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= (1 - z + zn ) B (2') 
. 2 4 · 

· =X(Z)B(Z) (1-1-2) 

iXm_:_~.:rmlYlr·~f!~#tmittt.J-.-t£*: m :At ~~ ft m 
Y (Z)Jif~1t~~tiA. ·X (Z) ~~(lpptji]~ B(.Z) (J()~~o 

~~~~MJ~~m$, *~~~~~~m£~ft~~o 
--.-t~~~-WN~~~-.-t~m~-A, a~~~~~ 
~~~l.!fo flijp, 1fWi.-t~t£~t/t, ?}jjlj Iii B (Z) lJl C (Z) 

. ~~oan~~' ~001~m~~m~~~~M~~~~~ 
X(l) ·I•C?J I ·I C(?J I ....... y,(t) 

~ ~I 

~(t) ·I ~~1 ·I·(?J I _.y3(t) 

m 1-4 

Wi-'l'~~(f.Jfti!t"Yc 

~~-~'~mz~~; ~~~~~m~~~~~~~,~ 
. . 

~~l9tA*~:J!~jt~tt.J 
Y1 (Z) =CX.(Z)B(Z)JC(Z) =X11C (1-1-3) 

' Y.:(Z) =(X(Z)C(Z)JB(Z) =XC~B=XBC 

(1-1-4) 

-"Flfiit'i"it~lrP~~~B(Z) = 2- Z- Z 2
· ft(J ~ t!fo 3! 1' 

• 

' 



• 

·. 

9 

~JM:itRfk.Lff!W~~M, ~ - Z- Z 2 =: (2 + Z) (1- Z), )!~ 

•-~~00~5m~~~~~~~-o ~~reM~~~-~ 

·A---.-4•12-H' 1t--... -_.,.~tU 
---+4·1 HZ I 1~-+-
--....!•11-z] •[HZ~ 

m 1-s 
:::.1-~-f.Jiltilti\flt 

~~~~M, ~~,reM~~~~-~~~~~--~$~ . 
*ft~l (Z ~~fr.J~?qlllpij~jf ~ J!:~f£,~) o 

Wi~ z ~~~*' tEit)f*'LJf'~t.~~ W£ (f(J JJJe? Mflte. 
2 + Z, tE.tt;Jffttfi, -H£1f:tf ~ f£(2, l), fiil ~' 1-Z ~~~ 

(1,- 1) oN:f"t£_.~-ft?Jl r, :/!~~ tr)Jl'tlo ~ 
X (Z) B (Z) = Y (Z) (1-1-5) 

(xo + XtZ + x"Z2 + •·• •••) (b0 + b1Z + b~Z2) 

= (y0 + y 1Z + Y:1Z2 + ······) (1-1-6) 

~~~~z~~-~~~~ffi~, ~ 

Yo= Xobo 

Y1 == x 1bo + Xob1 

Y: = X:,bo + X 1b1 + x 0b: 

y 3 == xobo + x:b1 + x 1ba 
Y• = x4bo + xab1 + x 2b:. 

2 

Yk = 2: Xk- ibi 

i=O 

(1-1-7) 

(1-1-8) 

' I .. ·-:1 



tO 

DIMENSION X(LX),B(LB),Y(LY) 

LY • LX+LB-1 

DO 10 1•1.-LY 

10 ·. Y(I) • 0. 

DO 20 Jol,LX 

. . 
0 (1-1-S):tt~~ni~~:A:o 

!~~, PJrW-m, Wi$3Ji~ 

tJ9 ~ f]}~~___.-1' $JJ.( ~, ~ 

R9 ~ fl»J m ~* f4J 0 m t-6 
rft ~J HrT~ _. FI if ffl fR ft.J 

oo 20 J·l,LB Forttan :fl!]f, yijYffit f£ M 
20 Y(I+.J-1) • Y(I+J-1) + X(l)~rB(J) ~,ij!_~;{:7~o ~~~f± 

*' X(Z')~ Y (Z) ~
lE:~F~r~)( r MI $ tjj{ . 

~, 13 ff] JiJ iW fJij It-t§* z 
~JE .. 11.11f, RPJif~~ 

X(Z)=···X-s + x_J +xo+x1Z+··· 
Z" 0 Z 

X (Z) ~ Y (Z) 9:t iliJ!! Z ll"J fft~JJJf{l-(l~~' flMf£ t = o ;L 

~~~~ollim~~-~, z~~-~~mMm~~ToM ~ 

<t-t-s) RT~~m, t£JM-raJ k llilJ!tt.Jttm Y'k £ ~ ntr~flln 
*tt.iWiANP (xt,i~k)· t¥-J~M:tliito ~it~[a B (Z)§*T 
b_lf z ~~~lJi, JJ!U-ratr~ k. rrt~fttlli Yk a :l:~nu~fll it* 
~tftA..& Xk+l ~~f!m.-fto Xk+t ~_."rtf t = k lfit ~~ J: 
ili ~ tf¥1j jjs ~ Wd Ao ;!f'll ~~it P4 f'F#J31J: ::FRJ ~~ti17 ~ilt 
a,~~~~~, ~*~~I~,~~m&~~~~-~~ 

~~~Wff~~~~o~~' ~~-~MWBffi~~~~* 
~-reT, ~m~~~~~~~~-~~~affwm~ru~ 

6ffflo 

·. 
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- >J 
1. tiB(Z)=l+Z+Z1 +Z3 +Z4, ]Jt~ltiB(Z) 

· !J9~flll), #~(B(Z) )J~i9~t'£ OOo 
2. ~ Xt := COSti>ot (t l(l-lf( {!), bt = (bo, b1), Y (Z) . / 

= X (Z) B (Z) o it!. Yt = AcoS(J)ot + Bsin6Jot, li:a1 jf( 

J:fl A~ B ~rft~? . 
3. ijff9}1. ~ Xt = COS(J)ot, bt == (bo, b1••• ,.bn) Jl1, Yt 

~AflW~ ACOSliJot +·Bsin@ot o 

1-2 z ~~ . .!i#!I~J·t~fl 
tt.ft1e~li!SL T z ~~:~: 

B(Z) = EbtZt (1-2- 1) 
t 

~ ffl e1
c.t tift Z, if~ "#J!nt.tll" 

B (Z) = B (eiw) = L~ bte1"'t (1-2-2) 
t 

~~#m~~~~a, ~~~-~~-~~m~oM~-g 
F.i~, ·+rmntm~ 

B(&)::: S :)<9ei .. 1dt (1-2-3) 
• 

~ b(t) :if~:J!:JJ.t(a](j9~~Pl~JX, ffij£;ii:t 0 lifi (J'Xtfi. :R: d ~ 

f£)~~1!1 

b(t) = E bkd<t ~ k) <t-2-4) 
k 

f}t?)-(1-2-3)f£{t~ (1-2-2) To t:Jm·, iCB(m) == B(e1
"') o 

x~~*' e~M~$~~~*' ~~~~~~~~~ 
. n:~o ~---~m#ll!tt~iltt~mi!, JJU~: Jl*-~~~$\ 
~ ~ -=f Jl1 flij ~ 1¥-J fll fJ{o 

.. , .. : 

'~ .. ... 

.. . 
:· . .. 
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~~# _mnt~~f'F~_.t-l}t~*m, tt·-RJt8£m*~, 
~Y!l~fl't£~~~MJ, {lift: Z ~~Jj!IJfll:*.J~~' _R~~Z(J9 

~fk~lff.tJIJ-$f!MRil:itlit7 o lt-=fB(Z) ,~~kl-ie~~ 

Rt:l!at rm m ~t, -llrPibl.~ J«:£~.* P& ~co ~~l!kJJt$19! ~(t.; ~ 
1'£11:00, 11!/!lfitfa]~f£, fi~Z = ei"', x-J .B (Z) tl(~~~.$ 

fFOO, 1J!I::~*!mPEifio iW~~ r£ lt, ~i m JA o ~2n: a-t, 
Z = ei., =COS@+ isinm !fti{\'l)t{jLfBDfi&afft1J(iij~_..llo 

~z~-~~§~~-$~00~ti-~~z~~~
J: , fF ~ z ~~ Jt®f #( /f\ ffi1 (J{J nt rm F.i lli z tKI ~lk- (f{J ~flit 

~To~~,~~-~--~"*~~"M~~~B--~ 
-~~m#m~~~~~~fi~?~#m~~~A 

(1-2-5) 
. . 

1t:JfC~(:t~, Jti{fl(MIJ: zn jjJt- n:~OJ<( + 1C J:einw ~ ~ 

~, ~n=O*, 8~0, m~~~~~~£~~~J ~ 

1 s· e10"'dm= 1 J1T (cosnOJ+£sinnm)d(j) 
2n - • 2n -• 

{

1 n=O. 

- 0 n=~~~~~ 
(1 """72-6) 

e-i"'td(l) · (1-2-7) 

JiJ (1-2-6) Jif§at, fJt7} (1-2-7) tf.J,@i:f.il9{lft, _Rfl"bt1! 

-~~~~7}~~m, ~~~~~a~~m7o~~£m, 
jf1f{7}t!afl:JfJI¥.J,R.fJ~~q:t Z tf.J t ~~fJ9 .~f£o (1-2-7) 

. i 

• 

... 
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bt = bt d (J) = bt . 1 J +· 
2n . -.. . 

(1-2-8) 

~~m~7~#m~~~~~~~~z~~~-~~~o 
~*~~~~~*' m-wfi~~-*~~zoo~~~ 

\ fffliWj~ 1' 41 = lo ~7 «!~~(f.J~~)c-j Lft Jlk ~-'Ert9ft-& 

• 

~~:tt, ~tM Jfl OJL/t ~ft OJ, NP 
(U =Brp = U) ~~ Lit ~sF= U) :~~Lit ~Jij; (1-2-9) 

)iii Z ~~' ~Jlf~!'IJ w 15~ ~ 23rr 1B mJ J*J (~ -n ~J 

+ n) ff9if o lftfl!~ Lit ~~~ 0 fi-t, w ~IJj -!Ji~# li!JttlJ.t?} qt · . 
~lE~ fltx~*~o 

Jft*ftlilflili:{l;titB~Jli-- ~ 3£ ~ ~ 1'£ Jllt, * ~ fffliWi 
Lit ~~~Ktf~.lE.fgj!j\0 ~lillJi;lqt--~Ji:*~i~:l!, litE# J1! 
lft~¥li=J:t, ;fi:±i Jtt'Jf$ Wmax E if6 a1J~-$JlX:JtBi.i1f~~' 

VIIJ**'faJIWillk.Jl Lit= n/romax, # ~~:~*=.m ~~, -&&t:J!m, 
~~fl£~*~' ~~ilt*J*J~&f~~Wi·'r~o !]1-7a~l!ij, 

~JE~-~~~m~*~' tt&~%~~~~$~1E~i1to 
~w, a~w~lil~~~,~-~~,~~,-~~# 

Jl!nt~~X1~ffJ~tt~~PIA1o Jf.tfaJmfi bt ff.J1Nfl fflS?} et Ji! 
51.7-J 

(1-2-10) 

(1-2-11) 
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·Ill 1-7a 

li~ttl~JfiE~llt!f.J**'1'·~, fJ!~ ~*kflfM*jEJ1E 
~llt~ilo . Jjf~, re IDmar. = 1C I D.t -ut.Jl~11T4M$, 
a=DPttJlt~$J!ititf.J~*ll~•JT.•w•~~ tf a~ 
Mi$·T o ~~J:, ~{CLiE~iltrt-J**'*' fi:-1-iJt-K:t:J 
:t£ Wi 1-F.i L;tJ: o 1f 1M'*' il t£ 4i 1-ill* fliJ $ r 1\. .It ~~ 
~m:, Jmdl~2-81i 0 

. 
(1- 2-12) 

cos 
re • .. RE 

. III 1-7b . 

~~#Illtf-5f 
~~ltiNM:lfl ' 
~~~tt-IIAMJ 
WJiell~o 

f;lJim, (b-l,bo,bl) = ( 1 , o, 1 );9--.l(L!tt!(f(J~fiJllJitfa:Jm 

lc, m T COS!U= cos ( -m), m (A, 13 ~~ ~ ~z + 1/Z= 

2 cosm;}! aJ tr.J~flll~fio ffii~iflf.tfaJ~It (b-tt bo, b1) = 
(- 1 '0' 1 ), P:f-=fsincu= -sin ( -cu) ;, m~, 13(19~~ 

Z- 1 /Z = 2 sinm/i ~JI~Iilf!o Wilft, 1ftfiilmf£ (i, o·, i) 

~~~-~111111Pltf£ icosm, di~PEf£ (- i .,o, i) tr.J~~~ ~ 

~~~o+r~i~~~~~,~~~' e~o-~~'~ 

fhlk, *~~'J'~*-ai~»~J~~Mt*iifl~fJ1 · nt raJ Pi~ ~0 m . . 

1-7b lJ,#/7 # !I!Jft~~l¥-Ji!:~X1~*~0 
~u ;t ~»rrm 1\i R9 Wi F.i m fl(t{J ~ ~, it·ffJI (f{J ~~ * ~ fF r 

mMo-&M~, W~~~~~~~~~~~~~oW~~ 

~~~~£~~~, ~m~~~mA~~~~ ~~, 001~b 

- ~~lli~*~m~M~~~wmmo~•, re-~oo~~~ 
Jif~~~'Btt9~ (if, fiJI) $7}fp At (~· .. fill) lffS. 7} (19 lQ 

-

• 



• 

.. 

15 . . 

bt = (re + ro) + i (ie + io)to ~ bt ~# mnt~~' ~ t'f.Jirn-t' . 
$7}~~ttfif!:(f9;t~~flJit!:/miiJ1-7b J:f:r(t9~}jf~o 

t$ >.J 
1. ~~-~m~~~~$~~ff~OO~,~~~$~ 

~~~*~0~~~~~~~~~~, ~~~~~~~~~ 

*~' &~#~o~~M~~*~-~m&,~t<o,~~ 
o J wt£~*~~xff--¥m~~, np~~ RE+ Roo rlijinfiii 
fifftil~-1'Iilia9~'ESIS7t? . 

1~3 ~~#J!nt~~~ 
• 

B (Z) = b0 + b1Z + ··· (1-3-1) 

~,~-~T~~~oo~~, ~~~-~T~~#m~~ 
~o ~tliiffi~fi (bo, bt, ···), 1J!mil'tfa]~~o ~~~mft 

JJl:li B(e iw) 1f:~OO, {J!f4~~~(i.±a M-=f~ co, Z !f.J-~ . . 

1 , ftP 1£.1\t{!t:lW J:) o 1!1-=f m :li!:it~~:l: , ffii1£itlJ ~ a:ft, 
-tJJfiS~;ffRl (19' j~~ , tEttlf: ~' . :ill 1ni ~~~ ~ lUk·ft JVe? 

~-~~~~~~~~*~-*' -~~~*£0 (~~= 
0, z = ei 

0 = 1), xaJ!~ ~co= 2 7r~!~n~i\li8Ji, f1il ~ dl 
(1-3-1) .§at CD= 0 fn (j) = 2 nat B (ei w) MJ{ii * Wo .tf~ 

f¥MJ1BIB~ (O~co< 2 n), ~faJIWiJ&~~Jfi$.Ji.$7 ~ m ~IJ 
(0,1,2,···,M - 1) 2.rr 

· M (1-3-2) 

~-=P, M£~1'~f£o :t±mieB (ei w1
) iWj~~Bko 

x-t.:r N -1' a <N = 4 > ftgiJ1rru~lt, <1-3-1) J:t nr c.A 
m1tin~i!*~~-
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Bo 1 1 1 1 bo 

B1 1 w W " W' b. 
= (1-3- 3) 

B" 1 . w2 W' wa b2 

B:s 1 ws W" w• bs 

j\.J:f:t W = e 1 
1r i jN (1-3-4) 

t£tt»: (1-3-3) q:t, ~ N == M .RJ!~971i'fl!, #~~ 

*Mtf-E~I5lt$1Jo ffiJ:*J--~W.*, t£~Jiiffa]pj~Jlj!A (1-3-3) .. 
~WI, nJJ;Jt{tlt.tfaJI?£1f!~--~ o o ~~ N _:=M at, 1i 1J! f£ 
-=f (1-3-3) ~1ti~:J!}j~, Ji1f~iJfJ(f{J~0 -~J:, (1-3-3) 

MJ~ffl$~~~Jit • 
( b, 1 1 1 1 Bo 

b. 1 1 /W 1/W3 1 /W'' B. 

I b2 
= 1/N 

1 1 /W 3 1 /W• 1 /W·a B2 

~ ba 1 1 /W3 
· 1/W4 1 JW'~ . Ba 

(1- 3.-.5) 

m=f 1 JW ~w~~~w~ <1--3-3)~(1-3-5)Wi-t1€W-& 

Ii;9 j( ~Wo -~ J: ' kA1/l ~ J: i1f: ' lf.t fa] ftJJf( !3 $Ji * ~ f£ Ji fl 
~!*~ JR§JIJ o J!fta"~-@lit", :lcn*tE (l-3---3) fn (1-3-5) ~ W 
Jf1~.llfhi r N-+, ffii~;J!-~§JIJ~ 1 ~ N-1ft9m, 2tlllffl.J!% 
~ 7 0 ;!iiJ*~J, .ntr--1l»JJieOO;t(-&mfJJl~rraJPllflfrl~*~ 

f£}!1(~~0 -~~J:,Jf!&t§alji, Wi~~*~~~MJfj{~~-=fWi 

~MOO~~~m~o~~~hm~: ~~~00~~~~, - ~ 

§~~~~$~~~m~o~~~~J:~~~m~J:W~m 

ttjf( (f{J *~, m t;J., ~ ~~ "l-t 1141!" 1m [;,l iiE f!JJT 0 m Jl: >1t 
~~ia{±, tEfRJ~m! *' lJit fa]~~$~;l! JifkA1f~J1{) 0 

1£~~Bk(k = o, 1 ,···,M- 1) ftJfFOO *' ~$*di 

,., 

• 



• 
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. . 

1Bml~ 0 ~mk< ·2 no ffitEI:KraJ- n<;m<nrf:t li~, jlljJ!~ EJ 
~o Jit-=f~~l;A 2 n :*J.iiWJ, }}(~_, tEJm. ~ Jfl, Bk (£ n~m 

< 2 nfa]MJ{t%~1iJkJ-3~J- n~~< 0 ~~*o 

~Jlt,Rfl;AOOifHN=8ft900 

. B,B~BaB1BoB1BsB3 

3 :rt 
- :rt -. 4 , 2 , 

1t 
4 , 0, 

:rc n 3 
4 ' 2 ' 4 no 

· t1c2:frlt faJ ~ w.~ ~ -4--tlf~ /!, · ~ =f lf.t fat*~ Jl'JJ~ ~ 
. -

~~fltfa]~~J, ~~m Bk t£WiWd£~flll,(f{]o jn*MOO~ 11J · 
~~It, ~lj Bk (l{J~$x-J"-=f Bo:*JflliX4"~J 1Jl tflS ~ T. Bo~~ 
~fl\o f&ffii, W.~;Jt--*-ft&tPJkJ-To ~jl N :fil* f£ {t, 

~U~m=O~Jf-~~~~~0 ill-~-~~~~~,~ 

tt ~ atnt4I~ 1NJX --tfLM 1.! ~ 1 

.. (1-3-3) ~§til)$ ~fii11i~*(t9mJJ:f,t~fl: N 2l!x * bno 
rmftfl1~1tm-"~t5t&ft91ii!, n4f1:tk~# 1!1ft1£~, 'E 
.R~ff: Nlog~N ?k*1nlitRJ~.J£1if!IS$~: 0 !Jlt~n, fbr log~l024 
£10, RJ m it-:iia9:ifi~~~~l!t;i{A~ o 

fR)i # JI!Jlt~~ rp' ~*ff£1!114 'c;{tfft" o tiKttf: ~ JIJ 
(xo,. XH •••, XN-1) fll~(f{J*~~# 1[nf~fl (Xo, XlJ 

· ··, X N-1) 1i :1}_. ~ Jlj (Yo, Y1, ••• ,, YN-t) ~'EH"J * f-t 
ti1J#1!flt~~ (Yo, Yh ···., YN-1), ttRJ*~.f3eJtMJ~Hf 

*It~~j 
Zt = (xo, Yo, Xt, Yt•••, XN -lJ YN -1) 

~~~0~~~-#·~~~~~-~m~,~~"mft" 

-mfi$~QM"m~"~--~~ww, ~~N~2~~ 
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~t•tttrfJ!T 0 !en N = s == 2 3
, :)'GreJ\.1·~~~911 xo,xh 

···, .x'17tRtJ\1'~~~~911 (J;.a:~'lj), · ~Fn, ~ ;x ~Jli 
~~~rjtp~~o ~ll, ~flElX "fff{t", ~~Jij 41" ~ !.1:~~rj 

(xo, . x,), ( x u xs), (x:, X e) ~ (xh · X7) ~ ~ ~o N 
"flfit" Witk, m.$JJWi-'t'~~~lm~~9JJ (xo,x2,x~ ,xa) ~ 
(xt,Xa,x6,x7) 1¥.J1'i~o il.IE', WfF-?k "ftf{t", ftP~flj 

M*ff.JJ\~~~j ( x o, x1, Xs···, x7) tf9~~~o 

lff*JJf~---1'" "f{f{t" i:J:@{t9iBJ:Wo 
. ~ v = e j 3 •/2 R == Wtla 

VN =e1 .. =- 1 · 

M1"N~~JIJ(t{J~~)i!S{jnl' 
N-1 

(1-3-6) 

(1-3-7) . 

Xk= E xJv ·sjk (k = o , 1 , ···, N- 1 ) 
j = 0 

N-1 
Yk= E Yjv ~ ik 

j = 0 
(k = 0 , 1 , ··· , N- i ) 

. 
~Jt~?JJ Zt = ( x o ,Yo, Xt, Y1; ···, XN .-H YN-t) {19~~ 

2N-1 
z k = E z I Vlk ( k = . 0 ~, 1 , .•• ' 2 N - 1) 

l = 0 

~~~?tn!Wi$7}, i1il, Xr*l: V ~iPit.X-, Yj ~J: · V 

ll9iftk-
N-1 N-1 

Zk= E Xj Vajk+Vk E yjV:.~it~ (1-3-8) 
j = 0 . j = 0 

= Xk + .. VkYk 

ffil zk ~Fn--*~ 
. 2 N- 1 

Zk. = 2: z,V1k . . (k == N, N + 1 ···, 2 N- 1 ) 

• 

.~ 
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2N-1 
I:; z 1V'<m+N> (k- N = m: = 0, 1, ···, N- 1) 

l = 0 

2N-1 

- E z, v'm · (VN)' 
l :;: 0 

2N-1 

- E z,V'm(- 1) l 
l = 0 

N-1 
= E XjV2J~ - vm 

i = o· 

N-1 
}: yjV2:jm 

j = 0 

SVBROUTINE FORK(LX,CX,SICNI) 
C fAST FOURIER 2/15/69 
c u . 
C Cl(K) • SQRT(l/LX) SUM (CX(J)*EXP(2*PI*SIGNI*I*(J-l)* (K-1)/LX)) 

• C J•l . FOR 1<""1,2, •• ,,(L.'<•2**1NTEGEI) 
COMPLEX CX (LX), CARG, CEXP, CW, Cf.EMP 
J•l 
SC•SQRT(I./LX) 
DO 30 I~l,LX 
IF(I.CT.J) GO TO 10 
CTEMP-=CX(i)*SC 
CX{J)•CX(I)*SC 
CX(I)•CTEMP 

10 M.•LX/2 
20 IF(J.LE.M) CO TO 30 

.J•J-M 
M=M/2 

~ a. IF(M.CE.l) CO TO. 20 
30 J-=J+M 

L=l 
40 ISTEP• 2*L 

DO 50 M=-l,L 
• CARG= (0. , 1. )* (3 .14159265*SlGNI*cM-1)) /Lj 

CW-cEXP (CARG) 
DO 50 ImM.LX.ISTEP 
CTEMP=CW*CX ( I+L) . 
CX(I+L)•CX(I)-CTEMP 

.50 CX(I)aCX(I)-t<:TEMP 
L•ISTEP 
IF(L.LT.LX) GO TO 40 
RETURN 
END 

~ · 1-8 

~~#~~~~Tm~oWffl~~~~~~,~~~~ft~o ~~~Wffl 
Jfrt, SIGNI a~+ 11 m-.:::('(\VIJfiiJ;t, SIGNI ~~~ -loLX~~;l! 2 tf.J~o 

--
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=Xm-VmYm 

Zk= xk-N- vk-NY k-N 

. ( k = N, N + 1 , · · · , 2 N - 1 ) ( 1-3-9) 

~ - >J 

~liE: t£N x N_.~ifa-r-r, <t-3-5) ~ ~ t¥-J 
·fifU£ (1-3-3) m~tt.J~~o 

1-4 ~flU£ J!S:iB*"!¥ }igj{S 

~~M-3, ~~%§~~-~~~~~~reow~ · 

~~--~-%--~~~&~~~,~~~~2~~m~ 
~m~~~-0~~ M%~~reg~-~-~o~-~
~~~~-~~~~~~A-~~-~' •~m&~-m~ 
fi~$Jt (jniiJl-9) 0 

II 1-9 

~JE~afsinwt M:f!, }ttfil±i:A!~lB T f.iiE~il sin (wt-q,) 

~tiAR:: sinrot, ffifltl:ft~ sin (rot- cp), JIYF.JfiWf[:lfii:}$ 
5B tp "iiJ inff :It~ 

. sin (rot-¢) =sinro (t-tp) 

rot-¢= ro (t- tp) 

t- tp = CtJt- ¢> 
U) 

i 

• 



.. 

.... 

• 
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~f'PE:ffAlSLl%~:iB, P4!f~jgo 'E~{!l-=fiJt -ffl-ilm~ 

~~~)!Jto ~~l:, t:Ett)l:m~, ~:~JiJt ~ 1t l! It-t, i7t . . 

JA A a ft~J B ~' riJ~Jft--!i'~ilt~3~tl~1o 

. fllfit~ 1£ A ~~iJI~~J(J{]iJt~ ~ B Ji~MI~ Fnl, lli A 1:&~ . 
~-~~~B~~ru, R-~-~gmo~~~-~~,~ 
i!Jt (fm;l:{g~j!Jt) ~-~:/!:~p~~ffflfl{J 0 ~-$~1f~fiij 

tm m -'~"~ ~i1t ~ ~~m 1t nt#J 0 m m 1--1 o 0 

, 
,.. 

r " f' ft 

_"l . 1\~ ~n r .'\ v- -~ V' 
v v 

21' 

m 1-10 ~ 

coswd + cosCiJil l't.JIIl~~lt-¥~~.$t't-J"j,q:jlg~~~t! 

~~~-~~iJt~~~--~,~~M$8~~~~~ 
~~, ~*~~§~~~WflT~lli, w~~~~x~~~ 

~m~~*OO*&g~o ·~~~~~-~~~~~~m~M 

*~~~-~-~~~~0~~, am~~m~~~= 
i!lf*AlftW Xt ~ . 

Xt = cosm1 t + cosm2t (1-4-2) 

. l 
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Xt= zcos( m, ~ fi>a I )cos ( ml; m: ·t) (1-4-3) 

~~,M~~-z~~~~~-~~~~~~~~+~~~ 

~~0 ~~-~~~*--~, ~~~~&~7~~~-~ 
{t~~it~~fto 

Ni~il!ilt3ft9-H:i:li'£ Yt 

. Y .t =cos (m1t- t/J1) + cos (m:.f- cP:) (1-4-4) 

Jst-=f (1-4-4) ~-m, ~ f(] 1Fl~$Ji$--li~fl*(l"lo lift 
tlfjJ]j~$fl"~~' JliJJRJMl%tt~fit1~$ 7 o ~ (1-4-4) , 

fii1~~um-=::1Hm~~, f!t 

. ( (i)l + (i). ,1.1 +2 A..... ) Yt = 2cos 
2 

.. t - 'P 'P 

COS ( COt - !U: t - .. tPt - if>~ ) . 
. 2 2 

(1-4-5) 

fflHOO~~~~-~' &~~M~~'-

cos[ co1 - CU: (t- t ) J =cos ( ro1 -- CD:1 . t - ¢1 - ¢>: ) 
2 g 2 2 

~~~,-~*~fr~m~~-~ft9~~, oo~fl~~~ 
$1Bmll'r.J~~o D}JE~J!_.~ffl tg=d¢>/dru1t ~ ~ ~Mli$ 

· ~~~~~, ~m1H~~~~#m*~~~~~~-~~~ 
.liJE tlJ*'if)l:o -~, if> (m) =arctan (1mB (m) JReB (m) Jo 

I 



"· 

-~-~~*, -~~~~m~~M-&~~~~~-,~ 
~~~~~~M~~-~~~IDoOO~, ~~m=~~W~ 

-IJit, tt~ tL J?S ~c J1J f;.Ai! ~~ m 
¢(x,y) = kx(x - .xo) + ky(y- Yo) (1-4-9) 

;JtJ:f:l, (xo ,yo) :J!MiJt3ffa Atr.Jf!l:«, (x ,y) :J!~iJ!tl #f'fiLag-bf: . . 

1t (Npagi1£~H:i~ftl~) o ~% kx fll ky -~lf;~raJ~P¥, ~ 

Jft, kx ~2n ~ kA x ~lrJJ lPl ill f!J 1¥-J i1t ~o J!l! it lltJ$ ~ 1ii!, 
PJt~:m w, kx tt ky fa.IIYaJ*~' ~UJF!ijJiil&ffl r ~j ·w ~ «1 
lli 

cu = 6) (k~, ky) (1-4-10) 

~~~-~~-~~HOO,m~, ~~~X~M~&-~ 
tall"' 



Z4 

V ) X- Xo X- Xo dm 
( 1¥ x = -~iB - dc/>/d(j) :: (x- Xo) d¢ 

(1-4-11) 

1 
x-x0 

#fit (1-4-11) 1£~ 

(V-)x = (x- Xo) iJ: = i!: a a x 
(1-4-12) 

JiJfkA~ ff~Jtfiil:l:~ (am/akx, am/aky) o~ffii, f:f Jlit ~ m 
~~f!lj(~, rmm~¥~Jtt Cl-4-10) !~tJtf{Jll~, ~lit, gif 
ffl1£tkMJ~~~Jt, NP 0 == F(cu,kx,ky) o ~lf.t, ffl)jt~~f£ 

!J9Uitift)ia9~A, ~ 

a(j) _. aF /8kx 
akx - - aF Ja{j) 

. . 

