he- ' .. 0....,.,." .. ,he cod",,, .. ,,, ""'" 
.... 1'''\Il0<l1 ... 1< f,,"hn- '0 _ D>OK ...... non. ''''''ob) red .... , ... ,he r. ....... 
,aI' IFM ,. hl. '''''''I ,lit ,.mpo-m""'. ,lIty .... ""lied """ I"<>tIUDI Md •• hnk 
(."lIn Wilt. ,I>< ",.coo.- tocro""", ",ten,,,,.1 (,c;lr (j,,_""le .... lm., ,,1MlJCd 

L."I",d ""hum" .<Cd .' • pnmafJ molon, t.c.. •• "", "'" <><II} .. " " tlen"" 
"",«i. , ,,"k 100<! ,1><"",1 conol"""";'r bu, il .1"" to •• >Cf)' 1m,' ."""""i<H' 
cruos-.... ,,'" f'" '1Itrrruo1 "...",.,.... Sodium" " ••• lIy all<!)'«1 .. ,lit ","',,'Uln II, 
Io ... r ,he .... h,n' .. n,~r.llu",. "The .'."BY ....... t>cd by ,h~ primary ..... ,>n' .. 
""",f...-.d ,,, ....... I. ,,1><., c,c~, TlIc "".m ~ "",n<f1IIC<I lin .... a 
,.m.ne "'hich i. «><tpkd to ... 1«"", "' ... ""'" The .1«"., ",,"in'" producal 
.'"' be .>ed 'or hgN,a, '''IC< or ",.n,n, f ... ", ... , or r, ...... "'" ""P' ..... 
...-,net or IMJe ru-

6.24 Kl"I'O'du lI.u£1or1 

'fbt ........... ,"y of "'" ... "Ct........".oJ • ...,.. .. , ...... "'Y ........ "" __ 10< .. Ii ....... . 
n,..,. ,he .,... .. "'" of"'" .... Iabol"y and ~ of (j,,00Nl>Ie _ ...... C. ... raJly. 
,he- 1i.>JOt>OhI< ......... h COR,MkmJ ho'c b<nI til". 1"''' . .-;1 U'''. """'" of 
.. 'hl<h _ ..... ,abIe .... u .. lly ,. brJc ""-"" I, .. -....IJ he , ... '-foc",,,, '" , .. 
po, .... "" • I""" .... Ie fmm ,he Ii";.,,, of U'" boc~."" 01111 0 7'1- II ..... of ,he 
.,.,Iable ., ... i.,,, coulJ he .. <at diott1ly f>I.".""m i Po ''') ho> ..... n ngdr by 
,"" n~""" of U'" In. """'''' «l<\Wn,ng II''', bu, II,,, tn""'''' ""'P<"~"'c 
S,milorly. Ull>. ,,'Inch doe. n<JI "",ur ,n .0'.",. ,.n be: h'* " • "".,,'''' """a'n'n~ 
111"", AIIMltgh lito prObkm of", .. ,.b,',,) "oJ """ of ."""' .. r.d, ., • .."..,... 
_ .• "., ....... "" rc ..... ~""1c ""'.,"'" " pIJ>"bk t.c..~"", or __ "r lito D",k .. 
l'I"p.n ... ..r,he Ii"",,, ~"", n .. , propcn). " ,he .n"""'" , .. .., ""'1<". 01 
"""" oNn ,W" .... ""... per Ii .. iooo 
~. f'" ,110 "'"<>f.u...,..."""} ..... ,,"' ...... ""'\ed~, Ii»,". 0... 

<If lito", .. .-.Ie<! '" kttp ,I>< cllat" .. x,,,,,, roon, "" 10 , ..... r.....". •• 
__ 1",,1 ...... .ay .. III"", 01 U,1j Of "'" , .. " .. ",._!hIII ~ kfi. ... 
taO, I>< "sed II> """ .... _ ...... of uno 10 one of pi"', .... "". Ie.,· ........ w.. 
..... ,'"' If du ...... __ """It! I>< .....r '0 prod...., _ .... __ of pI_wn 
(I'''''') from anolIla ....... of U .... IlI<:D.., .. ron C'Jl U ....... 111 h.J,'r torta u-al 
...a , ............. 01 PI1'" ...... 1<I be ngdr. lu, "'I! a rnofi' 01_ ....... 01(" .... _ 
_ 01 I .... "", .. """'. -.... JU'~ _.~rlI>I .. -'~ "" I'"od ... rd ,'''''' 
«M".~<II I! i. , ... vllobl< 1IlII.....,. ne.'ron. ,houlll b< ..... by lea);~. or by 

~'''''' 1 •• 11 "' ..... , •• ",,«!han ''"'' "" .... "'" ar. ptU<iocN ,n Ii""", ,he .. 
i •• "..."b;I"y ,1 .. 11 """" nocleaf fuel .... y te prudu«d ''''''' I, """"mod, Thi. 
1'1""'" i; call..! -B,uJinS". ifi' "",,'d be 0' ..... '0 ...... l .... Xl ... ruuld " .. ~e 
""w r ... 1 r", """f anti. I • • ,W,,;"" .• "",,~pik of (j.M .... otk .... '<".1 rould b< 
buil' .p f", ,,'" in ...... rcOl<1Or<. 



