
o 2*b T-Lu.,dio\f, T* a*-Aol+ra*&,*y-
2*.uz 7E-

t.{,;, t\ /) \;i t { |t,tuocL : ;J uq;*\o - a\ak*Vc>
tltt/ne+;rea- Vhn;,u

-l I l^ | I /t t,vt dq*-+f

"', ,,, i.i ,]

.W ({ g -ro(Q ., { rrL r* b ,on, 7_ u.;L.,. ,.,t_t ( Fr ,. ,.;, ,/..i t i
t !:l. i Vu?' d b ...,,')i'o,. Iu" 1v -l,ytloi'61

o i , i .l "''oe')ui'ti.''- ir'1u' ''i ''

Ka-cltove- U(nk ^', 'u"' ' :',* '': lo-rt'' n*,,o'(vr ,,, )q T"'' "'",: v d t': '4r',,a,r,- ;..,

*i u.ivd,, i; i i:-1, '' ' .. ;r. ., t ! r"'

' ,r!rl 7lt+'z r^t'6 
"-'r'l'*J 

l'r. ', Lor'.,t,r:, i-. t' ',1 . ,,':

'r: i - t, rr_ l; l'-il i ii , ,ct:."J".1.i.*,:

-t"'io'.-ht.,,l-i{ i'Hrr - yy)
U' rl i f r l f

l'{ r.f-rc:v lyvnaL CIblag*

*q
,tx lo o

lr{ru-t"rvwaa- oLWe{-

a r i l.-

I ,initi

,,',', Lnrrt . OIIA*Lu;fu'ta'lna''
-i,€ ." r't

Ui/ MFs-*'*-Y= l}*eV

-
i :l:'r {..:

^<" " { \- / 'Lt(a *a-up-t1)'L - Ar2o ui * AouLdt

-. ,i lilv jt

r- r\- | r- 'lp/Fq,'rLI !ruanztt - Ls{ookoV
U

l elt*; I t 
^=15o 

- (W,n-
kr;tkov,l.na-l 2 = 4t4'3/*n^--!,r,f 

,,

5+&rfl"^+ te" A= Wi J-5p4*,>
.;lt rsuiaaviw,n ^' ) = { - 4{7",t*'-",' l'''1

>^-\<L; ti 
^ 

=- 4t - 4oobltaa*

-r't
.,. . *_f..

..'... . ..,) :

I

f, ( uv'c
t utt-3
L ,,tv-- R

2 = 4oo - L&o l'trluv

A € Wo -31{auw
7 =-$4{- 38O MI4t--/- qtutl



@-;*w"dr#/ ,yil* ry
,. l"^ -\ /

pp/tVc"MZ.4-

,louu^u^o<tn op-

VA^a46A/- a.z 6 u/

^ ,r\- / X -,/ ,/.-*a6,tz; ./e-' -4 *"*4re* r/



'X*"? o/"-/-/w%"ronii/nL r*Lry/D^&' /rr-^o,n'vdry/ @ bzzzaaTu
I--7.- '/-,/'\^ - ,/ , / '/ f /"/4,2*/bil, , / '/ //a7*u,/6rz /b/zon,,

.-5/vxe-(ry4 : -eg(e fr_no./,,o., oa4 Tz-ft./ryu7cb*"p'g.**\oo_ rz/tq*or1:. j_L -, -( tL-u"e?/a av*e>a-' *?rru/*/.%* fit baL*Loe-
d-J" /n// ; r" I fr rr*EUo*,Z,_z >* )
vx B f io ) = r,!ffi .U7i t),+*7+.? - y'r'a* 4,a/6uh?f**&;4' .-?pA ln 'or-^*.^ , f*i?;-'/77hd>t/(4e_' 7*L Jo ,;/on

7b34-ou a-- -//*-(r.,
'u /u ,7oo"-'* ela-/"1"2>4s ia-ubZ*lr/,-(^- ..-...--.L,- t1 ,'/'"zzc-aaztz- a-- e1a/-+^4'r; 7a-&.-_ /4r{ san"t:tor' / dZ- a /- -

-> ct/a--- E naou/ A/A;aek4,' TruettL> u&,/o/-(z- A/z^ ^./ (/ .. ' ,r-*n'
Arre-ri* ,o -ia"zi4eaeut a z,zeafi"**4"



@ v R*,+):EC4
E /a/ /r.L'd,/ra' 7L froqeL/e-z-kz 

/ cbl /rzb+/ --d^f' fu'"trW e( 7a,x.{rr**fu, ,-*'Lr; q/ qv4onr?T Z *Zu{g"L..
E/€/-U-o/n'7,n E: * h* +os*,,v",ri dL*

-ulf'Q 
4rr.k<.2 -P.,v 3aD ;frz-a.ssf/ ,%gn_ahJ*, &czyooo_UU7

Hzze e--/, n"// TrL . -=-*,,nJg / i , ,-, .//67_>z: q.tr^r + *:7-fl :*nv n"f
/ ' 7 i'r/-il*k'?'vlu rnynn4al-L* 7L /u." rry /z*a/;

@L 4l-"-.*' /,-2(z_ ge/./.u{)
{fu*r' ar" rtry*r',u ro/uotLaz z-lra;

U['zt, vxa: E_-arVx b -(r*n E

i

-)\7 3=.O
-..>v.€=O

()D\roz€Dt VLrt\oOa +g4t$tgE:
V r v^E- 4)= - o2r^E
vxv^? :v(7$

b<, * >Jto4n, ->O
8e2'€ - (^o Lo ";:- ': 0+{-- (/n-u/ rbaelb--

$- /r /9 rZ.nt EH ilnq
C

w 7*
t/a- U*Jo"



O oL>eloLrrx Tno €

/za" k-zrya/,u4u!

_/.
.//-

-\ -\7 4i- r,,%l

+ n,c+./-
/no % e?

iffh?zr-ou*,-.F?
ffi=o

Q€
0tL :o

y'D: %
Exz

/2(-"

/ t/r2*uut rblerz<z ?Vr a aoab/)

l/a
c > Jqq Fql+s'f av"/s

*u=

(o-
fi-=

.-rL L /-4a,frj24' r/a*p forz2-a44
-)-- -+ *{e=4Pzl B - t-^ - tl

€"b,*-' T>LL>Z n rvuiJ,py'
,1 + .d^' r/i*t€., 

(,orrrbu
n

.:> /r-c- 7lra,-/t"<- : &= fr
.2.,/cSo&ttt-2nSgs{ S 6-rze.e z'.-'q
.ffr;- *= fl => E-(u.V) =-

=5 lnl : ?:T
F:4p: &J

4,L3,r&

-

I fput'A



I E= ft,rt= 4uV + A -- .llL3qQ
,l) *5 = 4oATe4;1

T - // 6oo,b
'ota-*unLL a;/u^" {,n.* ,/ \ 1/L,tL (Tl :tr--'-r*s- ,/ - #73e3M"-,J

'Qo*tten' rA+
lt :E(ry1 * I

--

-.-+-/.U4grtftu *.pte_
V

"a'c^A)-l

a-Gz) -=g
/-/A 0

v

-+> --Lx E-
e-

Z'(3

+;8,* 3 =.-z(oL.o,dA.-\5)L e >a
-+ -+
,L, g -o pbao"u'
/.".- ./ i / , .1 iilrlaa-t'z-44. l/z-aurz_i fbrm'ee_ E ldakr' o'/rboro/r.o' e?.tp&,ea *,;4LL//z /a 4r*'r* r'

l'-> )--> '-> t(L--'f^/'tl)V - V F--, r7' '--z ' -""t-/
L- \ UVZ U-'{i
-#->./+f,-) E^4 :(En*,qG--Z-'..:ai

{n7,(?F- ru )
"*f .'(e.?**9

P-*t-eut' do Hp
.YtiExE:+r,*-rE

-r" tru;



bfzlh^-r-._

trrryg= fu /eq*;;,--dto
? oA,ga_,h*/n_I
tccs ta- ./L

*06
tnraJWrr'

+rctezt2-e44zz-. -r*a*s4ea--)E(ry"t
*t
E,/ -> \u ('itu- r, a: ) ":/ -/'/

.<)l_ /.-
w-/E(ry9

-&

u')?6, ''-

reLl s/, :> VaLbs/ d);tra,'
*a*n/a*'
y/h.-ua_I-o #f"'/

.,9 ezg
,/eq = G

( rz'4- /

htilaaa ^ .q2a.h
<k-. *,rrv , *b,# ?eA+ 0t)- eL v

A"L
*tub ;"&'z-fu* ftus,hrano'ahl &l .s/*fHnoLa ''// '/ #P#ty::u

-lf\. a --/- / ,--oa75,7. a/ n t^*t z"- y'a- tr &a_to_ z+ 4ryE
frananea. E*l 7b. ae/*rz*l; .>L .^t v
vo- '^ - I /' /'--"L & €J*