. tE!1fn~JVf~m!~~JM~'ft, J9TW 1ffl1~r~!t~iit£lf¥~Jf, 
~:li(~t~£#(JLtj!Jt{~fio tfi!J1.:..11.@fj~t}9~jlft~ ~*:lt(t{J 

"J!fk -tr" ( ~ t£ lfto Ill! ltJ W!tl rft ;}! 1ft !AI.. (J{J) ' "iiJ l;A~ ¥11' ~~ *~ £ 
*-AA~~~' ~~~-m-M~-~0 --~~~~tt~ 
-~uanMm~o~~m~~~~~~4~~~, -w~ 

·-~~~~oogili, ~kA~-~~-~, ~~~m~~4 
ie~~llilYa? ~ ~£~l11~~1t:J!~)f:~~ '~n;!tl~#lie~~' 
~~*f'Ftnt~~~(f{J ~t$Seo . 

' 

.... 



69~9,ij29f:J 
11: 05·(tJj~) . 

70~ ~0/3 14fl 
10: 03 < fJJ~) 
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III 1-11 . 

1-5 m *~it 
-~~OO~~~~,£~~ft~#m~~~~-~~~o 

x-t-=f~mfi, 13fm#!I!JJt~~;fl--~~IJI~~$ RE fl]--~~111 
tns ro, -lflJtm~¥1i, afl" 

·(RE+ iiO) (RE- i!O) = (RE)"1+ (IQ)s 

~~~~~~-~m£~~~, w~~~~~~~~~ 

m~o ~~,-~~~00~~~-a~m~-, ~~~~
~~~-~~~~*~~~-~~-, ~~~m, ~~w~ 

• 1Jl~ii~$:k-.}(o 

a~, ~m~~~M~~~~~~~,m£, **-m 
~OOffia*M~~~~-,~~·~~~%~~,M~-
JM- rm ~ fltEJiJF~~ **'~ (f(J w~ 4#omliil ~~ r:p liifi~ £~~ ~fi m 
a~o 1711:!ln, @f~i11i-'r'JP1 :1:7tlt~Jxti!tt ,, ~MJ~~?i-il:m~t, 
fa~ nt, j1.:_.'J'7,tjttf il!f t ie~ Wto lf ~ }iJt --.'J'!! fa flit _fa) 

J¥11J Vt = nt + iwt, JlUj(flt¥-J~fll~fijtJS :fl JYJ IiJU ti{J ~ m fUll 

ffo 1£~i't-J (RE + iiO) lli57t~~ r nt, iirQ (RO + ilE) ~?}~ 

.\ 

/ 
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~-=f Wt 0 if;9(RE+R0)'+ (IE+I0) 1
, ·'E~~~111lmfL, -& 

~~~mflo ~~~V (+CD) ~V (-CD) ~~f~ftltfi'-J, f9fl-&~ 

~,~#~~~~-~~: +m~~~~#n~~~~' oo 
- CD xt ~J®i(littf-13 (R] 0 ~ T m fYJ)!--ii; iN)£ nt :::: cos ( UJot + 
cp), Wt:::: -sin (cuof + ¢), J!U Vt = ·e-l<"'ot+f>, -~~~ 

Y(w) 

0 Wo 

III 1- 12 
.list (Qt.}¥ Jtje- i < w o«+ ~) tf.J it 

(1-5-1) 

. (1-5-2) 

lf 01 (cu - ·CDo) ~fll 1-120 JXz, fi Wt :J!silEl (a>ot + ¢>), muif~ 

g- CDo Jl9 0 pj.Jt, llP.a\i(r:oJt~ T --'t1J'rnJo itf!· ~ ~ Jll!rft 
t¥.1 it fl1 00 ~ ~~~ (19 ;X:~ fftj =f i! fl: 

.1) ~ii!&:ft~JJ !j((f(J·JJ~51, r:~~fiO$ ~ * J& fie 
~' lfi~(:(ti}{fi8f/fkAR-ffaJ~Jij Xt ~ffi, * ~ rAJ {Q ~ ~_A Yt 1fc 

7F, !~~' xt + iyt t£m~tiW*-~fl~Iia911E~1iJiilo 

2)~-~~~-~~~~*¥~~~~~, ~~-~ 
j[JJ.traJ~~Jo . 

. 3) i&~(l{J~~~~rifJliJ:I:*iiMl*l9J -(Chandler wo

~ble) o 

.4 ) l@. Jil iii l¥-1 1JJE~{fiq ~ 0 

l'Wit~Jfl Z ~~~~ito ~it~ R (cu), 

R(cu) == lB(cu) (2 = B(ru) B(a>) (1-5-3) 

• 

.... 



• 

.... 

• 
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• 

R ((i)) == (bo + b1e- i"' + b:e- i sw) (l)o + b1e 1 w + bae i ~..,) . · 

(1-5-4) 

R(Z)•=(bo+ . ·~ + ;; )( b0 +b,Z+b.z•) 

(1-5-5) 

R(Z)•=B( i )B<Z) (1-5-6) 

:*1 7 -~ Jlit R.(Z) (19 ~ lie, ~ ~ :nf $ ~ 1-t B( 1 )~et 
B(Z) 

· R(Z) = bf: + (b; bo; b,b,) + ( b0 b0 + b,b, + bsbs) 

- -
+ ( bob1 + b1 b2-) Z + bobazs (1-5-7) 

R (z) r -:l r -1 z Z2 ::: Z2 + z + r o + r 1 + t': (1-5-8) 

(1-5-9) 
i 

(1-5-9) ~~El*"H~~~o mtm 10 1~~-fil.lfitfaJ(t.,J§~*fR 

~ r10, ~~ bt ~;lt § :!ff1:;T 10 -'1' -4\iJLlf&fa]~lftfJ.@A'-J~ft.l 
flJtJl9--#!tfto · Ai1ittf:i~(f.J-fatJ~?jl£, .btl!~ f£' JA 

(1-5-7) !& (1-5-9) iiJ m, § lf:l*;~JI :1! ~ fi, Ji rk = 

r -ko ~-=f~ffit(a]J¥71J, fl 

0 .m(=tHlJt: B <cu> 

. . 



Z8 

"' R(c:u) :_ro+r1 (ei ... +e- 1111 ) +r~(ei 2w+e-i 1w) (1-5-11) 

(1-5-12.) 

(1-5-13) 

R((i)) ·= rk 1¥-J~~~tl . (1-5-14) 

~~, an~~~7-~~~MMOO--~~~~~, 

-· -HOO*~t¥-Jea*~~~~-~~~MOO~~~#m 
. ' . 

~~-~mm~~~<*~~~ -~~~-~-~~~~~ . -
~~~{Y:) o ltlfitfiWi"'1Jf!a ( 1 )j'Cflt (l-5-9)tf)Jrk ~ 

1'!, ~Ja, Jltlli~~~ (1-5~13), ( 2) ~t]fl B(Z) f£lftti:ml 

~~~~-, *~~~-~~~~~-~~0-=~~~
(Wjl)i, ~~Pf~Jllfki$#!1!Jlt~~o 

~~*fnifft.J-~, ff{~~ff£}fJJB:.~ ~ fl11[ ifo jJ" 
T A(Z)fp B(Z)Wi-"i'Z~~~ ~f(]f.J]fJI: C(Z)~)(~ 

(~-5-15) 

~~b~C(Z) ~' ~Ji'~fl ck :k-=ffffniJt~~fl, il~~' AT~ 

-m, ~at fU bt r:f:t1f-~~x-Jr§3--"i'mfJJi7 k --tfl.t(aJ 1(! Vi 
/8, Jllji1£~ at J3il£~ bt Ji~fl;lo 

!$ ;a 
1. ~tl--~-Tilt:l:EI:!Ifiii.Jitt~.Jt JIIJ e ;tn~~flrk = 

r -k ~~if:P~? JltlM"rkJ!~fij!~~fi? li~(ro)Jf!~{Rj!l::j( 

fH:? 
2. ;rr Xt J!--"i'~{Y-Jp.ffa)mfl, Yt := Xt+3 ~='J-1'~ 

.. 

, 
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lltfmE&trc, itliiiil!f:Hf.itX( ~ )Y (Z)I%;f;a-&tlilfl (~ T ~ 

*)o fflitJJILifjf:JM-, }jffl(I{JliJEtJJj(~j: It 1st!- n/ ~ < 
arctan< 'T( /2 rf:t, ~l:~~~Ulto 

a. ~M~~~*~-~li~~T, ~-~--~~7 
ft~IJIB? 

. . 

t - 6 ~$fa~~~~ 

:f4JJE~ilt~fl~~~ilt~iii7£Bf;l\:~9o
0

~#iJM i1t B, 
9.2R4~~~ftilt5o -tE~~tlfljl r, litfl A£ cos (0)1 + cPt), 
mur.-m~~ 

cos (mt + ¢1 + n/2) 

~ff'iiMiltit:t£fFJJit(a]~~P{J§~p.f .ffl~ljlo ~+ X(Z)~-~ 

~l!c«SJf~J~ Z ~~' Q(Z)J!--'t'~1l ~ ~ i1t it, Jt ~ 
Y(Z)-= Q(Z)X.(Z) :J!~~~iiilt~Utlli, JlljllffQJmf£~§ 

et = (Xt2 + Yt1
) ~ 

j!~, &t"iiJ~.Jil!( Pffll}mfl Ut = X't + iYto ffl Z ~~~ . 

U ( Z) = C 1 + i Q (Z) )X (.Z) . 
• 

Ut ~ ~~3:JL1J-fg~Jif£o lffl~, ~-fiL cPt, ~:}9fJitfflJff"JJ?SJ(, 
"iif)t)L:.*J cPt =arctan (yt/Xt), ~JM-~lft~ d¢/dt, ]!iiJCJ}ft 
~~J jj~il(fJ;,l 

cPt = Im lnut 



JO 

1£?lffJ~90o~~iliitt~tr.JJfljii@.1f7M;Lm, ~1£ * 
;f{ qt l't-Jflflio ~JJ-tfllj(t{JfjTftjjg)fgtj\.fjJYT.~~ff"J9Qo ~8~~ 

-cm~~-~~~~~,~~~~~•*•$oA~m* 
/(t) . J F ((f))e-t .. tdro 

~~ = J -iroF (ro)e-lwtdro 

dlJitiiJ 1\!., li1rlllrt7t'N~~1£~$:JJlqt $ T 1-~fN-=f(- icu) o • 

R~r- icu MJ~IlfitfJJf.fit~;Jt, {I!Jf;fift;~~ ~o JYi rM ~ 
ttmf-=f~.:i: Q (co)= - icufl CD I, _ ~{J!~II)l-~13.@i~l¥.JWt $EEl 
flo 

. 
' - 2.n 

m 1-13 

9o o ~ 3 ZJtl!te a9 Mi * lfil~ 

( 

• 



• 

n :7b1f:llf£ 

"~1-atf£ 

1 r r • -n 

--
:s (o ~ n "1Mt 

q,. __ \ - 2/frn ~ n ~-

Jf 

Jit-=f~-=f- n, tjiJi3:iF~ 0, ~~~~£--~~11. l: ~ 
PJ~~!t9~ilt3 ('E~Jfi~mMJ~AJ~J&;~Witr.J ~rlfl)o jo 

- -

:jt!.R t-1~~~Mfa.Jffii~R::*~If.tfaJ, Dltlrtilt~-fl:l! 1/t 1¥-JW 
i\:o ~£-~1£ f = 0 ~1fif:¥f!~(J9~~flt jf Jl t£ + t ~ fJt 
~~~ftOOa m~, ~~~-~-qn~fflmAm*~~OO~ 
f51~7G~Jf~'rr~~~&ito ~ngilt3 q (f{JnffRP4~1l$ia*' 

~~0 
·, 

NIID JJJ-ntriii!Jt:i:t(t{J~ilt~ 1 + iCt~ (Z) a !cnOO 1-15.@( ~' 

~fft~ilt~t£!)Jji.lfi~R:I!--W!~~f£, 5!s¥U90°fN3~ ~ P9 
--~[Wj-jj~~.f£~*b.JGrp~_1::fP~:~o JA Xt + i •Olli~, 
!fff'Efli~~~*~' ~m~J:mi~ls.(J{JJ)JJ$Iil~, -Ja, i!l: 

. -

'• 
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fi~~~' ~JJJxt + iYto llll-16iiftal!fu:f1Jl:U 71JifflS, if-tfl$, 
~$$11{$~~~iifl. 

Ill 1-15 

MB£8 1 +iQ (Z)tEM*~:&~ 
tf.J.. Jp.J!J. ~' 1fij :tE 9>1" (ijJ jj r:p I!. 
tr.J , 1L :l!~ 3tl f1EJ 0 

H9 1-16 

.m Jt)tt~ l:fllf.J rrwa 11= * Js; 
ta*f~flJ~**~illlt 

~f£ 1 + iQ t£1M"faJ_If;~j~~~itrp~;tft.J~P91'F }fl, 

~~~~-~*' ~moo~~~W*#-R~~~o~7~ 
-T~m#~, ~Jttl?&fifi"J*ff!~~MtEIIIl-1~7~~J:±ia ,. 

r ReC 
.. •I w 

_) 1m 
. -. :. 

.. ... 
Jm 

' w 

Ill 1-17 

Jt~ i ~~9Q0~fJ·tJt--{l!.fit~JJi·jj~-~·~IVt-·lt 

• 



jj 

- :>.Jj 
1. JfttflS~7}~, fi:ilt~ (2/1l~) (···, -+, o, 

-:- +, 0, - 1' . 0, 1' 0' +, 0, +, ... ) ~~ ~ ~ 
tf-Jff:fJl, Jt~*;l! ( ···, o , · o , - 1 , o , o , ···) , :kutnJM 
~? 

<it!~ 1 n:,. Is = 1. + t + t. +·fi + ···) 

2. m~~#·~~~~~~~~~~,Ma~~~3 

o < CtJ) nr~~ »t1U ~Atll: 
- i < o· 1 1 1 · · • o - 1 - ·1 - 1 · · ~ ~ 1.) T ''', '' · ' . , ' ' 
~~*i!~~~1f!W, liE'!Il: 3!1--· ~ ~ !:J(cosnk/N)/ 

(sinnk/ N) RJGJE Ito ~~ft~jmf-=f:4kft~? iii tf:l'ef£ k«. 

N RPflNl N-+QO~l900o 
(~~~ 1 + x + X 1 + ··· + xN = ( 1 - xN+l) / ( 1 - x)) 

'• 



.@f:ff4'k/Jli!~~~A-1f--fltitltft: IPiE1~{tl~ittZ-nt, B 
~~~~&om~,~M~m~~~~~~~-~-~~~ 
(t = o ~nu, E&fl1R~~) o t£~t!fmtt~p, ~"'{jiltmr£ 

~~4mlMLl:RJ~~I¥-Jo t£il£!'J9~ti.P, ;!~~mt at -1:; USI :W; . . 

$: tEi1tiE~~~-~l}U, ~~{{il[~J 3!~) ;! !1!, t9 111 ii 
t ;:; o ts tf4'!f jjrJ ~ ~ tru f1: 1ft o fiil 1lt , i!f $ J! M l¥-J IRJ II , ffl *~lf.t 
~RM~ffl~~M~E~A7M~~-~~-3&~~M4 . 
t=o&~~~~~&H,a~~m~~~~3~~m~~~ 

~, ~~m~o"-~"~~W,M~m~m~~-~, ~~ 
~JJRJ~51t9JW(aJtfi:{lft, li~!IFI'Jto «1:1:, ~JtiMitt!!~!~* 

-~~mmttt~r1illi~, &tre "~~,~ 3!1~iPJ~~~J@::bnfiJfJ 

m if.1 "nr ~ ~ t¥-J" Yl "1li Ui" i!~ ~ ~ }~, ll4 ~~!tnt flil ** 
~~:tJYlliv 

2-1 1i ill at 
~TEM~7M-~~~~,an~lliM~~~~M* 

~~~WuAPE!fill-91£9.7, llPBfifl.&~i1£1illli:o~~lli2-1 ,il!ilt 
3 bt ft.J~lfi Yt ~E§at, ffii-A Xt~*§afo ~J!t£~fjg~, 
2~a~~~-~~~-~~Mo~~,~-~~~W~~ 
~J:~ m l't.1 ---~ ~ ~ fff! £fB !t9 ~, itt! -A .Plitt~~ tW JXff' au~ 
~~*!tf!(f{J'fii:3, $!t~1Jn~ato ~Ti1J:frMi1£~ B(Z) fJ"J 

oc~-@-,ft~4~~*W~00~2m~~~-~~-s 

• 

• 

• 



• 

•• 

• 

X<Z>~~*m:l B<Z> I· Y<Z)~~e,;n 
- ~ Ill 2-1 

fl"IJ;f illilt 3 ffEJ tQ' A :1: * ~ ~~ 

m 2-2 
A <Z> :lHtilt?l B <Z> tf.Jli ()!) bl~D 

JS 

~TJlt~ll£3 A(Z) Mf~f{,_R~~m~~ B(Z)A(Z) 

= 1 4', ~~ Z (f.J~{X~~~flitRJ~~llio ~ B(Z) :1!31Ji 
itlltR5 

(ao + a1Z + a1Z2 + a2Z3 + ···) (bo + b1Z + b:.Z2
) == 1 

(2-1-1) 

(2-1- 1) t:p, zo, Z1
, Zi··· a1J ~ ~7-} :BrJ ~ 

aobo = 1 

a1 b0 + ·aobl == 0 

a:.bo.+ a1b1 + aob: == 0 

a3b0 + a:b1 + a1b:.= 0 

a4b0 + a3b1 + a2.b:. == 0 

••••••••••••••••••••• 

(2-1-2) -

(2-1-3) 
(2-1-4) 
(2-1-5) 

(2-1-6) 

akbo + ak~1b1 + ak_:b: = 0 (2-1-7) 

.:P~, iiJ JA (2- 1-2) ii)i bo ::Jt ~ OoJ M. (2-1-3) 31 ;:1 ao 

~bk:jt~a1J JA (2-1-4) )ijiat, amt:Jbk;it~· a:o~~' 

t£-~1f(}lr, ak n.T~iiif ak-1' ak-:~ ll1 bk i<t4o *fjjlj)! 

--. . 
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2 

- E Ok~lbt 
i = 1 

Gk=-~-
bo 

. (2-1-8) 

011 :tm, ~ B(Z) = 1 - z 12, ~~ z, ;g m (2-1-2) ..-

(2-1-7) .~J.t, *lim=TJJi~~:oo, 3iii$JJn~JrAi!, mt-Er9i 
~att~:tt,RJf!t 

A(Z)= l-~/2 =l+Z/2+Z1/4+Z8/8+•·· 

(2-1-9) 

~mm~,~~3~~~~x~~~,~w,~m~m 

ii~fll~, Jlilllt, tEitJJ:mrf:afF)l(fCJ~~;J!~~~Iilllifmo«!;i:, 
~il!i1t3 B(Z) - ·1-2Z, i1l?Jli~J~jj~~.*~li!, Jltft-t 

· A (Z) = 1 z = 1 + 2Z + 4Zs + 8Z8 + 162~' + 32Z5 + •·• 
1-2 

.. 

(2-1-10) 

Jltt&fi~~ti::l!x~iiitt~o il!ll£3 A(Z) R9ttlli Jtk ~ r • 
-A, IIA~#m, tilli~:k CA(Z) ~~ilifJIH:tl~-T ao ~ 

J;.A~lltrftA xr, :IJJlJ: a1 ~ llU-~tflA Xt-u ~~o JiJTJ;J, JfJ 
~jan Jt-t, ~~Bi:J:T JL-'J'JM"fi04\-bf:)o i!l~)Jij, fl~~iJt3 

B(Z), ~~kA (2-1-2) 3! (2-1-S)f~~Jit Jfl!t.J1f~lli1C.tocilft 
ill~ A(Z)o !~~, ~f£~ff1~~fi.Jflif~~l8i1ta*ttft ~ 

jf(J(Jiti1£~tl91if!o1g~--/r'~~frftil!t1£H? , ~* B(Z) rp ll9 
m--1-~llfl:k-=fm.::/r'JM<.frfto J.AJlt B(Z) tm~W* Hi f.f {t 
B(Zo) = 0 tJ9 Zoftft9jifi, iiJ~JPJNiif~~GIJ~ifi¥-Jfl~l:ft.J 

ll9iJ~,1Ylo {Jijjm, B(Z) = 1- Z /2, RIM~ ~~o = 2, ffii B(Z) 

,.. 



.. 

... 

... 

J7 

= 1- 2Z JM-, Zo = +o ~=f=etJi~jl~~l'itf.J~il£, ~B(Zo) 

= o tr.J ZoOO:tE Z :ifmi(I{Jlt!'fii:mB J*J, YlUl/ B (Z) l¥-J~fLJ!JlJt 

i¥.JJ ffil~ffltit!!IMI9~, PlUJt~Jitl/ BCZ) :1!1i:ffEt9o 
oomittitu, N·?X~T§t~ B(Z), liJ~fl:f§Jt~Mft~ 

N 1'--T~flf, · ffiiJI, ~~-r~tJC~I!--M-(19 <mooz-s) 0 ~ 

A.~.A~, ~ B(Z) (t{J N ~~~tElJi-bi~Jmr*J, )jt A(Z) itlfi 
*To x~Pitfl~Jfa~r~~J&ij:~~~ttJ~B!liJ m fJi 3!-
~~~~~$A: ~~~~-~~m~a-~,w~~-a 
!i ~ ti:~~tlf"J fltl: ~ tt (f{J o -& RT m j3 --11 f! m l9J 3! ._. A£:· 
1/ B(Z) .t&fltE~J.«;a£~-~-i.~fm~-~-*Qt¥-Jimltfi 
l&~o A(Z) -!E!li{![:IMJJ:l&i!i~~JM,~~' ffliillia9~1§!», 

A(Z) ~~fl~ii~tlbo INJlt, 7ik~ffS B(Z) 1¥-J~F.i-t£41 
{tt:[i~~' j~~' (2-1-8) fJ!£~~1Jt~:~il!l1£~o 

B(Z) ,t(Z) 

X y r ) ! X ,, It - {., 

" 
~ h ~ IJ 

B~~-r- BMI~~r · 

m 2-s 

~$lJf~ B <Z.> fl:E§~~-' -tt~MiltiJ;.)-I¥Jl~~UlJH41tll, 
¥ ~RlJi ieil£ 3 tiS~ fl'-~~ lf. fJ Ji ill!i!tiFo 

-~~~~-~~$~~~-&~~~,&~~~~~ 

f:r P.!b 1 U: a fi1* fJlJ *1m~ 0 

1 1 . 1 
1 - 2Z = - 2Z 1 --· 1/-=--2~Z 

.-



. 1[ 1 . 1 J = - 2Z 1 + 2Z + (2Z)i + •.• (2-1-11) 

(2-1-11) :l!til/Z it91E~M7fft9, NP1£7i~~~F.itl9ft?YJ!l 

*o~~~-~~~~~+~*Q~~*(~ffiZ=oo)~ 
~o i!tJi~Yi, ~ B (Z) ~~~1f }i? i¥aJ, ~fj~f£~{£lfi{}L llm J: 
~-om~-~~-*-'~A&~#&~~-~~~-~ 
~e~*~~A~M~~,m~, ~m~~~~~~~,m 

£, JHttJJmm~..t:l!RTJ:.Aa9o 

~~-~r, ~~~ B(Z) ~flif~~~~, ~~WitflS~: 

B(Z)=B~(Z)Br*J(Z), ;tt~, B*(Z) il1£~&IMI9~~ 

~, B~ (Z) fX.t£1lit!li1~1f~o B~~MIIJJI~~~t£ Mf ~ J¥-J 

-~ft~a~,B~~w~~~-~~~~~~~~~-~0 . . 

;!ff, 1/ B(Z) J}{JlfkJ§"1t;isj.\:1t~ff:l/ B(Z) I¥-J~Mlit7f~, 

~~-&~~~~J:~-0~~~-~~~~0~-~,~ 
~~~mo~M,-~$&~-~' ~M*~~-;W~M, 

-~~~~m~, *-~~~~~-~~~*fiTo 
-~, M~-~~~J:~-~0~*~~~~ Cffi~) 

' 
iiJrAJfi Xt *~~, ffi.i'Esl~tmf*~m Yt *~~0 room~ 
~m£~~~, ~~~m~~~-~~H~~o 

*mAo~~~~~~~~ffl~-~~~*~~~~~ 

~m~*~~, ~~,~~~~A~aoo~~*~~~-
lli*o 
~MBo~*~h~~~&~~~~h~~M,m~m 

~~*~fiS{£1Ji{}tmJ~~o 
. 5 ;;J 

1. ;fe (2-5Z + 2Z2
) ~.lii!lllt~o PJ ~.A {g * Z (t.J iftj 

.. 

• 

... 



.. 

• 

J9 

~~, m~~wz~e-~-~~-~~~~~~<~ms 
7J-;}=Jt1Jt!) o uru tHJMc?tPifnl~OOo 

2. iiE f!II: x-f_ilr It at fa]~ f.A ( 1 - .Z) ~x-t j£ ~ P1 fa] a{Jtfit 
fa]f,l?}~f~, ~ltitlJitfa]~~ (1- Z) 13j!~lf11SJtr.Jiftftll~ 

?t-&~f~o ~~~fR~ 1: r~Sll~ft~? 
3. ~)! m ~ 97 f& fl B(Z) I A(Z) =Co+ C1Z + CsZs 

+ ··• + CooZ00fiffJ~ A (Z) fJl B (Z) E~-- ~ 1i f!_, ·11; q:t, 
A(Z) fi:J B(Z) 'lt»UH! n fit m lk{t.J*§al$~~a ~ C(Z) 

= -i-- ~ Z- ~ z: -f. z:s - ~ Z 4 
- ···at, itll A (Z) ~B (Z) o 

~~--fi~~~-~~~~-~mB 
(fl!~: ~*X B(Z) =A(Z)C(Z)yijjftfl{)~f£) 

~2-1 :Wt\'~)3;]:, Yil/ B(Z) 1¥-Jt~~~flt£ I Z I = 11: . 
Jltit, ~~if! B(Z) i£J)if:U:fmpq7G~o riifm J!ij, ~ Wi 1'
~ {lfffi ~ fft=f, B ( Z) l¥-J ffi & 1£1ti 1ft ~a J: (I{]~~ t!i M: o 

~Jtit~~~~i$11i~MJ,~3 
B=l-Z/Zo 

= 1- p-tcos ((f)- cu0 ) - £ p-tsin ((f)- m0 ) 

--~~~~&~~-~~$~~~~~Wo 
~~, ~~~-~~~, ~~mm, ~~p<l~P>t 

R::~(l~-.a~tf.Jo 002-4;}! P>llf.Jit~o 

~ {Y: ;lk ImB I ReB H"llilE tJJ o f'F ~I &llhlkil! § ll"J 1i i! £ 
i£~ B ~itiJ:fl!, m,m2-5o 

#lmfF~~~fmP1J~, ~002-60 RJ.!\1~ w: ~ t£ cu= 0 

, .. . . . 

.. : .. 

~ .. 

.~ · 
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ReB 

Im B 

l!l 2-4 

Z ~&1-Z/(1.25eU•J') ~~lflS~IIilts 

m 2-s 
ll12-4qtlf.J~~~il21~~-& 

lit£ a>= 2n ~M::l!--nMJ, ~£f§~~tffSflt~tfl5(f(J M M ~ 
£2no ffilf£1ti-f!t:IMI~fi--~~RilM", liP P< 1 flit, mrett:k 
~#l~T o lll2~7:l!;lt~$~Jlt$, 1112-SJ!~®fUifltflStEx 

¥1ti 1: MJlli.~ 0 

,. 



~· 

• 

• 

.. 

"' ; == arcta.n (t.rn/lt) 

IIJ 2-6 

~ lJt :ll,l,~JHl£ iJiiltD tfEJ '" & 

1mB 

lmB 

(I) 2-8 

j(·mf~(f.J~~ 
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Ill 2-7 

~lJi ~~ lill'* {fL i*i1t. 
1-1. 25Ze-ia•t• 

cu JA 0 i1.1mJIJ2n, ~~if> &til:bn2:n' m~ tmJJm~~ 7 Jj 

h-o #I ftt:lfh ~ .M!JII2-9o -=f~, ~ P >I Pi!, if> ( m) = if> ( m + 2n:) , 

~~,-~M-aBm~~-~~&~-~~~0 
riif~fr1Nittt--~tt~ 

(2-2-1) 
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;flM~f£~1!/&!YJij, B(Z) ~lfltl:l!~~Jfl ff.J~ti:zfll, ~ 

*~~~~m~~o ~~afig~~~m~~m~~-~, · 
.@fkA, 7}#}(1{JfbiJt~~W£At,J'~~' 7}-lU:~&dfJ~:&002-

6W~~~S~~' w~~~w~~-~~-~~&,~~~ 
ff£21tfiif~J!I!I2-6!&002-9JJ~~R9 Pfi ~Zfrll o , jn :~ttn1f flit~ 

~~1!12-9ll~f¥fl1J, 9!IL~iffl-fi!il!l§i002-9--n: , co= 2n ft9~{!l · 

*-T co= o ·ff.J#Jti:, JltM, iii1t~fJ!£~~lfi,J,m&o 

• • arctan (Jm/Ro) .. 

~ 2- 9 ~ 

~~ li'J';Jlf ~~lJi illilt 3 ff.J ~tHt 

2-3 Jt~ilii1t~ 

amB~~~'~i1tB$ftM,~M*~~-U$~~ 
~ti*o RJ ~l~~tl, ~ A (Z) $l G (Z) Wi 1'i!«i1t3Jt~flit ;#] 

:W:Y!IJ:J!j!jij-'i'-$)jj{~#J:Jm, 1\!.002-100 



• 

Ill 2-10 

:JtlfXiJlillll 

4J 

~~-~*~M,~m~z~-~-~oa~~~,$ 
~M-W~M~S&~~~-~-~~~~ -~m~~~~~ 
*m~-tj,~{tl, ~tE~f(J*Ji)f~ A(~~) + G (Z) l!llttl'~ 

{ft!f9---'t7t:~~{tf (~J!lb~f<{ll:) a 1t:9C, iN~ A(Z) £Mk 
,J,~&, JJ~~atnnr~.A~ 

A(Z) +G(Z) =A(Z) [ 1 + ~~~~ ] · 

A (Z) + G (Z) ;J!~Jlklj,~{tl, Rt;~Jijft)f: A (Z) ~ 1 + 

~ ~~~ Hd!HIIS;lUiuhtlHll ft.J *il fn.J liT • frrlfii e. ~ fl :<I! T 

-:. 

A (Z) ;l!liM\;ftHlt:. ~i-t~ 1 + ~ ~~~ lki!i :~.Pi ;jLffH}: ;Z 

mr, J£~@l~~'ER::~Ililit.!llt~, m-Tt/ACZ) nr~t}( z a9 
lElJ~Jf, ~~~,. G(Z) I A(Z) -&£~lb1a11a ftllt~lli, 1 + 
G (Z) I A (Z} ~llt'J'ltlnl~ff?}~{lf~ A (Z) (J{Jift:EJ!Jf~f)Jf 

$l:t1S:kr G (Z) ft.; if, NfJ~;Jt~.:p.g: fnJ ~ (J), lA 1>1 G( o 

lliJJit, ~tE!iif.Jif_l:~ G(Z)/A(Z) ~Jdftt:l, ~.:p 0 ~ro~ 

2n, Jltllb tl~~tEJP.-&11 ~0 ~ m N_:bn 1 , flfll + (J (Z) I 
A (Z), JLtdBti~~tfJS~~H!.lEMI ,~002-11 o lbrdb~~§ffl}g{ 

ti, 3TJ:J., ~:J!-At/J,~{ftPlJfttr.JlQ&o ~~ffii~Z, "--~:lfk 

,1,~-DL-Tilt~l:~~$ (t9 'itt¥', {J;~lfktl,,lt{fl" 0 ~1'-ff ii 

.. 

.. , :. 
.. 

. . 
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MJ~ (y,j J.i::m!.R~nfffE ffi_.~lt'oJm#h*o f'-l~~~~itl1,~{!l:A (Z) 

1t~ff1ll1£, JA--~11il~Mm*,~-WitflraJzmm~&¥rJT, 
' 

N~--~IM"faJ., flt~i:tliMi~!lHI*,tE~®:ftJ:-&fil&~JT o 

~llt3la;l'< 7 m% Y (Z) = A(Z) + znaA (Z), ;Jt r:p, n ~ 

~~---~~~~~~~~~z~~~~~' a-~&M~ 
tfEJ~!JIIt€~o ~TmJYJ Y (Z);J!M£11,~&, i# it- zn a9m 
~ 1, if! ll, liM~~£ a ~®f'l'-=f 1 (i!~~mi;b) , mkA, 
znaA(Z) ~§TW!lif:±lmft9G{Z) ~fft1~o I§Jlt, 1\lll\'" 

1 

&~~~l:~liMre~-~~&ottm, ~~w~-~~-
a:p ~~$~1iMa9~~o 

lm (1 + G/A) 

Re 1(1 + G/A) 

m 2..:..11 

iE ~ li fdf.J ;fft ffL t£ ± n /2 2JM 

- >.J 
1. ¥11*Wi~Jt1P~Jilj\'"tLffil*:!l~Jt~~~/J\tft{!t:-1-lJt 

tf.J01Efo 
2. ~ A(Z) :1! N lXJitlj,~{!l$J9i~t, }t~ A~ (Z) = 

ZN_A{tjZ) ,;jtj( z ~jlijlfi~ A' (Z) ()9~~0 A' (Z) ~~ilk 

X~ {}to 

Cil~a . :9Gfi:ffil)iif{Sl A(Z) = ao + a1ZJ 
3. fli)i! A (Z) ;JkJitlj.)~{!l, 7}f ll, (; (Z) ~(X~1jv=f 

• 



~-

• 

• 

... 

45 

1&~-TA(Z) t¥.1lkflo fli~IAI>I<:;'Io iiEfYJ: A(Z)+ 

G (Z) ~-MiiJ\*'lW:o 

4. ii: A (Z) J!lfk,J,~t£, fPJ t£ I •a I< 1 , I c I> 1 , 

I c I= 1 ~=:fftit~r, A(Z) + cZNA(l/Z) ~lttt£~11!? 

(~~~ $~~~-£~~~~~~~~-~~) 

2-4 JE ~ Iii lc 

~W$~m~a~,~M~~-illMm~,-~~~M 

~II, ~~fltP4IDltli:Pilflo tEEI!r~J:f:r :, ~«JztEIJ~.~ilf~ 

ft! Eli z ~~~ rt1ffi ~ Jtt iiffz.~ J t~: rr ~ * :, ~lltJL:J!ffi 5i ~ '* l.l 
~~o~~~~~~~d~~~~*~~~-~~,~~~ 
~~~ A~~~~-®~-o~TMh~~OO~*TM~# 
'fi~, ~1rTRJkJ-~j!t£~-1'~~JJ F<2~) MJf'F m -r, ~ llM 
~19T51~~)!~V(Z)o . .tEitiltm!it~, ~~~F(Z) :J!ij 
ilt~ Y (Z) 69-1'-ftA, ~tttfi~ V <~~), ftP 

V(Z) =Y(Z)F(Z) · (2-4-1) . 