In 01 .. pno:e-',~ "<<<'lin,. n,,_ n .. l ..... llltpoO>J> "" ''''- "",,<".1 .. """ 
of "'III\:~ " "fl""-.bI~- _ "'" odie. "hic:h i. "k",/,' _ U,>I\,U.·:!.lX """ I'll'" 
ftlm'l _h. pur. alld n.:~ and Ul" Form _her 1'"" e ... """ I"" for .. P"" 
and "'1'f><I"<" ,~ ....,..'" , .. '" " ••• ,'''''''' I" ... /ut", • d .... "';oc, ..... In • •• 'l""m .. h"'~'" hr.-cd '" ~ po .... "" no. ......... 1' .. ,."'.,( P\o' , .. lob 
1 """"""" ""lh>I 'f ......... <If~ ... _ cuuld bt.b>ort><d. U'-", lortJI ... '~ Ilk"" I'll" .• 1ItftW ..... ).k .... po. "'""blt'cd. In ,b" ~_, I." "'M kwk 
""'k"'" /;n ~ ...... ,,1'1tt ... ~~ " u ...... ,,""{ .... jlJl, jl,. .. .....tIk. m.1 " c,", br 
. _,~",J '~I .. u t<oud ji .. ,,-.bk """mal. and il .. C<:Jr>tt".I>It , ..... '~"""1f 
'p'.'" ",,,,1J'" bui~ ,n ""I<h """" pI .. ",uum" rrud...oed ,""." <,<""umtd. 
Th" .ud.,., ",,,,,,,At " ... o,Io;l~rm,n .. o.l><'1l><. ,t.. "", .. b,h,y of bI«<l'n~ .. i.b, 
" "'" tho ,-,1\0< 01 ,lit "umbot 01 .... ,""'" "mlllod per 11 .. ,,,,, I >1 1>0.01 IIIe R""'",",' 
OJ( '''''''''"'I'',Jol .... C<i I"" r,,,,,,,, .b>orbed on !be (""I t~l. be<,-. .. _", ,lie "I''' Ii,,,,,,, 
"'I"u", of nco""'" by II>< f ... 1 can be: 1,'!I" --&II ,,, '"'O,r.", """ .. » 1) ... "" 
hfcctlml ".., ,.,1". ,,( 'I (, ,. pl." .. ,",,, ,noJ ,hen,,.1 nc"!I"n, " l 08 1 (I 02 an<l 
'unI' "'" ,,,,," 00') "'JNI~ ~.'" ""'" 'W", lhuo ~h _IN'" nul.t Irnprw:II,,;aJ 
''''' bn:e~lft' ", ",:" ' •• ,"",,,,,,, """"Of. I, ,. ~~pt<Ibl. 01\ """_"",a1 ,,""00 •. 
I~ IlIc: 11l!",...- I"" r ........ <",....>C<"!I<la III tbt: ,IIUI iIb><l<pIlIlI .rlll>.' ",",,"<lI1 

..boookl ... ,~"'" '" """) .. ~llh ncu'ror> <n<:opc>'hot! r.,. ,'~ ... _""' ... and 
,hot q \bt",101 "" c ..... ,,, v ,n. r." """"'" C~."). ho.-:d"., of ",,'to 

"""'101 ... ,..,.,,"'" .n I r .... """' .... ... '" .U"· .~. A ,_, "'" b pmorno:ol 
IIr-.In It ............ £tI1l. ........... butlllO"ud)·1ht r • ....,.~'yof"""' .. ~ 
and bn:N.", ,n _h. 'r,'""'. 

n... ,,,I .. ,t( q '", U' 'and ,httmaI ..... " ",,,,, 2.2110 02_ -..'>o<h mal.,. ''''' 
~I'" '" I';" r" .. " TIt'" In Ihtnr~ "''''''ut ')""''' r.""ibk It.",,,,,,h ..... 
... ".~".......'" "". ~ "'" on P"'IV"" "" socii .~" ..... . 0... <te>1'" ..... ~V<'> ''''' u<c 
,,.. a ... 1., ,,,", of Um 0,50. ,n 0 ,0: ...."Ir,,, '''''''',·ctO ,.,. "'" <II I >01",;"" or 
." ,. L • L ,,.,, _. . . ~ ... _ "." Th'" U· U, tn Iq",~ nISmUl .. , "",, £r ..... ,"~ .. " ...... "'Klf. "'" ". • , 'pl.'" 

"",Id .1", Ito: " ..... '" .. r." «":" . , b." • ,.eal. , ".1"" of ,. rur .'" .. f .. " .. " II>< 
"'" ,,( ,h .. '.I"'" m"'c,,~1 '" f,,, "'cale, .n,;1"", 

If""""''"8 , ,,,,kl II< ",:'Iu<"ru, U'''.,..j TIt'" rook! be " .. ,'C1Ic'd ut,,, fi ... tnabi. 
n"".,"", The ,",.111", inc",.",;n .,-,1>1:>10 """"' .. f ... " ... ",,1<1 ... ''''P 'n ,he 
dl,""I""'...- tc"""",i,: """Iur po ...... Much iar"""",,,,,,, ;. -"" """".mlac 
,hot '''''' ... """, for «;,<, ..... , or r"" ..... , ... ,,,trdlM< ~"'''I) ........ "." "',,h 
Ii",,,,,,,,,,,,,, """ (<fl'''' n.,..,;.I •. .,..j rnuch "'OI~ .. occdotl ~,b< don: ,n ,h .. r .. kl. 