Wrln-o nnbv-.. a wzpt*Zi*+;ry

7tu=,r8a4+ /*"*_=g

A.r)?=6
"+

*fa &*' rb . /b /:?:* Lo dJ #z "4,**, 7,ba atr dasprtau Trba ' ,a/o//r"r*r*,. Vf 
/

-> 4d1-'?enngpr/4/ryL /" ,,4* fu*e)tp,r"A/4-1.?' uot&h'4t-r'bnL** /



i

fl^oarzt CZ

-)+eEVx{: A, i'.- n, . \(/cY ^..rr f"l r be fe
--\v ts :.-?.7

=a
-aiV.5: D

v I r,v n*: L.C; @r-*k"-lt ) :a u-_ *{€al n_t olv (uw
Ma {t,: &!d roz_u

"r>
S,(

-?o€FEPol= lf-*fftvxt't+trCh')*
9= 9p^ vF*v€41 -
-+?" lz--,s/.4<, o+-%ooL n/n/./n rr/-L
6 /z**h/+ *4rrta/n7aeZr.2L "l.Urr./*/- a**-n/c,rt h.uA& -q,,o-/i'4-L
ft h-*:oe./q "ikLA naZ,4 (oo*a.r,-*.,/r9

ffi h*s4.A ""?,bL Traz"ah
_>, _) 

--)
ft :4,:n /'ui h*s4'd r"et'rc-&uLL 7.u,*

h-*s/./r- 7na&a, * **ZWJZ */rVri.-" l*fu;' on -o
)h_n*br uLo^. :> :>

4o = Vi€
/ tt' s-FJ( iAtrna- uofurz4

/hS/,a.gd: Si)a hza4a Z*' e4zL/ln/**, a-Lnoob-
U / / ,, \ lt 2 ! .//ah/ uL fu'-{ a/o,("h/n/rAL r*&.'.ya 7-*zf,



@ -,'Z/'/al /bla c mffa'2*;/u' /b.sh^al,
-/4dr*-.rh 6r aa bA/ **; r"- al * ua 4u* .4*, .s*u :;to" 

Tzah e/f b /._,iT- 2;
eA/-*>uq4b/*' (L ,///,t./rna.? a.a'ta-g -*z t / b/.r

R-/q&^
+2.T { --F:-= p/, Vi<) ) ),{- 'i

z\.\- / -) -s\ --b +-lv.(+E.r? ) : ?t_- 
_) lo = a€ rT I

rlt.JU'r'
\l,.

v"t = ,'.f: $,q7r,F)-(u,ffitv*R)
wr@t1r"-fr):,Tt_r@

Iltr=e -p I 5'=1.F- g
_2 _,)E: fr

Vx5'.-/r.,o'i (^,+ft
wx g: p,,,Q{ r E,v^fr) u (ho r,ff

2B
QL,

F=f- 6€ '

* ^t,7ry+?1.^ Trws4au *tfuo/a"L*z'.44,
I

H z , v€: tcyrv€)

eVxfi:
1>A. ^ . ,

l."Cr r {w

*6V/; roJo6 l\);A/afuZ,e/?-L-



Y ia)"o/ a-*uL/'1';/.-
€Julzua-/.r-e4 / o Lorc.-zr-,2oao

1' :-vF
\ I,e:>*l/^ /h-+h^t; h--lt a*bL/-*rz--/a-
Spl,rLtt; -f+. e^at ( TftpulatLs.t-- ?ur ty.nruLo\)u.- Tbtt tt-t- o-<-€ ^y - -L(g"g,)

.?.,fer ,iJ( v /iL_ud ^-k t*Ja- .,n^-a-

F t+ -Fr"t&a-o-Z ea- a-azz.a"a-r'
e#V'a a, /zta * / Z*,4rL& q-{_

i %:^=JZ6---",42r,)ft/.H &z.,oLz,r*'/- rbpr;-f *-"r2:%f , -v F at 4-k;3^l-Ln- r^>a*ff2--beh Trarodh4-. f@*1 t V^p
-+-Va

thz*-t^ aa-R,c- E oriF or*E_rr_-

/'zce T-L
A-a-e bLr-

b ?*^44
.t2,ea.be./z_

/; 4a- rti1**eo

*+,qlka
U

'.->\7F

htb*/aZV/



{9 Pr* ne{._*

F - ,2 -116\ 
->

_%foZ
-f ilt --J,4 ti,^*a't-)r-i' pcos'fQ;,--

So.so-ae-r<rr,ot ,lo u*Lhn*Ta:, S
= 41 n {ya_€-= AS:Z

+" "*lotir^l
+= nnft" Tn" -A,uiLy

OtJ "Lvw- Tro fr lr'^qdr*r .3ras,Gay't-
-> :-) . ?? :>5=fu.s . trt^.${: f.,tr *4.4.P :f"f$ =p^-€

% f"= 
A r!^

d*L u*a,Ier,,J( *^ftW n,z_.T*[u
VV

v-{,^6La

e -r,3:42 rzx€ - - E
-\ --> *n,eV 5=Ct p*R: ,0D'rru

r;rpxe =#*wxfr = -(ILW
u€- rrE: o 

*"= (,tu: ba tsr,: * tyfu :
YoXnutr' uo tvatul I

Etry4 =4 "'(E=^"-'Q l-'=.E rt
\y

-+:LE

r^,1- -T)€rprs(rt-r-r\t
V {n*urr_
,/43;l

I'|iottlr-\t-C_ \l 7W*&eL t:c_z
-TweAfr a d.,nb*Jr rLn*_

tt t ^ g./\{)
VU= a /

-/- tuL1:-/ra
ryttadpx

/eezz".*.r'€ffi4



(rc' 31 0314€b 
Iftt 0 tqqqq+ \uv Dfqqql )

4,Aao0e 
)

^,r 
o 

^a ̂o 

c" l yry rr"e|,^)
4 t aoopa I

' ftu 4r*tt-*.i*.' o,.z& 4^
t

€f '. u*rr<-LL
ry/*fr*--
772^
/ar(&1q-ltz-
'4-/"lrb*rL

ltoo/a, ,a7t
{e)''

A/"-/.b-zq.1Aa.-'"1"o cdz-4,o* 4"4g/ ; d-.. : *r*A.4. fro{a"a*,n*.41*t txt ./"v - -- *"v-ta
# t /-ttuzhU jar=>

'a-**zl Aj,tu+_*uL"u4ffiry,,,?ra7;.
'&p.ehi*, /z_a2d,

*/oC- .a

naxoArrT%

2,,/,'- //

,/ *p, "-?ze/zaez/
-- r-,7: u€

W

ftf
L4a

1/ AOa&

16
3,f
6tfr
Ta,
/Li

Au+oolu
A),. ,^ .1

?
/u:0

ftbrur/
7.*4-*_ v:p

ilad*'&'7/,Ll r+0 +



f =-E'L'\L-+
f = y"a--=/rro"-6

i

'-t-r/iYa,€) gtrz-k_(/J9'5= 0

[E
k?

Trca&tL be2-
.R. . r>,E:o

->

+OFVxE-: -E : ..,2-)(uE
?5U
lo: s*e

e/rbp

-)?€\
tot/

rfi/{\d%ra_tnLi Covwq_vJ

?'tb"{*" Ahr^r' FH ul? \ T'*W"L ,s ucvliu*(^'r
V u|hsh',Lola {od,u,qs,+ ^*u' ni*6ad, nar?rcb-arr_.
bfr'L *nvaja rotoann uC,,r/, dLW
igt^* T* ^-,*,A:q, i#til; tinoln-r,
"3,'r *:ft,.oL:

-) ? ogtVxd= rt"j + yE lV ,

l{ 
\ o / t

Y-q€)=psf. fd+("F)
0:E Ooa t'r 6T= 0 ->pa:f

v nEn #:o w

+AL - (L{E - (,ta$,-

W*
AL 2s= a

&,&nt/:



@
CLr-

z

: v:tb##, U_
ftn/t*u' ^/oa-l/-,1o'

A ?r:0 a v.B:,O)r
c.L>.a.