.®.~, 3!~il!i?tt~ v cz> 1!~~~0 ~;ffl~llrn, $JJ:t*{lt-& 
A~~~, ~-~~-~~-,w*~~JJ,m~,~~~ 
--1'-l&~~~WMil£3 I (Z) 

F(Z) =l(Z)V(Z) (2-4-2) 

m -=f v ~ 1 ;I! fit ttlf.iff! t¥J , ffii Jl m J!~r ~" ft-Jlll~ ~ t¥J , ~~~ 
'Efr.J~WJ!Jli],#Jf!lo 

~~,~w~reM~m~m~a,-~~, ~-~a+ 
ib :fl----tlEf..l~$ a, Jllj (a+ ib)-1ff"l~~$ a/ (a1 + b1

) -ttl,£ 
lE®, l[1 a+ ib ~~lt!l:U:lil: Y (Z) ~I (Z) a11--Jt{t{, Jllj 

«~~~~~-ff"l-~: fiY~I*~-~~~~ft~,~ 
§J-Jt-&flo 
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· t~~~$:1!1J~j!{~~~, np 
:rb.$ = ·····• + fovo + /1u1 + faua + ··· ··· (2-4-3) 

~iiJ~,.m z ~~*~lis, 
I 

:w;$ = 1 ~kACV (1/ Z) F (Z) + F' (1 / Z) V (Z)) fi"J 
2 

zo (t9~f£ 

- 1 1 s+· CV(1/Z)F.(Z) +F(l/Z) 
2 2n -• 

V (Z)) d(j) (2-4-4) 

~lj}fl (2-4-1) #~ V(Z), . f4 

~$ == 1 1 s+· F(1/Z) CY (l/Z) + Y (Z)) 
2 2n -• 

F (Z) d(i) . 

llif~ Zk t19~fi~-=f z-k (t-J~f£, .@(k,l_, r'" (Z) + Y (1 / Z) 

-w~ma-~-,-007-~Bm~~-~~~~o+ 
R (Z) :._ Y (Z) + Y (1/ Z) (2- 4- 5) 

(2-4-4) 1J!~Xi 

~*= 1 1 f+1r . R(Z)F(1/Z)F(Z)dm 
2 2n J _, 

(2-4-6) 

~fJtlii~:J!f£~-~lEl¥-J~A.JJtmifJ~ R(Z) . tm~${, 

~~!t=9J$i~~~m~~*t~Sl!lEtr.J <~J.iJi;(f FF) ,JJ~z, . 
R(Z) ~~~3ifl~$~~;1!J£(J(Jo JY(~,R ~flft:l:--'l'ifo 

~{J1B~§al)[, -~JWfl~$, Y (Z) + Y (1/.Z) ~~JEP9, fliJ 
~, v <~*~~~~e*l19-~~&~-~, Y<~~ 
Y (1/ Z) tru~$;1! 

• 



• 

• 
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Re(Y (Z))...:. Re(Y (1/ Z)) = y 0 + y 1cos:m + y:cos2ro + •·· Jil · 
=f~fllff.J~t$~£1E(t{J ,~;Jtt!~MJWitflS~ . Y (Z);fQY (1/ Z) 
tf.J ~ $-& &6 ~ :J!JE ff.J 0 

jn * m liJf ~ t¥-J lf'!a mt ~m #.1 £x il§{ {t{J </h * ~ iiJt) , !iliJ kA ffl 
~~~ff~H~t, ~eM~~n~~-m~6:J!~~o~ 

~**~~~oon~~*mM~*~~~~T~re,~~ 
t = o z wr, JJ~;ilt~~ o, 4ilt-tr'alf1 it-J YiM ~ t£ t = 2 ~ · 

t. = 3 zfaJo 1£)( 
· It 

I I- { t -
- 0 t> 2 

t~2 

(2-4-7) 

~)j'{f~~~RffaJ!!.@fff: l¥-J~, RfkA~O (~~-4-6) ~ .@f;ff~.$~ 

~7t, ;m~~~*~m~~(J{}JliffaJflt*lJ~ff! L% =FJJ, RJ ~ m 
F'1W1t F, 1£]Yf;ff~$J:fj:~?}, Np 

W i = 1 1 f +• 1 F' (1/ Z)R(Z) F' (Z) dCiJ 
2 2n .1 -• 2 

<ill>Jt~) 
1Slltft:liilt9l 

J;f. ~ijf{ .I 

<.iE~-~) ' 

..J 
I 

m 2-12 

JL~Il¥~1f.tfa] ~J! 

(2-4-8) 
' I 



48 

ans~-,~~~-~~*~~~~~~~~~~0~~ 
~1rl*:lt'Eo tt~, ~R(Z)F'(Z) JftMJI Z· (f.J-tf(J~f£J! 

~~*0 
zo a r of 1 o + rtf 1 1 + r -r.l 1 : · 

Z1
: rtf'l+rof'i+r-tl':a 

Z!: r,f'o+r1/11+rsf1 s · 

Jl:)jt~ F' (1/ Z) CR(Z) F' (Z) Jrp zo a9;~f{, ~~:14fDLl: 
B~t4~*~1' o, ~=t4~~~J-J' u m.:::fl~*I;A/'2~:JffJt~*1tt"-. . 

~Jf~~91j;A.J 

[

,:. r -• r _,] [/o J 
Wa=+Cf• f• /1) Tt ro r_, f • 

rs rr ro fa 

(2-4- 9)· 

~{St 3 X 3 ff.J=.:(X~ (2-4- 9) ~li::l!lEM1 (flPMfffiiJ/f\~~ 

~it.J Itt w :> o), rroli, mfl'~ txt ~¥-J~=?X~~~tJt~lE 

ft.J 0 . 

.,~;Z,, ~JP-~~J:f:IMJJE~t!.Mt~m, ~~ftEM~ <», Y(Z) 

+ Y (1/ Z) J!1Erf.JJ ffiit£JM"fa]~lft, JE~~It 1Pt ~, JiJi ~ ~ 
(2-4-9) !~~MJ f X f ~JS$~~JE~~o IIJ ·2-12.,~#fT~fJ 

mt--titn(i{J-*~~f£0 

~ ;:.) 

1. ~h~~W,~B~-&-~~~~-~~*~~ 

~ dv/dt =fIt. v = J ~jdt. J!J!j(0.5, 1.0, 1.0, 1.0, ... ) 

~mm*~ID~~,~-~~~mK,~~*~~~a~o 

• 

.. 
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.. 
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(-~~ ~ (1 + Z) /2 (1- Z) tJ( 2~ tro1E-Jil7f) 
/ . 2. $W~-t-Jklii'J,~&ill~:J!JE~~P!Iflfi1J~Ffo 

2-5 ~~itil£3 

an~~--ffl~-~*~~~~~~M~~o~~A 
~ X (Z), tid lH~ Y (Z), i!i1t~;b B (Z), {Efl" Y (Z) = 

B (Z) X (Z) ~~#Hint~~ Y (1/ Z) = B (1/ Z) X (1/ Z>o 

Jlt:::~~*' f!J• - -YY = ( BB) (XX) 

~~m~A~-~~~~~-~r~W~~o~~3~~~' 
'M"it ffl~fn~iit¥.J~:tk*~~' IIJ2-13J:fl~lj*T -~{11Ffo 

~;JM~ 

BB 

~Hfr .._.__ ----- -----=--· V-

~fi1~~iAJIJ1E3!lM"f~PEtfio ffl z· ~~~~JE ~at faJ 
mlfcfl9milti1i~J! 

(2-5-1) 
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• 

Re 

0 t 

tm ... . 

0 t 

m 2-14 

~1&1(1-f;!ll~h =f Zo = l.lei•J' fl~&J.K!fu~lJliZ :~~tf.JIM"faJm·lt 



• 
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~Ill![~ (j!f£~1iil!.#filEIYJ), -!:3 (2-5-2) ~f£-tffl~ 

(JA!JII2-14) ~~~f=f)!l:fr~;f\lngil[~)l:c. ~~F.i~~~~~~ 

ilflti{:!Llm, Jl1Jiiiilt3l¥-1~*~~ ,B(Z) ft9~fl~~~{Jh!fto 

~~~~m~M,£S~tM~, ~~~a~~~~m~z 

ft-J~lX¥o i!Y!~, ~~ttllt1Jf!j&ftJij B(Z) ~ f£ 119 *I 
~tli1J!o ;!.lj'1J~/k$1J!P!:~ ~) A(Z) ,r. {J)J ~' X1 T ~ ffi 
y (Z), ;(if 

Y (Z). = B(Z)X (Z) (2-5-3) 

Y (Z) = X (Z) (2-5-4) 
A(Z) 

(2-5-4) Wiiil~kA A(Z), ~~ 

Y (Z) A (Z) =X (Z) (2-5-5) 

~ TJiffJ)f:~m, ml~tE t == o zwr, Xt fn Yt tf)~ o 0 • 

iX~t~ z (t{J~t'X~a9~f£, f~ 

YoOo = Xo 

Y1ao + YoG1 = Xt 

Y:1ao + Y1a1 + YoaJ = X:.1 

y3ao + Y2a1 + Y1a21 + Yoa3 = J;s 

00 

i=1 

00 

xk- LYk-iai 
i=l Yk=-----

ao . 

(2-5-6) 

(2-5-7) 

.(2-5-8) 

.R~ Yk-u Yk-~ ···e~, ~RJ ffl . (2-5-8) it WYko M jk 

ji11f;f<f.fj.ft-J ,]i)ff:J, :ti ai £-... -tR£;~J,fH-{tl$Jjji~, 911JM~:&~ · 

' .. 

'· 
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-

ftft9o ~~,JtMft-Jitflrfl, x~ A(Z)I£ J( (Z) l¥.1~1'!, --
G:~~~Jltfn% J:l¥-J]G~~ff:-~o t£JJfi~t~ u (f{J B(Z) = 
1/A(Z) = 1/(1- Z/Zo) f§iJ-=t-r:ft~ tllq:t.R~~_..lJ{o ;t#~ilt 

an41itJtiliilt&, tt~*illllt*m, li:utilillt~1t~~ll!ilt 
~fjf~~' m~ A(Z) l¥-J~fl!t B(Z) = 1/A(Z) ft9~1fc& 

ft$o Jikm, ~frlfflf~--r B(Z) (f{Jifo f§~ -

mill 

A(Z) =1-Z/Zo 

eH ..,_"'o) 

= 1 - --:--;. ~--
\.1 + e ) 

A (1/ Z) . == 1 -

A (1/ Z) A (Z) = ( 1 - _e_-r_;:--;-0 >-)( 1 - e~:-:·>) 

1 . l 
· = 1 + (1 + e) z - 1 + e 

. _ 
1 

+ _- _ 1 _ 2cos(m- cu0) 

-: (1 + e) 2 1 + e 

1 = 1 +--~ 
(1 + e) 1 

2 
l+e 

+ 2 
l+e 

• 



• 

53 

(1- cos (ro - .ro0)) 

~ ( 1 _. 1 )z + 4 sin! m- m0 

, l+e l+e 2 

·73 (1/Z) B (Z) =--___;(:__1 +_l~...:...)_~ ---
w- mo 

e1 + 4(1 + e)si.n•( 2 ) 

(2-5-9) 

i!1'P!Ifllft~l/(e1 + (m-cuo) 1
), &t"iifi2s~J~Jf~j}f{J;lo m 

2-15&t:J! (2-5-9) ~OO~o 
. . 

~!Lt, ~ft~R4~~~l1titiR~T o 131it*T-1'1tl~ ~ 

~~mm~~*~~re~~~$~$To~~~--~~* 
$~ L1ro~2e ~o Rt$;& Lit= 1/ e, 3!~~Jm.JBlE3!P!t~ httr.J 

fJ1l JB 1M" fa] ~ fl 0 

JiJi itt~a't~ ill i1t 313 - ·-1' ~ .Ii! MJ:tilif o 1i ~ ~ ti9 Wi A 1ifi8 
~-~~~00~~, m~~mm~~-~~H~~~o~W 
$ ~ffl ~, #milBtJt~~~~flli9o 

-:-"fPP131t~r!~t£ngl}t~ (1, eiwo/ ( 1 +e) J :Zm, ~ 
m_.~Jt.traJ~l}9j(~~i}gilt3 (1, e·'-iWoj (1 +e) J, ~*It m 
it~RtfaJ:l!.lW~£ C1, (2cosmo) I (1 +e), 1/ (1 + e) 2J, ~B:H! 

.... 

~~7 Cit. ~$JiGJY-J1~fB~B(l/ Z), ffiitEHifaJ:fl.j(j(~ - ~ -
~~ B(Z) = ho + h1 Z + ···oJJltm1t~iJt3Jif ffl B(Z)B (Z) · 

- -
~~~ ~(f<Jif;J! CB(Z) B(l/ Z) J C B(Z) B (1/ Z) Jo /F* 

-
~tiE, B(Z) Mlitli B(Z) (t{Jif~{C.l, .RJ!*f~~tE <Do ffif 
tE_- illoo JjTJ;A, m~il8i1t3~if~lll2--15 t%ll13~~m-~ 

*-$1J.&Jt-iRJf4JtJ~ifZ*Jlo ~IIJ2-16o 

.. 
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~ B(Z}I(I/ZJ 

Ill 2-15 

J 
41fn* ~blf 

{ 

"-fl~(Z8 = (l ·+e) eiwo)iJ!iltiJMJfil 
ift 

0 

m 2-16 

/ 

~tll\~itatJEJif, ~a:p, --t-•ft.ijnfE2-ts, §3--ttll.ltEJt~~f!L~ 

• 

.. 
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ss 

#S >J 
1. ~-~Jitft)JrJ! Yt = (1- t:)y t-1 + Xto ~f'P,OCtjt 

-rf*~liiLfR;}o ~ xt ~--~·~(qt,. if~llitttH Yt J%]!( 
fl;.t~3Zi~o btiRJ, ~~Jtf9M!mft~lt-t n~ -z- $ ::k (!flyt ~~ 
Jtj e·- 1Yo (t.J ~~,. flit ~d) 1 Xf -=f 1j, {R e j~ jo = 0.1, 0. 001 ~ 

0.0001,-r ft$*? 
2. 1~: 1/ (1- o .lZ + o. 9Z3

) ~rt&F.i, fi:!lJifftlml $)& 1 

~M~3--~~$*?~~m•~*$*? 
~ 

3. b\~500F.i/fP**f tr.JI'LM, i&tt--~ ~)Jji~ jj. tft tt9 ~ 
Jii:t59--61fi~tl{Ji}gi1t3o ;Jtti~~~~ll!? Jlt~iJi~frtJt{al 

JM"fa]$*? 

2-6 ~)ingiJ.t*lJ 

~--:W~tt~ifm~ 1 ~i«lltiJ, · NP 
B(Z)B (1/Z) = 1 

~itJ!Yt, i£~:$:4l'ft, B(Z) ~%~~:}! e~•c"'>., ;Jt a:ft !/J ~ 

~ tt9, PL( fl!lN3 o JW.#:tt, »f-=f JW fi ~ Ji"J tP, BB = 1 o #( 1f 
--t(t)E(t{J'"3tiit--.ti'iti1t&t1f~~' .R~!f1f e1•c~~r>-ff!jg£ # 
!l!lft~~lmjiJJM-fa]ijGgtfj7 o jm:W;t,h(CD) ~ff-~~' #JJU(f9 
MOO~-~~A~~~o ~~a~au•~~M~~~~~m 
i[@, 3f[;A, ~@f~~~--~P!Jf£ t,h (m) nrm.~u- 3ft Rf im ~ 
~oM~Jlil'f9~~~,~--~~-~~~~B~~-~~ 

... 

-•m-~o~m,~~~~--t1U~i1ta$~~m~~~ 
r51¥-Jngi1£~o~~~l}t~ 

P(Z) = z - 11 Zo · (2-6-1) 
1-Z/Zo 

it~, ~!!~~ ZNA(1/Z)/A(Z) l¥-JPEtfi(J{J--f'Jtf~1tit{)l 
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Ciflia_N=1, A(Z)=1-Z/ZoJ,~rft :, A(Z) J!--~N 

?X (1!\t'J'"r N (X) ~$lJiJto mtE*~Y1E--""f, Milt 3 Pt 

~-~~£-~~~*~~~-~,~~-£ 

P(1/Z)P(Z) = 1/Z-1/Zo Z-1/Zo• 
1 - (1/ Z) I Z o 1 - Z I z o 

(2-6-2) 

c2-s-2) fl"lttJ!l---~JM~l: -r~~D- i~, atffl. 

P( 1 ·)P<z) = 1-Z[!_· z-~;z. =I· 
z . z- 1/ z 0 . 1 - LJ I z 0 

(2-6-3) 

~.:P--~~~ ~ p (Z) = ZNA (11 Z) I A (i~)' -& ?if. , liE IJlJ 
P(1/Z)P(Z) = 1~» , lmZ 

~ Zo ~tflfi{}!Ji~~' 
JlU (2-6-1) "fiT~ tk 
z l¥-JJE¥Jil7f,#-Ji, 

Jii7F~tE-&IlUl:IJt 
~,j!mf!fl,~~m~ 

· ~~~~~~ Zo t£ 
· JP.{)LlmJ9~o I P(Z) 

~7}-T~O,P]"§all{: 

~~ Z = 1/ ZotElJ!tL 
IMJI*J,J!fftiit&~-r 

X 
Zo 

Re (Z) 

00 :2-17 

~~~~a~•~~••~*' ~4a 
lti~iJJ*J, 'i3fnt£1a.J~~~J:o · 

1112-17 o ~ TY!~fia~~~~liiJ-~~-1:, RJ~Zo1ij~fl! 

1/Z-1/Zo Z-t(Zo 
1-1<Z./Z~) Z-1/Zo 

1-Z/Zo Z- 1/l o 
Z-1/Z'; 1-Z/Zo 

.. 

• 

• 
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~~W~ roeifo, ~~~ffi, 1/Zoff.Jlflfft-&~ (/Soo 

,bk2-21) (~~-Jl)*H-fil) PJ§at, [J 1¥-J~-T/Fi!Rt Jj) -~ 

V£, ~~~&£~.ff cu)~~ 0 ~~ 2n ffiiiftjm 2n, ~Jlt, 5f.:t!J . . ' 

!f~jg d¢>/dro :1!1£~, ~{)tj!J!JE~, --~1:, - -'t ~ 1f' 
~~~~~~~~o~TT~~~~,§*mili 

Z=ei .. 

dZ . 1w ·z --=se =t 
dm 

d az d ·z ar 
dw - dm • dZ = ' dZ 

(2-6-4) . 

~~~~B~~~c~eM~~)~~~~ 
qS = Im ln P (Z) (2-6-5) 

fll-r 1 P 1 = 1 , ~u, ~fl~~t$~ o. 0 ~-r~ ji il! ·?1£ ~ 
<&~~Jlilii1t~)' ~fflilJkJ-~ (2-6-5) J\.f*ft~ 

¢> =. ~ lnP (Z) = 1 ln z- I/ Zo 
t i 1-Z/Zu 

- ~ Cln (Z- 1/Zo.) -ln(l- Z/ Zo) J, 
% 

(2-6-6) 

Tg = d</> = iZ d</> = z ( 1 + 1/ Zo ) . 
dm ·dZ Z-1/Zo Z-Z/Zo 

1 
--~-+ 

1-1/ZoZ 

Z/Zo 
1-Z/Zo 

_1-Z/Zu+ (1-1/ZoZ)(Z/Zo) -
(1-1/ Z0Z) (1- Z/ Z0) 
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1-1/ZoZo - ---~;:___;;__ __ _ (2-6-7) 
(1-1/ZoZ) (1- Z/Zo) 

(2-6-7) ~7}-=f;J!-'t'JE~Il CW;9 I Zol::> 1), ~~-lU:(f(J~ 

~Hi A (liZ)A(Z), ~~-.-til, ffijJl~lil.:J!JEl¥-Jo j!~, 

~~~~~T~~~~~~m~~D~M~~~~lE~o 

· !~~, ju*tE--.-tMi113moo~m--~iiil!tilt~, miJ~ 

~&~~.llfi~~-~~-~~~~*~M*~~~~-
~0 ~~' -~~&~~~~~-~~~~~eM~~A~ 
~ Ia] if (19 ag l1i3 t¥-.1 1¥ l!£38 0 

~~,z , ltit&~ ,JP.~ ~~J~iii1taJ!~ ~~~~frl~f$rm 

~~~~~*~~t¥-J,ma3~~~~-~3~ffi~~o · fi 
Zo Jtk1£l)i{fttmJ~ilr, OOiltfS*$1'£~3#!Jfl .tfl&~~fi~~$ 

~jft, ffiif&~l!\"lfi·tf:tmt5:i&, !Qij}!5JBW.&.Ia9 ~ * ~ $0 ~ 

~-1'--~~-~$~~*~~~~4~~~~8~-~ 

.~ >J 
1. (lit fa] ~ f! Pt = ( +, - ~, - ~ ' - ~, ···) ~. ---'"1' 

~m~~3o~~~~~-~~~,~-~~~OO~~~~ 

*"~~~=f-'t'if Mfto 
2. 1@ ffi~iir$ilt3 ( 1 - ZoZ) I (Zo- Z) 1¥-Jlfrj{R (if>.. • 

#J{fl~J¥~)8, jf;Jft, Zo = (1 + e)el~o»o, iiriJJi e ~J'tlj\ f.t.o 
~tJ:OOJ:f:t~tijltiJ~J:~~~#r£o 

. . - . -
· 3. tiE~: lit ( 1 - ZoZ) I (Zo- Z) 1:3 (1- ZoZ) I (Zo-

Z) $~~~m~3~ilt~~~~~~~~o 
4.-~~-~00~~£-1-~-HOO,~~~~~~ 

H* lrP Pinll&o U\'lt ~lj f£ lJit raJ ~fa~$ ijGtilf ~Jilt Pirf!, 1£ tin i! rfl 
~ "Jftfa]" ~ "~$" j!Wj~iijlt~o iW~YU*- Ji' JX frP PJSI 

. ~ 
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. #' 

• 

5 .. ~~ · (2-6-7) *~J!lij[! ·,g(cu) (1{]00, - ~~~J'f1f 

cu, Tg WH::JEMJo ~ W t£1[£111 0 < W <~~n -~ft lft, iJ\ ;it ig 

!ro~fttr£111 <fl!~: fl'-~:rJr!, i-M~~~---~) o 

1i ~ ~m *, tM~!f1f~ ~ ~ ~ ttJ--~ ~~ * :JJn cJ Hi fliiJ, wit 
l¥-J j\ '6 $7ri't! ~ ~ ~ o fitt )i ff.1 ~J r £~~~~~ill{ !l -r-~ l¥.1 Bo~ 

-~~FT 0 J!#ijilta~tt~JA m ~iiilii~~~&t'f~ftrmM 
~o~~m~~-~~-~~~~~-Q~~m~m-£~ 
~~0~~-~~~,ft~~E~~~~oo,~~~~~~ 

~*~~MR~OO~~o~~, ~~~~~M$m%~M

A~M~-~*~To~-~~~~~~~~~**~-~ 
~Eli lfitJ w., j~U "I 11: ~ F.K ~-i*tElli~ ~m~ a1J J*l9r 0 ~ ~ -lti f1L mJ 
~~~ M-M~-~~,-m, ~$~~00~~-~-~~ 
~~m-~~H, M-~~7-~~-~~~-~~~~3 
·~~*~~3, ~~W$~00~MOOW~~~~-~-~ 
lllli\Jo 002-18, 19'ft ,.®i f:H T iX~fCjlJi~irgi!t~o ~iJWizifJiitt 

dddCJdo 
~m' . 1:li J[iff 'ift.~l \~*-

m 2- 1s 

-~~-~~3~a4~~4&~o~••~z••~~-Q~, 
"X" ~~-~' "0" *~~~o 

.. 
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~------~~0-----------~w -· . 
III 2-19 

~m~~-~~~~~B<PP)~~~<W)~-$~~~0 
t£Zo= L2e1•/s ~fm'ff-1-'ll/.1 o ~~ Zo= 1 .. 2e-i•P:JI}~--1'-
Itft.i, AT milliltZ:t£1M'faJ~~~J¥J o 

13~*ilii1l~~~m~~7JU£z- roo Jt-ttmmr3lf~f!E, frJ ~ J! . . 

~(l{J, mim~M# I cu- wo I tt.JJI.DnffilM~:ft~o ~Jj ffl ~ 'Mf 
~~~~--~~~W$~*W~-~~~-~~~-~, 
}II{~ J!:bJt 1J ft!o 

~-~-~~~-~M~~~~m~-~~,~~~
~a9WtJ.tiitOOf.i~, ~fl11r.ilfitrai*~~~t~, · ~1ft£~~~ 
ffl ~/f\ntfRlfi, {Rt£~~-~~ffl ~tq~~fRllio R~, tra 
M*~fM"raJit~iJWilil&:~ti"J~?JPPfil~J!~,, ~£~$, JliJ~ 

. -... 
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!fa)i@ lftJ\JJJ!it~~tJ:Jltt raJ J:* ~ Ji:it~;o Jiil f-f' 1£ffi $d 60M 

z ~ ifAtilt~ 1ft , Jf€i{W :If'~ ;k ~ o flP {t*ii ilii1t ~ ( ffl ~i! #I! 
Jlt~~H:JflJL+Jl~~~) ' .{Eflitfa}~~ Jfl{f ~~~*~*' 

m~fl~~~~~*'~~m£*~0 m-~~~M~-~ 
~,m%~m~ft*~~~~~~~~,~~~&M~~$ . . 

~e, ~w,~~-~*~*~~~M~mft~~~m&o 
~~**f!m~:k~, mu~JJJ!l9Yim~·rm~l~a9tt~art.J~ 
.,~~*~$~M~~~,~~~~~~~~-~o 

tl ;;J 

1.. .____~ ~fl\ P9lf?hm /FRf ~ ~ lt'.J ~:i1t ~ ' »t-fff -r UJo (fg m 
~~$, ~-&~~~~~~,M-~ruo~M$~~ffiMo 

~~~~~~~~M~~oo~*~*? 
2. M4-~*~-,~~-~•mm~w-,~~~ 

-~-~~-w~-~~~-*T~~~~~oo~*~*o 
~-~~W~W&M~*'~00-~$0M~~o~~%~ . . 

m-~~MOOt~~~~~?*e~OCM~~~-~~&~ 

ftM·,~~~m-~-~~~~~-o~~~MOO~-~ 
.$$*? 

. 3. b\ie¥!>.1 .l .ftlil!iltilffl¥1Jt!JJ 2 tf.J~~ (lJt) J:, 
*iJ1~Ti-fito 

4 . .i!itt--~ltim~, ltt~~~*ngi1fa., x-t~5oo~t 

tv*¥t fl11 ~lim, Hi fWJs9--6Iiiz ~ !ijf*: 0 

2-8 ~t&M:~~~ 

Z ~~~#ll!nt~~~lllli~~jji[~ li ~ Z = eiw ~ 

iw = lnZ ~7Fo j!falt~~r:J:tff.tJ:--..Ji'-li:tJii, Z tr.JWi~~lJi!~ . 

~~' *~~~~~ID~~~~~,&~~~~#o~~~ 
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A 1-Z 
-i(j) = 2 l+Z (2-8-1) 

A 

z = 1 + i~/2 (2-:8-2) 
1- im/2 

~~~ru~--A~m~,~~~--~·*~-M~~* 
- im = -lne1"' = _.; lnZ = . 