6.25 l 'hrrma·Narlu r Mracl ions or NII"I\'lI r . 'usian 
N",,"' .. r.,,,,,,;< ,he .... ""''' of comborun ... r ....... ' .. 0 loat- _"', ," ... > 
"..,.. ..... "" .. "" _' ........ htD Ib .. proc..".OttuI>........" ''''' ''t''' e""' ... ",,' . 
• "'''1f " ,*,u.lly ",,..>«1 ........ ~ the rna» of ,hot ....-.' " ""kw. " Ie ... "'"" 
''''' ... m of Iht ~ ...- 111< D"""" .. 'hodl Me (u ..... TIt,. PfOJI<"I' of .hot loth' 
ole" .. n" .. 0.10< .... '" 1ft 1110 "'n.h.,..,,,,,'IY <u"-. {Fl., b_611n .. hKh II 1>11. ""', 
~.j>I<lly " 'j", " .. " n",,""'" In Ilw:: "'I"'" of ", .. II rna» ".mber> Un.I<. "!'P"opi.,c 
""""'"'''''' ru ...... I~..,,""'> <.n libe",,,, , a>l .,,""'"' of .... 1-)', """""" m",,1r 
g"'. 'c, ,h.n Ih'" rei ...... ' in on ~""" b(.mh "/,1". 1,,., d"~ '" finw~ I"'~"" 
~u . ..... """.iuIt .. ~ .. plo« ., I"Cf}' h,gIo lempo,,"Iw« 111f'C>, ... i. " .,,,, ,,11«1 

• 



.hr ..... ~.ur/rm ",ac'"",. 11", ,M"",,,,.d,,,, ........ ,,,'" frH>ru ,~ """,' ,0{ 'ilr , .. 
callfil ,hnm,,,,.rI,,,, "pi, ,,~'" or A .I"IJ",~," bot.tb e. pIooi"" ~"" IU f ",..,., p«JCC~' 

f()< <,.mpl •• .-h<-n '"'' <.Iou,,,,,,, "'" brough' 'ug<the1 '0 f",n, ~n ""lW'ock 
,I\< follow,ng n::"""'" .. . .. piX<" "'ilk 'h<- libe ... ,;"" or 24 ~l cV c"",~y. 

,II' , ,"' .... . lIe' . Q 

f or fu,;"n 10 oalo rlac •• ,lie <o,,"P""""' ",,,,ki "'U" "" brough' ,,, ",·"Iom 
10-" cm. In (>Otic, '0 "W"""h '" cl'''''ly. "><1 .hook! bo in>fW1«I higlt .n<lf'es 
"" ,!\a"""" posib".ly <h>lgod <Ie.'rons m. y o"..-w"", "'" ",pu l",< fo",.,rR! 
f">cd 1<>g.:11I<, TIl< 0011 Pf3<" •• 1 ... y of f. ,,"S ,II< "",,1o, ,o,«he, .. 10 r:,,~ 
,h<-u 1oml""'.'.'. t" • C>«~" "dy ,ugh , .. I ... of II>< ,-"tic, of 10"'<.' ~".,.,~~ 
" .. ,..'i,,,, '''" 1~lr pI,.-, '" ",1/", '''''I'''''''""'' i,r. "" ,.n. "''' ''" r~"iI, 
6.26 SleUa r TllermnnudClir Reaction 
"The .,,,,,,,", vi' ''''''1Il' , 0000i .. oo loy .un i. k tO'* JI_, It, ~e i. _ S x 10" yr>, 
lIy<lro~.n :IIId il<hum IOf.ln., f""" ~ by w<lgh' of ~"'. "'''01 ."" ,lie 
I.mpcn,u",., tile co"". of ,I\< ;." ,,3 x 10'''C. l'II<H>n ""'''on is 11\<",1,,,,, 
.,-",,,",,,,,,,11 '"l,n~ pl""c In.un "'hoch" I"" " ...... ,of ,k .. ,,,,II .. .... 11:1· 

Two """ uf Ibc-rmo", ... k>r "'><,,,,,,, h ••• box" ",,,,,,,,,,d ., 'ou,,"" "r '11<'~) 

In II>< ,"" 

(I • l'roIott I''''''"' chai" 
(2) (""""",,""ro@o".h,in 

H.", "" Ji«u", """"" 1""'011 elm" '" tIc",,1 

6.26.1 1'r<>l 1l,,· I'rolon I.:haln 
!kIll< In 1~3'J ,u~, •• I«l Ilwl ,,' ,,,'-''<In'prOi'''' cho,". PI""'" IS «Hlllnuou,ly 
".n,f"ml<d '"'" h<-hum I" ,he Ii", ,o<p ''''0 proIun, f.", '0,,'11<, I" hm. 
tIcu,,,,,,. ,do",",. 1"-"""""00 o .... "y 

\, It " IIt'_,H'~ P"" ' '' Q)''2 III 

1'10. tIcu,,,,,, ,I><" romhl ll<' " '1110 .11011\<, proI"" and (om<> h<-hum I lk') '''''''1'<' 
I, H' . ,H' ---t ,Ii.'. y) ~ 2 

Tv.o , Ito' Ibcn [mo 'ogc,ha '0 JX<Alucc ,II.' """lei 
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Thoc: lou ... <II·~, .. ",,, M, ,,,-rtr. cqu.",,,,, un<kf ... ,," """",,, .. , .. ""h .rc 
,"" ~.,i< I ... , ,,( el<'<"",,,y "",I "'"8"""'" ~,,'cn •• 