P u^;rxs"t/ Voola;
t / 'la{a*&leucz-ad

r'xloa$ + lE nn""oro_'r

-lbtx/o-93

+

Yn= ? r"h"*tr.,' oloJn, o.t ZUk{LJ-q)

*r'f(3 /o _s

' o2o6a,J
'fT"+e-/oa/

m-/a,zae/
opra-unbzgr

(

a"eola- (: fue-g, r*"2. t)V
*/A,+ /ans .5 v> o , f*,r,



O TA*,r^, 7,bu*-l^duo T*b q+qlekbA*.'. * a- vt

{" At*' -lo1* /*' to,yrLr (2. .+ oev vo€
A€- -f!-E-(rzrffi:c
Fu,&rou' vc_. fu 1r.nr->- rbnLzn' ,Lr
E:€;&F-2"-z) " t= lLli= €rC^tf,/

L"-- ifv;* * fL*L

*=rL(4'n
.N^= eyt(a+ *,) fLL=lho6 er\" ,{

= &^rf-
;rLdax /o*a

;LL7*

*u= 1

A'= Lo'

d /.L,

Veto-/, Tro n2,

fu";HL* * &

e]" ()
n'F #rrL = 8n-

U
4e)
7A*

^C 
= ',P''*zX-

neAffi-?': Ln-- {o)
\- r\Jrue e' ,r%9

(rt d<=ffi^

i
d< . .- t ndex e>-ttnz'4e4

e

o- c/us-&'*o

Qrulco'A'- €uhnzu'** f: 6



liiW Lva"/r&4t clcr-' fOuru Arz '?fD n2-
I.i-" . -----f-'brVb - ko.c-

D2'=,TY

f')z =

A-,,t n I UUbO{ab/?e_

flz = 4 lrrc' tj- + \ 4a.rto, Gtd

nz- tr"r**-,il ",3t,-= LUuu 6,(t-&Jl
, gP-<_ T-,

'| /' *: ,)L-la(r +;Q.rn_, 
-J

-7 ,...__ ,\ -= ,. (yN t p- *1) f t @r"Lr**L) -?xtrtr(Fit) - 4 q- \ L/' '= 6i \e ' 
C

,-vVu "r/rJr6i,'(ry*
- -l':'/"/ (v(-- # taoa)'q;t

/t

Ls oLnt "oruu ),ze-?z--t' &*or|*-o'
.^.., /, ^ ,^ l.- I P^ /- *V t,l^otro,aIl"lir/ut*aL' o.;

u 

"/,r/rt.ukn /',oeL>ro/,{ nc :> +*
"L- e- (--

ry

Eoq =

rt /r-
U =,v*/rzd-'/.
llatw-.lt<irl

-ta$.r

r,L',lrA{o kf*ryc*sa7-' 7rP

.t.
.Allry7L ,l lte- - g lLv*1l

t/rsnkar' Ao*iud*ru L, X
futrc-tt-ozcrru- ,1a,

-?,E; oe4 (#*l v^t)
,"//r-,*

Lg ,*-t 'r-/oVoa-- frc&7'og&' Je- t-14
V

//a,e.



/'lb\ /(p T.L^/ f-: c > J€ ;0 a,J Z: n-L Le,1[*,earza_/
-./ ,/EiEuu

\""J/+ /a4ere-' e7/rs/L/ fhsfu*sd,
7o/'4-e e-' ,(ant to 4 n

e-Lfr Tl0 a nr+ L> &"L/rd8q, d"f'$ /,&o #. a) ; # vrl-u€r p7;l ug;e Eq ,r? .1€.L pff*4r"ory,h_
;> t ----) U / /.'t- g "g bn4.L &/* "*&

'-\ --> /---' . U L

?- E*€. ,, (E;'-*L)-J= Ta-
*?

Ls7= E* 7- (4

"a

ziaoc

ril-brz/.zz-

+ /r"-rcna u ilnL
Frq n; : t Ld ; e:^f:;r,T:;" ^EF4*{IF i&F_;*; 1

+ €* ^r'@:p.-a,a*lB dasa.&az.t' do (*) l;;@ rf= fu, -J

-> f I-r 'n"'(F.,?-,,}\
Jf= * k(q eJ'2i@.zat) *€p)twt-u c o1,/% JJ^>" e/ - N l.ap-"/L + 

I



<e>:t /^4o /= =rA _ 2#*-t "2- l=o'c, / (

Tr-l e..rz->t-4-ru M,E.-r,r-,/'

T= %ca*) Dfrat'o

t=/J-

x-

d=
&_L:

- *-'Lfn.-D Y-'

^7?(

a'fu/a/
/*/./

->+

?2a_,

a
4
€-

"9'-{9**C-:
:> 7"zE=4

e
(n ,Je-_

Jr-1€or

ze,e - ?TZ"iL

- a,bwn/ u-*/ .Jo r' ' j'?fce-<-ezzt

D(: %*"*
--tv------z

lr-\ reD ^fr 
' T: /o+ fuu, .4:€fr rhzzz<-

f,<) =* = (/r/o*V*
eC9: Eu'?d'^te us(f;r-z.F- uJ)
g e i'"-- ,/2- N /f .r> n^\ e %:,-^_ ,,/2- N /f ,> €ruJ 4 4/F/o''. (f.ta
2 rY)aqirtab.rt4/tT&142_

' d*t .{' ,*-o*/*r*" \-/ - ,,/e_ f>m t-2€oh.-

.=€5".9d /"^J* (d"u 4fq)
(r-* 

^*f;e'> €L+ J{L=



/a{,\ )\Y./ a ON-- m_=
c-

zo !A'ur
' zoo ?a

--,8;:_\ itl''t-z^: trf" -Fd'f n{rro's

Ar*s}o ,tt--w,- -) oL; fu:r ra/'; ryu/J1',r) lt/Lt (
e-; A, * {QP /a'ztu- 0.6 rw-

6, 7.a,1/>1^--

D 6 /"zz*
6Lf-r"*

2o = /o lrzl,-
= ,/o o,+,*

= 4 lo"-
Ao

Ae

+4=
'=> c{ =
4d:
4 a/:

!'T L-er' T** & r; to, (u""ZZh;,2 /q_
-L^l @), of t /e./a' lo plc leg *, Bc.eaz4,n4A/; e-(/ _-/ / __ "_. _- _ / -

- f-f-s o&zpzrl, n-rz/-aotuL ,wLo'rOt'",- te-/Z>aqaz,L
//

v.3-e
)(-

\7 -S - €r t7-€-=- :;>a-
)r (v'L 

(
? g:'; v,^*:c-ir€ k 7*ff!4*-'

_s,.-) Qe-:/f *'7+

ji: a&r F 3. ;t: e(e
-\ O?

t-a-\/xrf - ArA*

1?.t on-,au/oza' zJtrry'e-
('t' Dt ra/e"o-)

2unor-u-6ou' .7-rfu/i7>/-zE/J;"- jpefu,-
A

bnas/ i'"s/ran z- r'btrer64, . 7Dzz7z/A'a4nu' - , .,
i ,, , \ / ,/ 'u' ''< tte2 t'4e5 eSflra,^i / / -) --*.,r. /2 trrd/z-4"2La-' or/z-c?_ =) E, D7 7^, ;'&R,2,/)' ; rt.S i -). -v - \ 2<.,-:./..^'n./- nl;- t'z \i, "J A.-= ; l-->lg;s1: v-E: ; {oT as € :- #F e luu, 4.rr,u/ .rd .

A.qr={*zL-fr*i-t"X
/o[Xn'7oU{'

i



Ls = (#'EYr ;yH*=' ffi ,E t'+ s' @**^ *6i

-^ '9-4L
7 =V --ffi+ J*?-/a.x.*zr' easaT&A:Zd

?a-r-r*At)4.. ; ?t- * /*X
\4.4+ f)= /*i = 4+Vn h*

*= tn* rLL
]t t '/U"ad/x)%r4- /,zL? ,

q=ri U- =- co*o/-=
1zl -- ,u i ZL= *1 =>

?;re, *LT4.1u,' r-o/
T.t."r4rL/a

\= btzL, \ \= (t-*)0,;tu
hz-rtz= (oLr \ + tu= ryn=-^€.rl2rr.Jt = F.,. t,> ) y,_ -1

zo,R cr>€o 
+<L= 

?Ltl 
ttalt^l

x=T=(,ufr=yo"k,
We, qr>*EaL!{t/ n /-/ u, /r/za-a"A*', F= 4ZF-

a /ph*7ru,', y
\r/rt-->

e./z-i b 2apz-zr 7. :
/ a^

><

''7,

Aa

T*

Kl h=l
x4 xr= 

I

hLz\

(aAAA^LL*4z rt)
-u6G;n)
/,t*4-"" jtk



@ :D; rpa-t >*Zdt,

d,
z&
d-

&, 
-o /o' fl2- f Fr nqt (J / 7*/:s&d-*keareln-g6'u *Lraa*/ alp6a- /. 4#"/;, n*E zo-oz-or"-f- d- n.dt/etAee7|i"/*oo'*4-rury*,,%*f (ruV>'*o"- ) ir>ozzez- ,-s tu

\ i /1P rnaczano/ O.na_z-ni*Z oLaE&.

