
b., unui 
.4 4 4 4  A I luunnau~ L t l l n ~ m l r  :umuuuqua: nadi;niaa~riiinauuquk ?uunu~ Y qr: 

* v  4 n'n~inarnur:uudri~ n'niamldinsu Inun N 9: LSU~~U,U L k ~ d i . ( n ~ I ~ u n : u q ~ ~ ~ n  

~5~111I~n'.rr;lou-un'~ia~u~ 

h a r u t  :uu N 8nioolldi.nou9:; =de h # u  a .ode luuio: mode 3: 

J 
rimiun r .a:bnwu: ~ h a a t f i i l a ~  ~ r i f i i u i r n ~ ~ b i n b n r  i a ' ~ u ~ a ~ d u d d ~ n  A:B: 

4 0 

C:D ....... e t c .  n~fu$u~fiuqn a ,  b, e, d ..... eyc. LLn:IuLL(;a: mode 
J 4 0 n i t  L ~nounm .m~a :u~~~ : ; i u~nnu~~u lu  L I aiw;oufi n i n  k p n f f n i a ~ ? n a d u  

: v  t v  I 4 4 )  4 4 
mode 619: L r u v ~ u ~ u n ~ u n i n ~ n ~ d n  L ~ I U  fiiuiida: mode 9 :un i~~n  i r l d ~ i ~  ~u?t ld L 11 

I V  4 I  4 4  gtiuir n h i r a i l k i n n n i ~ :  L 5u.u iuo.r~iniins:nnr omidi'nou9:sana'a i smiu .ode 
4 v v  ' I 1  I 1  

nninunlmrnsn?~i!~ i;u,n'u r unnnifuiir ~ i ; u n ~ n o ~ u ~ u u ~ a n a ~ u ~ u n i r ~ f n  i ~ i c i t  

v  

nlulru f i u u ~ ~ i l u  mode 1 dldr I~VI L 5u6hr id9uao d~'udn"~n~a 

A:B:C:D = 1:O:-2:7 
.4 

n i r  Lndaunra.rna aBb.c  11s: d gnniauni,ununir 

J J r ruuiitlnnlnaoun b <I i ~ u i ( ~ . ~ ~ n ~ o o ~ ~ i n a r ; n a ~  mode 

2 mode 1 : ol = To/ma , = Alco8(qt++ll  i qb I )la 

mode 2 : u i  = 3T01aia , qb = A2cos(r2t+$2) ; % = -$, 



4 * 4 J s z u u ~ u u 2 a  L ~ ~ a u n  fi ~ ~ u n i u ~ n ? a a ~ ~ ~ ? n a u ~ n i u  mode 1 

2 mode 1 : wl  = To/ma , $a : qb : $= = 1 : l : l  

9, = Alcos(wlt+41) , Jib = II, , $, $, 

mode 2 : w = 2To/ma, $a : Yb ; $, = 1:o:-1 

$a A2~08("J2t+42) , $b 0 , $, 

2 mode 3 : w3 = 3To/mP $a ' $b ' $, = 1:-1:l 

va = A3cos(03t+43) , Vb - -$,. $c - $, 
W f  w 

f i~vru~l . i ; iq  mode ~ a ~ s r u i l n i ~ ~ n ~ ~ ~ ~ r ~ i ~ ~ a u g ~ ~ n ~ ~ ~  b.. v : L ~ ~ u \ ~ ~ ? ~ I ~ ~ u ~ u  l o d e  
I I 4 X u 'duinaia mode ~ ~ D U R ~ I U ~ U ~ U ~ I U I ~ ~ U  

 mode 

etc. 



I Y I  4 4  v 
(co~tinuoue system I Y ~ i t n n n l n m n i t  I nnaunrotayninuls m us:oqninait 

Standing wave8 are norma1,mod~ 

4 J 8  
mode g a t t  : Y U ~  tuat1 t i 1  ?unlinnfiuUIt* (standing wavee) nfa 

I l l  J Y c  Y Y  w 
"normal modes" H ~ Q  I ?unaui6tiu?i "wdea" L Q U ~  ~1i~~~finailui~41;3rit(luuu 

1 ~w Y I r:uuno 1uotpi~q~:i;oynm t~uviu~uu~;lun~uuu~io~niniuAi#uq: l f u  triial;lurau , 

t annrih tgu t ln ln iu  ni~;riu?u#n?odrl?nau t ~uoCu~ua:~?'lu?u mode8 t~uolru; 
O w  I 4 