,. I .. Q,.lr. • V /) .. Q. , r. i. " f) '" "1«.,,,, ,,..."", ..... , 
V .. , • V iI . o 

",,,8 " 11_,1 • v .. ii .. ] 
, . II.H ,. R .. M ...... '" """""_1 

..... i .. ili'iIf 

'" 

'" '" 
'" ... hr ... F. .....t 1/ ..., "Ittt", roelol and __ '" roeld _ ...... Q. ,,'hr .-,~um< 

<""",, ...... II~. ) Ihr<u""", olon.My, ro'hoe p""",,,vlly lind I'll'" 'hr """"'_'"y 
of I"", .,~ 

Now lrom M ..... , drs ~'h ,.qUI'''''' .... " lei 

..... " '= c .. 1 f; = _ Jii/a. 

.n.! h'Mn {)k,,,', I ..... ,,'~ lei V .IN or 
. , 

1 £ I""J" 
],,/1></1 ., 



• -( ... L _ pl -:P - J - (l.!) 

t""" ....... """7 . !l"~ >« ..... If 1nI>I"-") PI"<' '" "'", f, .... P<lc..-..l ...... , 
>UIt .. Iu .. , .• ,~ do ..... )' j "r ....... IhnI.I«111, r ..... I . ...... ,10< LCru Now 
rn>m M ..... clr. «I .... ;.,., (4) .. '. lei ,,'bon p .. 0. l. b«:t>me ........ ", •. ~ I""n 

i}BliI< .. Q " B .. ""'>Lan< 

"h"'h .. ,"" .~ .... ,,, • !'trf«. conol",,~. (HI_ 1 2., 
llIu, It.. """,. rew" fJfftb<t> fm ... '~ =",-" "f Ip" U, fl. perl."" runduc .... 

!luI ,he "'~IIC'i, nux 811 coo"'" ~ 'Cn). "can ..... ,h'"i' 011 """lin~ 
Ihmll):!, Ihe Ir. """"" '''''pt''''"'''' 

'rhe M''''ncr dfc", '''"lrad,,'' Ih» fe'U" .nd '"U"" 'hOi paIN' 
J'm •• aR .... '''''' 1/1 - 0) uNI ~'" .... ;""-'''' (p " UJ Q,.. ,~." '"'/'I".dm' """""/ 
p"",,-""" of 'he '''''''''-''''''''t "ai, .,~" It " d'ff'".' ",,'" Q 1t\1~1I1t" ... ,,1 
",!fr" "tHWJ"'~"I .. It" .. p .. OJ. M.' ...... ' <ffte. In ,"""lWII<lt>\1Jn~ ...... an bt 
"mford I»' I..oNloII tqP\, ..... ~ lalle. 1ft ,hll cturc,~. t. !;«'IKIII J .fI. 

7.3 Th",l"eli"111 .:lllbnllli(ln vi" SUl'uWnd",-lh-;ly: 
H.e.s. 1'hwrr-

'The "'~LUIJ JU .. ;1 u.c...11 '" be OIl onktN .~ ......... ron..Iu<,_ 
ck<l«NU 0( ,lit ..... !aI. n.. ......... III .... f"""",_ <1I1o>c>o.<l) _.".~ 1'''' or 

dce,,,-, ", '.mpn""'" ... _ III< ", .... "" .. 1<1OJI<nI~" ,lot .""'"',, .. "'" 
""""sal in on Of ..... b,,, '''''y """""" d;""""ttd .110,," ,I>< ",."oK", "'1Ilf"'''~ 
Th" n","," .1Id '~tB'" "I' III< orn.n"l! .. ~ .. pl." .... "'« ... ,,(clly by q ..... 'um 
" .......... 1(';11 ' ... , ....... o/""pm.'<'DduCU'"). TIl .. lOb fiN In"" b) 8.""," C'00fI<1. 
:ond S",,,,dfc, .... II<> .... '" .", .. ""d III< Noo.l put< ," pic} "<' in 1911. KCilf\I'"B 
,,, ItIt" "",,'" " "<.lIed.,, 1:1 C.S '''''(1)' 