/or #*
U

7-a1a#

wy//r*s&as1 '

na- *Tr/"#
f 7',r^*f *d-am.l,/: u oa?w"/ zzzay'anqZ 44,
F3 ,9*, ,!-.y**; a/2, ,a^* Ti/*<*

oo.!u->n, /"'Ar Tfd * ^'(,iuJ-ToEn*t,e'B/tu+^4":fru:i
*) taa'/2 *LEc'p4no .e,y'.>rzr'\.o--* - ,Yr 7'6'"az-:-":7" ,1on'fu* ^€,z,'exa a= "fi-'o*r,
VZ 2L/.re2n-.-" a,? rrr{, = 4rryre,

/
uq( a'c-zcn4 € ft_Az9 .nmA_ e c_ /bZOu_d '*ff*rba'on-' *&r"- dap,,p*o.n, /-:: 7/(4-/



f



lifud {'nol.ud, ,,*anr*;sf*'ra;ibb;1,e2"

'fub,r-
d f;; = /d ft 1t',& o) -a2(e'u)Jt

?":?' .D6n ;*'G-*) o.d,f /"**, f /". t, tar>2.4t do/-r' ,7e/orbrrLu- J t .z f ***ui, /rz) /ror)
u rfu-&r / 4or.nt' ,7-Ar>u.-u- (r*udu
h u iu7ryz, n/ugrq dqt' *.gL/fl /Q-zfftrq

t,*lhi
..-[L.,\ ttutt,*{- 4"*u'u.-

|u'U)J*''t)

"@,
(fuW*-w,1{*,r'

A
uc

nl-1r.4kD /e&... o f'ezr a.'(a.q.-

r>rye/ ,y'hLo

l-uI r 4___=_^,r,.-.---)a:f-
tn<-va-tuat ,E + a5 * nQ+tQ-t

/ , A
Ut !->

w
0

g*(*.*&::
4 ,/' 7'o-'*A'" Of 4(il)a 7;*; .th' = o'L ltS '' A)o

I tr,i''l+ ltraf;l- 0
J a) - Ltra

3)
v--,

i r-/g ro-'/ vat'soV.s: /^-
//orr/*' hrd-oQ
QlgStd{

/a,



t\

lJ/r!- o{hr
f ^ '- h"'u

p

frr-
t, a)l =
,a{a

{ iF
Loo= f O,

'/ l-(e*" * YLI1"9= ? f a_'(oltpI/l{o 'I
I 6/u') ;9--- , / t \i ,fr*'Y'rf : t6/*)

*T

a/? =-r'ry/-/,______



?-^3 f*,f+o$o
{ €cal 3-ds = -,"TdG^)
t-r

4 
oQ,'

znac4 =?f ??l- oL:/t/ a' : ,!* ^,) t
-aa i' e'-

+ Cos.b-hztz€-, (* ho-,A)

--aa l' ''okl* n'"""

6c^7--#7 I ftdul-&
ft/,ne &- , €@\ = G^(*) +r&^(r*t

,(-)I
'P-Jom, Gr6)

G-0c

i'erW-)-,/.- r.T" J- ffiJo--aq

Jo:/

kru*zz,veofr fu*f"y ,>L.a 6ry 'i#iln.d,;f)
; G4 4 6r_ /** ,UV>t<*/ q\/da--AV -/*n1,6aonu

( 4c;;, --" 7ou'E
.l reag-_ ?ota,tJ 4,' - cr)o t\-=:_-.__

r

Z-7*rz/ pae-- .no6o rr.4/ot e/rcfurab//



(4n .+\-/ r/Fz):

q
l-"/ea.)ttirryt)= €rr);,

t4
/&-q?ez)/{+ryu @-,gt--'-<po-*-V.'r*, f*/f* oaey

//

4Trt-Q
-Fc'r\ :6E@-Frd * 4r,€(r)
a vtu)- aa)cq ,e,L; /,"*iy,,ffr*fu,
TF.+d /r//t t^- : E ry ;z't L

L-/= .Lt- dz'= -4a)
7'/r 4 = qff, rr4 Erry e-''6 - 4-t *

h-- "o

7e)
FrOz):

A.ilfTT) K(,)- # lred,dctt 4
E

ola*vzfuU* odaHra-:

/ i?AlaJ ,(,e-) e a/Uv

Ee&)% ry Frd-efu,fuO

{rAi'-ol,.-,

Frry x) :{ x r, 4 E ft -L,),,E G t,) J L,. -oort-"ir4+)= eTZqo), \ oolrrzz( 4-) $*t#p4-o' h/* aza/ezzat7<z-u
' 
rya.fi/dr, or'/" ,t6 7zu>*Ea4
'ndz-gt/>/rg,a'



{*
iC,'o) : lyr,,\ *L'tD L' / '' ,J,W)a-* -a/L =

a
AX(d *Zn(r)

X"Cd =

,J{ ,l/ tufod Do

x,(d= +(Hrut
T,tu)= ttW

V*{*1

-t^ L,o'- a.-l

0c't- hJ

e)ha\ I-v9J

)o:/

s fr,;@ nua*o-,n U6"a-z tui..d f&"**
'/#rv: r/" dr-oo

v,tu)=*(W"/o:'
#r/ -v"tu)--d*

), a /a-21^ "/.,2' /r,Jza,'f^ € *r,a-ln

€yb) = ffit [*t,rq:t
,1^l L co''- a)'

'0
Cost

r
Ju:I



o 1p*a- 7-lov oJ*',fif T* ej\-ot*J.+-rb,AultiS E
/<yTx,,'to-ue * 4/s8,t q,

Q 'uil wjas-- T*LJdZ-,vc i:r^/
Us' alo*[oJ.il" k-k .,/inti're)q-ct aphta\ uau* a_b_g,rrl^.ot

v oeAuL r-[,u],,r"* -[o.vo-
,,qt^/ \r*Lnar^e^*/ zd^rcs lr* ea

k L k=-ls(oa- Tno L^T.,rnuLJ Lryl ,

tuol-uyw l*u^tJ AG ru@)r rfu$

^(q-1:= #r[ffi;*,
o

&<,) = -4? f ,r,t-)-4 -l;*;r*''0

(acd:r\
\<--rr/

,rn*/ .l,ryoze-

kh*-a/ Jer
* ' /Lrnolu

:+rotJLq' tr v
//&ces<oA-/4 +

q = a'': Lr€o

{L= U*tr)n€o
l) tbtr/,= ?JTW\ 

@,-4)^il= ?rf v'w* d*'
L 6o'L - bl'

n*ti^,rq-' e ,u616a/aa.--

+'{#ob',
\6

+rl,#*,A.o



o A T-.-,*-V,/*-
I?lvl

//
o

n(a' ,= 0 -f+iil,,"'-q,
LO(z- rl)z

G--*^=-\

6rL - 611"-

,t/-- -o

I
,5

I :

2t(,^t),^:L
F

t
b

lt - €.,(*;)J(,.,L ^) * q(u,),.:-6,
4:e -. r^:2

L^:\Z aAz-

? 9i
lL^ - e(-)J/^'- |t*
o0

ol*l

6+&,'J/, uoctivul,/^, +?=-j't e/ V(G€")a>(,
(no

m/\ L%,T, ,.1 r I9 (r) '=-F+J Lt - Q,,b)\ot-' : 'ac
D

?,{oat a (") ,

€LG;=)

I

Wfilu4
el%.A

^M",4
, {au1F-4-

?". u^olorr-o--lq

/*uzgtry 7re 
lrus 9.#o

->o
4

{

ot^' *,*fud,t
o

''Lq{^)-nJ r o=+ €,6)o} * dlN\

6

%,=\0+ qtu) -- # [5*,(n-1,)dLoc-,
o

lrnaqfa-a'r'w' dr-b{o



@ ?,.- .tu/*,-ft W-:e+Jbu&l kr'"za6<u

'toorn/.(- &
^T-Lil x7*td!-u^ or@ Zb,e/ 4"rs >

7'"tu/ a-17=a4*"l i
(40/- /*tu

- i(-2, /u-/aa-- 1*oc"- '."J./;L/ la /r"J.r€r."i
a t'.o!u^'/.'-^ I ,--*-/ oJonu- r)r2.- ,-6*"-'
/. **rru"rz-;":K,4r*
me e/r1.4 /*2"-"e/; ra*aalo-
F 4e reQ-- / raTn@ / artDraL,'f41*t
!.n ^E-fe.r.-{ ,pa.oe.-' *'* oe &u/ & akpe"r>"e4-Azz4
da/ + ryoiozpd ;,*a4l:"L4ro^62 a//'aa-d; f*/orr/'4ze/o"a -he- *&bA H*f sr4.u,.- /-t-/^*.*&+'p"s-/a#zu 4 h* yb/ /fu/-"*a'-f- abrwknl- @ 2 JU*bl @ anbyrx- UCIr oLlost d^/a*>o/ke**'4-'@
F- obtag| d*/a,^t<0 a,l4a,rnar-"ilryr**

/.o"nn a *i+// a&.**rozt
'- /. ),dr*+ .,{o*.* 7*a.