L b~ ~~~lur:uurotnairniun~iut5uritr in~:l~t9uc nuuu \nu o i n l ~ d h m r r u t  
I Y r) 4 J ' Id 8nrllilndr :noun.ru~iu~uoYnin L naoun~~u0u'un~1cnuviu~u1411.~ b., x -bblutaqo 

I W  4 4 4  tniuu aPu&t:lu L agaiifiia8nfaa~~i'nooJ ( rinnir tnaaunnillh x,y ua: z ) M u  
4 J I4 - ~unim:nur rgoin~nnu.riinrs:~uu~iu~u mode8 m t n i r  k m t a i n i l  L~usiu~uo~u(; 

Id  4 4 O W  n n u a u i u n n n n  . x .2"' ~d~~nnunj.d1:tnntnrojtdiI~trint8u~~ot~0de 
4 l  M)tnl'l b-n .ode U~DIR (IWJ~IJ l l l ~ ' h l ? ~ t  mode ~ ~ ~ ~ ~ ~ ? ~ d ( ; ) l ~ l l d u o ~ l ~  

4 r Y  1 u w 
9 mirnftcnld t ~ u r u i u  ~ n c  b iuunu) a t m i u ~ ~ u ~ r ~ u u n ~ i u ~ ~ n r a t n u d i u i r n ~ u  .. I t s  tLlfi:~unL~udlt3tit mode lirnq b-i, mode iniuu 

1 4  dmuinnir tnnaunaotr:uu~ r in iu i tn  titlu1;t~unir r q u ~ n ' r a r  wde 
I Y I 4  1( I Y njuniu \ a i m u ~ u  i~u~t l l~n1La:nintn tdmmottLGn: mode %~%dni?: t iunu n i r  



rar 8t.i.u i t ~ a ? ~ ~ r r q u a r n J i r f i  1 q?numf;qdnJf r u?\niinfulnfmqu3n L &a 
v w I 

idunrJu7? l u l d  b.. ~ m l d n ~ e i n i r w a ~ a a n n ~ r ~ r o r f  :uu beaded #trine 

ifu+tbun?fi ht:vuurnd N = 1 (w i fd~aah l lnar )  t : u u ~ a ~ i l ~ $  * - 2 r ~ u i v  
v 

ua:1uu~n:nt~1nuanrinno1:a~n~t oar m r r l  d e 8  ( i d  b . .) m n f i l ~  f ??:k inn 

4 I l ,  

bus x,y ua: ; ~Su~an~mmuauua: ,q - ra: $z L5uorAdc:nouna.mvq7'n 
x Y 

I 



1 1  1 ! ( Linear polarkation ) 
l w  

ani;;qnqs b1ro.l i ;u i aonai~uunu x i nquu( n a n h  $, - o) n l r h  - 
v I I 

uuu:~ tniun;, i ~ a q l t ; i i g  i aunia x ( r qua: i8unaocrnqurhli~tla?l ra9:nsm 
1 t r l  ' I;  r I 

'Luunn bnnr q~uc) n o l ~ ~  i rqr:a:~p n n  i r n r ~ u ~ ~ u  x u~:$n~rn?fiuu 9, 9m 

m r n $  fiP 

AM = Po A+ . . (.*a) 
w 

~ J ~ ~ U * I U ~ U ~ U U , P  I r ~ a ~ ~ ~ l ~ t ( ; ~ n ~ P n a a n n ~ w u ~ ~ f a ~  i i u  i inn ua:n?ld~lu i uu i $an 
I 8  

m:aur(a~n?num h r i lnl Lnqttimaan L ;u i h n  i &flu 
* " r I Y 

U :  (un i luduqau) nuraq i aui irn$uSn~r rin.irnl.ri *(z, t) 
J v 

L ioaun~an;,~n?auuq,~,u~o~ i flu1 40n (nqnttl c.c) h u m  i hi?an#fi;dtt 
w I I 

L clunr suvbi,u~;rfi~ll b.b u a : ~  J J ~ ~ U I ~ J ~ ~ U  i i u  i i0nn'7~u ~ 8 :  4 4 1 ~  in1 
# 

f i f i u u q r : ~  mwrlr'lu i &~hnm:tfl;i 3u t M3uauanllfi;qtnqquu1qaqufa~ 

\ 





8 I f i  4 I n m ~ n o u l ~ n u n i r  (b.99) 1 r l l n n : n q ~ n m n ~ f i  i i u a o i n t  ~ l ~ n ~ a ' ~ ~ ~ ~ r i t ; ~ ~ ~  
c * I , % ,  