W""" on eke,,,,,,,, "'''"'., throu,h. !;ott"'o" 'UI.,,,, ,..., (" •• " .. co« 
" ... ~d, II. and chon,.,. ,..., c/wl<' den,,,) on 01> ''''"''). , • • In on .. ",,","KlII •• 11< 
1Ory"" ..... """" (.,.) eh .. .., de"""y ,h ... ", ... 1 >Ad """"c 'h" rcJ"'" . " raet.> 
....... ""'" ok<. ......... In "' .. ~y •• ndi"", UL~"'" ",,,,,ftd., bel"'"",,, .10< ......... 
.... bon '*' .1«""" ..",."Iy illlen<U "'IIh III< I .. """ and .. "' ...... 'l Thu. 111<", 
.. _ .. "ac,,,. I~ bot,,-.... '''''' .""'1rorI> "'a- 1 ..... I"w f~ .... , .. '" I. "01 
_ , ...... , .... r.. ..... "'_ ........ """ .. tit ..-_.trooytl"l,t ",. ........... ,ft, .. , .... I. """".d .,..."",,, _ .. , u.Ja- <II <1>CfJY tAl<> pbu (ron, "', ", .. roJ '»><m 
'" ... 'icc .... N .... "bo. >II ........... ""'orinI r .. 111 i.""",oed -" Ill< .. bo.LoJo<. 
i •• u".,m,".b'(1,.., UM m. Jl'l'B <11 .lPcu_ Jl'~ :oJtl"KWW .: 1' .• XCQU ... 
....... ,,.,,,,_ in ............. ,,'" ..., I"" n .. 10 ............ hoch "' .... ,n"'" ... ,,_ 
...... ,,". I .. ""' ..... tho", " 110 tnnsf •• o( '''''lIY flOlll Ill< <ke,ron poor bound ,,....nt '" til< Ion",o. "nI .. (WI "-<pW'~ II.- p"ru4J .• oQ//«uloul,~ ~1tO'.J "NW~" 
,10. ,1"-''''''1,11/",,,,, ( .... I"" Imrk. C<lrcJ ~""I~"" I, IH ..... .. 10, ~ "fir~ "",J,~. 
I~'''' ,..." '""" .... OO'/otch" •. W""",,, ,,,.,,., .... '.1' .. hirh 11.1 •• h',,,,,, "S""'·"Y. 
I,~_. '1"00 n ..... ,n'~,ac'i,,,, t>o-t ....... ""',,"" .nIl 1_'" ., ''''>tn "n'p<"'""'. '''''y 
will be n""~ It'.ly '0 ~ a JOOd '"r<-"fWIIdU<101" ".",," cooltd. 

n.. .. "1«1",,, J'lI'" are "",ltdc. __ , P"" ond Ill< .how "'""'>' "calk<! 



R.C.S '_y [10<,,..,.,, i~ lho Cooper I"'i< h"~ "I'J' .... , .. "I"~,.., ....... ""~.,( 
,I>< Coopn 1"''' " ,= ..... n .k<> Iu< many onnbul ... n( If"""'J U",. '"" 
I"'''U<''I . S'Q.J'" cltctlolu OR "'" I>Mooos lIIty b:>y< 1 In ),.,Il. 'ho) .. <:&lied 
f-c.",~ .... "')f' , .. pcrroro.Io>< .. ", ~Iemef\t "'he. ,.....,.,........, '''''''~ frum .tfJI 
IowI ".1"", tho. '" '''''''''''_ "''''1'''''''' ... (T, ) ,Iw c....,.... ",,'T 1110, .... ' ~""l "I' 
..... ,,,,,, ~I .... m." IF"",,,,.,,!.od,, _ ... """ ~ .... "".1 

7.4 I'alrin!: ~:~rllJ Gap in Supen:oududor 
Thr co<"... I""" .... ~ ,"" hllld,nJ OI><'l'Y 6. cal..., ,110 pam., 'II<1JY "kKk .. 
')',.,<llly in III< ""',. <>l lO~ ,<> HI 'oV. 1110 on" •• "on,p'''''"'' T, (01 ""'" (If 
,"" 'UI",,,,,,,,,I,,,,,,,,",, bo'"ocn I _ IO" K ., t ".n In Tab'" I t .... <'f"wJ,," ,,, 
1.7,. lII,h" "",'" ,.0le ,,f III • 10, HI 'tV (", ,,,,~ K h ,he 1J.o1",.".', ",.,,, ,~.n 
Th~, Ih' u;",-"I " ... "..",,~" i, du'<nl. rrwud f(' 'h~ p.",,"'! , .... 'Ie. I'" ~ 
,..,,.."'_/ .... h .. , I. "'" ",I .... " , . ~A7r n". m<1J1 .\t"Pk)I/IflIId ,.,1"-'fI.~""WCOl"i 
<1c<1ron" .. b'eb .. ~ ... ,1""", t..kno/ .he tap t" (run, II .. ",,,,,,,I ~Io:<:'"",,, '" 
"'hlCk '.'Y Ie" ..., .,,,,,I:obIt ohm", the pp ( ~'" 7.jbl Gat> """'11 " okoc<ted 
In upcum.:n" un Iot;ot np .. my, ;nfrnro ~ioo and uUloc'linr ... ho.,,·c T, 
,he (''''-'P.~ 1"'" "'" "",lon."" ...... n ... be<;oo, ... ",onnal ~"". 

",., '"'""",,, < ,"<Cno:"'''' bto"'"",, ,,"""""" IS ..,.,.,....,bIt 1<Jr the r"",,,,,,,,,, 
.,( 0 ..... "'" p;u' 1110 "'nd'lIJ .... fI) 01 the Cooptf JNI' ,~a JNlnnJ 
..... J)' "'" 2.1 I~ rort<IU<hO" ~ be, .. ....,. "'-""'d "'""' ........... 'cd ..... r,C-' 
0 .. '-. hi ,1Iu,,· """"""M'" b:>Nl r", normal ........ ~ .. Tbr e ..... ~ .... 
,~ ' ........... .......,." i.oI., ..... ""'y dilfctnOl __ ,lion ,he CII<'IJ) i"P ;.l",,,brot 
I" , ..... 1 ..... ,"" J'fI" "cd '" ,he I"""",. 1ft "'~<If ,lot JIf! .. "cd ,,, IN 
I .. m" , ... . 

, 

,., ,., 
."' l J f :. d ....... _Icw_, ..... _...,,' .... r ... ____ ' ..... h •• 

... oin&,....., _1A._ P. . r .. 