"' /rto!-o&r.y rehaz&/r&/ //
t /**/a- F4tu/.aLlae-. fhd-

/)eee/"a"- aJ 7r-s7r/a7;"
ilr) D
k)o .-7iis7,;ri /.-'{-//

&t'tt- lU I ilr_



z.&4az ro&6',}-.-eh.^:4@ V;7e*;*--- lrya

T^A,f ,

*1p,4 *(%,+)tn f '^'
wo A,

h(r,4

h,
L

Z-o z =7- Z:L-

0/ou-* a ,/o* ma- ,o/?)"/"/t'P

^lf* fog<lLt/fu
^^- t ^ i

&e- *I*I.rf m*-Aeb.%r;

f-T-T/cp/?_Aq_,

4
9a

/^oM-rmpz
\|-/2 tULUa,

,(. ,X

?YN,
T.

* 8- Tearth.Ca

fr1

X

lYtz



@ oLw/"u/
S- 7olzrtza@:

ff*=* =ffino=*

w
&-

&*r- 7/*4 
/:

^/8- 7u/an-rued: 4; *e, =

t- /*/*ri4aq i 3r 4r,t ler 4n

t*[*',
g- 7r/atiZa@:,

l^ : 
'E* 

= n41 o*gLt -/hL4494-
's : 4t 6 *r&r'+ fuL {*"%"

l- =@_ 2rttrue4,"'
Z - Eo, 11.t, oas$' + ttt*Las*t

Y *4; &ae4.' * Au^ eaft = - 4e a'*ee

Pf'o/,**' &- &a/tr. tb-*r*o'a.c- a- c#oso*at*

/*,3_ .i>erqrz-z4czc i/ / 
n, o-ryer-- th7 o*tq

. €01l ILzf--:= - "': 
-

Luwq':- --= 4t tht&*At't /Q eoe

*rA*t +-wft6l *A*
4t @ E@?F, l E = .FG7z- r -ar - eeL /

?a * f/q.rzzaG4 :

3or. * Ba,,= &oe ' '4.'uo*4 tQn .u,Q; = -%c-=4'
'h.z. ,

g^X*€* 
"rgzr. - .o,?L"4*ft-Bu

A= e*1

4e ? fur%iee4"'464:
= ftzfu, o-ot%

= /hz4*

do

'+- &t rvr*4 r qaas?.

fre "rllouy
i

e



o, 
I.t

I lo,

/'t-----'-I
io,
I

I (a)

Ifi",l\ |t\l

(b)
-Tine--_:>,lf;"t;l, "ff'.ii:lilTili'il:l..ry,lTlv the basic reason ror the rogicar conncction or

ilr:':"+a,l:H1::ffi:fg,fi,:,ffi;1tf"Tffiir,*i,$".,=;
;:ilFlfi lii:i:iH:#:tfrril:T etTir;ti'l*lTn::ii$rfi !{"T.ft :;"?b.rore the onser of the inpur *";;-i"-.:j,::,:::.::1,":1,,n" com.plement of B durini dmcs

*n j|;1m$f 
l"J,:;;?.lil.t:'"1"'ff"J"J'il :"::lli"''* *"*r,v'i*pri"-

,s.rorr,pr,,.i*-rocli;"*il'ruFi#;i;:;fi J'b;fr :'ff#l":e"::":,l.i,lF:';l

<o -l
x

o

:r

q

-0 246810
Frequency <o / <09

fjc..S.J.,{ilue1rcJ dependeuce of rhe complex response turction Gpl = 6r1ry 1lu2(@J. (4) tor c2 (@) = d{3at} (solid line) the coresponding componeDt 6t (@) diverges
1111_(1@0 ;@) (dqsh€d tine). (b) The retarionship between ttri re"r'.nJ-i.u!i,i""y punr.r
a mponse tunction if G2(@) = | for2 < o < 4 ald 4ro elswhere.

r 022lo2oI olEI0'ololo100100

I ollI o2oI o'8106loo10"l0?

Visible
(40t)0-7000 A)

lolt' lor: loto
Ioo

los

l04

I5 r0,

'6
b ru

= lll

I

o
o)

Oo
q

.E
iR!'

oo
oF.!$.: ti

o.!O=l:
<d

F-Fr

N"!

l0-'

l0-:

to-3

to*

'o-''F

iglrre 2.L (a) Refractive index of
{Oproduced fiom Figure 7.9, Jackson

I0r() l0r2 l0l4
Frequency tHzl

water vs frequency. (b) Absorption coetficient of
[3'| wirh permission liom John Wiley & Sons lnc.)

162t)l0lttloloto$106l04 I 022

water

K
edge

in
0xygen

lkmt,,
I

lm
I

$ev
+

I cill
I

I meV

r i, iti
rA

I

revll keV
+

I MeV

I {ii {

\to\s
\'i
I
I
I
I

,l\t\rl\l/
\r/



t80
R'/.

f,0l-

o 
-t'vltlblr

o Lr
vlalblo

l0

'o I

I
6

L

12 11 16 18 l0 2? eV ?6
Encrgtl

l'ig^urc.l 3"10. I{cflccrivity:f:tllTforcoppcr.AdaptcdfronrElrrcnrcich,H.crat.,
t EEE Spactrunt 2, t62. O | 965 IEEE.

I

I
-l

I
I

i_1.
I
I

20 ev ?1

Ftgure l3.il. Spcctra! dcpcndence of 0, arrtl r:. lbr coppcr. c, rntJ c; werc obraincd
firom Fig. 13.10 by a Kranrcrs-Kronigrrnalysis. Adaprcd fronr Ehrcnreich, I-1., cr rl.,
,[ EEE Spectrutn 2. 162^ C, t965 I EEE.

Br?16
En.r9y

I+
Ii



Timc -->,
.lj::^i.,1 Th.rs.fi8ure iltusrrares.schemaricalty rhe basic realausality and dispersion. t^f eo iop"t'i *il:i :::j:tl-t:tson for the logrcat connection otsuperposition .ri"""t'i*rilirlput / which is zero for trr
ro | = r,. These componcn., J-:::TryT*" 

(U.;; 
", ;, *lres 

t less than zcro is formcd as a

rrrsrmpossiblerodcsrgnu.r;'.t-TluT.tl"t"t""np;i;;;;i'ch'olwhrchextendsfromr = - /
componenrs, for in rhis *,.. ,tr":-llt"n 1nt*'o"i"i,T."l 

uJ ccstructive inlerfetcnc'e for | < {)

brcrore. rhe onser of rhe inpur 3::tl-'t tc *',li ;","iffi:::'"il,:"1;"i".;t;i::ilf ;*:.:tlpar absorprron J;;ilil:""ve' rn contradicarion with

r!:'#:ffi:;il",ei1;$}ru1'r"t**s*f m:ftih:*[fl ]Ffl I

v 2 4 6 8 l0
Frequcrrcy o ox

l;r:,.'l.r,.1.::l*.1 depcldelce ot rhe conplex response furcnon d@) = tj,r_),rs ?l@r. ta, ror e2 (@) = d I Jq I (solld lrne, lhe conespordurg com[DneDt O | (@, otvcryesas | // (3q -^ @) (dnsh€d tiE). (b) The relslronshrp berween rhi real'alA i.ogiiory pon" ura rcsponse function if Cz(ut = t tbr 2 < ru < { dld zero elsshere.