z ~ J u o l p i ~ u r m s l a d  2 unr u a r l n a : n ~ r s u n y f i ~ n i 5 ~ O ~ q 1 ~ d u n ~ ~  (b ..or fi&iTu 



w 

(claatsical wave equation d ~ n ? r : ~ n ~ ~ u d ? ~ ~ ~ ? n d ~ ~ ~  r?~:naqwufuiiudoufi~q 

d l  Y I  4 
lid$ub ~ $ U R ~ ~ U L L U  ~~in1dv(?~?ndn~3: t au e2 unu 



v ' ..' i~ l ~ u t  . mode nR(iai(aYJnl;aumt 1 flu, ~ ~ n w a 3 n  1 amI$iiuu*ir1uunn9un9isdI~d~u 
4 4 l i;uafiua:~n?ntnlrlaLni~u nj& )(~,t)  n a ~ ~ ~ n i r a ~ n a u a ~ ~ ~ n i n ' I u ~ ~ u ~ a ' ~ n  

v 
l i iuufiniudtfiurlai 2 v : B K ~ ~ D ? L L ~ ~ ~ ?  CO.(U~+O ~~i;oul/tjnoyninnnan~ auta'on 

4 I Y 

a?.nfur(n~.'? r na :n~addr ( i n tn~v~  4 61ii'u;rii~ 1 a a ? ~  r'anuraa i~;15111d 
4 d 

mode IJI : n o ~ & ~ a ~ ~ i u a ~ i ; n i o a ~ ~ l n ~ u n ~ ~ ~ u n a u  ., b, c, . ..tc n?~unl~fun'ul(ru 
1 n i r  k$!idii1n A, B, c, .etc ~?rfunrGant 1 i u  1 knno  ~~8~ '~ :1 '~ '7u~un'n i i lo~~ l lmi lu  

I v Y W  

~u1lra2u 1 r ?Inmunauninir i ~ l n o ;  z I i a i u i r  n1~uu6ull3~noa tnirkunsdv~u9u 
4 8 v 

iinioo~~ino2aniuN;t z i n ~ a i o u i t m i l n ; ~  ~ B u f d n f i ~ a d  z ununau A(=) 
8 X "  I 

ill;wmt A(Z) 1 3 u f ~ n 4 m t  z qunu .ode uriun?irraiuno: m e  i A(=) 
I ' 4 '  niur i l~ fitji i T i l ^a?u i ro  I luunrnn kl~niafiunfiuu't 1 k 

)(z, t) ' A(z) cos(wt+-#) (b .&) 
I 4 4 4  n a ~ u ~ ~ ~ ~ o ~ n u n i r ~ n o o ~ ~ n a  

I Y & I u h i i i  aa? unu&.m?r (h.+a) aa:(h..d)aa~unvn?r(~..r)ua:~nnnnl;lni;au*t 

co. (ur*) L , ? I i  



$n?? :aou i am (Boundary conditiottj 

I .  ; ~ n u n l r h ~ d  i ~ ? f i ~ ; ' l i ~ i u ' ~ n ' t d n ? a : a o ~ ~  i anmouliu 
I v 

iuJoJmn t b~ lanQna'.r8~ifidaqu$~doy~ n l r  n'nan?a:aau\mi I?II'I~ auu??? i nu\ I an  
'1 Y Y Y 4 iinawu?ai$qra~n i j u  L \Pengnn+ ~u'nagndn7110?~ui laaa~ i flu L hnw z = o k& 

4 '4 4 1 
n~aiu;?qpailloood!iu i lonoyr - L i m m ? n  - o a.tiBun+ii~;d~.~a~u i lonOn 

' r  I 

n l t  om r(0.r) r:;;o.r i 2 ~ ~ u u ~ n ~ n - i  t mnannqr (b.bm) 
' 



IT 1.9;lL ~l (2 . t )  = ~cos(wt+tj) sinZ7riZ- ( b o w )  

A 
4 4 4  4 4 4  1uanla:raur mnunnn ra*u r & ~ n ~ n ~ ~ n ~ ~ d a ~ t l  - L u , t ;a( LJU~U; 

6 1 ~ i u ~ n i 1  t 1111~D11P: Laan A - o ~ u d u n l r  b.br) ln'  rntl:;??: r i l u n ~ r u j f i  

1;~ b~ lanHundP~i.dl~dnll  son* r an . 