I, c< rnn-Jd""I'y f., .... _hl< f'" .. ""It"" .. , .... the F .... II·""",,) ",,<l iE, I In 
........ «.IId ... "'" It> bond ">J<1bc ,. C"""", 1""'" 1\,. ,.,..,11 ,he ok"'M) ..t 
"''''e> ",n tk<,.~,." '" «HI " ',,h,a the 'n .... '011 d "I' 10" ""h <I~i", 
;nc..,_ la IIII;') i"" ar....c ..... be"",,, (F.rl (AI 1.4b), FiB""" 7 4(0. hI ..oow 
"'" mulllnl """"'Y of U", ...... ~( i) rot """,..) ..... wpen:OI\OlU<,,,,. wi,h the 
f'>",nl <"''1Y '''I' ld fot !"perc"""""''''. 1\00-.. T, ,he <l<n· .. 'Y ............ nf , .... 
""1'<",,,,-..1\,,:1,,,11"1 1.41», ... ,11 be li~. """",,] """",",,<If (h ,. 7 h i The I"',nn, 

.",,,,)' "p he,'", '0 '""II ., ,"" '''1'<'''''''''''''''''' ;, cook.! beU ... T,. ,bc..., 
rn<'IIY ; .. "", • ..0 ., the ""'fI""""'" oJ<cn,..".., """,he!. II> nw,; ..... '" .. T IIJII'f""CIIC> 



.!.'----;,-----;,-----;.-----.:-----".c, 
'" 

l_-
• 

C, (,,, , -,,, 
' .... '''' V ............ _) .... ....... o{F.l .. " <-.:) Iln loor ___ ._ 

!~ 1 .... _,,_' .... .. hh ... "hi nl._PP 1.6. ......... H. ' :, 

1<, crK Wlltrea. ... '.m"""""f~ ,nc .... ,.,. • ......,. ~.p dtc .... ,..,. .... , '" T, it _.ro 
1 .... eccuJ'O'i(HI p<"I"~IIi') of .10<1"'" . 101 •• in 'u~""'''' <an 1>0 ' .... Ild 

",n In lhe f(}ll"~'". WAY. 

Oc<",,","'" """""""1"" It: I , ( /0) .. N. (1:1 

,,-her< '"( Ii) .. :. .," "'" F ... "" r...-... h .. " " h: pmbobol"y """ I • • ' , • 
• • 1>'-' .... """'U 1; .. Iilla! .. p by .Iccttooo .. T"l ........... <i,"' ..... <Cd .>Ii.".. 
;~ ....,-1 ........ -6-. -."'" 6':; 

no. Fermi o.rx dm"lMItioa (Fl.!), I • ..:""" "' .... <-w E ,. FI,. 7,jt. ) 
~ _ aI'''' Iev.l. bdo:. ... 1;,_ 1i.1td "I' by .1ccInlM .. r . 0"11;. 1'1,...., 
1.S(I.) Iohuw •• hI'" .xu .... "'" prntNbI.ly INtI"l .. "IE) 11I,11 PI Iht 
MI.,.rr.-c,,,, ,,,,,co. .. ,,,, hel",", ,II< ..... " "",. AbIm: lIIe ,ap • ...wl deD'''J 
.... .........J (""poffl ... ",.) O<'Cun. ~IJ1111' l,j(b) i. """"ned h)' "'f'CI"""","'''' 
Fi,. 7 ",b) ""n fi~ 1 ~.) 

'The .... 'IIy '"II [Of ... pc1COOdUOC'Of .... be obIOIn<d by .1<'<'11 ...... u .. nel" .. & 
m<lhod, Tho 'raM""'" '" Urn "'*i;""". focI.:! 'rom IIIe ",portOtHl." ","lI ota"· lo 
normal < • .>".11><10", " " 'e" ", •• ",.bk . n<!"" 0 2nd 00.1<, plio'" !r~nS"'''''. 1lw: 
"" ... """, b,,,,,un "'POO' '" hquod ;, 01", rever>Obl< bu,,,,, I" 00.1<. phase 



I _ a ~ 

Ll .. , 
., 

'" 

I 

" .. , 
~-... 1-' ~., '\or,","'" n( r ... ",( tKlor f, I-.) "l1h .... 'C Iii ••• 0· ,, : 'h' ' ... to.1un of 

Dt<u ... U .... f """",IoIIHI ,, ',1 t.1 ... I,h '''''fIl •. r ... "'","" •• od,,,,,..-

,,~,,"~'" hI ""k. 1>/1.3.", Ir:III"I~)t1 """""""m>N 1»- laic ... "" .. om dl,,~ .. lIn""y 
of ,ho <""'I) "1' ""'berca> ~I Zoo ,,,,do. pIu>e II;.""HlOI ,...,,,, " to, I>lcr" .... , 
... , thcr<;, d" .. :oo'i .... l.y '" lou. ~""""j,) ~nd ,"" ~"''lIY Il.." (\rQ~.,." '" , ... , 
'" .<n'rtn'"n: ' ... "', .. '" r. 

lb< ""''<11''_ de",,,- roIItre""" 1m"". 01'1"/10' a. .... "..-.1 ron_,,", "f 
"(' S ''''''''> IJlnf.Io.o> ~_ .. 01:0 .. _ fur moa_'" f",W ohIO '.rJ .1" •• ly 
I • .,...,., T10t M.,,>nCf .ff .... " .1"" nbla._ ... _"Old 'U) 