. 

= 2[ 1 - Z + 1 ( 1 - Z) • + ! .. ·] 
l+Z 3 (l+Z) 3 

(2-8-3) 

(2-8-4) 
.... 

~ Z ~~ B(Z) :J!it,J,~Ui:M!ilt it," J{lj 0 = B(Zo) l¥-1 

ff fJii ~ Zo ~ t£ -{)LlmJ~o lET Zo = exp {i(Re (mo) + ilm . . 

(mo)J}, I Zo l~e-Im,..,o> ·, J!"Ut19J, ~f~iilj\~'fititi1£~, 

Im (mo) ~~1Al11l <NP mof£r*-.!fimD o ~~Lt, "iii J: .. t~, Z = 
e1.., relti.fU:mD9r 1ft)~ M3i'J 
~~~ 1Iffo JAm 2-20 ~ 

2-21, "ii]"~~J}!, ~~~ 

Ui{~~(2-8-1)~(2-8-2) 

&telti -nL mu 9rtflS~MJtJ r 
¥¥Jiiio 

li~~ ;x ~ili i'CJ~:lk 
--~i!CfbtA, ffi~iil%~ 

f*#J 7 A1£;j,$.ftl~'f1:o j! 

~ 
2

. t - Z w = ,_ 
l + Z 

A 1 · 27Tn+ 0 0 
B l l1r1r + 77/2 l 
C -1 i 27Tn + 11 ± oo 
D -1 21Tn -·77/2 -2 
E l 27Tn + .693i if 
F 2 27Tn -· .693i -if 

00 2- 20 
.... 

z if 1fii ' (i) ~ jiij ~ (I) ~ iti ..t rr.; fl 
ft ~H~i:fl9 JL 1-J~ o 

•. 

• 

.· 
•• 
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c D A 8 c 
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' 
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. 
0 w 

00 2- 21 
A 

II 2-2o lfl JtJ ill l'ro t\tE Z :if iiif... w :if iii lll w:qt iiLl: !f.J H7l' 

£~fi1j-)(a9, ~;9 ,li:fff--~~)Ea9tl7}1Jfl)ii:[(2-8-1) 

- =tt~~~-~~7t1ifl, JI1Jmmft-9~?J-1Jfjf-&:I!~~R"J <VF 
$tt?Jt -r, JJittaJ-·ifti*J: <1-· z) ff.Jilf{t.J., RJie--'t~J£1¥-Jfl 
?tlifl*~~-~fl Jij(t{]~7}1J~) 0 

ietL (2-8-1) ~J¥-Jilfjfi!1J/!:Ji&, - s·m M~#ll!nt~~ 

ft-1 J)ij fa] ~7} f! I ffii ( 1 - Z) :£--Wr ~ ~~. - f-' ?} -HJ r:p M1 
( 1 + Z) ~~ "l=f:1 1L'" tf Z11~o 

.. . 

' . 
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~7&f!ij~~itilffC.l~R:--~fltM~m: 1rtt J:t, ~ z-l/ l ~ · 

(2-8-1) ~(197}-=fli:J~~ 
• • A z - t /2 _ Z11" 

- • m = 2 z-•/2 + Zl/" 

= _ 2i sinro/2 
· cosro/2 

A 

ro == 2tanm/2 . (2-8-5) 

~~ (2-8- 5) ~TYJ*~I¥£-f;'Y--~"ft.io ~Jllf£-* ~ * Lit' Jlljj}ff~~ (2-8- 5) &i.lil;~ ' I 

·'l 

Ci>Llt= 2tancoL1t /2 (2- 8-6) · 

... 
"'4t 

Ill 2-22 

~!! ~ ~~ jl[ {!;{ tro tit .It 

ll12-22lftlfii l±\ 7 ~~ 
ilrfll~~o frtm~, 

**~.ll'JJ~lfit <-&St 
~ i~· llk Lit JE 6$ !]\ 
Jfit) , ii~kAM!i~£ 
jis~~ 1£-lj\ (19~LJto 
J.A~92-22~ ![, jn* 
~ Lit ,IE,'$ !j\, . ~ 

illmaxAt~ l, Y!IJiJR~ 

}}9 ~~ ~J:}!: flttJ\ tJI.J 0 ~ 

~~'f~ (~$)/Ell~ 

~~t' hJkA~f!f.~·* ' 
~ ~~ m f19 ~ fn~J tt*X m 
-..-romaxLlt<no 1M_ 

~,~~~$~ffi~~~~r~ffl~~~~~*m~~~To 

rlti*--~t£~~$!iC'fi__..~fiti~~~-=fl/-iOJo1!:J!--
. -

~~ 7} < iiilt~) () ~ 7JYJ .D.tE~· , ~ fnt-t~ ~~~ ti /F IR1 tr.J ~F.i 
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P= 

-

--

1 P=--.-
- Jcu + e 

1 · 
2(( 1- Z) I ( 1 + Z) J + e 

0.5(1 + Z) 
1:... Z + e( (1 + Z) /2) 

0.5(1 + Z) 
(1 + e/2)- Z (1- t~/2) 
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(2-8-7) 

(2-8-8) 

JA (2~8-8) RJ m, ~a.traJ~PIJfil;~ ff.J, ffiili~ e il-=fOit-t, . 
'6 ff.J~):t:}g (0. 5' 1' 1' 1' •.. ) (}filE~ l~ ' Rl~ JE (iij 1M" flll ?Yi£' . 
trlfi $t (J9 e, if!~~ fA l¥-JlM" rm zpj£) 0 jj~ fit pj fi ft9 M:mt tE lll2-
23 * f1:: 7 J~ t/i 0 fllllt J5, ~ Jf.t fa} ~;fi:J ~~ *~~l,QJ --1'' 1J! :.ll 

I 

[m 

.~. 
t 

.. . 
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~ >J 
tEtrtiJilJII!l9!8¥ 1ft, ijt~~~r F (cu) = 1/ (- icu) 112o 

~7~-~~~~~~~-,~~~~ft~~~z~~
lJJift9~~, ;f<ffi F(CiJ) ft9~~~~ **F~traJ(f{J~~/t 

(fo + f1Z + j:lzz + ... ) 2 = 1/ (- i(j)) ~:-t(l + Z) /(1- Z) 

b\if~/o~/7o 

• 



ft~~-~,ea~~-~•, ~~~ae~-~Hoo 
~~,~~~~~~$~0-~~~M~~M-m~~~~£ 

~$~MOO~~~~ft-~-~~~~OO~~~-~~~o 

• ~~~ft~~~~~ffl~o&m~-B~~m~~o~fflOO 
~-~~, M~~-~~-~m~,ttW~M~~~~~o 

~~~~~~~m~~~~m~~,~-m--~~&~~~ 

• 

afniji~;lt~~~JJJ, ~t,J,lfl«tmflll~J~:I:, tt~l'l llC t = o 
~--~~~$o~&t{1c~T ,t£Mf!iftffl~flirp~$fii:R£&o lit 
,j,~&t£-=::~m~JJI!~ rp -&1f l&fflo tE~#tR?Jl r, ~i!ila~IJ 

- ~~*·~~-, W~~-A~-ffi*®o 
**~ ~ ~mm JAB mil* ~-,1~·-~-& ri1ta9 ~m f*ft~ ~ 

~tt-1ii!o 'Bfll~;r\Fnlit, 1£-=f~ilr~-!3Jllj,~f!Ll¥-1* 
)( Jn-#i tt.J ~~ fl [[ §jlj 0 

3-1 * ~ ~~ 

IJ-tlaJ ~~ (2' 1) ~IM"faJ Pili (1 ' 2) lt~1f#f1Jilagif 0 '6ff]MJ 
13 ffl*~·R;(2,5;2) o.hA~ll!lift;A:f/tH, ~iil~Hffl § lft~EEIJ& 

~~~~~~~~$~~0 m~mm, ~ff~~~,~~~ 

~00-~~00-~~-*~~~A~~~~~~~o ~~~ 
flit~ m fiJ !LJJ.t rm J¥ "1 , J!nf Tifft--tt m , g:-< li) :r lltfl:t'E ~flit 
OO&~S~-~-~,A§~~~~m~~-0~*~~« 
*Wi~ ~(J9JM-.fa] Piif£H900-=f*~iiEJ!--·~If o (bo,bJ) Jr.) if 

... -
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~ · 

(3-1-1) 
-- --

~$BMJP-traJ.&~Pnf£ (b1 ,bo) ~ Z ~fll3r(Z) = b1 + boZ, 

if~ 

(3-1-2) 

PI JA1 lf(3-1-1~JilfJ~fllif (3-1-2)'"fnlo JJA!;tEftfn~~~Y.JGE 

~ F.i M1 It-t rm PB ~ i1! fiJitYEo ~ 3/.llft fftl Pi 51t OO:liE 7 , ~-G: 
ilt~ret~~fit-&&t~~~~T o ti: B(Z) == bo + b1Z + b:Z" o 

" 1t:$\;-t@iftf££*~m!(ftP: n Wl"$lJ{~~f n -'f'~), B(Z)R[ 

~Jlmt~~M{J(JW:tt 
(3-1-3) 

(Z2- Z) (3-1-4) 

rill (3-1-a) fF{gnJ¥-Jt&~;t&8~'Bl'rnit (3-1-4) .fl~/F~ 

~'{~fl.\' Jft$jflt~1~1ffitrj(f£** b, ~~l iif~~ 0 (3-1-4) 



• 
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{I(Jft.3flli@~W#Jil~jn(:l;- 1) (Z;- Z) llii-1-{I(J~${. ffii3!# 

frumlrt€ttftlm(3-1-l)~j{ o (Zt- Z)(J91flitfa]pijfl~(Zb -1), 
-* li 'Bl¥J j[~~Jfitfa]J.i~~ (- 1, Zt) 0. 3;;[~, (3-1-3) ·Jft1ffpf 

fliFf(Zt-Z)nfkAJfl (-l+Zp_Z)*lfJfto ~3-1-3)~}¥Jj

~-W, liJ1f N -1' flilrC (Zt- Z) , i = 1 ,, 2, ··· ···, N) J o jiiflfi· 
-~-r~~~~m~zN~~~oo-r~,w~~~~A~~ 
if~fp] o WlX~JIJ1l3fmLJ:tt9lfi{)Liil*:~ lZo flil-=f (Zt- Z)1! · * Zt ;}! B.(Z) f1l R (Z) ~~o1cnW:!JtfJ11~ B (Z) J:fr, JH (- 1 + 
ZtZ)~ft(Zt-Z), · *H~-=f.hAB(Z)rp :;&~7 Zii!~ltl, ffQ 

Jij§3--~- Z =_1/h lf.ftT o R(Z) ~~~141_..~-& ¥~ 1ff ~ 
~,li{Uif~ Z1 lrll/Zt **~~ R(Z) ~)~, Ji 'Efrl1t~3t-9i! 
fjjf&o ~!a~, t£j(~[ijJ:, ~B(Z) 1~flf{ Zt, !QU Zt -&~ ~ 

:lk R(Z)~-o ~~~' R(Z);!~~ 1/l~to.ffl 1/Zt ~ft ;Jk ~ 
-

~ Zt ~;&~ B(Z), ffii/Fi&~ R(Z) offll~ 1/Zt tfft ~ Ztft{J · 

)glf:Rf~ia~ 

B' (Z) = Z -l/ Zt B(Z') (3-1-5) 
1 - Z/Zi 

. 
B(Z)~(I9 W~JEif&t~liU-iltrft fttti~i:ti¥.J~jji~~~ ~ ffJ 
Jlt, liJ§al B' (Z)fn B(Z)J\.fl"~Jiiltf.Jut: .. -~1:, m B' (Z) 

~ B(Z) A~~IPJ~ll,~ Zt ~:lf'~B(Z) lt.J~*&~ft.~ 

~~o ffZi JkB(Z)pg~ ,jj~~ B' (Z)~~£--~$l9iJt;?§Jllj 

~at:i:_.-'t'x~~fl . u 

J£tEM~~.B~ R(Z) *ttlf B(i.~) ~fitJIL~ 1t:5t~~ 
)(, R(Z) ~~£1Jm R(Z) = OH9/8¥o.:tn:W; R(Z) *Q ZN Cli 
R(Z)MJM£if6lk¥~ NJ, jj~~ ZNR(Z):/!-Jj'-~J]ii):\:, ffii1i 
flR(Z) = OtJf,Jfl¥ Zt ~;I! ZNR(Z) == Oa9if8¥ o Jf{$J9i~t¥-J~§l 

.... , . . 
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kti~~~~~,1Jifl"~lfiftb;fti!o fflijj::~B~~$;f<lfi*T ,!~~ 

rt;t;~ti't~--r~~lRJ! 

e zi ~1/Z1 Rlx-tm~" 
~:W;/l\J£jf,. !QIJm~R(Z) . . . 

#/1\/i;~--tifo jn*·~ 

~ J£~ T, mil jij" a -r 1ti t~: ....... ..._... ....-t---+-------11---
ReZ 

lm~tf"J~--~I.i,t£1ti~ 
[i9~~~f&~-1-~RKo 

~~003-loT~' ~~~ 
);...( R (Z) ~~ilfJ"JJit;J\~ . · Ill! 3-1 

· fU.-Tii£, .R®fre~tf:IMI9~ Bo!Z.>B<Z>~· 
fm~$~1&-A!L*, ~:it~~ B(Z)jjt,ql]" o 

B (Z) = bN (Z .- Zl) (Z- Z,.) ..•..• (Z -· ZN) (3-1-6) 

~~aMT~B~-~~--t-~~~~-~~-~-0 N 
~:t*X:kflit ,. tt~J:~roo~~t-ttttr.J ~--~~t;~lll ~~m--

~-~~~m~~~~~~T~--~-~~-~--~ 
j;*lf{DtU: ~ 

1. 4fj--~ittlt-~ --1'Rt;J,~-f!L+-, Jl.~-Jf-~IN{{ti 

~~~-~-~~~ocmz~,~~-OOo ~ 
2. ~1:£~----tit, ~~~JG~~-1'-ft~faJP.&fto 

3. *~~WT1fmfiWI!~-P!JfitJ9 ~~~~mflo 

-~~~~~-~~~=+~ft~3+~ft~B~--~ 
~m~~JiJf~it o .IftM 1¥-J#~)CmJt"iiJtEii\~J\fA (Wold) (f{J ~f'F 

«-¥~fJit(a]Jf~j)) qt~~jClO)o 

ti ;:.) 
1. ~~lijft~(3-l-6) s:f:t~~:l:mFf bN? 



.,.. 

• 

• 

c 

... 

71 

2. tt-=lm~-1-ilt (4,0, -1)' (2~ ,3, - 2) ' (- 2,3,2), 

(1,0,- 4)-* ~ ~ ellt~ o 

3. B§al~$it~ P(m) = 38 + 10cosm- 12cos2ro0 ~~ 

-=fi1tJ!~~~? lfJ-~:li!:ll!tiJ'~ {;[.? (11!~: cos2ro = 2cosiro 

- 1; 2COS(t) = Z + 1/ Z J ~lj }J).!f /i# ~j~:) 
' 

4. i1Ef!Jl: jJtW:-=fi7£ bt = (bo, b1 ,. ••• , bn) J!~~, Jllj~fru 

if R a9~Jm~J!tii&tli31, Zo, 1/Zo, .Zo ~ 1 /Zoo btiJf~~ 

~~~-&~~~~~~~~-~0 ~~~~-~~~-~ 
~?X? 

3-2 -~jifmil:~:iB)i::Jm 

~~*~~,-~~~-r~~ff~~~~~~~~-~ 
-=fi1tA~-&~~-~~oE~m~m,an~~oo,~~ 

-~~&~ilt,~o~~MHMt~~-~~*~~~~~ 
~~reM~~~-~-~~OO~~~~~·~o#W00~2o 
JltftP ft~ii (ROBINSON) fm:l::li£iltii!JJ! cnJ o 

lt~iW -t--r itt p Pi 1n p ~ ''E 1(] tr.J [[ §jlj {)t .f£ ~--/j'~ F.i fro 
/F Wil ; ;x /J' ~a~ P fJ\J t£1ti VL mu 1*1 , x.t P >+ ~ 1t mimi 9~ 0 .;A~ 

~Wi~-1--iltnJia~ 

100% ~ ttf.\..~t--» ..... 
~,.- .... *.,'' .. · · ~ .):;-1{. , • • .,.. iil\y ~ 

~-~-~?.;.'· .-. \)1. VI" 
-----~ ··~ ... ~ •• AI- l'', 
~~~ 

III 3- 2 

---~H~o~M~tA~-~W~~ 
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P9f'(Z) = (b+sZ)P(Z) 

Ppq (Z) = (s + bZ) P (Z) 

~*b~s*,~P~~~n~~~~~orwremw~~ 

~lJl;JJA ----t~~ o 

. . . . 
t . 

I ptfitli pitA. PMW-PM~ :E(P.l .-p2) 
: t - o ft'lfl MA. 

o · ' bpo (b2 -s2)Po2 (b2 -s2)Po3 SPo . ' 
1 bp! + !Po sp, +bPo (bt _ 1z)(p11_l'02.) (b2 -s2)Pt2 . . . . . 

bp;.+sP"-l (bi- f 2XPt2 - P~&2·-1) . (bz -s2)pi k SPt + bPA-1 . . ! 
n+l sp,. bp. (62 _ 1 2)( _ p,. 2) 0 

~ Jft Itt 111 Kt Hi (f.] ~Im ~ l:11!1E (19 0 

~-~~-~~&~-~~~~-~, ~u~Mre~~ 
;Jtl iii ~fl ~J ntr :!ki!ti tt~ 0 

tS >J 
1. ~j({t b,s ~ P, 1tJlt"Htri!J%Jitl]' l~:l:llE3Bf¥vij£f!JI .o 

--
. Ci±~a JftP~=(s+bZ)P mtP~= (s + bZ)P1) 

itlbl~?tMl¥.1 JIB ~JH!t (TOEPLITZ) ]]i!, :J!ll.ft.tErla 
;(fi!l!it1€W~¥.J--~*fft'M:Mtl:l%02Jo**qt, ~{115JAJIB:$ 

m~~~*~~~~~?tMo~m~*~'~m~$~ffl~ 
*:ft,@f~l¥.Jft~1ii!o Xfflitfa]Jf~JJ£fiffi~an-t, · ~Jfi¥tl3ftrl 
~ "Bt iJIU ~iJta" o i!~iii1ta "iii t;JJmitM ~r~rm.iillkil: 1ifl .. 

m~~Jo 

~-·*'~~-~#~~ffi~*~,W~ffi~*~
-o~~Ma-~mm&M~-~om~MRr, ~-~-

\ . 

.1 

. . 
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~,~oo-~~~~m~~~~~~-~m~~"-~"~ 

Mo~a~*'~rew-~-~,*-~-~~*~00~~ 
~Z00*@-~,8~$~&Mo~&~&M~~-lli-~ 

liM, £31M: Bi-i!~31.MJ o $lk.&Mr~JAJfL~J tr.J .&>MiJtffi IJ 
f!J, {llJ!-?XlltJlU~~·o r£~ ~f~4~ilf£!&1tie~$~ , 

. ~ffi~~-~mo-ft~!&-~M~m~~-m, -*~~ 
· ~~-f"JJ?XIIJ~ l!~ll*:llnti!mo 

IIJ;{f; J!it1£Wftfl~ §l--~~~l~Jitl!iffi~tlfit~~ o · 

~~~-~(f£~~~~~00~)~M*~~ffl*-~~* 
ilo t£J!1f·ifii, t.lftt~fUifitt*~J!JJJ:f:IJi~!mfftMH9-~ 

~~~tttt~--~m~~mffloffi-(B~)~-~7~ 
Mmm,~m~*m~~w~~~~aftmm*~~a*m 
itfflttl11!ito ~~tfr - -ttfeo 

Nfl, ISfl;ffill!ii1l!~t£tilt.dJ.a~JMia9fi~~J111ii!lfr, · 
-&~~~flfFJfto .Jm~~J.IIfF~Ji4rK~ffl~{tMJ:*~J&Ja 

rJX:Jfi WiJ JL'ij(~ ( ~+!lt~r&Jtk~$J!J~ 11 (t{J) *#tiC .. U&~ o 

m-ft,W$~~~m~m~m~~m~~~o~~£~~ 

.~-m•~~~~m, ~t£B~~-~~~~r,»-m~ 
~Aa ~J (f(J ilt < i1t w:~) o ffii t£Jtli~ ~m 'ft, a tn »t JE fJil rRJ mfn 1i 
~~mM~~~~aomM&~~m, ~JA~OO~~~~

~-~~~H9~-~~o~--*•~~' ~*-~~~~ 
J.illitiRJIIs:f:t~~±~~Jfio 

~lf.tfaJm~ xt fff.W~o ik~flilfaJmf£-nJQ~Rt 'J' ~ 
'fit,-& RfkA~i!, 1=:ft9il ;I! R(Z) ~X (1/ Z) X (Z) otEllU JL ~ 
rpflfflW~J, {)tt(tffi R(Z) J!]Gf!~ii! Xt J!;y)J!Iitl]\~'fi!PEI 

flo afllRJQ~~it R(Z) +ft£--~~ill], ~-{U: B(Z) a lfP R 
-

(~) =B (1/Z)B(Z)o ~~ B(Z)tt{j~fli~~-'j';f:Q&, In 

• . . .· 
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. kJ-13fiff!11f£ A(Z) = 1/ B(Z) o ltf(liiJt/(rJ~j}j~;Jt jt fJllt 
A(Z)o 

R (Z) = Ii(1_)B (Z) = B ( l / Z) 
Z A(Z) (3- 3-1) 

(3-3-2) 

1lJl, + A(Z) £:=:.~~Jllt ao + a1Z + a~z'l.,t£ (3- 3-2) tF zo 
(J(J~~~ 

(3- 3- 3a) 

. (3-3- 3b) 

(3- 3- 3c) 

[
ro r_, r_,][ao] [bo] 
ft ro r_t al = 0 

r2 r, ro a1 0 
(3- 3-4) 

~~~r~~~~~~~-o~W~~~a~-~~-w~ 
ro, :l!~ffJ~r--~ffl~(t{JjC*:!lJ r1, :MuN~~~o )!~~1€ 

l*f*~llf::ffllf!tl~Ji$o JJliC Ok
1 = ak/aoo dlA (Z) B (Z) = 

1 §at bo = 1/aoo ic1Efl v = 1/ao ~o (3-3-·~) 1¥-J~%1/iJ!lii 
~~ ao, m~Jlll-~tt9~~ 

[ 
ro r -1 r -~ J [ ~ J _ [ v J r 1 ro r - 1 a , - 0 

rz r1 ro a'2. 0 

(3- 3- 5) 

• 

•• 

~· 

• 
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5>m~~mw~~-~~mm~m*~M,~~~~~~ 
~91Jinl:l:~~ vo MJ!t1if1m~Jtr.J ao, lfllft~l/v-;-, m.~ 

&~rea~,~~m~-~~-~~~~ffi~o 
~~,~A~W~ttb,a~~m~M~~~mm~~ -

tr.J A (Z) == ao + a1Z + a:.Z2
, *~-~~~AfiJ'lll-bLo JbiffiliA~ 

~1biiit B<z> == 11 A<z> tt)J B<Z> ·o -&tlfE! 1r Am, 1m 
' . 

*~mtr.J~~*~'*-~~~-&~m*, ~~~~~~~ 
A•B~~,~~~~-~To~~~~-~m~a,~n 
t£W,M~ (3-3-3) fro)Ji!(rojtfl~:fff*lliW:~ o 

M¥~.!l:1Jfl!lll'f.J~?~)Jf!~~itJJJM-fa]~ n3 Jll~f;il, it 
)Jff:fi#:l:.!3 n1 J&:ltf11Jo *X~ (Levinson) 1¥-JJtl~ Jl!!l1f!JS$ 
19:~.R~)[<JM-fa].!¥; n" Jl~~~J, ff01ffi#Jt.!i n ~~f91Jo tJj'Cf£ 
~~-~A,~*mamw*~W$~~~~*0*~~~ 

m~-~-~~~~-~·~-kT~~~--~0 
~~~AA~-~--~~fifflM*, ~, ~~lli~kx 

k lm-1Jf1m~/W, ~- (k + 1) x (k + :L) IWI"nflm. (t{J f#o 11 
1£;, ~~~$11 k = 1 ~M, ~miJ: k 4fj: 1X liil 1 , Ili~Jfl 

--t.tl~~o J!!l!~ .R i$tl9jx-f-=f~ IJit fa] Pit f£ (rk = r -k), JA 
3X3~mfi~-~4X4~ftm~-~o-~-%, mM
~§~~>Jo 

~~-1'- 3 x 3 ~:ll:1il11!m., B9aJ·~(J{Jffl~ a1 

[ 
ro r, r~ J [ 1 J [ u J r, ro r, a, = 0 

rz r, ro a1 0 

(3-3-6) 

• 
!~~ rJIJnfl~, Em r:3 "iii~ e (!&E~§at e PJ)J r:J) 
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To T t Ts Ta 1 v 

T t To Tt r a t1t 0 
(3- 3-7) == 

T2 T t To Tt a2 0 

Ta T2 Tt To - 0 ._ e _, 

(3-3-7) JfrliU~fi.!i (3-3-6) ~JP1, 1\tl!~--fiJt:#f~.:X.atr 

eo*X~ii~~19fRJ~JJHrfmf4x 4WtllkJlnflm(J{JM a' o 

· Cj!~4 x 41WtiDtU:1imm%~ral <3~3-6) · _.~, m~--M-J · 
Tn Tt T z T s 1 ul 

Tt To T t T2 a', 0 
(3-3- 8) = 

r2 Tt To r, a' z 0 

· T s Ta Tt To a' a 0 

±~Mlttt51!JA (3-3-7), ·RJ~ lli-1' "'lfi~J" :liflffi. Cim 
*~~JJJl§;eJS$/F*·Jl=f, hi~ (3-3-7) Mlr h'fl~ lli *' ~ 
mafifJJJ--r*~7C*(f{J?XJf, NlJlfJJ:Iif1~19~J¥Jo 

r/) r1 r2 r. 
Tt ro r 1 r2 

0 e 

as ·o 
= 

Ot 0 

1 v 

(3-3-9) 

*:t~Ji~tt.JMi! :J! JA <a-3-7) Jft ~ ~: (3-3-9) · c 1G tE 
(3- 3-9) JJJijft*~--'J'#f~#f{ C3), ~§liJG~ C3 );_A {J! UJ 

~J (3-3-8), llP 

To T t r2 ra 1 0 v e 
r , ro T t r2 a, a, 0 0 

- i:3 -cs 
r 2 r 1 ro r, a, a , 10 0 

Ta T2 Tt To 0 1 ,e v 

(3-3-10) 

~71! (3-3-10) ;fijft!j (3-3-8) :tt32l~l-¥t, ~~{I! It 
rlii--.£ff~+, Hfi~!0~~-c3 = e/v, 3!~~~ u' = v

ca e = V- e3 /v = V(l- (e/v) !) 0 ;!~ (4 X 4) 1Jfiij!~ffiiJ ' ' 

•• 

~ 



-

• 

1 

a,' 
a a' 

2 

e-+- E air3 - i 

i=O 

1 

a, e - - -
a a u 

aa' -J 0 

v 1 -+-v( 1- (e/v) 2 ] 
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(3-3-11) 

0 l az 
a, 

].. J 

(3-3-12) 

(3-3-13) 

· MU;tiS!tm7:!cnfRJhk3 x 3~119~!1!~1J~~ft9M~)J4 x 4114;$11 
~1ifl!ti9Mo *)C~jiff£JJi!&tR::~*1~~1 x 17fMt--2P-zv 

. ji~1[~J n X no 

~t£Nhk tt)f.:ZVWllfl~iiE--riX*l~m~Jft9 A (Z) fdrl~:l! 
JltJj\~HtLo tfjftij:)t ~J, tJ = 1/-;; Oo f!J v' = 1/~ 1 

Oo
1 i~ .. ;I: 

1E!f9o -=f~, M. (3- 3-13) PI §al-l<:e/v<·+ 1 (J;J}Ji#f~ 

~J c=e/v ~~ft~@i:t 1 o 1!_.$~JOC~7il£ ff91iM ~I( 
~tiJ:t 1) olfffl·, (3-3~12) "iiJ~}lt$:lJ{~\J~~ 

. A' (Z) ;::A(Z)- (e/v)Z3A(l/~'t) (3-3-14) 

&fl'l§aHi~ zstElli-fiLiiJ:tift~ 1 o ~~~ (~~JM"fml¥~J) ., 
A.(Z) (t{Jif~r A (1/ Z) (19if o -f£, ;tfttft~l]\~ {tJ: ~ l1t 
1JrlF.i ii:it:Jf/Fi&~'Bli9JlJJ\*N-tl:~tiEtr~ )f:JM, :!m* A (Z) ;l: 

Rki]\'Bti:, !~~A' (Z) -&£li1J\~W~o ~~z, riiii~fla m 
r!£~fft(f9 0 

1. R(Z) il]"~X( } )x(Z) ~:it*Jf-

2. I Ck 1<1 
3. A(Z):H£JlJj\~Bm 

.. 
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COMPLEX R:A,C,E,BOT,~ONJG -
C(l)=z-1. ;· R(l)~l. ; . A(l)=-1.; V(l)~L 

200 DO 220 Je2,N . 
A(J)=O. 
E•O. 
DO 210 1•2-,J ·. 

210 E• E+R(I)*A(J-I+l) 
C(J)•E/V(J-1) · · 
V(J)•V(J-1)-E*CONJG(C(J)) 
J~ .. (J+l)/2 
DO 220 I•l,JH 
BOT•A(J-I+l)-c (J)*CONJG(A(I)) 
A(I)•A(I)-c(J)*CONJG(A(J- i+l)) 

220 A(J-I+l)~BOT . 

m 3- 3 

l:~~~*lfl:!m*1f
~:lf'Jit~, JJIJ~~w 

~ n~1Lo 00 3-3 rp fP 
m~r JA rk ttJJ: ak~ 
Ck ft1J flJ¥ 0 f({ 8 ~ r:j:t 

~ 1i llttE~ ~ q:. tr.J ~ 
•at, Ktlli~fllf:~ 
M. ak !&: ck it ·-

· *Jt·i~U&tf-JJI!J¥o ~~~-A rlt B!iit;A ro fl: rko 

TJA!MH~o }(~)i)JiJ;.~~Jfio 

IS ;a 
1. i_!i (3-3-8) ~(t-J 4 X 4 JIJ~ _!l!it~f!~r:j:tRtJ:Ifif-fj-

1 •1 
4 , 16 ' 

2. ~*~~~~~-~,~Ma~~m*~-~~~ 
-iR? ~iUt£ (3-3-11), (3-3--12) fl:t (3:-3-13) ~r:p, IJJIS 

~~/jlfj~j[~~? 