( L t )  - Aco.(wt+O .i+ - 0 

4 J  k iuq :  r~ i l o r l i sqo ;~~  rn's2naon~aacfian1?raaur 0nn L & 
2r s i n  -p = 0 ( b o w )  

1 '  4 3  
~I~~IUUIIR~U A ~ ~ n n n ~ o ~ f i n n ? a : r a u r r n v ' ; ; a ~ r ~ u n ~ m u ~ n ~ ~ n m ~ u \ ~ ~ ~ ~ ~ u u  

2 = m a  211, 311, 411, ST, ............ 
A (b-) 

I 3  
(1163 r o$t ? u d h f u ; ? . r p ? ~ ~ a a a . r R u n ~ t  (b .brl) rHaiuf iannin;~t~dnn:r~u r qnllfii 

4 I Y 

bu~u;fu~n mode nr ~ u ~ d \ & a (  r i u  kian r 11 r 7u.1 mode n lua?f i l  ?uM?lnm&fn 
Y 1 ' 1 ~  r i i u ~ u ~ u  r am 6cU"U?1naun1s (b.brl) R~I~UI~~BUSIL~J mode n i ~ u n  r Su 

A1-24 ,  A2*V1' 1 A 3  - 7 A1, A 4  - )6X1#.... ( b . ~ )  

J ' bnr1daun7lmaltIaiin (Narmonic frequency r a t i o s )  

' 4 v 

n?~uCuWYUnn?~~~nmq modes ~12n~1nnun1t (b .k) 80 

V 1 ' & ,  V2'2Vl, V 3  - 3vl, V4 ' 4vl,..eb* (b.bd) 

, J  A 1 " 4 J  I 
n.r?uo 2vl, 3vla.. . .arc., L ?un-i1a117ulinnflo-a, ntma. . . .vnv aaaa~t'lmln 

4 
yfijlU.vl (fundamental frequecy) f l 2 1 ~  I ~ u ~ ? ~ R ? ~ I J o  mode v2, v3,. . .a tc .  
J  v 4 J  I v 

ndt :naunaue~lfiPa.ra?;1u~naotn2lm mode k lqn  vl  ~ S U U I ~ I ~ ~ I T I ~ U U ~ ~ I L ~ U  
~ & n d q u ~ r d i a i b u ~ u n n n n ~ ~  t ~uunn:' l ; . jn~tu^na~u~r'~~ 

mde. 10rr iu;Uiri~n~klanP~;~u~rlb.. ~ n i n u u ~ u d n ~ ? : a u ~ n C ? : ~ u ~ u i f u  



111 b .n mdee raw ~&~%an;a bduv ~unfi\l&u\*~u ~#un#vaar- 



' J nvuurnnniu'lrl 2 r / ~  - o luvn.nhLaad~?u.ra?firaqa?lnir(b.bri) L L ~ : ~ U I Y U ~ ~ ~ ~ I  

4 I 4 4  r I 

nmun ~SuguuluSnir I naaunun:aniu:neqau1~~Su mode 

4 
1 tBR8U (Wave number) 

4  4  a'?un~uaadni?aui?nnu A L?un;ila~nau u  i i~&t l  l j u taAs ih i i Lum 
t 4 nfafi'qunburad l$i i~lmr h 3 v d i r  i i i ~nar  a?nfirni~ aoda'n~snlur c ~ i ~ n n n i u n ~ ~  

4 f u ~ ~ i a n  v d'7~fYuniraad$nl a ~ l l u ~ 2 n i  

4  1 lamnaupommu 2. I ?un;i L aanau~i~qu k  (angular wave  number) iin;2u LSU 

4 J 
IY l$uratl~a&imiiLanr 754 l 3u i i uw~?~f in i roaaPa l  on lu r :~ i c~aa iun3~~umiu  
4 n~i~yud?aFun~rdaaia~onlul~ai 

4 r - 2 - lomnaul$.ryu ( L Y  Ln'uuA ma.) (b ...I 
A 

utl:~iuifno3~iua?f~aa.r normal modes miadanv (b .w) , (b . b d )  L L ~ :  (b .kg) 

r l l - .  ~ t l k u u ,  k 2 ~ > = 2 ~  L Y ~ ~ U U ,  k 3 ~ = 3 ~  I T L ~ ~ U U I ~ I ( ~ . ~ ~ )  

u1L = 4 fall , CJ2L = 1  fall , U3L = 312 f 717 (b.nd) 
4 

fm~guy~%%nlf n f (Dispersion relation) 
4 I 4 4 ~ i n n ~ i ~ ~ u ~ u ~ ~ : ~ ~ i ~ ~ ~ ~ ~ n ~ ~ a : n ~ i u u i ~ n a u ~ ? u f u  normal modes 8a.r 