1.5 Err,'t' l Df EX'Hnal Magnt'lic t' jl'ld tin 
SUI'4!mmduc:ling Slat. 

II " p<>o>,1>k 10 Ik>tn>y ... ""ra-Juc""'Y by lhr oppI~"", of ""mco< .. dy 
>1m", " ..... ,'" rICk) n.. <''' .... 1 '" ,10",""'-"<1 , .. ,"" of , .... ""l'lIoJ flold r.,. ,lor 
dc>llUC'KICI ,,, >"I""",>nJ"",;vll7 11,. j •• func'_ of .. mpe-""" .. (1) "The nili.,.1 
""g.n<-1'. r",kJ II, ~ ,II be '-"'''.' T O' r ,o n.: <n ,,<>1 r",kI ,-.no, ",110 I<"'pen'.'" 
"."...ruln~ I" ,II< p.lnbolk I .... IS 

II, .. 11.1 1 - (TIT,)'I 

.. '1>0", JI." ,he """col rlOld .. ob5olu,. ,ern .00 r. " ,he '",n""". '."'I"""'.'c 



,,,. ... , .. "'" of II ,<>< 111ffo .. n, 0I0m<"" ... >1101"" in h I. 1'.1». A . pt<'m<n ,'I 
"'1'.:rconJu<'m, be"'IO' ''''' ,.~", •• n.l ",.",.1 """'0 'M <~"" 

" 

ro 
'-" '''' \.,10,i00i of " I., <r~It ... 'I_1t 1It1d . .. ~ir~ """"'" 

,-pm d. th~l .... di,,",,", n.-, 
TIl< .n' ...... 1 ~ ... rIO'" "hich au ... a ""I"'m>nd •• "",, '0 bccom<: ...,."...j. 

"",,, ~ 'I> br n'''.:.! "Jorio,''! r .. Id." n .. ~ .. ,.., ... .-.1, of .k<1nc 
.......... ' no,.. 'n, ." II>< <VIIduc"O", In ...... ' WI"""""""",;n, ".'r< of r:od.~< N. 
"'~""'" ICy may 110 .Iofll"O)·od IO'lI<n .,.mnl 1 •• «N. ,M v.l.,. /,. "b,..h 
II 'M .~,r_ of ,II< .. , .... ,II "' .... ~ .",,., .. fid~ II,.. I,,·on by I,,, 2", Nil, ; 
.Ioch i. ~nl>"'." 5il,"""·, ",/, 

1)""" I ~, ... . ,) p< II .~ul"'IT .. " .... <I"n. 
1"11< ...... '''"0 I)'".. of S\l1"'''~'''~II<I(PI"S. I Aod II In . bul~ 'poein". "r 'Yr<" I 
~~I"'rc""d"''')f. , .... '"I"'"""l1u,,,,'lCy •• n br .""'pkl<l y <k"'''~.~ hr ,II< 
OjIJIloc.",," "I ..... ""1 " .. ~'''''', 1,0101 II ·' YII< I ""1"" ", .. J"" ........ c~ll<d ,dc,1 
"'I"'re' ....... ' .... 

In f1,. 7 7 ""'1",,,,,'li,,,, .. "'" '1'1'10«1 ""''''''''' fiold rOf. "'I~ .-p:~In"'n 
•• biN" • c'''''pl ... Md,,,,,,, dTC<1 (1'<',[«1 ~i.n"'l""'''''.OCI) Nom,,1 "". 
,,'il( too re>-t_~ " · ... 0 "l'I'h.cJ ""'I""'''' f,.W H > H,. 'h" (, O1IJkJ 'n'" I 
",p,,,.,,,,,,N<.1<If <>< i<k .. ,up<n.'O!>IJ""'''' '" $Of! .uptKOfld..a", It" 7.7l. 1"11< 
1"&1"" of 1/, on: '( ""Y' h.' I" .. ' Ii~ 'Y"" I _ roc.ndo.l<tllf>, '0""" "'Y I«hn,.,,,1 
.""bea .. "" ,n cool' f", 'u""" .......... " ....... ,oct> (n ~'" 1.1, _ ~,,, pIoI'cd OCI 
,hoc .. n",.>! >cal<. (_>r) nl ... ,or M""~ IDd, ...... JIIC1"m (. M .. Xii. X 
Ihr ""'«""'''' .......,..,bihty i< '" h ~'''''''''') Al>.>vc H, d>c -.-.._ioo. 
"""' ....... I.e> II< __ "" 'h" "". Ie, 0"" ."..,1 ...... """""'"" -m:aJ,~ 

A ,~". II ..... " ... ""'" Ie .... ' " II< o(loyo '" ..-"'''0 mnaI, .n.h ' .Of} 

IIiIh , .. Ioes 0101«"", .. .... , .. ,,','y '" Ihc ......... II.'" "Iypt II ... pemw.t ...... '" 
b!. , .. " en' .... rockl< 1/ ",I," 1/ 1')rfIC U ...... .......tX'l"dY'I""',m< ... 
ho,', >CIp<m>n<ko:" ... 1ent;..1 r-<'f'C'\ .... "P'" r .. 1d II" (FoJ. 7'~ "'" ...... ...,. 
1/" """ 1/" Iho ..... ""' ... n~~ _lOy /I • 0, , .... n •• .un..o pcactr:ooc II>< 
..... ,m<. _ H" "' .... ,,,",, 1/ .... ,lor MtI»nU "rr«, .. oaIII '" lor .~ 
I ...... ................. H" ..... 11" . ....... ~,' .... ~byllu. 