.. 

·-
3. if Am (Z) £-~$1:6i~J 'Eftilj~f£:1: m X m IWtJIJ ~ 

;(f] 11! ii Jiflm.tm Wo bt.YE f!JJ: 

1 r 2n 
VnOnm = 2n J . R (Z) Am (Z) z-nd(i) 

0 

i!~f!F:J$lJA):\ Am(Z) ~$J9iA zn ICU-·-1'1E~&Iil fl R 

. 1£1JiW:ImiJ:£1E3e_R9o fllffli!_..tfi~, U\ ·m 191 Am !3 AnlE 

~' NP 
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1 J 2n - 1 
VnOnm = 2JT R(Z) Am(Z).lnAn( y )dCD 

0 

(11!~: :1C1§'m n~m, . ~m~m~~ms n) 

~~-~~~~~~~~~~~R-~~~~~$·~ 
(t.]fl1JJ!lf.t-&~i!~J, fF:t"4'f&#~!/!Wi! (Atkinson) ~ff 

f'FC14J o 

a-4 ~~.mmJc-j,.tl!r~ 

ffl~~~(WffiTT~)~~~-~~~M,~Wre

~~~~ftA~-~-~~*o~~, ~~h~~*m~
~, ~>Jfn~UifiHt*X~j}, Hl!tlJ/l~1Jft!osJo 

tit~~--~ ~~~I£ rt · 

R(Z) = ... + r -1Z-1 + ro + r1Z' + r~zs + ··· 

~tEltifY:IIJ: · I R l >2, !QIJ~J:.A--"r~t;giJ~-=fo reiX-t- ~~ 
fiftAdtxtfint1f!r.J~~fl*,m 

U(Z)=lnR(Z) . 

= (R- 1) - (R- 1) 2 + (l?- 1) a - ... 
. 2 3 

O<R~2 

= ··· + u_~z- 1 + uo + u1Z + :u:Z2 + ··· 

~n~~*m-~, ffiffl#-m~~~~%d~o 
ll!tE, ti* U (Z) 4t tt9 fft(X-, j6~$~ill~ u+, ftP . 

... 
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.@i~;lti¥-Jl\llj,ff!{U:-=filt{J!:J! B(Z); 1::1¥-JitJEir:J! R(Z) o -J9 
TJffW1!Wf1~:l!i!~, ~~r~lm~ ~ C:~ q. exp (x) flP 
eX) 

R(Z) =elnR<Z> 

-1 00 

= exp( ~ + E ukZk + ;• + E ukZk ) 
-oo +1 

-1 ~ 

=exp( ~ + L;ukZk )ex{~ + L;ukzk) 
-00 t 

=exp[ u•( i )}xp(U•(Z)) 

=B( } )B(Z) 

• 

)!gtffl R(Z) mJJ:t7}f871Jlt.@f~~(f{J~~~ To ~ $, iiE 00 • .. ~ 
B(Z) = eU•<Z>f9ft~~Afel}~ln{)Lo *·-=f u+ ( .Z), ~fnJiJj ~ §al 

5!~~Wi~, Jt-, u+ (Z) fliSflJ ;!t =.:, ~~§ffl. z-l ~ .. 
~o 1fWjfftY£1Jfj 1ii! (i.iEtm B (Z) £Jitlj'*l1fl) o 

-~iiEgij1JiE:l:mijlju cz> ~At~ ~E 1ti -tU: mu 1:, :1! 
B(Z) ~~UlfU-o ~liEIYJ B(Z);.I!Jll:lj\fOUL, ..R~m 00 B(Z) 

/F ~ Z ;F,f\ ~lji {fill~ J:~=f II (2n ff.J tf =f·Hf) ffiimti:Z.Jti *o 
~Rt'J'~~*m, Jt~~~ ®! L;A 2n ~ /iij Wlo JJ[ ~' ln-& 
u1sinm + u:sin2m + ···~t.l§,If.j!Jt~~o ;g::f+ii£gijjj'f!J!tfk ~ 

~__.Aio 1£JltYEI9lJ:f:t, ltfn4mm, 1£;Jtt__.azo~~ 



• 
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B(Zo) = eU•<Zo) ~~~Pfk-·fRN,~ u~· (Zo) ~.::p- 00 ; ~'fU 

mm, liP U+ft Zo~l&tifl ffi;!i£.1\i-t~IMI~~~~~~o mi . 
· ~lt {ll §aH! U (Z) t¥1 ~l'ltlif!tElti U£,1!1 J:~X1l& ~, 1! 2t 
~'*-' u+(Z) tElti-fitlm~l&~ (~'Nl)o Fitr B(Z) 1£-'lt 
~~~~~~~-~,m~~~A-~m~o 

- >J 
1. im* R t£1ti~lil: IRl > 2, ~~JJt f!t B(Z)? 

2.. iN~· u-~-(Z)=aZ, ~a=-1, 0, 1, lOOf!]i, . fii 

lfilj B(Z) ;fti~Mllt-tfalmlflo #iiiilii~{rJMlitu btmtH, ~ 
--..-r~itiWTmfiu 

a. M-2~~~~"-~W", ~~~£~--~
~~OO#I~~-m~~--*~-~~ffl~~~~-*~ 
--r v J!iffi~ffl--/r"~~~-llt~fl:T~~lRu iJtl~a fflllil*il! 
ill~ :Jm fni fi "it:ifli" 198? 

4. -bt~~ ln B(Z) = U (Z) ~-=]: Z tf9fill)jtf.J~Ji, tl 
f:ljJA. bk )jt Uk J1JA Uk )jt bk ~)i~~~to 

a-5 :Mm~Jfr5r~~::lii! 

t&Jt$J9i~ X(Z), §Jfl~~l!c(xo, XH x~, ••••••) ;J1 

ff~WM,&~mA"~MOO¥~~fi~~"o§~-Q~ 
~~-=f~ RiJ:it~$JJi~ X (Z) (f{Jfllar-t, Lt1i~~ X (eiCtJo), 

X (eicu1), ••. ·· ·X (eicun), LQUJ!~M:~:~$Jlif~ X (Z) tr.J~$ 

~-~oamB~~~,~~#I~~~~~MM~~~

~~$~~~~$~~-~~~~~-~-~-~IAu~ 
&tsll:97~t£~$~rf:ri1ffi~~$f§5~7}JW~l'J{J1!~o ~~ . 
1:, :mtn~nr JAJ}--t-~L~i!~?YmJWif'NA:?t/8¥, *m~ 
~J(JtJfiSilx (KOLiyfOGOROFF) jjiJ.~Cl&J o 
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J}dt.tfaJPE!fl!l -Z 5£~ X (Z) = xo + x1z· + ··· .. ~ ffi~, ~ 
xk•~~w~~~~~~, ~=~-&~~*~~~<k= 
o, 1, ······n) tt)Jili*l¥-1 X (Z) ft{Jfti:o ~mr~Jii~~ 

~ 
Rk=XkXk . 

= elnCR~~.> = eU~r.: 

. 1£~mf£~7t1Jn, ~_.M=~~W-~t l[Jk, J:~~ 

Rk = exp[ ~ . (Uit.- icPk) }xp[ ; (Uk + icPk) J 
-=BkBk . 

~t£~tt~__.;~JiiJII£~*'Rtlt cPk ;tfmi~l ii£ Bk ~lit 1J\'" 
{fl, gp B<Z) ~fl~-~a.trmmfi? t£~~~$7ir!s:J:r, a1n 
i±*~IJ u+ <Z> ~~l:HJ¥.J~l!li:l!~Rl, JltE t = o zMll'tfaJI?& 
~t Ut ~~0 ~Jlt, *m~fnmm ~ tro <Pk 118 ft.Uk + i(/Jk ~ 

~~JBfraJ:IiG, ~tlf.tfaJm ~t Ut+ 

J.t~ fft tt-t raJ ~b ~ o 3! nr L;A ti oo 
3-:-41Wlt!f.J?YWJ~~Ij 0 

~r-m~~m~Jmitmsro~ 

fll~M,~, ~~Itlffi JfiJJ 2-s =fi 
~-r~~~~£~~i:t~Jt?}ug 

i1f~o ~IIJ3;-5o . 

~7 m. JJJ <Pk, re uk ~ 

¥/k,Jit-ffa]~, f.!t.uto ~JE'' ffl m 3-5 q:.~~~Mt~P1faJiilfi* 

- r, ttm Ut + = Uo, U1, ••• ••• o j!~'**l, 1(E~$;I!.Q 1ft U k S 
fiiJ Ok"'o + i (90°~#iJii1£3) f'FT fll${o l~~gtf!Jtfj T <Po 

mt£, Nmllif--l'i~ftJ~J u ... <Z> 1J~f-~, ;JF~--l'.tE u 
(Z) .P1f~m~~ Z ~fft-(t{Jf!i!o ~ft:j 4i As~~ 1§ .1! 

., 
... 

.,. 

.. 
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rt £~~.~tfWo i!ft-t Ut -&~~fl 

U (Z) = ••· ··· + utZ-1 + uo + u1Z + u:.za + •·· ··• 
. u·= U0 (cos .0) + 2 u1cos CU + 2u:J,cos 2cu + ••• ••• 

m~~-R~~~~~~,-~-+-~a~ 
(/J = 2u1 sin cu + 2u: sin 2u> + ··· ··· 

m~ u ~ ictJ m.~rm#t u+ · · 

== u+ (Z) 

t±.~, re cost ~lit sin t a9~~~;~ 90° if'n3~ flto )!" 

!{, 'fltfnif cos cu ~~sin w, 14~1ff.J lU+ (Z) ~~ z ·~JE-

To 

t 

lm==~ 

t 

m 3-s · 
•~JHa"~~tf.J~1N~ ~ 

Re 

cl/lw 

~ fl(~SfSi!:kiff§Jt'lt~Jtiit~fJL itJJ£~~1it~[l'~ o IN 
~ ~ iiJ t;JJH ~.*# .m. rlt ~~ o m :J!, ~~ ~ 11 i! fj(J ~ ~ :1! m ~ 
-&~~~~m-&~~~~A~-~m~o~~~~~ 
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1f!, rm t11 ~ .-lt!-& li fli ili~Jit, - liB ;ft1 m ~ iJ; ~~in! 1fi o m a-s 
~~lli7-~~m~~~~~~~~&~o 

LXc4 
WRITE(6,FMT) {CX(I),I•l,LX) 
CALL FORK(LX,CX,l.) 
DO 10 Ial,LX 

LX MUST BE A POWER OF 2. 
PRINT TilE ti~ST EXAMPLE. 
FOURIER TRAl~SFORM. 

10 CX(I)• . S*CLOG(CX(I)•CONJG(CX(I))) FORM THE L~~ OF THE SPECTRUM. 
CAl.t FORK(LX,at,-1.) - B£GlN TR! HlLBERT 'l'RANSF0RM 
K=-LX/2 LX MUST BE Jg\'EN 
DQ 20 Ja2,K · · LEAVE T-0 ALONE 
CX(J)• CX(J)+CX(J) DOUBLE VALUIES AT POSITIVE TIME 

20 CX(LX+2-J)•O. ZERO VALUES AT NEGATIVE TIME 
CALL FORK(LX,CX,+l.) END HILBERT TRANSFO~S . 
DO 30 I ;-1, LX 

30 CX(t)~P(CX(l)) . 
CALL FORK(LX,CX,-1.) 
WRITE(6,FMT)(CX(I),I~l,LX) 

EXPONENTlATlt: 
INVERSE FOUJ!UER TRANSFORM 
PRINT MINIMUM PHASE WAVELET. 

IN: c o.o, o.o), c o.o, s.o), (16.o. o~o), < o.o, o.o), 

OUT: (15.6,-0 . 0), ( 0.0,-8.7), (-0.4,-0.0)., ( 0.0,•0.7), 

m 3-s 
m~~#m~~~--~~~~~~-~~~-~fi~o•~m• 
A~-~-7~oM*A~a~,w~m•&•~m~m744* 
;fJl f1: iltftt 0 

IS >J 
1. tE~ru!1lf.tim~flJ!it, Ill 3-4 qt~~~1Jn!YJ~f.i~? 

2. ~-~~~~~*~~--~,-~$&-~*~ 
£ft~? 

3. "Ptmf!J}, :!mfii!~~i!!*$1atf~1Jb B§al. 4> )jt uo 

x-f~~~J Uo i!--4J~fFfRJ!ff'-J? 

4. ?§m_.~i1!!%ft~, JtJ:ft x ~~~r~t~~, + z ~ 

~-W~~*~,R-~~$~S~*~~*-~~~~~ 
~-~~~~~~~~~h~fflr~~~o 

[ 
ha. (x, z) J s + 

00 

[ - ik J 1 

= F<k> eiks- Hd dk 
h, <x, z) - _ 

00 
I k I 

• 



•• 

•. 

BS 

~tp, F(k) J!:Jk~~fa]M{$lfo 

(a) ftJJft#11!Jtt1£~, ~f¥}.A hz(x, 0) if- hx(x ,0) J 

Ji)Jt*, · Xf&;ftkA hx (x, 0) if.Jf hz (:z:, 0)? 

(b) t(tJi:.hz(x, 0), ~~tf1fhz(x, z)? 

{c) it*, -=fz = 0 

+oo 

w(x) = hz (x) + ihx (x) = J elkxF (k) ( lkl + k) dk · 
-oo 

h2x(x) + h'Az(x) = w (x) w (x) 

J}dX.JI! 1m ;Jt lli F (k) P~? 

. . 

(d) :!cit*~)lT w (x) w (x), h:~e(x) ~ hz(x) ~~~ 

7[ lk pt--ft.J? 

a-6 ffil :J:lij( mi 13 ilt~~ ftM 
~--m,~-~za~~~,~-tr.J~M-~~T

~tr.Jm~om~*-~tt~m~,~~~~~ 
1. m re: 7}~ ~ .:*1 -r lffj 1t rm fF (J{J m:ftJ 0 

2. ~~~~~~7/F~~a9 ea~~w.~ 0 

' 3. ~M7}~@MA~~7}~@Mffl~~~ruo~W* 

- -~~~~m.oc,~tt£~~~~~&m~~*mm~*~ 
»til~*~~ WI J: /F i! 1Jt ff9 )lf fC.t@f 5 J t!~ a9 o lil-=f t£ *$fa~ 
~~I=J:tlJt~ft{f.l, 1(jij~j£1Jt~jlf{J;,lf±~tt~PJiillf[lfo J:~l, 

2 ~m.& llSI :JdJi{mm~nt(J{J m ~*XzJ!:m f!frl~j£fi7}~ m~ 
#Iii~ ft 1ft iiJD'E JJ;fl£~ 0 ffij 3 !!X:~ -Ti-t<- r:p il.& 7 flif * mt 
~' ~~-~~~ft~~~*o~~~~~fi~-M~~~ 
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~~*J:~:*JitE:, m»t-r~~Mt:¥., m~ftRm ~t $ ~ Jtt 
*' !QURTfmW~%~>Jt/Ftft@rfi~~M~ill£m:fllto 

*$~-~~-m~,~~*~~~*-,~~-~~ 
~fi~~OOo~·~-~MS~~~5~~fiM~,~~~ 

M*£,mx~~~-~-~~~~~~~m~ 
Y (x) = Y ( 0 )eikx (3-6-1) 

lltMJm-~tm!l~Kr~fnll9:J!~r k ~--.li'~~~:tt (jiji®$. 

~m~~m~fl, . it:tmi!~, - ~f!~~) 0 ~t:E~fn~m-

f+ "Jlt~JttiZm" .ll9flt?£, il* k (m), ~t'E~em.li!. f81* 
}jj(JJIIc, cs-6-t) :tti&~_..-1'--mi!, ~!3m :3-7 * .P.Jri!i!Miltilfl 

--------~~1.~~1 ----·--~ 
f(O) Y(x) 

--~+a.~ 1 + .. ,. ~-..... 

<H,~{~o Y < o) :li!:~iJittA, Y (x) ~{Jl r!ft.:±l, e1ks £mitl 

-~-~~~~-Bo~-~~~~~~--A~£-~~ 
~o~~~mx*~~k~) -~A*m~o 

§:9i:, ~~_:_.~ifj}f!~(£, NPM~t-JS:~ W·*Ul k (ro) 

:l:~MJi'JtlSGo Jltlfit' eikx J!--Ji'-~Jiiji1£~1to ifl 2-6 =f.iJ:f:riiE 
f!iji:J:~, &~ k (m)x J! <U MJltitQ)JijffliJJ&IJit, ~;t£~m! 
nr~~~Q 

~fk, fll~ k (m)Jtk!{ft, . i!ll'*tf~~a~o jf[~, ~ 

:l:~mlmJ:M~)jt ikx (I(J~$~ffl~o ~p (Z) ~---1'-4f!Jm!RJ 

~~Ml~iiiil8i1£3, #~ B(Z) ~~-'J'~JJI!RJ~~ tf.J Jfk,j, 

• 



.. 

• 
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~ift-=fi1tQ fffiiJ41om!PJ~~Iillt~~,Wf B(Z)P(Z) ~ P!:* · 
~7J;.o ~fn~re etkx ~~Rt:fcnrWJ:t . 

B(Z)P(Z) =eikx=exp(i(kr+ i .ki)x) (3- 6- 2) 

MJ:~lfl~fl, m c1> ~~~ffl, f~ 
ln I B I + ·ic/>a + iif>p = - ktx + ikrx (3- 6-3) 

7}-~$~11$, ?}§jlj~ . 

In IBI =- kix 

¢P == krx - ¢B 

ft1e, Mfi~- ktx =In I B I *;g, !tfr'lPJt:.AJfhl\·~ ta 
~~~*if- <f>Bo :p}}A kr X. ~* c/JB, itffl.~U ~ Ji~ i1t ~ 
~~8 ¢>Po IHl;ta;g 2- 6-:tp (~r~iiii~i2£~) rfl ftlJfit, ·& 
~ if>p lfit'!iiilflit, ~f!JJJJ-1'~f5f(f{J ~~jifti1t ~0 ~~ z, 
taG&~fl k (m) &~~~ffSI*Jjj(Jmaq~~~' :&tt W. c/Jp (m), 

*~13~~~ m~~*iti tiJJiil o 

tlf$ii~J!lb~~)l$51~F19, ~:~~~~ff!W;9 kt~ 

ros crtim-~fft) ~ k1 ~I m I (f1Jt.!'4\~1it111: Q) o . 51 t9il 
~~~~A~~~~~~~,m~t~-~~~-~-~m 
~~~J liP: 'eftJfi"J ¢B :J!~Jffl9o Jk !~Jilfl~~tr.JJJ.t (a] ~ . 

If£ :l! ~ ~ wr fl1 fa] I?S fl e- t2~ ~{I;(~ a& JaJf Me lrP li fl' rm jtlj wr Pll 
~~e-M~~B-~~~0~~-~~--~ftF-Ma 
)9 ~.~ f8 i1 f1 0 ~ ifij, 'E fi1Jif «t lli ~ JK~ m :!ff ~ ~ ffl (~{) :il£ fl;lo 

lBT <f>a .!§ rPP #l1JP, . tf~~~ifl.J&~-{J~j!lflJ::~~~' ~i:J: 

1!--~trsma fi: /F ttt* 0 

m~-~~»-mam~~ft-~ft~~~o-~-~ 
-01J-TJ!xf€tM~fVllo )!flit, k = wfu, ~Jfl u · ;l!~llo :Jj; 

. {nt~tt__.~m~..li1tfVtl LJx ~J6ff9!ii7l3, mj! M! m i! ~ 
~iltif N (X, itlli~-=fi1t~fl7 x ==-lV L1xN§jJ;7 o ~f(J~ 

·~· 

I. "'-

.. 



, . 

. -... 

f 

u 
1+-

eu~ 
2 . (3-6-4) 

!< 

1- u 
2 

~~ imLit (1'9~~1!~~, ftP 

imL1t~2( Z-1 ) (3-6-5) Z+1 

• 
~M...ti! k = OJ/u, *ia a= Llx/uLit, iiJ~!J:· 

( Z-1) 
A 1+a Z+1. 

eik6x~eik6x = 
( Z-lr 1-a Z+l . 

(Z + 1) + a(Z- 1) - (Z + 1)- a(Z'-1) 

(1- a) + (1 + a) Z · 
(3-6-6) - . 

(1+a) + (1- a)Z 

~~{t~)iififlt3~-~ W ~, 3X ~~ lll Zo = - (1 +a)/ 

(1- a){I!Rftfllio i!n, (3-6-6) ~JiJG c 

.(3-6-7) 

7}-lf}~Nill'~{}L, Jl§ Zo>1iJG~ L1x/vL1t>Oflit ,;!Jj'~)i 

~-~A~m~~~~o~~m~, ~--~-+x~~~ 
Mlli*~,w~~-~~~*~~AmM~~~~~-wmo . . 

jn*tf3!taJ .P li/iiRJ (Llx ~~)tiM, J!IJ L1t ~~Kt~1A!I11 o 



• 

• 
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~~' ~-~~~*~~Am~~~~~-~~llimo 
tS ;a 
1. ~ (3-3-6)~5FMJiti1tftr:f:t, ~a= o.t, llfl2, ;it~ 

• A. A A 

1i: ii1! < tF :.!9 m l't.ni1 fl) o i1!7F: ~ k = m I v , m !:.Au I v = 
A 

kv/roo i±~a 

i k L1 x · = lnei k'c.x = lnZ +In ( Z ~~ + 1) -ln (1- ZZ) 
· oL o 

= + imL1t- 2ln(l - Z ) · 
Zo 

' . 



~~-*~~-~~~~M~*~#&M~ ~~&I~ 
f±~ lfHiff!, ~/! liJ -T~tlt i~~ Y.lt. B t¥-1 ~*iJI" 51~~ -fit~ l¥-1 il 
~' ~~ (L1x, L1 Y, Ltz) o~:lt~Biflitl~\ifWfl--~~tl:l:rrJJt, 
ia~ Liuo 1f~Jtk~i1tt't-J.~$Afl*~ L/(}],o JtBJtl/J~ ~ ft9 
:Jt~, ~KF1i--~tw~P1rm LJt, J!mJYJT -~P-trma9 /F lfi 

iiftf:Eo ~d:I:Rt, ~#~;f<{J!jX.®:;t (Llx, Lly, Liz, Llv, 

L/(J) &At~~) ~·RJ~J&~'J", kAfl!~tt~~JtfU?tm*o ~ 

fi~m*~--(-~J-~,~~,~~~-, *~'~ 
~' ' i{fli:~~) zrm, 1f~;J!~Jiftlt9o m~t~~fHf~, 

' 

1f~~~~*-~-~~-~,~x~~~~~*~-~~ 
Mn~to**~~~,M£W~~~-~~~~~~*m 
ft 119 *~ 1i ft! Jij ff.J it~ 0 

3!-:0:'ft' ' Lit ~~f~%ft9Jf.t(a]14/~' 1~ ~~Wi~~*~ 
~Z~~~~~~oW~~~-~*,Llt~T~~~-~ 
:1:, m:l!*~faJIWio 

4-1 'flitlaJ~~$1¥-J7}tJ$;$ 

~-~~~~-ft~~~ru,•ff.J~*~ft~~-~~ 
~~, Mj!--~mm T :It~ n~J:f:t*£lt9 "i!ttl:lf'ltmom" 0 tt 
Ah~~~$~~Mi1~~~~D~&X~~t*fi*-' 

ffi~-~-lt9~*~m~, ~~-A~~-~~-~~M~ 
~ft, fl!~~ffi~~---~~~--(t9~$~Q~oftfi 

~. 

• 
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9al31!, JE~iltAfi1G~PffJ~(J{J!}Jjf1ft, nr ~: ~Jl'.Ji1t~if\-flitftl1~7C 

~-*0~-~-~~d~~~~~~w&~m~~~-ffi 
-~M~~~~-~~~m~~~4~~*~m~*o~~.· 

~~"~~~•m"m~~~~~~~~-~#·~~-* 
itrfri.J-~~1}-~~ 

~mfi~~~~M,#~W~M~M-~-~--~~ 
m JkSt, rr ~7tm $ ;m ll::l: 0 :tm :WdJ-t raJ~ ~mtr.J J!~~~ PEt ~t 

f.tMJ~lt, Ji1Utt~mr£Piflfi9JJffBJ~~~fl!~1G~*o ~7;! 

~~~m~, afi~~= -~~~~~oo~~~~~~-~ 
¥U :W ft (I{J e-~at Ji.fitffi fm 1!1 faJ o :#W ~til ~&*m ,. R1 faJ if !\£ ~ 

. 

~~= ~~(~~~~~-)~~~~-*-~-*~M ~ 
tal$W (~~$*tfl) l:~Wi ~~faJa9rS1ffi: o Jt:±~~r!;l!, flit - · 
rm~Jt Lit ~~*~It A(l) E!LRB-E1:~4~, 'BBttft.lxms?t, wx 
7f'~-E2*~$ng-o L1t ~ll Lf[jJ (m~)(1~~l+i£~f!E, AIm 
t@'l} tJf tf.J 1J iJ!*~lfto . --~Itt JllJ! I ~J1£ --fi fl 1 ;Jt:fllt raJ It 

' ~Lit ~it~¥-J1W~ LJOJ ~fll)1fr~IJ~~ 
LfOJ21t~2:n (4-1-1) 

1£W$4*~ittsl~, .M~~ilE (4-·1-1) J!~~~,m~ 

1e (4-1-1) 11£)~--~i!J.ij{m!if:/FfR~~~o ~ffii~:f* (Ga

bor) Bt.Yc7 ;!19fiff::07)o ftkffl7 =:f5ft:t€*~)( Lit~- Limo 

~fi~~~,&W~H~~M$R~~~~~~£*~ 

· -~, ~it (t.J * ~ 1j ~ t~t l(1l] ~ ~ f£ a1J ":~ *" Ht faJ ~ rm tr.J ~ 
~0 ~t!fPtnJ~~~~ "k:97r" utrm Lit IMJ~J(-tf!AW~~.tE :··lt 

fto~--~~m~~~~~~~~~-~~m-~~~z 
fa] ~ ft.t raJ J{f If 0 Jjj{ Y!IJ l: iJf' R1" (a} 1: ~ ~ j! "t:g * ".&. ~ )i "tt 
1{," ti)~51~1lL~~~o r;!tt~ "tEff·" lf.tfa]~rn~~ff~ 
:1!--~m~tr.J "ttii" lfttraJ, t£ c 4-1--1) :lf'~:X:~ J:f:tit"~ 
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~, --~0 "~*" ·MraJ~ "*r&"MraJzmJ(J(J/F~-M:!ft*T, 
(4-1-l)~~*~.Pit "~it" --~0 ttf :$~~' ~IIH~lt 

~~~~--~~-~oftiD~-~M~~~~~~o£-
. i.i~~~ffi~fbt-T (4~t-t) ~m-r "t91t" flitraJ~~ltl¥-1~ 
~~0~--~A~~"~*"M~~~~, ~~~~mw 
~~~~ffl,ffiRW*~ttZ*fi~~~~~-moftfiB 
~~~T "~*"~OO~-~~~~~~ 

Llt = 
J: b(t )•dt 

S 
00 

1_ b(t)'l.dt 
0 t 

(4-1-2) 

A.P b (t) J!JWPJF~I¥-JifilbiPBflo ?1-r 1E~rfJ!-=-~~f&1t ~ 
~ o ~-H}~f9Ja{nJfiT 1A- M-1€*)f:)( Lito fti!:!m: -~ b ( t) 

~_.~Wt-P&fiJJ1, ~~~7}-Bl*~~:Atft ., "~fr"ft-t(a] Lit= 
- ~ 

o o ~ b (t)' E1 ~J to ~t!t&il*, tr!mX :~Rt O·, }]~~ "kY 
:fr" flltfffi Llt ~ to/2, i!llf--?XmOOT Jlt)~ )(fr.J~Jli'M:o 

lil~ Z ~~1J~lt-TPJf~ilfl~ti (~u l/t) l¥-JtifW fll 
-~~mom~~~~~-~7~H~~~-*~~~w~~ 

- -

~--~0~-~~~~~*~*W~,w~an~~~• 
~--~M-ft~~~~~~~-HOO~a ~Tmz~~~ 
~~fto ft{[1~t£~$"~Jr"Jitt(l:lJJ:(i{Jlf •fiJIJ~/Ij o J!J! ' fF~ -
-~MOO~~~~~,afi*M~~~~*M~~~~~~ -B (1/Z)B(Z) o ~ltA:-r, ~tfm = o ~~m "~ 7t" 1=f $ 
~0 ~~~m, J!l:a~xt~~IM"Mlmf£ b(t) ~atraJ#f~ At 

~*0 . J!~tJJ:f&&, fl:::*-1 (4-1-2) 1¥-J~~I~,~f(]li!.)(Rifff~ 

:«a~P~~7t:it m = LJ(j) ~ 

•• 



• 

• 

9J 

J~ooBBdm 
Lim= J oo l B Bdm 

-oo<U 

(4-1-3) 

~~--~it, ~fl"iifml~tfB#jlf&ftT ,WfkA1}-T~'lt~l, 

~mmm, b(t~~§~~tE~ilm~!R~+lo -r~ 

- = -BBdm 1 Joo 1-
Lf (J) - oo CU 

(4- 1-4) 

./ 

· . t.ttfn~-HT WJ-T~!lf£~ ~, m~ :XJ ~ JiJr ttt tt 111 t! ·~ ~ r 
(- im) -t~~flt Z ~~~~~o~frJil1it~.ffl~J!~7}( •••0, 

0, 0.5, 1, •••I, •••)o-&RJfli!JH- (•••1, 1, 1, 0.5, .0, 0, 

o, ···) olflEMf£1ti{fliMJJ:/ff~/.i, . ~t:·!:E~Pl--~JJilllo m 
rl/i<U ~Jiif~lf!lilfl, ~fnm~~(J{Jll7fA~ r!rF;ttttttl:l 
~~JJitfa] ~f£, NP 

( _ i(J)) -1 = ·( ·~·- z-z- z-t +. 0 + Z + Z2 + ... .) 
2 

(4-1-5) 
it! (4-1-4)~~9tJfl z ~~~~ftj . .ijif1tiMIJ:if.Jl}t?}, f!} 

_I_= J +oo- i I. BBd; 
L1m -oo -tw · . (4-1-6) 

- i s +n I . ;; - ( ... - z-z- z-l + z + Z2 + ... ) 
2n · - n 2 

B ( } ) B (Z) dm 

m~, m.:P5!1'Jt?t~-r~.?}~:ltf.J z· (t{)~fl, m 
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00 00 

.1ro=Elm(-rt) ~ L;Irtl · 
t=l t=l 

(4-1-8) 

(4-1-8) afl(t{J)jt~, ~§-=fJ¥<1 rt llilf£r(Y.iiif~,@ffi:{t9$t7}0 
' 

l~f!J rt JP!IJkJH--~~ifijJ{l'f.J1-e~IiJf£J}f~~ft7 o~!tf!tl rt 1 • 
~flfifff~7._..1" B ~*P!Jf££f,Jatr~~~ Lit ~~:Yeo 1ffiii EJ ~N 
~mfittsnti.if.l rt l<ro,#Jiftfi1B~7f!.t!~~ft ro = 1o r£, 

· ~~~(4-1-8) PI~~ 

00 

.Jm ~ I: l rt I< Lit El ~:Yc 
t=l . 

(4-1-9) 

.. 
llm, ~~~Jirelf.trm PElf£ (t.j~~ LJt ~~U1~ El #I * a9 ~ ~ 
Lit E~~=*~~ts*o --~m*, R-1'-EI*lJ*mrmlM"faJPEJ ~ 
*~M-~*~~-~0~~~*-~re-~m~oo~f£, 
· .m --~* (t.J lJ11!l au MJ ~3i rtilt a lfij ~ fll fJ{, f~ Hi'tt.J 3! 1-flf m 
~~~OOWMm£*(t{J, W~~EI~*Am(t.Jo~*-1-M ~ 

fa] P!lfifl JL1-~~~~' !~~ ~tr.J El ~*mlt.R~ (2n-1) ~ 

~~~ft.io JW.~, --Ji'~MJJJit(a)IiJfl, · /FRJ}if5;{i*fJ"J Ef *~~~ 

~o~&~-1'-Jt-tW~~~~EI~*Iii-~RJ~~*~~, 
-~~-~£mm•-~~m~,~Moo~~~~~~~
~o~~M~na~~~~~~~~~,~~ . 

Llt~Llt El:+fl~ (4-1-10) 

*r!lfl"ft~~1tm(I(JJ&1J 0 ttA. (1-1-9), mm ~J ~ 1t * 



9S . 

LltLi(j)~l (4-:-1-11) 

~~~~mE-~~~~-~w~~~~m~*~•t=~ 
<iff±: g~ I= cu/2n) fJl Lit H"J ~~f'll;Q!)(, RP: Lit~ "M 
JllJW~" ffii~J! "'K£ft''JM-fa]" olltiJt~~~~ 

L1tL1f~1 (Lit ~atfaJt~~) . (4-1-12) 

• tit '(K£7r" MJ)l]*r;A2n ~~~JmlrJAW~~ "tEfr" MfBJ~~~ 
fi-t faJ ~ ~, :tt ~ Tat~~*~ l'tJ jl[ ff;l JJ1::,11q o 

• t$ >J 

• .. 