1iuli;onlJ~nwC 

w 

(bend) 

dlml? (b normal modes 0 ~ d I  ;U 



1 4  4 4 
u/k - nlndn 1 fUn;l "nondiaperaive waves" iiR: 1 ?I8 o f k  ~Un'Yf I7?UUl~PIRl lM?O 

4 l v  n?lun nauuu 1 T n f~n;? "diapersiw" f f ~ ~  YY dispersive waves JUU i iuunf l~( t 

I I 4 I J u d n ~ n ? l u f i ~ a r : ~ 7 ~  * u ua: r lu~2o;l.raod i ~ u ~ 4 o n l u u n ~ ~ u n ~ ~ ~ ~ n l n ~ :  i ~ u i  i u  

nrsdwln - k = o i in: i~rn~a~u in'lriu ( T ~ / P ~ ) , ~  f i i i n n ~ l u i ~ ~  b.d 

ccc. 

7 J b .d unn~~n-~iu~uffu<ni.r 

n.r=qiur?n~u r &.I r ~ o n i u  bdoY 

wnduniT (b. ok) d i ~ r ~  mode I n q  

Jt(2.t) = Anelrunt einknz (b.nb) 
1 

4 J L  w 4 . nl r  1n~ounn?1~ms ~ r r n ~ & n n o l u o . r i i a : n ~ ~ ? i n ~ ~ : ~ ~  I ?u; ( ~ o u r i e r  analysis) 
4 4 ' 4  4 fin~urrii~daosnir tnaounrnoc 1t;ui Cnno iuad i ~ ~ i a i ~ ~ d n o d ~ n ~ d i / d i i n :  



7d b .a n ~ ~ a ; w ~ l v ~ u u  P(z) hunlu A - 2L rlnhn'm f (z) 4aA1 rbw;d 
3=u= 0 LLSJZ L 

a a ~ r n i l n i ~ ~ d . r ~ 5 u o ~ ~ ~ u ~ ~ ~ ~ u ~ ~ ~ a i r o ~ ~ u n i r  (b.nb)) ~ ~ u f i I ; ~ u I i u n r ~ r i i ~  
.J a Y  

~ r n ( ~ ~ t + c ~ )  v.rw L M ~  1w's.r sin# n t - o n j i u ~  r i d i u q r a n i I ~  v(z.0) - 0 
v  I U P ,  , 

ailriiqnd? z inq?uInuni.nunI~una:nmq~ LYM +n LI;I(TU~U;H?U idir i i  r didt 
A 4 1 I Y  v 

~nimin in . rn  Lvin il = r P:~i~iu;riun?unln nraqwiliuauard¶iqHui 64Uu L r T S ~  
v '  A I * w  I Y  4 ' t i w i r n n i ~ u n l ~ n i n t n  ~ : i n ~ d ~ m ~ n ? r i u ~ u u l n  anbCadn'p 15u rl, n2,. . . uni 

.J 
1Lfi:M t - 0 $(zoo) = f (z) = ALsinklz + A eink2z +. . . . . . . . . 2 jb.n4) 



68 

I v ' ~ 4 ' 4  4  4  
rqc tqiq~L~;cquudqc~q~niuu ~u8;TtnBnau +(z ,  t )  gnnurrhSu$~n~n 1 IJ"OUULLII'R~ 

a v v  0 I I 

euicninlroc fie r(z)  ?:;st l ~ u ~ d n i u n o  ~ u o  dsu? L nunua: L ?lu.ldniuaunir 
# 4  I 4 U 4  4 4 '  syCuauuu i i i u ~ l r m ~ i ~ n ~ i n n i r d r : u i r ~ ~ ~ u u n a ~ u o ~  k u u ~ t m u n u s m i f ~ n ~ u  t ( z )  

9 

4 n - o a :  = L I I ~ U T ~ ~ ~ ~ : ~ I I I O D ~ ~ U I ~ ~ ~ U L L ~ U I ~ I  (b.md) . J ~ I S U U ~  
r~rnacnirsoa3manuuuCd~m;( s inusoidi l )  f iunv (b .ad) 1 fun;? L s ~  a Y n r u ~  1 j u i  