I ltl'

\ rrrbls
1-l(X)t) 7L){t(} \i --'->,,+-

It.t'" lor" lot'
-1--T--'r-l i

I

I kc\ I ivlc \
rltt,*,' r t" I

Ittr l0o 10" 10"' lt1'r lol" lor" l{)r" lt)1" l0ll
l-fcqtiL'lti\ I 111 r

irrdcx ol' willcr v\ tr-equcrtcl . (b) r\b\()fl)tloll !t)cllicicllt ol wittcf
7.9. lack:ort !.11 wrrh prrtllt\srr)ll lrtlttl .lt)tlll Wilcr & Stttt: ln' )

It,

-.1

I
-1

I

I
I

I:

e)
o)

O

q

\
{i

u\
$

.r :i

a,x(\
o.9c' S)ii

i:

1

I

-t

I

l

'h

l0r

-i-
! l0'

* tor

c
I

I

l

I

cl

O

O

ONtu -

l0t

l0 {

t0'5

l.'igrlre 2.1 (a) Reti'activc
ttcproduced from Figurc

I

l

-,,t--...._.J 5a
O

;
C)

pa

;-!'
\
V
I
I

I

,l\l\l
\l

/.ir^rl:raiidfJ



(a)

\'{
arl\

n= lL.5

k=0

1.0

0.8

0.6

0.4

0.2

0.0

o

d

1.0

0.5

it)

.€ o.o

€

0

-l
a

-3

(.)q

-0.5

- 1.0
3

2

I

(a)

-/--/t
/'0

\ - ,?' ftt
\-,rd t,-.-.....ff--, tF-'i--- \--.. f-t.- \ 'r t-.."\\

n= 1.5
k: 1.5

tI

\
\

ta

*l
i

A:Ua
A-l

a

-3906030

(b) rrat

-.----.!--

-

tI

-"-._._!Vi

Fig. 2.5. (a) The (real) reflection and transmission coefficients, /, and / (in both pqlar-
izations parallel and perpendicular to the plane of incidence) as a function of angle of
incidence rlriforn:1.5,n'= l,k = l( :0,andp1 : p\ = l. TheBrewsrerangl3 is
defined as r1(ry'r) = 0. (b) The conesponding phase shifts, rf, and @1, ofthe reflected and
transmitted waves; here ry', : 0 and ry', = r for the electric field perpendicular to the plgne
of incidence (refemed to as /a and /f ). ln the case of tr parallel to the plme of incidence
1r1 and l1), fi remains zero, while, the phase ry'r changes by zr at the Brewster angle OB.

906030
Vi

Fig' 2'6' (a) The absolute values ofthe reflection and transmission coefficients, r/r andlrl, as a function of angle of incidence ry'1. in polarizations paiuffef anO p.rprnAi"uLrio
the plane ofincidence. Besides the refraitive index z = i.slJrre',nuteriar also has lossesdescribedbytheextincrioncoefficientk = l.5iagainnt:-f ,-'i'='b,aapr = ttt: l,(b) The angular dependences of the 

"ooerpondin! 
phuse ctra'nge up* ,"ne.iion, d., unJtransmission, d. The different cases are indicated-by rx,4,4,inJ-1, respectively,

ra rn ra

Ve

(b)

7Lt

Vr
,
"t/!

nitt

i
I
I

lto
I
I
I
I
I

l-- \. fr

,'--=l-:

l-r

.:' I

6oa

*-1

-2

-J

Vi
Fig'2'7' (a)Theabsolutevaluesofthgreflectionandtransmissioncoeracienrs,r,.randr/r,
in polarizations parallel and perDendi"frur t" trtr pr.i" Jii".ia."""l u. 

" 
rir"ction ofangleof incidence tlti for n / n, : - r/i.s 

"nd_rr, = p,; : l. Til;;;Jjter angre r11gs; : g
and the angle oftoal reflection rfr_is d;;lys;eh. Oi ffr.'pf,... 

"igres @. and @s changesignificanrly in the range oftotar reflecrio". iri. .ur.'lrb' p"'*'"i a ,i. pr."e ofincidenceis referred to as rg and 11, while 4 ana rr reterto n perp*[i""i"i r" ,fr" pl"ne, respectively.



42-s.lL
*r+.").-|*rd nr/_-X_

Oo/r>zx a_ lor.rt- h ot 7 /arn m-,^a_/*_/o+, o/n=cg

7.,l*unnlor;f Tno

/,a-/a^&hjL ,'/-h-,n-O h-i, .nA4

u'-afi-' e-br*.ua*t' , HaeL'"k6- ,qA*k or-be-dr*L/_o 7ra*4;z_,( n/ln/l
{.>YL4.1'1A_ "tc.,zp

grr,

fu, <n\7 tu*L

.-l I

{aXova-, &uu}az4 7,,w'
&.o.L * o rro f *'nA . o/,r* :

E= ffnr"o/'b"4
et

/1^-L

hL, 14E\v

>nW Edq

orL,niu--7 e^p/: F-: - \ +Lrt'ry;''g. gr',iry"u'fty'qrE ut,'l

T"'f,' *^*xo/': =, 1ro.;l 1/"get'! r,tzs'tf"lT

c)

-A
d'if

I

o% /^ -o r?n;r\tt't(r- nr;'sS'



L ^ tr7ato- an&D)'
e.l^oL &o-fur; Ly:4' &

I

fr>a,xLm,au*a-.

- /olo'z

(t - \'a"')

\ = Ld 1r1': 4-n L

)

f,f;q:>&z-.as/,', f{,ol .fiLro) s.t,T-ua-l je-

/ d^-/<rr A/ut- 'f,"-^&-{=) 7>o-J}..er^;eao|-n-

rlah = - ln- tVl/-e-x- {

(4 + qr.
//l&o/azy

/
c-ry^d,,

T -1-e*

' R*.o K=

(4*q.)

oz"flr& p'



($ rlb
&r* 3

*f-4' 7>oArorslebu,/' /+ u*/u&-e rr= ffi=$
u,T* TA"e&'a' o46-* Tturyr*-/oAa-',u-Lcfrtbae4)

V9 4*o*#aat ereahAolrz(. t \

e-beo6dr-'n/ =o-{etAoazL 7-/4a1 tr 4*a'*/
{/raT* zz"ryDt^../ r'r-a&,a.- 1"n*, &- ;*ra+fi*zadieL

tna<*z-pp n*&L; ,vrcl/el"z *L/;.,r%.- fubzo_/v2/0.k ir<-a- + ,t;*,/-, ala,o* ttu_4K/_44(-c*:) ToAn-. d.z,-o{=prAt ) a_ i*^d:(u*yn.t;+re
\- &a6{pra- 2^o{Ar = H}rRz* &rM,;.

J n*cl : AzAz
Ar *7^_l

7t@
l\ / //taze?"* &q-,^*lk{ /h- ,/ka_ n

- ftT'^; /nSL -*l W, Jo'D-p

E'= E;,ft ,
,/f-rdoserfuiu 4 lbza-rd Trd

/!' a*t

?u> o/e"tLf ';' 
f-Es/,@ah

Wir *An aArf"L-'.
4de p-#a<d=JfJ

\.:) '--PaL<-&ra/*

'B/*/

"7*ry



-tr 7e-rurzazc/n /,. r' u:T*&-i;& h r'-> ti"> oA, @,/

f --Obrr-.d_
*,*% fb*n**2- at&-to

//ryrry&zL__
t/ffi{l2*Lao_od' -Vr'b

,/

(-- (-*,n-uLl'7_,<il

"\_n<-E/tz"u
gr#/a-

r-- (- ).ozarbrzt

., /' //-kz2Lu/;' roha_cql
?= S_ iFt iA) € ?Wn =-/*.^?n'o +*uu!.
A ' /'a/

uP d* i 4c"

+ zcc-/ozca *-' ru{-/oal+. ps en

Q,qb-//.*oLa
^ I.p/.-E-it4"'-, / oa,/*ruuto /t/e/ b^ar4ra- a hz oJn @



rxt.
@ /o/m-t (7*/"2' *'*-ro-u{ t2zze.- 4aodz*_

U./t/i.v'///i//tur*-k- (-q*Tne- n k- e/7_*r**/r<4
-) ,soHb ,.-*rl.J ,4i.,lr:b' ru_M ,/, z>r,a{z_
Q4' aawda*'J@/ tor_vpar26z)

a
d

cz Lor-ra-!"n-a?

th* ,L"@

L eaa.&*&,
.tr<2444O

'P'
6' ,2"

z--b{
&

Tanrrnann/o ,{H-oala I

* ?eiaa,/ /n//o - e6sa zaL*t*-' (t-{/.//67
* 7'f'* fo*o^ ' */ooru. qw:Wa"/"*; {

6L -3.,2a4t/u

//'/*

,oZu'

aoa1q1"
//co4z4-y'*oza,

/) ana-/a&[au
* Zrh-alab-o

/ ..tD a,,ua /5/'n

z'"-oa/a/5 
?p//--rL/-/%,' 4a aazzad,.c-7"'?6€ 4-*T*bffu- -**-ct4{ot+'oat/r/> J"r/ a /-bU nZ/,&a.

za'-&ryf7r, f€:--*Z-du.^ 
?