1. ~J!B(Z)=C1-(Z/Zo)nJ/(1-Z/Zo), §Zof3 

~~-~~~~~-~o~~~~M~~~&~~~~~~ 
jjJiUIJtl{to tili~~~*~f£,&~$1?EJf£ ~if }j(JM{ll t jfg~ Lf/ 
~ Lfto 

2. ~m~~-m~~~oo~~~~~~ 
bt = Acosu>t t + Bsincu1 t + Ccoscu:t + Dsincu2 t B ~ m1 , cu~, 

bo, bu b:~ ba, iJtfj!f91{g~tflf]XWj/j'·JE3!7.tJta'-J~{!Lfijfn 

ifilfJI 0 

3. &:~~$.~1fc00WjrfFz 

p 

· f-l~ -f 

_IIIII I 
f.-{._ ,. Jj--~ . 

m 4-1-3 

· btm~&~t«i~;ttlM-rlllmf£, mfYiX1·~rl/fH 1/f:, 1113 . 
~R1falo ~~i!tftfltr)l:, $W~-~)lf;{i;JJa*u 

; 



fiJf~li: 
bt~JJt-"' ~ -;tz.:;. i1t Jk)( LJ cu lll LJ t ft.1 1i i!, -N! 1~ ~u 

~~mmct~*~~>«~-~~&-=f•*~~o 

·4-2 . p.j(a]~fJfit7}tJ$1ft 

:Iff~-'~' i! m • 1 o o rx, 1i"iift@ tft it m JJ~ -m moo fi 1: fl1 ~ 
-r~~sotk, ffii-~~mtm£4§rt£6o,_4ofiQ40.-;6ozraJo bt· • 
~~~ ~-7tt~Jt«u1l\50~&11Jb? iJZ~fii (~~{t) ~~50, ffjj 

mlllfi*'L*~fi~Jtt9JL3Jl~~~ so 0 JA * ~~mJJJ!f"J~~M:f* • 
~*~~~Muam~~-*~~-~-~-2~~-~$ 
*~itlo Jtljj~fij\~*~~-ft1J~£~ *~~(kf£.f(l$p.f' JJ 
lli~*~~-~-~~~~~*~~-~-~~-iJZ~o~ 
~-~~~-T~ffl~~-~~~~~~~~~*~*~2 
fa]l}{J--frft~J~lt~~~ \) . 
: E~W-~~,mnlX~ffl*H~mn~~~~,a~ 

~ JU 1t jtJ fR tY-1 "-m , .0 iiffl ~ "-m: "J!:*~rJJ .g~ tr.J ~ f! £ i~~ !E 
IR.l~~*r, mx~ $~ A?tEUW£1ii1-bt~ c~~-~J~f*) 0 

~~-~~-~~am~wa~oow&~~~~~m~~~ 
:fijfilo . 

M!ffl~~f*3!-_.lt~, tttt~~J* § t.t~~it~?illi!llt~A .. 
- ~~m~~~~M*~~~A~~1im~**o*$a~• 
~mx~·i!w~~j!-~-::F~J(J9~~f*;&!:f.r:tE{J1Jmtii, #kA 
~~-~m~~-o~m~ma~-~~A, ~~~~~m 

~~-~~AE~ft-, ~~~7~-1'-~,~-~~E~ 
~m (J!{I!~fflff) oJiJfrA; ~{n-&W:.ffll~,~~j!~-~0 

~~~~~~:lij,~~~m,m~~E~~o~~~ 

J:*~it~~ft~ r~' . ~~()lm.~JtD!IJli~-1'-r~o -=f~ 



•• 

• 

... 

tEJM-~J t M11C-¥~l1Tia~ 
mt=E(xt) (4-2-1) 

:!ln *¥ iijft /fiMJPtfm ~ ft, RJ k!~ 
m = E (xt) (~$ t) ( 4-2-2) 

~{i;li1f!, a{n»J Xt ~Js~ttJYt11!~~-o }j~ ~ ~

~~-~#~-~~~o}j~~~~~~ 
a~ = EC (xt- mt) 1 ) ( 4-2-3) 

~m~~~~~~~~~~a~m~~~~~A~~~OO 

~re*~~o~-a~m (~~MOOt)~£--,~ 
a 1 = EC (xt- m) 1) ( 4-2-4) 

~mft~-~~~~~%E~~m~ru~*~~%, ~ · 

. n 

·' E = (limn~ooj_!_ ~~ 
n ~~ 

1 

(4-2-5)' 

~-~~m&~~lli*~~~~, ~~~~~~A*~*ff 
f.J, ffii~;l!;{E~~R1fall::f<~o 

l3i! i~x t £ ;f;ft !i. J!kJ!: 7t $ (f{JISiflfJL f£ ~fill (i{J --1-' lf.t (Ill ff= ~lj , 

J!~~*'I.ftlft.J m ~a .!3Mil1]X~o fli~, ~{11~7 Xt~n~ 

~ lf.J * f-f, be JiJfJ ~ ~ m ~ fti o ~ f(]PJ JfJ-,; ~jl·iz:jij ftm P"1 fir 
"""' if-mo 

. (4-2-6) 

Ff!--F.i fi!flf~{ttt9.:Jii!~Jft~j!nJtt iJZ 1!Jo W: Wt ~-

fll~f&ftTft91Jn~~fl, np 
E Wt=l (4-2-7) 
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A.. 

rn = EwtXt (4-2-8) 

~~J:, (4-2-6) 1! (4-2-8) f:J:Il>t~fi* Wt = 1/n•t = 1,2, 

•• • n (11} ~1711 o 

· *~00§~£-~~*~~n~*~' ~~~~-m~ 
/"-. 

~-m~-~-m*-~~~&o~~~Am~~~~~ -
~~5(:.*; 

A 

(,.dm) 2 = EC (m - m) 2 ) 

= E{C(EwtXt)- m) 2
} · 

fit~~ m = m.Ewt = .Ewtm, f~~J 

(Lim)• = E {[ ~ Wt(xt- m) J} 

(4-2-9) 
(4- 2-10) 

(4-2-11) 

(4-2-12) 

=E[E L:wtWs(Xt~m) (x,.-m)J (4-2-13) 
t s 

am~~re~Mm~%E~~-~~~~%,U-Mt~s 

::Jtflli¥-Jia%!1!00* 

(Am) 2 = E E WtWsEC (xt- m) (xs- m)) (4-2-14) 
t · s 

m-T Xt ~Xs tr.J ~ m M:, ~j:\:tl3tz~Wr~: , -&:it:l! 1£ ~ ~ 
i~\f*J:;;jt~, ~ s = t 9r, m~~o ~ s :: t ff.t, WJ m iJt £ 

(4-2-4) WT~SLt¥-rn~T o -T~, llffl~~ 

(Lim) 2 = E E WtWsa
10ts 

t S · 

(4-2-15) 



• 

• 
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(4-2-16) 

Lim= a(E~~ )~ 
t 

(4-2-17) 

6m, · ~--~n~~~~~-~-~~~-m~~*o~ . · n . 

;xfafa~t5l~,m 

(4-2-18) 

~A~m~~~a~~~lli*~-•~oo-~tt~o~~
~~~tlf?Yt, ;!ttMtRf JfH!f-t~m*~:~, "n -"''Mf.t ~ 1 ~ 

mamJL~jm, f!J~Jl%JfJM{t~~-=f n ~3f:1i~" 0 

~-=f ~1f JJit ~~ f.t ~ ~ IDJ~1IJ f'F~r fti fflttlft, · ~il ~J ~. 

~m*l%W~o ~~~*~~$~m-~Mm~mmAm~ 
. /j\p.f' mi m x~~lf.t(a]i&~l't-Ju .&·z., ~{$}A~Jf~1l%---t 

A 

1iR*~~itJJm pt, 'EX{fiQ.-1tOO m ~ll:k (f§~t£ re -flit 
~u, m £)ii:t~l~~,f*(J9;f<~f:!Jjlj~) 0 

i!i;m~-Jt.tfa]Jj;1fj4fjp; -r tpfF:-~:* ~o ~At =.n-r 1-J 
*~*lto 1J~~ (4-2-18) ![~;lj 

(Am) 1At = a 2-r · (4-2-19) 

~~' ~:lt (Am) ~At ~~iif~j&l.bo imN:L§{=*fiD fSi :tJL 
fl Xt J!fltJlt#J~(f{J' ~jjm, jn:¥: Xt j}ffJ;l-=f--"!'~~lf!l fi, 
B~~n--t~~~~-~am~~n~¥~-o~~Mmm 
%~:it~~:.*J 

(Am) 2Lft~a.2r: (4-2-20) 

/1\~Jt <4-2-20) riff*Z~"'Jt~~t-traJav~m*zfaJt¥nJ!J/F 

.. ' 
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. 

l&:X:~o 
7 ~d~-m~~~~,~~~AtMffi-~~$-~~ 

~f£~~~1!~ 1i ~ ~ ~ 
I' Sl.o Vjnr, jJl:*« ~ flwt 

' 

·fi, •n 
llt ~Ill 4·-1 qt 3i7l'Mlif6Wi 
mfl~*=~, ms 2,. Lit nr 
~~1t~~~(lil.izJaJ~r'aJ 

m, ftP 1 I e Aiz raJ fm fai ia, 

. 

..11 1_1 

* fl" m ~~~.JHJ!! T, oo ~ 1¥-1 

95%a91t-ffaJl*~, ~J!;'E 

--~ "11: ~ {! fi f-J" 0~ 
~, Am~ Lit l%~ )( t& 
~T, (4--2-10) l't9/F~~ 

~-&at~=~~~.m7 0 

IIJ 4-1 

=~~~~~~~~~~-o m~~ 
ra~ (0.5 + o.sZ) 2 0 4' Z' fi:J.lil'ia 

Ktll::--~~m~~® 

rli*'L Jt-t faJf J¥ JJJ x t, a fll 
RJ ~ lf: :X~~-~ Jf ¥JJ Yt, 

Y·t=X~o ftitfxt~1f~ 

a 21 = P ~ (il]Qi, ~nlT ftiit Y~ (J{]Jt){t m.o ~t**~~' RJ~.A 
Milil~ Lip ii.f£afl1~1i~(Y-Jfi!itt1Bml~lo tE ~~it x· 
~,~-~re~iJt~m:~Rt 

/'.. 

m = m +Lim (4-2- 21) 
/'.. . 

= m + a/V n (4-2:..-22) 
. . 

ffil::ntr1J~ as #1ft~J!*§al~, ;!lttl~t:ffl~Jjj~ f19 f5 . 

/'.. ......... - · 
m=m + afvn . (4-2-23) 

. . . ......... 

~~,(4-2-23) ~~l:#~JEift, ml~a1fm~, afi1flM 

• 

• 
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. ,.... . 

(4-2-23) ~~;'f"U!IJJJ, fil-=f a il~iJW*:ft9jlU:if'?li!o ffiiftitt 
~~~£X~fl~~,~~~~~7o~T~~~-~~~ 

1!1'~*' ~m••~l!tmrtttwwr~:~~E(xn)o -** 
.. Jt~f£~~hkf£fl&~./}dJI~J:*ftl],fi¥-J' o ~~J:, 1t1it~* 

.-

ma~~~,~m~~mw~-~~+~m~o~-~*~ 
I!J}fl'r~J~~~ 

Lfp=pi ~ (4-2-24) . 

• lBT L1t = n~, J:~Wi3tl-"¥1i~ 

2 

( L1p) Lit ~ 1 
P· 2 

(4-2-25) -

jn*~lJtf£ Xt jf:~~%~/FRffjjf~j, i!·'r~~~ij!~fflo jn 

* Xt jli3)L£_.~)!~~~~ }j~~' ~Jjfjljf:l:~!lf, t£)!~ 

~~~ s:J:tgttJk~~fi:o 

~~~ru-r~~~~o~~~-~~~~~m~~-* 

~•, ~~~-~~-~~~nm#~*~ 

- (x·y) 
0- . 

((X•X) (y·y)J'~ 

~~-&~~~~~it, :JG~~ x ~ y ·£~~1tMJ~m~:itffiiBo 
m~~~s:f:t~W~~-~~~,ffii~~~~A~~~~oW 
Jrmtn~ft(f{J;f:f.I~,Ji::)(~ 

_ E(xy) 
c- ((E(x2)E(y2))Ys _ 

~~1:, /F ~1i--'r~~ .. f* 0 ~:l!ffl*~3ff!J **lfCJ~~\ f*:if:I!J 0 

~~~~-=f~*~-1i~M,W~-TR*-~~-~*~~ 
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m~E~~~o~M,~~~m~x~~m~y-~~m, 

;!t*~fm~~~ 
/'-

c = xy = + 1 · 
lxl JyJ 

A . 

· -~J:, liJ~~l:H '*~(J{J~It* C J~~1£~~~Wjjftill9Jo 

x l£, ~~--tt ~ "~ m" 0 ~nFfM:ftit t¥-J «a~ 13 ~~ tt11 

~~£-~~~~mom~~~,~-~*~~n~*n* 
A -m, c Ml~~~~~*&f~Mm~l/v n~~z--/f'fl:i:~o 

tS >J 
l.m~m~*~~~mm3M~~ffi~~~, ~ 

n 
A 

m = s L (n-i)xt 
i=O 

A 

bt)jt~:itfbi T s, M! E(m) =mo if-21lrn, b\~~--~~ 
' . . . 

MJ Lfto ~~~~j~tl~~~o 

2. ll:flR1~t&afta9~mJ¥91J xt,. "iifdrr9Uocit 1i w 
*ftiti·Jt~M: 

A A 

m t = (1- e) m t-t + bxt 
A A 

(a) rernt ~jts.nl:xt, Xt-h •••(f.jlifllf(:, ffO~JH mt-lo 
. . 

(b) ;Jtit~~~a-rrm Lito 
A 

(c) )jt~:l:~-=f b, itf'-§ mt = m JJil, E( m t) = mo 
A 

·. (d) ttlJ~:f1Lil~ Lim= (E (m- m) 3)y2 (~ e ~T 0 

fFt, ~*Mi-T a(e/2)%)o 

(e) . JiiJ: tE~fltit~""f (L1m) 2L1t ~r~~MJ~~~? 

s. YEIV:J 

(.d P) 2 = leE (x') - a'J. 
n 

... 

• 

.. 

/ 



• 

lOJ 

4. t!t~-~:ft~, ~m~~~JF.traJJf ~u xh m: ~t 7 
Xt __.~{J!~RJ;tsjlj~~~(r;f1[ft.jtlft*~~ lf~ JiJf~JLt }-¥ ~Jj 1¥-J· 

~tf:, it- E(xt) ,E(x:), (L1P) 2
0 ~:~lt$~(t.J~, + Xt 

Jt;ff~Wj-·~Jl:FEJflo 

~- P( ) _ 1 _ -x2/2v2 
~~= x - -e av 2n 

4-3 ~$~~it?}t;f$ 

*~~mW$-~~-,~~m~~~»~~ - <-~~ 
~~~m&~~~~)*~fi~mom~~~~-~-H 
JaJJf1Jj(J1) :B-~fa£~f!1J~tt-"¥~~ ~"~*itt" o1f~fl~~ 

~~f8ff.Jf1Ml¥-Jt.Jftt3f~W:If'f8¥'-Jf41~*~ o ~ 7 5 lt9~8 
~~~~~~*-~-~~*~~,an#~~--~m~ 
ft (f.; f§rj .:r 0 

ill xt J!fb~1l:~idlllii¥-J~mflmi~ft.Jlfit(aJJf~Jo iN ~ 
ftfi~7n~~~~~-~,RJ~~~~M*~~$~~X 

(Z) 
X(Z) == Xo + x1Z + x:Z2 + ••• + Xn._ 1zn- 1 (4- 3-1) 

/'.. 

mrtr ~ JllJ:i! tt91tim li*~ii -1-=¥h1f~ itffltt:i:R < z) 

/'.. 1 -( 1) R(Z) ==-;-X Z X (Z) (4-3-2) 

'E~~nu~~(t{Jif(l{Jir§Jfj, :£ "~$" it$7 -1'~ If£ n, 

~~~7~*~1-~n~rew~ft~*M,-*~mMm~ 
Nf*o 
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A 

~*ilft!J~)(~R (f{J$1£1{9:, ftP 
A . 

R(z) = ECR (z)) (4-3-3) 

~~~SL.l&~R!U: (4-3-2) 4tl¥!J n ~-=fx~o ffl.~ n 
~SL~~~M,~~~£*~-M~~~moA~m*,M 

/'.,. 

111'4-? RJ~W~1 R (z)J!--~ltR(z)]! ''·~Jiilj" ~Pi flo 

· @T~ 

" .. 128 

n•S il 

.. 

!I 4-2 
n1-Ji~l'l~fi:Ml~M i1 CR(Z))~o i!~Pilt <:n= ?12 .!3 n=32 
- *¥) ~~$1!tEiiil-MJtli'Hii#Jo ~ n tl-=f;,£~i ff>f, ~~ :/! M 
*M~~Udt.l: "FMidJ o 

A 

R(Z)=FlimR(Z) (4-3-4) 
n~oo 

;97B!f8¥~ft~~j!~, ftffl*~- "F (.4-~-2) Jjt .z ~IRJ 

(X;m;MJ~flo afnii 

• 

• 

' 

• 
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n-k-1·· · 
A 1 ....__ 
r 1r. = - E X tXt+ k . k = - n + 1 ~f.Jj n - 1 

n t=o 
A 

M-T~J!tfa]}f:~Jxt=Xt~ (4-3-2) RJ~~~ 

A 1\ n-1/\ 

R = r0 + 2 E rkcosk(D 
k=l 
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(4-3-5) 

(4-3-6) 

f(fn?g~_.r (4-:-3-6) tEn ~:ktfltMJ•hffWo ~lit, a ftl fl 
~~mtsimfLJ¥-J~~~tt~ff£o i~~{fl tt9 ~{I[~ ~ m = E 

(xt) = 0 ,llrf~fp]~:IJ£ a 2 = E(x!), ~{flffli/kA1f ~ JL 
t'£, JAfffjE (xt Xs+t) = 0 '§ t=Fso m·=f·~AmtifJL~~' 1X1nm' 

A . . 

)!, ro ~:1! a2 :1Jrtl:~*~~fl(t.J~:bPffii~ 1/v'n)l~(f{JM 
~tst'(?tJ:o ftP 

(4-3-7b) 

A n- k o-2 
rk== + --n ·-vn 

-(4-3-7c) 

m 4-3 * tft m 7 tl(--fli.Af*tr.J ~m~t-irjf: c 4-3-7) f!f. ~J ft.J 
· #f*o ~tEft{tJRJii~: ~ n fi-Tx~fftit, iX~~~~WAa 

A 

-=f o ,Jl.(4-3-2)JtkfllNlW~R =a~oi! ~t¥r~~;l!)f)~~om 
. -

fit£: j\Jllj~~~~:rJit.!il/v' n flil~Wt' m£ (4-3-6) rf:t:f<~rl 

*~"~~#~~o$M,~~~~m~a~li~-mT, 
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m~~fi~~*~-~~~ti~~--~' n~~~-~1 
w Afi ~*'L1ff% tr.J ~tm~E* ~ jtJ au lttim ~if: + v~-; iBm P9 o 

.:PI:: ( 4-3-6) *<~tf.J ~* 

A ( vn) R = 1 ± _ a 2 = (1 + l)cr2 

vn (4-3-8) 

~~-~7-~~*~~, «M~~~*~~~--~*~ 
~-~~~--,~~*&*~~~~00~~'~*~~~ 
~NJi{~ifo 

IJJ 4-3 

361'-Aii&Jcff..J 13 *~lEJIJiiiiJ 

~tt~~' ~ n ~r=f7C~*' ain~:IF~Um!it J: ft-1 #i * A . 

R =a2
o lnJiitf=f: ~afrl:ttt* nat ,.RJI~~T~~$.~~$ 

W*~~~~~~~*o~~~~-~-ru~*~~o~« 
JW#it~RfM: < 1) ltl n ~~ff"1*~#re1~f)-Jtt k~~*lr 
ft.Jlio ~Jl~ n/k 1" ~o it-~li~ R(UJ), ~ m 1e!]! k 1" 

0 



• 
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R(cu) ~f!C:hntE--kSo ( 2) fttM n ~ ~t¥-1*~- lli R(cu) o~ 

~ n/2/r'~Jl:~~IJII, 4tj--/r't(S.ffljf; k ·1'-llk#ilill1J#l~fii 1% 
.i¥jij*flfto ~~J!*JH1ii! ( 1) ~:1Jm ( 2) ,~~;Jtffi 

L1f==0.5k/rn:,(L1p/p)'-= (3f~etitlt~~l¥-Jfjjfl) = lo 
r!k1f 

L1f( Lip )
1

::: 0. E~ 
p nr · 

~*1f~~m&-~m, ~~*~~~~~m,an-~~ 
?it tl9 :If'~~: 

L1f( Lip):~ ~5. 
p n'l' 

·RI !\1, jpfi Jl6$~f£M (n 1f~*) ,gt·§gf!J.J!JllfilJiJi#m ~ 
~!ff~~M$o e!JIIJ, · i&!ftiT~tt?tf'M;$~~~4t1-~~* 

?}t'l$$, ~;i*-&£--~o . 
llk*l!*lfi--fftilf~~~' ~m.~r~ Llf 13L1p z (lij 99 

. . 

~~' ffiiJi!E~f{M*~ft{Jif.traJ~~ L1t = nr -&~ xgj£ *0 
1-A~flM*~I¥-JRtraJ~~lifft~ Lit::: n-r4, flfllm/F~~ 

LifLit( ;r>-~ (4-3-9) 

t£r -=wq:r~M~fltt:iFfi1ll¥-J~~~~H:J~ /K~~ <4-3-7), * 
~'Ef'pj£--zv~ W'-Jo 

~MOO~~?}~$,~~~~-~' ~£~4~~m~ 

~~~~-~~-ru~o~~~~~~m~tx~y 
E(xy) · 

c=----
(E (x 2 ) E ( y 2) J ¥2 

mt£, § xt fO Yt ~Wi~MrffiJ¥~J, ~~fttzrBJ-&RJ~1i;¥ftl 

JM-fffi~;B .. ltfJlJ~Uil£1¥-J~~, fJiJ1rJ!l, -& tlf flY (Z) = 
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F(Z)X(Z) +N(Z), ~rpF(Z) J!--~~il£3, nt £!Jz 
~~~~~~0~~-~~~}~"~~"-~,~~~ 

. ECX(~)Y(Z)) 
C= . 

CE(X X) E(Y Y)J ~~ 

· ~~~~~~~, W~~~-~~~,-~~~~~$ZOO 
tf.Jfl£1\*lto »J~ryfFfi!ttt, ~m(J:J!~~!ttJ~~f*if~o "jn 

*~1&~~1*~~, ~=f <~*1i). 1;) 

IC( 2 =CC = (~Y)(~Y) == + 1 
(X X)(Y Y) 

~m~~~~~~~~~~~,A~+loftn~~' ~~ 

~*~M~~~~ft-,a~~~1i~Ae~~~~~-o 

4-4 flitfa], ~$1~f~tt~f.~$ 

~$H~~~M#~~M~*~~*W#~~~~~m · 

~,m~~~*~MOO*W,~~~M*To-~~--~ 
~iiJftlt~#t~£il11:_.~3fiWtt9 ."iffA~traJJJ:JJJ" ojn[IJ4-

4Ji)f~, )li:titllt3~ A. --~M*'Lf£ Xt, mttlf:UlPiiJm ~Uo 

• , = ~u. · ·F!lt3 , a :Mllm~~>~ra:u!Jll 

m 4-4 

~Rtl'liltttf.t!PIJ¥~J«-Jtl~ 

Xt Jilf;.A:J!~!kJl:(f{JmfilJtfi9JtB~o ()!ifij-t'*llf~~J: ~ /F $ 

~--(Bl-, ~!Jt!z:I¥-Jmf~*X~, ~ f#s IJit' ;l~t !j Xs Xfffiii ~ • 
~J ffiiS~~ ~~ § t=f=s Jltt, E(xt xs) = 0 Jo:ill *It;)!-

,. 

.. 



• 

, 

-
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1'-~5iil!ilt~lt-t, ~ HH't9 ~*JLIJit fa] Jf9lj Yt RJ ~~ ~ itt4f!Ji~ 
~re~ §an-m~~M~~~~,a~~~~~o ~M
~11l-At%~mr£troi!:f:mt (m !i a2)W~PffaJffii~ ft Jlit, !~ 

~~~Wtro~mH~~~~-~~--m~oo~~o~&ft 
' 

~-~~~-*ffl~, ~~~~-~~%~-~~' ~-~ 
i!frltil~o jij--=f IB ~~MJ Yt ~n$-fR, ffi~J Yt 1¥-.J ~*it ft9 
~g!£~ffl~o~~aiDm~~-~,~~~y~n~* 

· f-t~~fll:r, Ji)f~ Yt ~lffttttr'iiJiio >M--=f Yt P9if, 1f ftl fa 
tJJMI* )(0 iX1111f 

Y(Z) =F(Z)X(Z) ( 4-4-:-1) 

Y(i )=F(i )x(i) (4-4~2) 

(4-4-2) ~~ (4-4-1) ~ 

Y(i )Y(Z) =X(_i )X(Z)F(i )F(Z) (4-4-3) 

{I!~, 1£-ntr--l'J, {lfl1~itE(X X) =a2 ,Jii~a2 ~-T1, 

!ijljf{flfi Ytf.J~$if2t:l:agi7£~ F ~~;~· , 4tr1tf111{lf~J\11114-5o 

±~liiJJI,J!, ~it Yt 1¥-JJL-'i' ~~*~~~ffltt Yt t¥Jifft.JI~ 

maa~~m~~~~~~-~~o~mm~*~~*~~ 
j!-fklf9o 

~--"'jj~, *fflimtll 4-6 (~i±:r iiflffl7} ~ .!:\1 2-5 

1)~:::] lll4-2:Wf*Jl 2) m~~--m_:ngilt~o mam~t- A 

9m~llt~, ~-m~~-~•-om-~mw~oc~~~, 

~~ilt~~m--~ft·~~,w~m~•a~w~~-~ 
-Ji::~$JJ1Bmii*Jfli;b, J\!.'00 4-7 o . iji1lfJ4JWlt~~lf.t, ftlW 
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0 

Ill 4-5 

ilfiitf" 