4 4  
nfsni r  nr:?iud L r ur ( ~ o u r i e r  expansion) 1 g ~ ~ ~ ~ ; i . l d i  IIN~D~~~~~uIJ 1 ? u f ~ l l ¶ f u  

* 4  cr~hi f (2) I~U~UUII z - o lla: L 1);liU 

4 s  A;C~ t ( z )  ~uwu~r f i?H~u{d f i  1 i u  1 ~ a n ~ ~ ~ : ~ n n i v u n s ~ n i u ? - u ~ ~  4 z - o 
I , #  ' # I 

ua: L LnluU ud4nfiu sinklz8 sin2klz8 d n 3 k t z 8 . .  . . l a 7  L ~ ~ o ~ ~ n f m l h r n o . l  
" Y  armir(b.md) ttnm?runl.~lnnuyn& z ? i n  - $4 c ~461 .inkl, i~ l iu r :u :  

v 
d;lu . nqunqu r1 H u ~ u n ? i u ; ~ l l t d o n n ~ a c ~ n n i ? : n l r  l~n!u iidur :u: (pcriodic i  ty 

I " 4 '  4  4  
condition) naiqi;ofi?~fir :u: z ~nqdn?lrunliu?:nstuRiM z+A ~ ~ % u r i i m  z 

I J # I I 

(niu r1  ZL ~ U ~ ~ B U I W I ~  L I) f i ~ r d t ~ f u \ n % c  ~ n n ~ u q ? f i ~ ~ u  i o e a u " ~ ~ ~ u ?  
J  

tduanaan;w r:smicli'or:u: 1 2ainn?~um r 11 fun;? periodic function ua: 

u i u q r n ~ ~ u u l ~ u ~ ~ u u  i ( z )  - t c z  t A) ~ i f o  r 15udq~a3oniu L r i f i  ~nnl;;~ft&& 
v 4 J @  

ain2klz hiur:u:d;lu r nquniu r l  ( n ~ i u ~ r ' t l i u ~ n ~ a u n o i u ~  b rou~ur:u:nic 
v v  VY 

A I  f i iur i t~iur:u: .~ln~uniu ~ A I  dchM~ouriutiur:u:g+n2uniu r1 tu'uloc) 

h l r l n f c ~ f u l u m n i r  ( b . d )  ~5ur:u:Au huniu-  r l  ~ f o a i r i r n n r : 9 w f l q i  
v  v  0 4  4 ~snJur:u:n?fi~zlniu r l  ua: 1 r i a i u i r n a u i u ~ n : ~ t n ~ ~ ~ ~ ~ i ~ n i ~ n r : ~ i ~ ~ ~  lurasc 

v LI '4 
dunir ( b . d )  t5vfdbur:u:ni F(Z) nwmrnuniu i h p u n  - o u a : ~  - b1 

4 v 
u n : a i u i r n n r : ~ i u ~ ~ a Y n r u ~ l  ft1;0~tttUUd~nlr (b .m6) ~mn~Gl;* f ( ~ )  M ~ Y H U ~ T H  

'4 v  4 J a i n i u b  z - o 11a: L l h ( ~ ~ u n ~ n ~ c d s d  L f i I I i u i rnd f i t f ~n~s :u :6 ;  F(r) ad 
' 

Y 44  
G ~ ~ s y n r u ~ \ i u r n u u ~ ~ u ~ ~ u  r(z)  ntuno r:M;?c = o \La: L i r i G  F(z) lilu 

I 

uuu~ i iuv~u t (z)  n ' ~ n ~ u ~ ~ c ~ ~ a : b h r i t l ~ : ~ : ~ ~ i c  L ua: 2~ L r i n ; i ~  F(Z) I n u ~ l l l  Su 
I 4  v 0 

nqnlrinr :~nfqnCunc r(z) ?us~.luuu~nr-.mn z - L 1 r i l n f t n t i r  F(Z)  r:~;ic 
0 v  - o uo: 21 &llh r lv i l i ;~~uu~n'u?~uIu~2. j?in z - u i ias~dn~: In F(Z)  



hlfiuvnt;l = n y l l  c .c 
' w 

~TY~~RYI:~ i iurna~1~~;~r :u :~ imc z 
' 4  w w  '4 qinfimir ( b . d )  ~;%;kin~.jn~un dur :u:g?nquRw A, uor tilupun 

A ' 'A r - o ua: 41, a ~ i ~ ~ r ~ n i u f i n i ~ : n ~ ~ n ~ u t i l u ~ u u n  2 = 0 an: &a1 t g ~ u n ~ i n n i r  
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