'7znr%z
l* 

'oflb

fu/f b,g/ z2dt api&4. V,.ra/u-c_
DbL' 7,,nfl+ /e-



@
L /-otYn-(-?a? rz-aa1a/

ee - &,**j** s1 *.&
- fa*t2* f tflaz*6oza-,q- a"bzta,hn-r.bf

,l i7 0O9ee/a Cz:tz2

n> n-|"J.{noa_ fr q <s 72*b1-**- /LJ.

A ->/ia>u, /'.r72A. oa{*"uadz>a,."*
,bzaQo=Z ./' ' "./

/, ., ,?*:1 "*7** ron"-'48 a raa/*4*o,.**_b*"p'fu*4' .Z/"/-m.-;

E.iji'
E3

/ic<ort_zzt&oo*

-\"- /-+
1- : V(E r ./

I_

7*/76-a,,

rvrL# -
f( re/442,.

..t*-. ne-i<rzz-_
z/q/o.#a/ze- ,

bru*a-m

€rrnrr 7. y ,'4"

zazez:z6/

,' ,;' i
ti44 ','. v .-- l/ '-'ut'o / r't' '[,i3r;

:'^, /\ tr / ./ ,/./_ L

4ra-'

'P/V< t >P**r'?rv'&z-zk-_- tu

Apl:aLLrzA

&'b:,

,%t*-aB4@
1242- fr .U-e * .st.rV.<:

rh.uY#
fi{aa*rr.,i^* /r-o.o",YW,4--)Aaz-)Pd* r,/mz-4)o h:-?br"_

-*>Eu/oe-' - '

^Y#
^ '/// /'-L{4 7d* 73u
*/6tm-^t' ;A-

/

bo'!.*.*



Fe)- E;ilut a.
0t 1r,.'y ( t-o,-,2r.*Ju*4^^_,

->h*

+t-l:

<-7.'a
^-->z-t-h4".-7-t-- /-VtL--

(" ! J.'-.l-.-.--._t./
i€,-rr

*--;tr

s:D7 (a)a--a
,4

/u\.nlU q'a-fu1/r/a'r"n
tf

-^ 
/ / /lzoh1bore rb/e+ag-/ :/ //v

- finaJuT- l*rYruR* {taasozF= -EE*(
-->' q'e/o.-

^rlt+asz -z4a}+ r6er$
=-;>E-/

- eh *-//14
tl

( ^ot- ar=) - =_ Pe,-r\/

-- ubLlr.,- t, ry&(n^ ,
n-oruzt? v 'J / z4hoZoo'/'J-e.e-

-) -.bf =4'r €,l
G8-r,.D -i?.^:_fAeHb&Lu /_,-aaeL, 4, &u fb4,

ob*or.r"/' foA .;4 /ry.-Z*
nfo, N-.*I/-*r"-g, o6_o , kou):$ ,_1Zz.tL- (42_ar.)_.'V.l

/rl.-'/'o7.f,*o"' ,4& eL*r*_>, ,:,t),j,.r ) z,!,t ..,.),,. ,/r;. 1_,.*r/*z ft ^f a6oz-",a :A:*::*'^"";E::;*
7&t'-- f z'za/rs*r/-=ia. / ,, .

F= ,<F>:ru:Gzi4-=
olueot <d.t +€ 4 aSD, zec(*s- Tres .o-&"o.a, -/z*<.Ral.+ 

'e<- L- -'q.t' / 
- --v a /?2.- ze--z

{

* ts /-Tzx4'a ,qE eV)w.,: ,.o,4&;

dasaa4A- a,A
t /f=,ct v e* j



4
€

\fr

ê

U>la-L fr" 7ra,r'n--&r-/a_l :

= 4tkt- /t ,lLa

=4+# (ar"'-ati,') * ,"V.r)



Light source
Analyzertt
)*.

Polarizer

Polarization
before samPle

(@l@

t" SamPle

12.,
Polarization
afteri s4mPle

Fig.6.3.Schematicdiagramofanellipsometer[6.13].PldSdenotepolarizationsparal-
lel or perpendicular 'Jtn" 

plane of incidence' respectively

Fig' 6'4' (a) The vacuum:reflectometer used by Philip,fi and Ehrenreich [6.La]to measurethe normal incidence reflectance of semiconductors frbm aoout L to 20 ev. (b) Detailedconstruction of the gas discharge lamp they used

(a)

Fig. 6.2. The real and imaginary parts
of the dielectric function of GaAs mea-
sured by ellipsometry. T\e solid curve,
labeled "abrupt", was obtained for an
atomically clean surface, the broken
one for a surface covered bv an oxide
layer. [6.12]
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Table 12.1. plasn ^ i

t ra n s p o re n rr fr" ;':,: :::: :: : ){ t 
K';# ;;: : ;: ) inedfrom the onset of

rFt-- 1 ^rne values are given in enepgy hao or in
theory [Kit63, RaegLl.

vo: a;of2rrc"
Material Numberof

Calculated
Optics

electrons in
conduction band

up
(cm-11

L
h@p
(ev)

vp
(cm-t)

I
fr@p
(ev)

9.5
5.4
3.8
7.8

15.0
16.5

Li
Na
Ca
Au
AI
Si

I
I
I
I
5
4

6.4 x fg+ 8.0 7.7
4.6 x l}a 5.9 4.4
s.r x f 04 3"9 3.1
7.0 x tOa 8.7 6.3

t2"t x to+ 15 n.r
13.3

vp. hro(cm-') (eV)

6.6 x I}a 9.2
4.6 x t}a 5.7
3.1 x lOa 3.9
7.3 x lTa g

t2.7 x l}a 15.g
13.4 x t}a t6.6

x 104
x 104
x 104
x 104
x 104
x 104

F'igure 15.4
(a) Calculated energy bands
rn copper. (After G. A. Bur_
drck, Pftys. Reu. 129, l3g
( | 963).) The t vs. ft curves are
slrown along several lines in
tlrc interior and on the surface
ol the first zone. (The point F
is at the center of the zone.)
l lre d-bands occupy the
rlarkest region of the figure,
whose width is about 3.5 eV.
( h) The lowest-lying free
crcctron energies along the
sirme lines as in (a). (The
cncrgy scales in (a) and (b)
ilre not the same.)

3.3 A Qualltatlve look at Real Metels

Xlt,:.1u","i,:n"*aric 
ba nd diagram

l
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f;rg' 3'r3 Reflectance of aruminu*n. The decrease in reflectance ar h@ = r.4 ev arises fromr wcak inrerband transition. The large 9";";; ;fffi; ar hat = 14.7 eV ldenrifies theli',ii|]i'***"e. fFrom H. Ehren;ic;, ;.;;i;ril;il B. segan, prrls. Rca r32. rers
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i".:
Fig, 3.18 Decomposition of the experimen-
tal values of ar (ra) for Ag into frpe and bound
contributions e,u) and de,{').'I1he threshold
energy for interband transitions is indicated
by co;. [From H. Ehrenreich and H. R.
Philipp, Plry,r. Rev. l2E, rcn (1962).1

!in.l.t7 Spectral dependence o[ lhercat.ancl imaginary dielectric functions
r-:rr Ag. ltsrom H. Ehrenreich and H. R.lrhilipp, Plrys. Reu. lZt' t6ZZ (1962\.1
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Talble l2'1' Plasmafrequencies of simple metars, as obtainedfrom the onset o1f ,,"o''''o;{:7,{:::';i:::::yji;ya3-11;;ir,o*,n"oryrKit6s,Rae8vrThe'values are given in eneigy h*;;i"';;;:;;;;::";:T:;#
Matrlr:ial Numberof Optics

elechons in
cornduction band

EEL Calculated
vp

("to-l)
hr,
(ev)

vp
(r*-I)

Inap
(ev)

vp
(cm-t;

hcoo
(eV)

I
I
I
I
3
4

L:i
Nr
Ccr
Au
AI
Si

6.4 x
4.6 x
3.1 x
7.0 x

l2:.1 x

104
104
104
104
104

8.0
5.9
3.9
8.7

l5

7.7 x
4.4 x
3.1 x
6.3 x

l2.l x
13.3 x

104
104
104
104
104
r04

9.5
5.4
3.8
7.8

15.0
16.5

6.6 x
4.6 x
3.1 x
7.3 x

12.7 x
13.4 x

104
t04
104
104
104
104

8.2
5.7
3.9
9

15.8
16.6

l-igure 15.4
(a) Qal"u1u,"O energy bands
In copper. (After G. A. Bur-
tlic'k, /riys. Reu. 129, l3g
( | 963).) The 6 vs. t curves are
slrown ;al.ong scveral lines in
t he interior and on the surface
')f the first zonc. (Thc puirrt f
rs at the center of the zone,)'l'n: d-bands occupy tt"
oarkest region of the figrrre,
wtrose \rridth is about 3.5 eV.(b) The lowest-lying free
ctcctron energies along the
silnte llnes as in (a). (The
rncrgy scales in (a) and (b)
.r(j utlt the same.)
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Figure 1: Frisovri struktura e(k)
s-orbitahir
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Appendf,x Al The Joint
Densiitv of States.U

In orr<ler to obtain tl're frequency dependence for the joint density of states p(a.r)
(Equ.ation (t1.32)), we assume the parabolic band structure given in Figure 4.8(a). For
simp,lisily, lve suppose that the bottom of the conduction bapd (E y - E r) and the top
of the valence band (Ei: 0) are both at E :0, as shown [n Figure A1.1. Then, the
E-k relationships are given by:

Er : 
"" 

*"0'r6Z*tr
l.t2k2

(A1.1)

(A1.2)

(A1.3)

F.-Ll- 2*i
where m[ ardmf; are the effective masses of the electron anfl hole, respectively. These
formrrLlas indicate iso-energetic surf,aces in k-space, as the Qnergy does not depend on
the dinecrion of E (E : rflElll.