. lfi(llj;J)jl *' I ·· ·13jz~fS( I Wf ·[:tB mffln-
m 4-6 

r;am"'~fiEJilflilt 

- t\i *l ~ {t tfito ~ ~ i1t3 ff"1 JMc ltP ~ ~ fl W~~ fM" (a] L1 t Milt a flit , 
~~~t£ t fl't~ljll{JWilfi~Mf1i~f£ t + ..dtiJiiJtttfM"~UPVftlliliM 

•*~*0 
-=f;J!, ~ t.Jfit~ ~Jt.t' /f\ £fl(Jt.t (a} Ri (~(} ·1' f£ if~ ' ffij)! tk 

lf.t(a] IR(al LftilliltBft-J~flif:lij, 3!~fl~ 7 :iJl:~~.fiiJ#~o mi 
llt,~7}~~-~ll11nJ ..dtjl~---~~~~~Lftil •• = 1/ ..df 

• 



• 

• 

t 

• 
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.m 4- 7 

l024~Jilm._fitE~*iiilt~tf.JR7I'~Hiii~~ iJii1tJ5 ~ttlli o Milt it~ 
(1 - Z) / ( ( 1 - Z / Z o) (1 - Z I Z o) ) , ~ Jf Z o = 1. ()2 ei n / 5o 

. . 

*~*o ~ Llt~Ht3 3i.~JJ1, f*ili P Jl9P1~J: Ap r!I$-o 
Jil-T vt tE*~ L1ti!i1tB = 1/ Llf MJIJatfaJJ~ltl:Afl"~:lz:R"J{R, 

Rti1tfJ~ift~ § filltRJ~]£L1tm~a/ Ll'tiiiltB = Llf LffJl~ilo 

i& ~ :1: L1 PIP !fi § fb 1t JIJ fLR"J ~ 1i*1lnl;tt f§IJ, . ·Jilf kA ~ 

( Lip)~- 1 . 
P ·- Llf Llt~Htil 

~' tluLt-tH--1-~ JlJil9/F~Jt 

LltL1f( i t>l (4- 4-4) 
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~~*-~~~~~~~o-M*~~n~*~*~~~~ 
ifa9~'E-yijf'Jt1Ji!, .!i 4-31JJW~~fi!iit E~ ~ t%11 ftJ 1Ji! 
?G~mlfi1o . -~J:, ( 4-4-4) ~~f¥iltii*fR1 (4-3-9) R::--
~~a 

. ii1itft9M'-f£: ~!lt3ts~J Llf a9~.$~·tl$.$ ~ ..dp/p l¥-1 

*~:i1M 1r, lfitrm*~~~~&·~~m At~ 1/CLlf <API p)"J 0 

M~~~M~~--~-~~~~~~,m~~~~-~00~ 
mm~~~~-~-~~~~~fflTo~~~~m*~~~ 

. ~WiY:tifll*--~ie-J:~ Rfkl-f.Gfml~o m~J.fl~ft9 Lit ~ft 

*fP*lf~&:k~m: (-&i!f:J!*~It$) 0 

1\ ;;.) 
1. ~--~~M*~~m~~Mffift, ~~~~m~ 

~tM.lfirti&ffl~ o o JJt~~-~aPi~tf:.L;~~~·Jt1J~it.~ 

.'E»J' Lit, LJf(LJpjp)'~J&IfPJo 

2. ~~~l*res~~m*~~m~~~ffi~-~~ 
lcfl11i'liriio m~~)) 1 m:tH~fiiJflo 

4-5 r:p ~~:,t&R!~m 

~--li~~m~~~ ~~m~~m~WAA~~~
-'r~mo *~~,m~JE:Il~i~ffi., i#)9l7)9ft~rftiWHlt*mfl 

~~~~*~~~~~~~~~m~~m~*WA~~~~ 
~~~fi~*&t-~~offM~-'r~~~~ft~I&~W 

~~~~~m~~*A~oM~~~~-~-,A~+~~ 

-~m~~m~•m, m~afim~a~=~~£*•~0 

~-~s~-*~~a-~m~~,~--~~~~~~ 
~~~~-~~~~*re~~~*-mm~•o-~MW
*~~o~W~-~~~m,w~~m~mo~~,M~-

. . 

• 

• 



• 

• 

, 

.. 

11J 

~i~-$~~~i~~~~*~~~~I~~A~m~
~JR"J ltlf! Oi 0 .IJl~, X-J- Di ti(Wffj' i ~-~lJ, ·~~T 1 o ~~J)ifi 

m~fl~ ~--fftjji!J!~ftr 0 ~ 7 al :=as= a3 = a4 =a 15 = d 6 

=-tz9r, . ~'61¥-J Oi~~T~o m--fj~MJJIJ~fl ·i li~::::{X 

tfb~~fl j ~-*~ OiDjo (jijfM"fdtlftjfij ~J{t~~~----x.j-f&r, 
~~~ i .EJ i MI~~r k ~Mt$lll~~ 

(4-5-l) 

. . 
A(Z) = ···a-lz-1 +Do+ DtZ + as,Z2 + ..• (4-5-2) 

}J1i~, i 1m i ~r k l¥-J ll$PP 
C(Z) = A(Z)A(Z) qt z·k ft.J~fi (4~5-3) 

&~, ~*an~n~~m~m1m, ~~~~k~~*~ 
G(Z) = CA(Z))n (4-5-4) 

~Zk~~~oR$~~b~~~m~~s ~n8r~~H, 

$JJ!~G(Z)fir---f'JI~~~:Jt, ffii-!3 :~JJ{JtA(Z)~~ti7C 

~o )!~~~W~;l!:G(Z)t¥-J~ti:OO~~f!l.~*~ ~~WilliWT 

~*~~-~~~o~ff~~~~~~-~~1~~-n~ 
M~~~fl·~~FWft, ~~~~«~~~~#~~~0 

~~m~~A~~-~~G#~~~-~~~o~V~~ 
m~~~~~~&m~~~m~,m~~mam~~~$~ 

Ji}f~1=:o 

i:'fitA (Z) 1£ m ~~flJM-Mff«o ~CD= 0 , A (Z) (f.; ~lJJ{ 

ft.J~nr~t£1-lJZoo~~lli*:l: aketwk· (Wifir:triE~71rP1) ~ 

~) ~~m~~~lli*b ~m#O, *-~~~~~rPlo~ 
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TmA 

Ill 4- 8 
i{fl Q)t8iwk ;IJnt£--~ 

Jf1 A(e1..,) (f.] n ?X-, ~jt-*{tjij"~(ti.J CD ~{t~ ~ .tE 
CD=O (~A-~*{t~~~)m~,~~~A*{t~~re 

fnJIR~, An ,J,mEDi~o 1£ co= o iJt Z = 1 ~Jlr, a fr1 at 
Rfk.(re A(Z) Jl{,d CD !t.JlJilk~o flP 

· a a2 cu1 

A(e1w) =A + A CD+ A --+···· (4-5-5) 
0 8UJ 0 . 8UJ" 0 2! 

f 

A (eiw) = E akeik• 
k 

A ( 1 ) = E ak = mo = 1 
k 

(4-5-6) 

(4-5-7) 

(4-5-8) 

• 
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(4-5-9) 

(4-5-10) 

~A (Z) 11!*¥1J n .tk~lfit, ~«lliJkJ-~~iJJIU, 1£Jlt~t&f£/N7f 

~~~-~~&~W~<B~, ~-*~~~m~~w~~ 
• ~~,~~~~~~~~)~~,an~~~A~GW= . 

[A]n) ~~~rmit, li~1!~119H::~{i .m = m1 &=Wtn! m=o · 

· · ~~~--~JJt,a~~~~m~A~~m~~=~~~e 

• 

t 

• 

M~~B*¥ftAo~-manm~R~~~~-~~~ 

~~~mmm~=~--~~~mm~ 

eiCm +cr }w + ei<m- cr }w = . 
2 

8B _ i [ (m + a)ei<m+cr)w + (m- a)ei<m-cr}w] 

8Q. 2 

0 

0 

· aB 
aw 

0 

. 
=Jm 

=- (m+a) 2 + (m-a) 2 

2 

(4-5-11) . 

(4- 5- 12) 

(4-5-13) 

(4-5-14) 

(4-5.-15) 

(4-5-16) 
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mtllt, ~~fla, ~~r~.l!11: . 
ms = m2 +a1 (4-5.:...17) 

~~' afll~&B~~ m ~a --j.fJ!-~~o.miJ1t, (4-5-11) 

~-~~~-*~T~Z~~o~~~~*~;ftfi~~~ -
(4-5-11) _f$Mir-'-Jtt"iiJV.A T 

1. ~~Jf£~ m +a l¥-Jilt$:A!=71-z--o 
2. ~~J m- a J¥.J-$Jik=7J-Z-o 
3. Nt~Jfffni}t~fi(f{Jif$~ 0 0 

~f£)jt (Za + z-a) lt.J n ?X~, ft--.za ~- !& ~, ;Jt 

~~~-Z~~~~~-~7)-~~,A~~*~A-=~~ 
·~fl*lli~o B(Z)n~f£~1&}1J.~IIJ4-9o 

..._l~ ---mn-----+-~~1 

m 4-9 

CZID<Zu +·Z-rr)/2)n tf.Ji\lt 

. k 

~tfiiJ~l±\, ~ n fli:kff1," llt=JJt~~~~ji~jljJf~Wf 
~~om~~~-m~-~~~OO~~oH~,n~~m~. 

f£~fijjnv'rJ --~:J!:&:lftl¥.1 o~fJ;!j$, ( ~ + Z /2 )n qt Z tr.J ~ 

~~~~fl-~*~-~~~, W~~~~~~~H*o~ . 

Jl1fa]}y;JJJ7}~r:f:t ,. "Jfii[ft~ z = eiw.tft, ]! ~- L1t = 1; ;)f; 

*~A~M4W~f£HOO~~~~~~o4arez~-&ffl 

' 

• 

• 

• 
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!IJIE$m!it.:P ' · ~-At= 1~flt~l§l1eim3:ltrim:t&Mllkntit . 
m~~~-A~~oren~~m~~~-~, W~,~~~ 

fLW~~ntWkvn~T ~ilfiJ!~~)I(t{J 0 kAffii~fnllJ 11: ~ 
~~ z;:: ei..,.dt = eiW/ vn 0 ll.tE Zk (t9 ~l&&t:lik ~~Jfi k/ v-;; 
(f{J-.$7 o )jt (Z" t z-cr) /2fro n {X~, ~~j n lX~.11: flit 1[l 

$Jfil'mlt$7}~~ 

( . aw )n 
= cos V n 

CB(Z)Jn=(l- a;:• r · 
*HJft-~f!,~J19-~ (1 + .x/n) n+ex o ~ n fft:kntm 

CB(Z) )n~e- a'(J)'/2 (4-5-18) 

~}!, )jtlfl~~~J~fL:J! t Mlfi*~Jf:~5!i:t (4-5-18) 

ft.JJ!!#!J!Jlt~~)jtffo iffjWfPEJf£ {4-5-18) (t{J#JJ!Jft~~RJ 

~t£~~~~~~o~~~~~PEJ~ 

4-s ImLKtaJ 

m--~~~m~~~*~~-~~w~~ffl~owre 
~~ffl~~~~~-~-~~~tt~~---~,~~M~ 

/".. 

. m= m +ajv-;-
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/'.. /'.. 

m- Lim <m< m +~1m 
~~~m~~$&o~*~M$ZM,~~~~~~~mm 

~~-$~~~~~~~0~~-~£~~~~~~~~~ 
iiiA~:JkRt~~MJ-o §i~~jf~J!ki£.fJt (J!~1itf{t}9$)' 

~~m-~~n~~-,~~~~¥@~~~~~~~~-0 
~~oo~~~fi~~~~~~~,anren~~~AMOO~ 

~1 l:F.i 119 ~It, ffii ~ fF J!*lr :?.9 L1 t iti1t~t .tt91K raJ tr.J ~~ o 

Imocoo~~-~~~~~~~~-,~~m•~~~~~ 

W&~,antttt-M~bam~m, ~~~~~M-~M 

*~~0~*-~l:~-~~~*TA~~~~~-~~~ · 
~~~~~ma~~sw, w~~m~~~-~~-~~, 
~~*~mM~~~~~~~~~~~o~~~~~m~m 
WJ-=f~~#f£#fifC18) o 

#*, re~~-ffi~fl~~-~~e~~~~~~~~ 
· ~~B~fl~~~o ~~~~~~A~~~~~-,~~~ 

1{-**-=f'E, ~-!¥-,Jvr1::o f£i'f$ (0P~~£~:k$fi) · 
-~r, ~m~~fi~~~~,~~l:~~ft~*~~mo 

$~J:, ~-**~~»f~~flp.j", q:t~~~~~OO:~~o X>J 

-r-~~-~, *~~~~~~,w~~•~m~~~iA~ 
~~~*0 Mr n ~fit%*~ (Xi i = 1' :~, ······n) ~re·i! 

$flhA'J\¥IJ:k~~f4F~J-r, ~Jt~ faJflffF~ rft {;rife m1. ® 
./"... . 

ftif:itmto ~§jljJ!ifji:f:f~Jff{l{J Xi la~x~ ,:l; ~ ~x: +to -=f:lik, 
/'.. 

timt. = x' n/2 0 ~tE,tE~m~~m~:i: l ; J tf{Jfl.$~.lt~fi 

~ifl}Gr' ~{(]~~tt-tf:tti:fl mti£f:Kfa] 
.x' rt-/3 _,_. .;-;<ml < x' n/ 2 + a ¥ ";" (4-6-1) 
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I*Jt'mml$o {fij~, t~ a= 1, N = 100, lt-r:f:tftlfl mtmrf£ 
m#~1'-#&B"J40% fQ60%2f@ l¥-Jmt$o it)J:1ii!J!~~l¥-J: /£ 
51..-~~r~m~• 

y =step (x- m1) ( 4-6-2) 

;!~Wt$ (step) r?lflfl, ~ x>mu ~~F + l; ~x<m1lf.t, 

~-=f 0 o tfimi*'L~:I: Y kAlH.fiil (J{Jil$fllft +lfU 0 Wi.li' f1i o 

• ;!~, NPM!~~m~m~:l: x ff9tt$mif4, -&liT~ §at my 
~--m~o~*~~~~~~m~~s 

• n 

• 

.. 

s= E Yi 
i=l 

riJ~~-1'- Yt ~ 1 ~ 0 , i\i s ~~:/! 0 ~; n z(a]l¥-J~~- ~o 

j£--~m 's Jf1 j fia91t$:& lb ( ~ + z /~n n J:f:t zj P1J ~fi~lli 

ff9o m1£1iJ~, s 1U:riKfaJ J!/2- avn-<s <n/2 + avnau 
. . 

at-$, remt~t~t¥-J zj (f.J~~jjp~*&t~~f!JJIJo ffii~Ji'lftiftt/( 
~5Lttt~rt:Jlti:fl mt-fiL-TIKraJ (4-6-1) a91t-*o »Jr a= 1 

ftl$X:klf.J n, ~/j'-$RJ~~J95%o 



~~~m~f-~~m~tl~ft~~oo~~--~-~ 
~~~~~om~w~~~Mm*, *RB~W$•~~~ 

~ffi~~-~~~~,~Ift~R~~-~-~oftfi«~ 
·lliJ51IffJL1tftp~JfJ~J{f{J1£~~~~t£jt, ffiJI!* 7lt1Mo li1 
~am~w~-~~~~*$~-~~~mm~,m~w~ 
~il4~J--~1fi~<~fn~~~m~1€~), ~~m~fnmm tt9;JJ

~M~~~~fi7o~R~,AnA~~nm*~~~-~ 
~*0 m~~xf'Fq=.ru~m.iWm~MitR15lJ~~ffi M ~ $ ~ 
¥o§~~~-m~m-~,-~~~*~~~**ffl~~ 
J!~MJWf!o ~MfF~~~~, A~JYlfiffJ~~Im~Sl~ttJJ1 

f£l~1f¥:f<;Uj~Jt~o · ~lt&JfJ~fM!t-=~~lJit, f±f±J!f§~ 

~m~~~~~~~-~-~, ~~~~*-~~~~~~ 
a#~~~o~-~~-~&W~~W~-~~-~m*~ 
~, mu~btffl§JIJJl9tif!mmit)J, 1i"iifntii!£B~Jf<JI~nt.tt 

~ . 

~ttW:o JGittlfiii, ~fi1~-J:f:lwtt~~~1~fRl}l, @. *:ti~ 

~-~~*= ~~~I~*~~~~-m~m~, u~a~ 
-~*~mee~~~~m~~~mM~m~~~~~o 

5- l ~ ~ ~ ~ 

-m.ll*1Ltifl"iiJ~~ 
Ax= b (5-1-la) 

1t~ A :*J1i~<tEm*•~~J "llk!l\=*i!':' JM- :f1f ~ .&. ~P1i 

• 

• 

• 
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• 

• 
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Ji$), * ll. x ~ b ~~l rRJ:I:o ~-=f2 x :2 ft-JfRre, (5-1-la) ~ 

~ 

(5-l-1b) 
. . . 

lim<s-1-1b)fl--~1Wiiti~JLM~'-fo ~~lt.J(Jij1JJ~ b Piff 
~J!iJLm J:~ rf:ill:o 1ifl (5~ 1-.1b) *-: f!ij' xl ~ ~ m-~911 

· ~RJ:tt1JnJ: x: *~m=.-t~J~PJt~~911liRJ:I: b () ~§€ ~ ~ m 
9IJ!Rti:~JJJ4tJJM-, *f8¥gt~iA~Um*,o ~~~ b -&1E:tf~13f(1 

JjiJ /J IRl , li !iiU /F "iiJ DB 1f M x 1 .!i x :.o ~t liiJ ~ ~ JJlr--fi i# l}l o 

tl* b ML.:Pt!t A tf.J~flj*Jia9~(a], mU1Jf1(5-1-1a) (;.JM X . 
·. #rEo tEJi£1it !\!Jt9~~fltt5tr:f:t ,~W tl ~JIJ !Rtl: b £ ·~ ~~ 

~~~~~~00-ili~,m~~*A~*~*~M~OO* 
fifE~ JRli: b 1it~£~J.i(f9 o rut* A ~--n x n1eW, 11~~
-~~~fi~-n~~OOo~m~A~~~~fi~~n$~ . . . 

fi~W~~~~~~~~o~~~~m~mAOOfi~~~ 

lfi~o 

~~~~~~~E$lli~~-~~mm, ~mm~~~ 

11§! 
· Ax= 0 (5-1-2) 

13~~'~x==Oft'9/8¥, ~~~~Mo ~M!~(5-1-2)rftx:Jl.~~~~ 

~,A~fi~~~~~~,-~#A~~~~~*~-n~ 

~OOo~~an~N~~~*M~~~1iftfiA**M~~ 
lio 

mwM~m~~~~~~~~~-~«~~£~,wH 

~~~~~~~WoM~-~mw,-~*~~wx~~~ 
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~,~~~~~-~~~~o mm~-~~,m~m~,~ 

~~m~E~~~*'~~~-~~£~~~0·~~~ 

. 

8 

cik = E AijBjk 

j =: 1 

2 3 

cik = E AijBjk + E AijBjk 

j=l j:;:3 

(5-1--3) 

(5- 1- 4) . 

(5-1-5) 

~ll!YjlM., ~~(5-l-4)~(5-l-5)#JfnJJ )X]~f!ij, ~~~~~ 

-~ft.J?}~f{/Fi:t:l!ie'el't-JlJi£~t!J~ 7 -l~ 0 JA f£ ~ ~ ~ 
~, ~~~~l:#~~tffiiifFffl, ffiMtt ~ ~ 7i «!l1ttl: · 
~; !iiJ!+~it~~ 0 

· am~~~m~~~~~w*~~~~~-~~0-~ 
tR/f\/klil:~i!i~~tR~a<Jjjf!, {i!'E~llffilli, ~~jf-=f~~~ 
~~~~~W~~~~o~*'~~~~~~WT--~~ . . 

~mw~n~~~~~,Rmm~~~1ifio 

-~~~--1i~*fio~1AB~~kxk~~~m,* 
;Jt-~<k + 1) (k + l)~~a9~, m~H!.tflif{* tf9 k x k ~15$ 

£1illLI::kA;ftJ: ~JJn--f-r~-JUm.htMJ o ~JJIJ£ :tm1£ (s- 1-6) .,. 

~ A,e,f, g~A- 1~E..§at, l~fli:Ji!:~;f<fflV\j', x, ylflz,f.fit 

[-->H--J [-~+-;- -J ; [--~·-} -~-- -J (5-1-6) 

" 

• 



• 

• 

li1 

· . 1J1G~ (5-l-6) lftWi/j'?}tf~JJ!~~=~o ~f(Jf4~f}llf.J~ 
--~lj~ 

AW + fx ==I 

eW+gx==O 

(5-1-7) 

(5-1-8) 

W ==A - 1 (I- fx) (5~1-9) 

itW~r~.tm>l<s-1-7)0 x m7~*9at, ~~f1f<5-1-9)f\:A <s-I

s> ;Jt til 

(5-1-10) 

~t:E~T;Jtili* y ... z ~~1, an1itJJ:05-1--6)*J{J:f:l~m= _ . . 

Ay+fz==O 

ey + gz == 1 

(5-1-11) 

(5-1-12) 

y == .- A- 1fz (5-1~13) 

~~~~~-~~Ay,&~~~~zM~o~T~ill~~ 
tmFf, ~(5-l-13)ftA (5-1-12)m. 

- eA-1fz+ gz= 1 

"(5-1-14) 

~~~M, ·~~-~-~*~~m~~~~fi~~~~M* 
fX¥Jl)ft?Jttlrp ~~lj(f9 (5-{-14) ,P ~~~~~~~fJto ~~t£Ji 

fffi:J:f!f!Jfl, ~ (5-1-14) (t-J~-1&~~, fJ!~ijt1fiWJ!~:1fl't9" tt 
. JJtt1'~tl!~3lf:fi To 

re~~a-~~~~~~= M-~~~~~~M~*~ · 

. . . 
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-Mt, Jltx«~~-' ~~NP1::ll9-f£o -!Jt,g·jcn(5-1-6) m~, 

tt 3tll: itlm --fi*tl--,IJ, * * lli Jlt2 X 21ti IW fJ{J if! 0 j!fftit( ;iz 

*~~~~m~mre~---~-~*0-~~-~,-~ 
1t:9Cm (5-1-14)-lli-z, ~mefr~~tt:nRi--M-~ A- 1 

[ 
A-1 l] [ A-

1 
f ] c : -) A~ 1~ --~-_.: + z . ·----_:--i·--- eA- 1j -- 1 (5-1-15) 

(5-1-15) ~ (5-1- 9)" (5-1-10) fJ1(5-l-13) (t{Jmtfflo (115-11£ 

~llt~1t*·1e~!m~tr.J--~ Fortran -=fflJfo 

·SUBROUTINE ,CMAINE(N. B,A) 
C A•MATRIX INVERSE OF B 

COMPLEX B,A,C,ll,DEL 
DIMENSION A(N,N), B(N,N) ,R(lOO:) ,C.(~OO) 
DO 10 I•1,N . 
DO 10 J a:l,N 

10 A(l,J)•O. 
DO 40 Lsl,N 
DEL-B(L ,L) 
DO 30 I•l,L 
c·cr>· o. 
R(l) • O. 
DO 20 J•l ,L 
C(l)cC(I)+A(I,J)*B(J,L) 

20 R(I)•R(I)+B(L,J)*A(J,I) 
· 30 DELcDEL-B(L,l)*C(I) 

C(L)•-1. 
l(L)=-1. 
DO 40 I • l,L 
C(I)-c(I)/DEL 
DO 40 J•l,L 

40 A(I,J)•A(I,J)+C(I)*R(J) 
RETURN 
END 

. IE s-1 
m•3tl~:lt1e~ f.Ji! t'f.JF ortran-=fit~ 

tl* A l¥-Jfj,rj~~?Y~~~:Jf(t{J, )jtA-~:m~~~ffliYB? 

A tf9fi,lj~~~~jfl¥-J, ll'*ff(5-l-6) 'ft(t{J~ ~ ]G- B.~ 

*~~j}f-=f eA- 1f, ~(5-I-14)~i z ~)li·=f7G~:*o 1iJ1tJA 
· tf.J~: (5-1-15) Jftl¥-Ji{-::J9itt~--:rjj{£Ag ;~)t~(J9fl!ffl, ff: 

• 

• 
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. . 

- ~ z- 1~-=f~JM-, )l'iit~ ~ ~ ~ J\A-1 =I~ A- 1A =I iiJ 

{t~ 

Acr = z- 11 (5-1-16) 

!&: erA= z- 11 (5-1-17) 

• . _.~it?£ (A t¥.1~~-=f n- 1, /F~J]v=f n: -1) r, Jtrp~ frl r /F 

• 

• 

• 

~~~fat~~' ~ z- 1 ffir~IJ1, (5-l-1.6)]i(5-1-17)~~ 

Ac= 0 . 
· rA = 0 (5-1-19) 

~~z, ~T;f<f~~ cs-t-1) 11nf-t(f,J~il:1immMJM, RJ 
J:Jfflli(jizf!ttWlli A rt.Jif!, ~Jffffl A-1 -**<5-1-1) ,~ 

X= A - 1b · (5-1-20) 

~b~~~~~,~~Mn~nmmoftm*~z&~-Fo · 
~ffi"1J7illf'~W~lli*<~*Jf.~lli T fi~l!i ,~~~f'F~mD, 
Jt=Mm (5-1-18) lft ~ ~1 rnJ:I: c Ktl:Ho 

srAfi1fik1immcs-t-19), :J!mJJ ~~fttf91Jmm.tt;Jt 

--~~l-t~m~ff.Jfi*ltErR1:1:1Jit~i5jJJo 1' --:Wlft, ~{{]~]! · 
~i~gm~i>fit~fi£~:1:ll9f£JBlo §a IS$ A. l't.J 11j ~ fjffii]Jl: C J:b ·. 
rA~M.@f~)( 

Ac = Ac (5-1-21) 

A8~M~mo~~~~, . 9~-Wfi~~~-~-
rA =-.A.r . (5-1-22) 

~7~mcs-1-2t)it(5-t-22)~M, ~;~~fr~J~ _det <A
tll) = 00 )j( l:fj (~-=f il [t9) $Jjj!J:t det (A- AI) ll9 1it Aj z ,@_, 

~~~~Jt A.j ~~Kdfff.J~~ A' 
(5-1-23) 

.,. 
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~~~~-~-~~&m-~~w~~~~-c~W 
_ A'X = 0 (5-1-24) 

' ~-J ~-~~"~~·o~ill-,fiM~~-£-~-~ 
~-m~~a:f:tlliJ1.P9firtiJJl:o · - );.) 

1. mm (5-1-7) 3i(5-1-14) r:J:t JiJTfl~U~~Wtfio 

2i ~ijgjnPff~<s-1-9), (5-1-10), cs-1-13)~(5-1- ~ 

14) f!J.lf1 (5- 1-15) 0 

5- 2 ~ ~ ~ Iii fL 

~11JJ~WTI& (SYLVESTER) )i!J~IU1!{jt7Xf1ti~~fiff.J 

~~jJflio 'itJ\!.(f(J(WjJP.~~pjfifl" A- 1 fa ,AN(N ~::k) o §} 

Wi 1'n! 1'$ m fl eA fU A 1/'J. tE ~ !19 tt• $it r:p .s iflfi: ~ !& :fit 0 

~-~~~-~&~m~~~~~~a,am~--~~* 
!J9~gljoflt~fl!J$ 

(5- 2-1) 

• 

(5-2-2) · 

_(5-2-3) 

~~m~A~~lf•!J9,~fi~~~-~~~~~·~~, . . 

fi 4t {iE rfiJ :It ·Fb 1' 91J 11/i ~tit Hi 

( - 1 2 ) [ : - -oa J = ~ ( - 1 -2 ) (5-2-4) 

• 

... 

• 



• 

.. 

., 

( 1 - 1) [ : -0
2 J= 2 ( 1 ·- 1) 

~fDifkA~(S-2-2)~(5-2-S)~lajg 

Ac1 = A1c1 

Ac~ = A:c2 

r1A = A1r1 

r2A = Asr: · 
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(5-2-5) 

(5-2-6) 

~~~~~: ~ r !£ c ~l:'fflit--/t~:J\:ml =f (5-2-6) ~?~ 
.... 

Jl1z:o :!m*~~ft9~:1:~-=f~~ rt•Ct == llfl rs·Cs= 1, Jjllj.f* 

~fiErftl:JtE!.~~~ftT o ~¥f~~J, rt•Cs = 0~ rs•Cl = 0, ii 
fiJ:mt£~):) J:f:t ilJL~~~i!~*o 

r1Iif1g"~1ti~ Ctf t fm*ff£ 

c.r.=[:]c-1 2)=[~: :] 
~~~~~M~-~~r~~W*~' U~~n~OO 

[-1 2][-.1 2] == [-1 2] 
- 1 2 - 1 2 - 1 2 

j!frft.tEJDi#~-~tfo i!:&ti!r (clrl) (c1r1) = cl (r1 • c1)r1 = 
c 1r1 (I{J~fto lm.~, Csr: -&A1f~W~rrfmlo J!i1f i± ~' ~ 
~ C1r 1"¥1i:"-=f1€1S$ C:ru fiP 

[2 -2][-1 2] =[0 OJ . 
1 . - 1 - 1 2 0 0 

iE.J!Ell=f rs ~ C1 lk r1 .!i C3 :l!¥1i:tf9o 
~-~~&~mmm,~~A~HM~-~~~~~ 

f (A) = f (A1) C1rJ + f (A1 ) C3r1 
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= 1 [ -1 .2 J + 2. [ 2 -.2 ] . 
-1 2 1 -1 

== [·3 -2] 
. 1 0 

(5- 2- 7) 

[-1 2] [2 -2] A3 = 13 
· . + 22 

-1 2 . 1 -1 

=[7 -6] 
3 -2 

. [-1 2] [2 -2] A0 =I= 1° + 2° 
-1 2 . 1 - 1 

= [: : l 
t£Jil*--~E~~~fl"J~~mflz mr, ~{rJ1cfifj~if9JttWT 
Jm)i!m!*it:l!~#;JtiiEtr..Jo · it{I1JflJIJt£fJT~f*-=f~~JJ!~~ 

' . 

~rfltiHJrJIJ(J(J ---1'£*~*' RP~:k$fl~!~ C~i* >:J) iiiPf 

t. 

... 

.. 



• 

• 
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~...({t~Xtffij{)$0 J:.Allfl*l£ft{J2 X 2~1€~~-@ij, ~jij~~~ 

~~ 

[ +, J A [ cd c, J = [ ~ ; , J (5-2-8) 

[ ~ J [ c.jc, ]= [ : : J 
E11-=f~JS$PJJ:.A~It~~IS$5e~, titJA (5·-2- 9) X~!t 

[ c, I c, J [ ~ J = [ : : J (5-2-10) 

(5-2-8) ~~~fr*¥flErfiJI:nfl*, ti:~J:~IJ ~{iE rfil :l:1€~, 

~Lm <s-2-lo), t~ 

A= [ c, I c, J [ :· ;,] [ ~~] (5-2-11) 

~:t\<s-2-ll)~cs-2-7):l:__.lm*, re <:s-2- 11) ~~r~Jw 

~&t~J:J~ ili 

A= [ c, I c, J { [ :· : J + [: ;,] } [ +. J 
. . 

= [ c. I c, J [ ~· : J [ ~ J + [ c,Jc, J [ : ;, J [ +, J 

~.7tJ7:1tttl A2
, ;{if 

A'-= (A1C ~ r 1 + A1C:r2 ) (A.1c 1r1 + A;lc~r~) 

m!JH C1r1 !g C:r£ froJE~~' Jlt~fm{t~ 

A<J = A."1c1r1 +A.! Csr: 
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i!!t!m~i1lt~f!JJ: xt=f /(A)I!, A MJ$J9i~.R9 it~' iiJ[;.A ~rj . 

Jfl (~~2-11) iiEf!IJ~~tlWTJBl~Jll!o ~~' 3!ftti.iE~1ii!lt~ 
R!-=f2 X 2m~, ~jf-"=f n X n m~-&£J4ffliMJo ~{blf&, RJJ.;l 

~$A®•-~o~rA~ew~~w~•*~--~, m 
. ~~{11-&i:iJ~J~~~JE.~, ~~ .. mfi~~~~l?!lflo 

~--~~-M, aM~~w~m~~~~~~~~-
1t1if1 

d E=AE 
dx 

A2x1 
. E = I + Ax + . + • · • 

2! 

(5-2-12) 

·-

~£mft~~~~-~~~o~~~A~•re~~~~' ~ 

~5--~~~m~~~E~~-~*~~o~-"FB~~~ - . 
(t{Jfl*n!~Jl919iJ-=f, ~{(l:{j 

[-1 2] . [2 -2-
E=e'l. +eu 1 

- 1 2 1 - 1 
. -

~ilfi§ti~J!ti7}1Jfl~ (5-2-12) (!9~~JU~, ~~;J(:3!I!fft 

~~Mo~m¥~tm~~oo~~-7}~fi · 

ddx [ ;: J =A [ :: J ' (5-2-13) 
. 

~ J:Wi~*-r Y1' y,. it~il1m.~~ift:W-~1fl:o RI ~J ~ iiE 

\ 

/!:(5-2-13)ft9M, ~J:f:t k1 .!j k: ~f£-1tlfl:o ffljft ,.~{tf~ 



, 

• 

.. 

1J1 

ill k1 ~ ks tl111to k-1 .. . k2 ft-jf~-=f Y1 (~r == 0) ~ Y:(x == 0) o 
. . 