~ 

~~ 1.1 \ ..... '1000 <>I: .....-'1000 !-I_'f) _1\10 opp1i<4 "' .... 1It IIdd I,,",' ~ lor .)....-' .. ""fftM""' .. , 1'1 ... '10'0 "Allot of.lt , .... p ...... ,~ ~ ........ , .... 
M .... ,I ~ H . .......... t.o.:-_ ...... _ 

h .... on.l" .. HI J(I lit 1ft ,he .""fn ,""~ /1" '" 100 10 ..... '" n ..... t"'~ II" . 
...... .., II" .he '''"'', ...... ;. a ...",..,.! ~ Tn .. II 'u"" ... '<)nd ... " ...... 1I~d 
a. _ oJ.o,J '" .",I_.,..."_w"". a.. .. _ II" ond H". ,~"" II ........ , ... 
....." .... ~"ut., • pnf_ M<>_ dJ<'<1."", do>n jl""'Y .... I.-ioft <q...uoas 
"";lIu'laU'·.I~_ I'ot ........ "' ... we ...... """ ......s. ..... , .. " .... hICh tc:n ..... 
. "'re ... '.......," ... In IMP' mopocIO< r",id> on< mit>! "'"' I)' .... II .. ~. 
Nb,S" "on n .. nplc of Iypc II ... pe~ 

' .... 11 

A 

" /: 
I , 
I , 
I 
I 

~+-~~~ 
H.I If., 

t~ 7.1 \_ .. ,.."..ltl .~~ 1N1) 1 ... ,)....-1I ., ••• _0<._ .••. ~1, .................. ... 
II" .... II" ~_ .. _I ... I4'~ .... Ioo • • _ ........ .. I>o.~ 

11.,..-.......'---.-1-. .. 
7.6 Lund"n Eq llM,hon 
A ~~I ulldor>lO/ld,", of .... plio...,.".""" IWOCI>I«I "'Ih ... p:n:ono:Iucll."'Y 
c~n M undcfO'oo.l in >eve ... ' ways, C.".;n , .... It. fOil" ... dll<oll y from 
Ihcn..oly .. tn" •. M.ny ""I"""'''' <C>.U'I> con b< dc>C"bcd by ,...,""' ...... ,""'''' ... 

• 



m.xh,,,,,,, I .......... "I_lOll ".- of tho: mfl>j '"'1">01", phc .. >menoloflCll.l 
"1""'''''' .. 'hi<h "pb.n, tho: McWnco- cfl'oct for tho: '~pc'm,"""",,, ..... ... 

A • .....siod~..,j .... n ....... _7.l. "'. c..nnoI dn<n'lwd tho: ........,dur>.;tm, .. ..... 
01 tho: ",pn<'_'''8S """'. i ". ;, .. 0. ,. tho: oppI~ """""'''' fori<! 0101} lot 
""",o4<n", Ibo ..... ",0IIilu<:1or as • _ ...... of UfO .. ,,~'" ~y Ik~., " 
_ .. ..." ,n """',Iy ,II< Oll.,,.~ .... dJUI",all, .• n OfIltr '" -.. ... Ill< , .... 
n""'''~l1011d M . ........ . fl'''''' ................. , III Ill< ~'III,"-. "'M_ 
",,,oIilyi ... ,100 M ..... " II·, "'1""'''''''-

01",,', b.' I~ (7 21 nJ> .1 ... 100 " 'nUon .. 

J .. <J " (. 0 ~ ~ a CDftd ... ,;."". J a CU"",nI ok.",), (1 4) 

S, nCO in a ,wptrrond",,'n, .. 31. d«trun1 "'Io.>vc ~ ,fr •• en,ly. ", " " . ' .,,~, ",,01 
,10.>, In 'ul .. ""JnJ ..... "n, >1.,., Ibo Curren' den"'y J ,,01,,«11, prur.,K'"",al,,, ,100 
"«10< ",""",,,,1 II 1)/ k ... Io""V'ChCf .. ld. ,,·he .. tIM: ....,.""'''' In(\Ic,~", H .. \l x iI 
, .• B.C.,I A.IUI<J.I<-<Iri<r",ld,nlo".i,y i . A11i11 

in." "" of j. Of ., ,n Ohm', 1> .. ' ("'I" , 1 ~ ) .......... j, , ... I,,,,, .""'on .. 
den,j,y. ~ ,be ~"""JO"'" cturv. '" II .. ,"""'""i< n ... ".1Id II .. , ....... """ .. 
"«'''' poI.""" &!u"""" (7,71 "nlk<l 'II< u"w"" L'q","'"" from , ... n ...... II 
1'- ...... , I'f'I'POO<d ,hi,. 

I ......... '" "'I"'"'''' <on be deMed ,n • supc«Dftd",,"n, "OI. In ,,'" 1'"11,, .. ,n, 
"'j .1.., In. ><>pc«Dftd ... un, ... It' """,,"'''y p. 0 '" , .... ck..u"." con ... 
rudy .,..IcJ ••• d. ,II< """,w..iuD" .i","" by 

.. he •• jJ ;, tIM: ",ko<;:,,) 0( , ... r..., .karoa .. N_ by mu'''pIy'", boIh .... 1»' ... , .. .., .... 
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