Lret us suppose anL incident photon of energy ha. The nlumber of energy states in
the fi:equency range @ --> a -l da; (see Figure A1.1) is giveqn by p(a)da. This number
of enLergy states can also be expressed as a function of the dpnsity of states in ft-space,
so that we can write

p(a)dat - &Ak
where; p7, is the number of states por unit ft-volume and Aik : trk?dfr is the incre-
menl.al volume between two spheros of radius k1 and kz @k - k2 - ft1). Thking into
accoruntexp.ressions (A1.1) and (A1.2) andFigureAl.l, thqsetwo ft values caneasily

An Introduction:. to the Optical Spectroscopy of Inorganic Solids J. GarcialSol6, L. E. Baus6, and D. Jaque
@ ZOOS John V/iley & SonLs, Ltd ISBNs: 0-470-86885-6 (HB); O-+ZO-SeBAO-4 (pB)
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THE JOINT DENSITY OF STATES

as (dlb)2 is a very small quantity in comparison to the othe{ terms. Now, combining
expressions (A1.8) and (A1.9), we can obtain (2pt/h)dat = 2k1dk, or

67, = !-6,
Itkt

and, consequLently,

Ak = !E* ^. . 4nk1P' 
" .,lrkr-o': r, o'

Let us now determinepp. This value is given by

^11Pt :z " Sor:4n,
where the factor of 2 is due to the fact that there are two electron spin states for each
allowed k-state and the factor r/8n3is the density of states in k-space.1

Ncrw, inserting Equations (A1.11) and (Al.lz) in exprpssion (A1.3) and using

(A1.10)

(A1.11)

(Ar.r2)

(A1.6), we olbtain

dttt (,4.1.13)

and, after simplifying,

| / 2u\3/2p(a) - ,F\; ) 1d; - ag)l/, (Al.t4)

whichL is just the expression for the joint density of states giJ"en by Equation 6.32).

1 k: (zir/L)(n*,ny,n,),where (nr,ny,nr) areintegers and t is a macrfscopic rength. Thus, it can be
seen that each allowed ft state occupies a fr-space volume of (2n /L)3 , s$ that the number of states in a
unitrrolumeof k-spaceis(Ll2n)r.Conseqrlently,aunitvolumeofmaterialwillhave(1/2n)3:l/8n3
state$ per unit volume of ft-space.

P(a)da: #
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vibrations and of t coupled optical wave(called a iton) in a polar oys-tal [6.63]. a: light in b: photon-phononcoupled mode (u polariton); 61: photondispersion in the medi

Fig. 6.30. Schematic
curves of an

to the phonons; c, d:
verse uncoupled latti

;ram of the dispersion
light wave and lattice

/: transverse phonons
(lower polaritons)

3 but without coupling
longitudinal and tians_
vibrationg respectively;
:oupled to the photons
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at liquid helium temperature; those on the ,igt, ur" room temperature

Table 6'5' The To (a4p) and r o phonon (ar1) frequencies and the ratio of the darmpingconstant (y) to ar1 determined from lattice reflecti,on spectra in several zinc-blende-typesemiconductors [6.69] amd from nu*un ,"ut tering[6.72)
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Fig. 6.30. Schematic $agram of the dispersioncurves of an uncouoled light *uu" unJlrri..vibrations and of tn"i, 
"Jupr"J'Jpii.lt**uu"("."1:d_ I phonon-pol4r,ton)' il;;;;;; ..yr_tal [6.68]. a: tight in v[cuo;'A: pnoton-pt ooon

::^1li:9 mode (upper polarito;); a,, iio,ooorspersion in the mediuS but wit't oui cJupfiogto the phonons; c, d: longitudili;Jilunr_
verse uncoupled lattice] vibrations, respectively;/: transverse phonons poupled ,o ,fr"'prroron,(lower polaritons)
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Fig. 6.16. Schematic band st4ucture of- Si ds an indirect-bandgap semiconduc_
tor showing the phonon_assi$ted tran_
sitions (labeled L and 2) which con_
tribute to the indirect absorpqion edge.
ll-15) and l/5) represent intermediate
states
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Fig. 6.19. Plots of the square root
of the absorption coefficients of
GaP versus photon energy at two
different temperatures. The labels
denote the exciton-enhanced ab-
sorption thresholds associated with
the emission of various Phonon
modes. Note the square-root sin-
gularities at the onset of the vari-
ous phonon-aided processes. These
square-roots are typicall of indirect
excitonic absorption (e.g. without k
conservation) [6.35]

rig. 6.17. Plots of the square root of the absorption coefficients of Si versus photpn en-
:rgy at several temperatures. lhe two segments of a straight line drawn through {he ex-
rcrimental points represent the two contributions due to phonon absorption and er{rission
6.331

0.62 0.64 0.66 0.68 0.7t0 0.72 0.74 0.76 0.78 0.80 0.82 0.84 0.86
Phroton energy [eV]

[9. 6.18. Plots of the square root of the absorption coefficients of Ge versus trihoton
nergy at several temp€ratures. The two' insets compare, the exciton-induced abru]ptness
rf the absolption edge dlue to phonon ernission at high and low temperatures [6.34]
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Fig' 6'32' comparison between experimenta I (solid curves) rattice reflection spectra inseveral zinc-blende-rype semiconductors with tLose ,urf"i"lJrrom (6.117b) using (6.g)(brc>hen cut'ves). rrre ro and Lo pt;;on frequencies *oo tt " corresponding dampingconstants w:re adjusttg.'9 ry the experimental spectra. The spectra on the reft-hand side
ffi,ffi.:li"o ut liquid helium temperature; those on ,r," 

-r'iglr, 
ur" room remperature

rhble 6.5. Tlhe To (ary) and LO phonon (arp) frequencies and the ratio of the dampingconstant (y) to alr determined from lattice reflec_tion ,p"",ru-ir! several zinc_blende_iypesemic,onduct,ors [6.69] and from Raman scattering [6.72]
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Figi 6'3L F'lot of (a) the real and imaginary parts of the compfiex dielectric constant and(b) the reflectivity coefficients calculated fiom (6.117b). The u[rticat arrows indicare thefrerquencies of the To and Lo phonons. Note the deep minimr{m in the reflectivity whichcorresponds to e,. = I [6.69]
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Fig" 6.1"6. Schematic band stlucture of
Si as an indirect-bandgap seliniconduc-
tor showing the phonon-assiBted tran_
sitions (labeled 1 and 2) wlhich con_
tribute to the indirect absorplion edge.
l{5) and l/s) represent intermediate
states

Fig.6.17. Illots of the square root of the absorption coefficients of Si versus pho[on en-
ergy at sel'eral tempe.ratures. 'The two segments of a straight line drawn through the ex-
perimental points represent the two contributions due to phonon absorption and epission
[6.33] 
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Fig. 6.18. Plots of the squarer root of the absorption coefficients of Ge versus photon
energy at several temLperatures. The two insets comparle the exciton-induced abrflrptness
of the absorption edgre due to phonon emission at high and low temperatures [63a]
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Fig. 6.L9. Plots of the square root
of the absorPtion coefflcients of
GaP versus Photon energy at two
different temperatures' The labels
denote the exciton-enhanced ab-
sorption thresholds associated with
the emission of various Phonon
modes. Note the square-root sin-
gularities at the onset of the vari-
ous phonon-aided processe$' These
square-roots are typical of indirect
excitonic absorption (e.g. writhout k
conservation) [6.35]
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