~~~¥~-~~~-~-~0-~-MOOA~~OO 
2 x 2~JS$~1flm·~~1Jm, flSI~:itv-~ !3v A: !flJE~• 
fft%fl"Jl9f+Jlf~t}9tlfftGo _.~ill,*, n X n 1'4! Jr$1f2n ~i)41J 

. . 

~0 r _.-J:P, tE~fll!tl'lt- :r <kz + a2 /ax!)112 flit, .~ ~ 

~~~-~~fflo-~-~~~~-~~~$~~~~*~ . . 

li9 A-&~$0 mtm~7}lf-T~n~aql'j(!lf#J.~:M:~~.!im~ 
MHI.J.if/J~~~~*~' M~ 

? ? 
1 - ~~ . 1 

. 1 
+ C&z)" . l - 2 1 

1 1 - 2 1 

1 7 r 

· ~~~~~~=~~aaoo=~~~~IDoamm~~m~ 
M ~ ks.J + T 

-.w. r& ~ tn~ * ~{fM (t{J M-~ll*, ~;AM!~ J: rWi mfl m ~ PJitJ Rt 
IJ\o ;m~I:J:t, M tfU~If(~~~*:ititJ~($:k, ~T1f-..Wtfi .. 
(iff±: Wtlf£iC,~ M) ~RJ~ ~!J.JIJ2M ~JqL 1J~o ffi{E fi!ffl q=a, 

M~~1JmR~~~~-~' -~~~M~-~-~%~¥ 
1i ~~ii.J4JGfl9, ~ _.1'-J! fE * ff~ ~ (l9-¥ h; ~!Jl~MJ 0 . ~ 111 ~# 
;Jt 3! ~" :± m."-¥ 1i *« l!1B 1 1£ tx {11 JiJi m ~~!% 11ll5l * , nr kl-!i m 
,::: JjJ! :it Jt 1:1 , flP 

. . Jl/2 

(k'l + T)l/2 = + k (1+ k: ) 
. . . 
. ( T T~ ) 

= ± k I + 2kt. ·- Bk.t + .•• 

. I 
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tm 0 ~ )'r' -& PJL;A m Jl!i ~-Wi 1m li:: m iiE f!ij ;)t. JE flU tEo ~ § m 
m, a~~~~~h-·~~ttm~,-mftr~r~~~ 

. . 

~fto ~~afi~~,ew~~~~~-~~~~~~ 
. . 

( 
82 )Y2 . 1 82 . ' 

k2 + = k + + ... 
ax2 2k ax'" 

\ 

~lft{Ji~ k /FJ! X ft(Jmfio :fm* k ·/! ·x i'tJJ?ilf£, 'fl ~ 1J T 
~~~-m«a~,m&~m=~~~~#-~~~-0 · 
~ >) 

1. (5-2-6b) ti:itl~J:J. r1 , (5-2-6c) ~ti;tz~I:J. C::, fr!t~ 

~~o 11il: At~A~ :i!~:J! r1 ~ Cs ~1[ M1 !~~~ff? ~:IF:l! 
rt:~~ftf? 

2. i.iE.ijij~~-'*~~" (Cayley-Han1ilton) ~lll!, flP: 
ffll~ 0 =/(A) = det (A - AI) 

=Po+ P1A + P~A2 + ... +pnA.n 

Jtljfj f (A) ==Po+ PtA + P:A" + ·••• + PnAn 

; = 0 

a. ut~ilE= ~r--~l¥-12 x 2l!W A <~)]! ~~fiE m . . 
/t.1~'A:), Cirt = ('A:I- A) I (A:- At) o 

4. jif-=f xtf* 1€ 15$ RJ J:J m: 1M~ (f.) *f-m: (I~ • (f.] 1' l!l I! ~ 
~o ~-T~~~~~~1fJii!J!Ij/F~o btPJf~~aJ$$. 

~ e-+Olfit, ~~~& 7 ~--t~fiEJRJ:I:?. ·)!}Pfl1ti II$ f*Z~ ~ 

~~Ji$o 

s. ~-~-~~~-m~~W$~&~~~-~~m . 

,. 

• 

I 



I' 

• 

, 

1JJ 

.!!- [ Ys ] ::: [ 0 b ·] [ Ys ] 
d:r Y2 q 0 Y2 

Jill: ~ab~lEM, ~~x;ffft2\~tf.J ·f«~~~? §ab~~ 

~~?~a~b~x~~o~ffl~--~~~~o ~ft~- · 

&~~-~~M~~~?~-~~~M~M? 
6. ~m%~ I+ vvT ~1€W, v ~r--~JJP]:I:, vT ~ v (19 

~~o bt:Jlt (I+ vvT) -1,. JO vvT (J{J-~(fl~~ Ci±: (vvT) N 

~~-=f vv~ ~J:-...Jt~:l:mJ~, .@i~.A~;~fi~(ll~tl~)o 

7. r~tJ"X~" 1e~tE t:f!i;/J j]t}j. i:f1 1it .!\!. ~U o ~ B = (Bx, 

By,Bz) 

(a) ~ffi I+ U2 tf9~JC-o 

(b)-tiEIJ)j: U (I+ U2
) = O!Bt U8 = - Uo 

(c) ii v ~1£Alritl jt, Uv, U1v li:J :(~ + U2
) v m 00 ~Jt JL 

fiii 1i In] ? . . 
(d) )jt U l't.l~fiEM:o Cfl!$: JfJ (b) ~t1i*J 

· (e)~ft~U~~MU8 = -U~t:f:ti~*? 

(/)~fiE u 1¥-J-~~~~ 
c1r1 = (I+ U1

) 

1 c .. r .. = ---'-------.... 2(iU - u:) 

• 

' 

·. 

. ~ 
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. . 

m~~~~*~z~~~fl~§~ffl, ~~~~~m~ 
JM"(a]Jf~j~Ji}f~~1'Jf:~ljJ!1fiit)(.o IIJ 5-2: :J!tlQ:J!pij1'ff~lj 
MJji}fl~~fl~o 

,.....__ __ ..,..y, 

m s-2 

Wi 1-P>t 00 1¥= JJJ.x, ~ x:aft A JIJ 1m 1-it lJt a tJl lit tfEJl! ~, l;J.Jtt ~ 191 ~ ll illlJ£ 
lttfEJilJfl~~-~0 

H~, ~$~~~~-~~~~~~~~~~~$~~~~ . . 

£~--1'*jlij, ffi3!--$~RT~fl ~A.~ :If'~ ~0 i#~r· 

~J 

[ 
.1 + z + 2Z

2 

z J :: [ 1 .o J + [ 1 1 J z + [ 2 . o J z:a 
1 1 + zz 1 . 1 0 0 0 1 

· ij!tf~fn~~m--~ ~r~~ = tiB§al~~i1t~ a fl:lttfalli v, 
~~~lli~Ax?M~~ID~*-~~00~~~&~-30 

' 

• 



• 

• 

.. 

1J5 

re B(Z)~fF/k-1-CJ$:r9(J:t~:7G~(f{J~eWo *gil*&, 1£ 
M(J{J2 X 214!~ 

r- J [ J . a b. d -b l . tf.J~~~~ . 
c d . -c a 

ad -be 

~~My= Bx RJ!e X Ml:H*, ~~~)(= s-ty' ;Jtr:P. . 

. [ Bu-<Z> -Bu<Z>] 1 a-·= 
- B21 <Z> Bu <Z> Bu <Z> Bu.CZ)- Baa<Z> B21 <Z> 

~ -9}~ -1--~1: o a fll rx ~ 1\fi -&!itmi:t ~:1:7}~ 0 1m* ~m =~r 
~~~-&~-~~~,a~~~m~~--~~-~-~ 
~(fi.J~J amu, 'Eit~l!llt'J'*"'fiL, w~mJJM ~ ~t ~ ~ 
Jo 

~ J:IfiiJJTi.Jt(t{Jfl)JJJ$mlfitraJ.J¥~Uat, mrJ;Jt~-"f~~JJi 

•~w~~~, ~$~fi~~om~--eM~~~-~~ 
~~~~~~no&~mm,~~~W*~~~~~-~~ 

. . 

~w~w~~ofiM~~~~, RJ~m,~w-r-£a~• 

&~~~*~~= ~~z~-~fi~~~-&~~~~~ 
~0 

tE:k$fl~~~.m r:p' ~~ (5-3-1) Xi"llf5-2Ji)f$i1ft\!lt: 

~ffl(f{j 0 ffi;ff~~JH$ (§~Ji)jt*§al~19ngiJt~flit) 'Jllj (5-3-

l)ft.J~~%:A:lt~flfflo im*lll 5-2 Jft Bt: !:3 B:.t If.~' ft 

. 

Y1<Z> Ya<Z> = X1<Z> Xa<Z> (5-3-2) ( ) ( ) 
[

Bu Bu] 
. l~21 B2~ 

~aamB~~--~M~•m~oo~~-r~~-~ 
W~T, a~&¥~-~-~~~-ro~~~~-~00~ 

-. 



IJ6 

R<w> = ru '" = • T ( Y,<Z> Y,CZ>) [ J 
y ( 1 ) 

r21 ru y 2 ( . ~ ) · . 

(5-3- 3) 

~mw, (5-3-3) q:t riil l.:*rm:I:I¥-J~lf~";'~ lJt~, ffii~ £¥ _tt 

iit!n !\1t% "~~" o · if1e~ R !t.J~ffJ!ll:i!li~~Jttm ~if o ~~ 
~fij~J:~'E{rJI¥-JJLifo ~~ (5-3-3) ;&Jj'-"9~${" o t{(~~ 
J!~Jfa9o . JJ!f£~~;JtCY1 (Z) Y:(Z) J Afl~Rl~:l:~lf.tlaJ 
mf£, mil!~~ (5-3-:2) *itilf~~A, np Cx1 (t), x~(t) J 1! 

~ m~mflm.nt(t.J, i!~f£J!fflliJ!k:ll:J&t£4e:~MraJ~J:~

~-*PBI'£~JtJR9 o tE3!#1f~ r, Y1 (t) ~Y: (t) ;li!:~*'Llf.t 

raJ.J¥frJ, Jtit~~~ cs-s-3) JJ~f¥.~5(, · m.~llk-JtWJflft era 
f*i!j{R) 0 ~l11{~Jtl 

R<w> =E[ ~: J ( Y, y,) 

[
Bu B21 J [ X, J ( R<w> = E · X. - -
B12 · B22 X2 

(5-3-4) 

"flti, ~il!: Mfnf£ x1.(t).!j x,(t) ~5!1ciL:l&ft~J!t.J, ~JltE 

" 



... 

• 
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. . 

CX:(l/z)Xl (z)J = o, Xfli~: xt(t) j~s~, NP§ s =\=OM, 
. . 

ECxi(t)xi(t+s))=OJ §s=Ofl-t, EC:xi(t) 2) =1 or£ (5-3 ·. 

-4)~~ 

R= [Bu Bat ] [ 1 o] [Bu Bu] 
B B 0 1 Eat Baa 

l2 22 

[
/M Bi, J [Bu Bu] - (5-3-5) 

- -B B Bu B2'1 . 
12 :az 

13 ~, . t£~~fimq=.~aJr»..1fNt~fi~§*~ffltt i.fft)]! it ·1ti 
/".. . 

IS$, if§€WP9it-itia~ R o i!UltM~~;lf~~,f*~~fFmmo jn * (5-3-4) ~ (r.J ~~ f*fn:J!~~--~ i.i(f,J *fll ( ~1f)jtfJ1) *tl 
~JMJ, Jllj (5-3-4) jn (5-3-3) ~~~~~J!1e~o t£1}01fij IJt t-J~ 
~,w~w~-t¥.J~~~-~A~~~t¥.J~-~~~~~
ffii~i*i 0 

---~~~~~«~~~A~MW$~~~m~~~ 
~r~mo . ~fllB~~¥U, RJ:f4fiilJia~ulla91t~kA ~~~lt1f 

m~w~r~~$~~mo~~~fF, ~~t£~~~M~~ 

t¥-J fb1 Jt ?J-18¥ 1: f1:: ~ ~ JJ 0 i!--~ ~ ~f~ ¥IJ T 0 m £ ~m -~ .ts 
*' kAlt!Ltt)J-~'J.~~~IfPft..J~i.~*W, ~~mtH: . ~ 
~-~~~~M**£*Mflffl~~o~V~~,~oom• 
~~f&ft!B--~o 

· ~~ i! ff;;r ~ re1Jii!a9JJt~ ~~~ ~~u $3!tft-Jtf~cl9) 0 

~~~i!t£$•m~~~m~~~~o~~~~~~~~m 

~~~~~$~~~W~~MM*~~~-~oM~ · 

[: :] +Z [ -1
3
4 =1

1
1] +Z' [ =: :a] 

iiJ~~ffiitAfft7tW 

. ., . ...1' 
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.. 

{~+z[~ :~]}(~+z[:~ -~J) {~+z[ -~~ --~JHI+z[~ :~]) 
{~+z[1g :~J){~+z[ -; -~]) (~+z[:: -~J){i+z[1! :m 
{~+z[ -: ~~])(I+z[ -; -~J) . {~+z[ -~ J]}(~+zD~ :!]) 

~~--~~ ~~~~ae~-~~~~'*w~~ 
m~~-~~-~fi~~~~~~--M~~$mtiOO~~ 
ffifalJit' ~~~---~db~M;~i~o 

mrt-~rLi!~;t${~~1£~/ir! tlf$~ ~ r£~~-El 

ffi~#i. (Wiener) t£~, 11)~ fiJf:4tMrem~l'£-~f£i!r&:~$ 
• 

m~~--r~m~$~~~~~~~mo~~~~~~~ 
£ exp(A + B)-~~~-$·exp(A)e~p(B), ~4~A.!§i· B~PJ 

~~fro, NPAB=BA, {l!~._..~;i~*/FJoc1l:o ~~.:*J)lt . 

~~ 7 ~rt $ * m a9 x * <;ff ~j!PTf!J) 1& tn s rerJiJ lifltl?: 7) , 
m~~~~~-~~~A~~~-~~~~-~-·*~m 
~~~-mm~-~~ru~~--m~~~~~m~o 

IS >J 
1 . . fl-~~~fl&l1ta, ~tfir:±i Y1 (t) ~ Y:(t) f{if:-1'

~:l:~r o W.~Jlta.t/Ffm-M. V ffil~jl Xo ~tilE: · ·~ll!iJt3(f.J 

fi~~~~o~~W~~~~~,~OOfi~~~~~~$~ 
. . . 

-,m~~~M$W~~~~~M~OO~~--= ~ff~-
)( r.~liJ~kAWli lfi t§Citlt41itAo 

2. ~~--~ffs ~~w~~m~~~a-~ffi~J . 
-ffi~*= ~~w~~mh~P-~~~~M~~~re•9 
iJt;Jt teJfr~iJm fU tJ9 Jf?lJ ~~~ f£llf ~ ffiJJ ~~ n:!II*~ i1t ~ c ~ 
~z l1JJflaf~~7}j!({J;litl- Z 1&2(1- Z) /(1 + Z)) 0 

., 

.. . • 

• 

.. 

/ 



. \. 

... 

1J9 

3. t~ 
-- . . 

B{Z) = [: 0 l +Z [ 2 .l J . 
2 0 10 

~~~ B(Z)A(Z) = l rp Z (t{]fiijlX~!m~ fi, ~ lli )jt A(Z) = 
CB (Z) J -t 1¥-J ~flff.Jii~~A:o 

4. bt:fff 

\ 

5. -~~~~~~a~$~~' ~OOfi~~~~~·Z . . 

x ~ 0 :f1f 11t ~ ffl rmlS*iZ i1t3,. -}~, ~;~ ----t .oc tti1t~ "ili u . 
{X {X 1f filsa ~fl (t{J z, ffij:IJ" :l! f{ ;f$!\: ~; i1t ~ Jj~ ~~ ~ £ 7G ~ t.At. 
~:lf'~o~n*W~~~~~--~00~~? 

5-4 ~ 1F nr * m 
. . 

. ~~~~-~MOO~~~x~~~~-~o~§M~ 
11:, tE!&*~m t:J:r .mtt-Jm~J · mafi133SR£iif~ T, r& ~~~ 
*~~~m, WRm~amM~~~*M~~~o 

• · iPj~ Xt fJt]fi~flfilo _..~~)f:a'-J~~Jif]if*~--1-:f:k~o 

lf.tfaJ~mr;a--~, t}(Jffl~3lt.$1€WPij' mff i -1' ~ ~ ~ 
n~Uff i Ji':fk~o @l~~~i~1fiatL~1J tElPr ~(k(JJ.J ~~, 
~~$~&~~-~~~~*'W~~~~ft~~~o~
re~OO~£W~~~~®W~o~-~OOOO-#,fi~M

~w~~m~~*-~o~m~~-*m~~~-~,w~ 
~j&~--~0 -&PJ~!!-*IJ5-rffii~!!\-~J\m, m'Ete.~~ 

m-~m~~&~o~~~~~~~-~~~m~&R~~ 
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% o 1f!Jt(t{J 111JkitJ!.@Ti#J%~3o · · 
:9G#.A)f:~~~~* 1ti(k), 1t~~~~ k ~~3m, iE.~ 

=f~~ i ·(i{Jjft-$, Jltlfit{P1)f:E!.§at k = OJJ1~~1fl1"J:fk~o Jlt~~' 

)!~~)f:~fj-*1€1$$ Pijo ~Jlt 
n(k + 1) = Pn(k) (5-4-1) 

tJ~~$~:JliC~ n(0) 0 fit=ftJ!cf:r~$ :*JB§al, .@TL;A n(O) 

~,~~~M~~~~~~~-~1Z~, ~~~~~0~ 

~f;iJrRJ~ms-a(I{J~~-~#lii!Wo 

1 
0 2 0 0 

= 
0 0 _!_ 0 

2 
1h 

1 
1 2 0 0 

0 0 
1 
2 1 

~~~--M~~~~~-~M3,m~-~~~-~~~ 
~ ~ 1 0 fi JPtl: ( 1 1 1 1 J :& p (19 ~fiE ~~ Jl:, ~ ~fiE{tl:*J , 
1 o ~ fJ1~)lll$fiiJ:I:n (k) (t{J Z ~~~ 

(5-4-2) 

• 

• 



• 

• 

kA.z ~~~~,. <s-4-1)~~ 
(n(l) + Zn(2) + ···) == P(n(O) + Z3r(l) + ···) 

z-1(Il(Z) -n(O)J =Pfi(Z) 

(1-.ZP)IT(Z) = R(O) 

141 

II (Z) = (1- ZP) -:- 1n-(O) (5-4-3) . 

~~,~~~~T~~~~~~~ ~~P~~~*~~~ 
}il]:lto ~~Z{R, (I-ZP)(f.J~~JS$~#1Eo j!~Zj, liT 
fb det(I-ZjP) ==O~det(P~zj-1 1) =O)}tlli*o ~Ilf!JJ~,zj- 1 

~ p (f{J~fiE{to S[Jfl5JlJJflW{J&~m[, ~ 

(5-4-4) 

__ 1--=---_ = 1 + z + ( z ):t 
. 1- z zj zj + ... 

zj 
RT.m z tJ9~l'X-tf9~fl~czj-l)t ~w)~maatraJ t w ~ wr* 
~0 Jl[~, --*:1!~ ~tt.J, ~11 zj ~@imrlliti:mtlr*J <l!!lMI 
ll,J,:mm) o aJnB~iiEOO'Etr.J~~:tf! ;~1 ~~~lo ~ &t qflli 
"fl~"fWtlt = 10 t£afn*~*ff;i1t:fl, 3il~~ ~ RJ~ 1:11: il 
~lt*~jt£( 0 0 0 1 JT, JiJft:.A;lfl1f"f9JJ~~ 

1t(f) :::: 
0 . 

J=2 
1 
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. . ~) , ~ ~ {rl~ fm.f&JJJ iffi ;t tllVi JI~tii! ~o - tE :i! "'it lSl ""F, ~ 
a9Mrft~T:ff~ z-j t ftJ1J\~r, ~ li ~ tz- 1t ~- t~z- t. tt9 lJto 
~~~~mem~-~~~~~~ft~~~~~o~t,~ 

tW~Jt~(ri)t, r1 ;.l!mflnfi.~~ i ~~, llilil fl±\~m:-
. -&ltt:~~ tr1t !~WMJ/Wo 3!Jilfiia9 .Ji ~ ~ J! .00,· ml tf'i & 

• 



.. 

... 

B!itl:31'l!WlH__.f£:1!fl-~~ft*tE·* o Nl~i! -1'1£~ , .~ 

ffliklj\=:*~fFflfJ&ID.it oll/J\=*~{~jj\~l\l!j\.!Jijj~o tlJ 
~-~~~~,-a8m~~*~it~ti~~-~o~~~ 
~~~m,~~~~~~m-~=*~*~~~~~~mu 
~-~~~oan~$W~~~~~ru~oo~,~ffl*~-

-~~,~-~~,~•h*~-~~~~m~~~~~*' 
~&m~oo~~*fi~-~~@~~~,~~o~B~~M 

oo~~~M~,~~~ma~=~~~~-~~ffi~~~~ 

~~~~*-~~-~0 ~-~MOO~~H~~-*a~~ 
Iffi~m-H,OO~~~~MMftm~~' ~m~B~~T · 

. . 
-1-"*fll:" Q ff11l~m!i!~!¥flF~iii1t.~f*fiJffiiJlUil~ng~ 

-o~aMOO~~*R~~~~"~-~~~-M,~*~ 
frttff~ ~ ~ -Tiltffitfd ~~ £ miA ~ i1t ~ c t~J jn, Tit~ M< ltP %tt) 
~~--,~~oo~~~fi~~~m, ~n~~~~ft~-t
-=f?Jto ~~lf~i1£W~itf1i3=&RJJ:~ffll~!j\=~ · i! i!l; tf :±1 
*o~~~&U~~~~~OOI~-' N~$m~~~~' 

· m Rt ,J,:if4 1i 1t nr J:J.t~ ¥U fl ~;!It® 11 iRJ ~~~ J1t; l1£ j8! 1f rw ~ tt.J tt 
i1tao 

~~m~~~~zm,am~~~~oo~~~~~~

~IWjJ\i~J.:ro i~Stft)l!~AX = (2, 1), 1Jgilt3~f = ( fo,JI); 

lJ~~tittH£c = (2/o, /~+2/H /1)o ~t~if--~ng~~' * 
m1~~Jtrtl c ~·!te~jl[-=f (1-,0,0)o ~~{f~~-H:i !j ~ ~ 
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~mzraJ fro~~Ai'J\, iX{I]~r~t¥-JtJI'J' 
' E(fo,ft) = (2/o-1) 2+ (/o+2/t)'"+ (/1)1. 

~1l! I o ~I 1 ~~li1i..@ ""F~, NPRJ ~ E Jti~elJfi,J, . 

• 

0= il: =2(2/o-D2+2(fo+:~ft) a o 

I 

m*2,#~m~~~~m~~~~~,-

[ : : J [ ~: J = [ : J 

[ 
/o J =-l [ 5 -2 J [ 2 ·] :::: 

'· 21 -2 5 0 

. ( 20 2 
llt~i1t~ft9~~~tfi c :*1 21 ' + 21 ' 

T (l,O,O)o 

10 
21 

4 - -
21 

~tt. tt:~m·!f.J·~q:a, ~-TJN.M:1ifiHn, ~1ifl·tti:$=f*~~ -t Jc, 
Jltl~1imm.I\~Milf::JJNfi, liz, ~:tift ·tfi~=f*~" -t ~c, 
Jlj f); :!lJ j;: ~ jj'@ !Jl o 

a-1 1ifl~FI~r*mll:~f£ 

~~ft~m~~~m~*~~~~ti~-~~~~~~ 
~~m~~@~Mo~M,~t~*~ru~~~m~~m~ 

- Ma ~tEr9JtJifi!eJ!.P a~ c ~B§a1, Xjb*9al, tifil~ It 

,, 



• 

.. 

.. 

• 

a11 a,2 a,m 
x, Ct 

a., au 
X2 C2 

a3, = (6-1-1) . . ' . . . . 
XIII Ca. 

a a., ••• at.m 

-M/Fif.f£-Am.ie~iltVJf!.. (6-1-1) (J{J Xfo ~fr1kAili!lnJ 

:1: eJ ~~ 

au 

021 

Oat . . . 
Ont 

h 
e2 

= . . 
• 

0 en 

012 

au 

... 

••• Onlll 

. . . 

(6-1-2) 

(6-1-3) 

Bx = e (6-1-4) 

~~BAk~c~a~~WoSi~~~~~~m~•(~ 
J:f:t -~~ ~rj JPJ I) (t{J ;a~ 
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1 

E= ( 1 Xa 

1 

Xs 

. 
• • 

·1 

Xt 

,. 

• • • 

= (1 

-c· n • 

. . . 

1 

. . . 

' 

(6-1-5) 

(6-1-6) 

fft-T~fala9~~ (Jt~~ -ru) J!Xf#a1Jo ·~J!]£5£(1{) (J!~ 

Ff!!tBm:&~~~Ji::(J(J) §2~, ~~ E :J! et ft{Jif1i fJJ, it~ 
PT~~~l---~ X M! E lli ~fRo ~ fl1lii i:t ~ aE/axt = o , 

• 

· aEjax2 = o·, ···., aEjaxm = o Rlli-f!~Ui ~~U ~ ,j, tm Xo i'± • 
*~~~~--+*~~~H~m~-~~ft~o~~-~ 
T~m, ~fn~.tt (6-1-6) .RfliW~*93lfitf{Jiff~ 

roo rot roz 1 

Xt (6-1-7) 



• 

• 
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0 = :~ = ( 0 1 0 ) R [ : ] + (1 r, x,)R [ ~ J ( 6-1-8) 

JilT rij = rji, ti;ti"MJJi~~~o Ji)fk,l (6·-1-8) RJ~J! 
1 . 

aE 2( J x1 0 = - = rto ru ra 
8Xl X a 

(6-1-9) 

(6-1-10) 

~1.f:1J@ (6-1-9) fn (6-1-10) ~!]. 

[ 0 J = [ r 1.o r. 1 ru J [ :. J 
0 r:ao r21 ru 

X a 

(6-1-11) 

~~~M~*~-~iW~1Jm~o~~g~~E~~m~% 
~ 

(6-1-12) 

(6-1-11) Jfl~§.l!~~ (6-1-7) Jflfro~el'$ffilt, .Rfilt m .1: 
• (t{J--fio ~7*rl:~~fi, "iiJt:.AtE (6-1-11) J:ft1m7£~~tli 

~~· 

~ (6-1-13) ~r. (6-1-11) tf9Ditffi, m 
v roo r ot Toa 

0 r:ao rat ru 

1 

I . Xt 

:r:a 
(6-1-14) . 
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. • 

= ( 1 Xt Z2JR ~·1 Jl 
X'2 

(6-1-15) 
v 

v= C 1 XtXz) 0 

0 

(6-1-16) 

1Jf1 (6-1-14) -Ja-7}~~ 
V =eTc- cT Ax (6-1-17) 

-. -o =· -ATe+ A TAx (6-1-18) 

(6-1-18) ~~T~X1 X Jit/m(t{J~1l:1Jfl~[o j!JE~~Jf.ltf 
~m*fi~M~~moam~~m-~~~~~*mtt~~ 
1J@o ~-=fMt~jjfl Ax~cJ 1£*);)_ AT~ (ATA) x =ATe, 

Jlt·llP ( 6-1-18) o 

ttlftmflm&:Jt, ~:1: zj 'iitif~jl ~ Ji:, ~ JF J.J zj = 

Xj+ iyjo f:E~*'f)R]f!(t9~):tm4', ~~'~kJ.. ·~ Xi .frl yi ~ fF 
~m~a~~~~-o~~-~~~7}~**~re,~z~ 
Zj ~fl:~/j'rj[~Jt!iCJJIRJJ;J**~&it-~IfF :ao il ~ E 

RJ ~fitF £ Xj .!3 yj ~ zj .!:3 Zj ~~flo --~tllm-,; j = 1, 

2 , ···, N, fil¥lf111£~!R.R !1~ N = 1 li9tR l£, -~it 
Wft.Jtt~i'fl:~>l D )jt;J\=~11\ 

0 = dE == aE dz + BE d~= 
. dx az . dx - d 8z X 

• .... 

• • 

.. 



149 

aE aE = +-az -az 
(6-1-19) 

-
0 = dE = aE dz aE dz --+ -

dy . az dy az dy 

= i ( aE _ aE) 
az az 

(6-1-20) 

(6-1-20) · *~ i, ~m-m~~w, ~~&, ·nr~~fl1:1J\~f1: 

~ . ~UiJ&:J!~fmftff.J%~ 

0 = aE 
8z 

· aE 
0 = -az 

(6-1-21) 

~~,#~~-~£E~z~z~~=~~~~,W 

aE/az .lEM~ aE/a z t¥-Jit~~o mJJlt (6-1-21) 13 (6-1-

22) i1/i~~ffPJ~JJfl'(31r1J:f:t ~--/j'*ft :~o )i ~' ~Jikj{~-

-~, am-*~oo~~=~~~-~ 
E(z*, z) ~IAz-cl~=(z*A*-c~~)(Az-c) 

• (6-l-23) 

~rf:t * ~~j£~~~~0 m (6-1-22) :m 
o = aE =A*(Az-c) 

az* . (6-1-24) 

j!JE~ (6-1-18) (J{jj£~~0 

ri1ifliJf~~~f1lJ-:fo fli)}!~tl£m. l%· ftE ~ (lfit(a}) · tt X 

*dJJ:!i-9 Xt ~~J:~~~ lio fl!l~iJtftj~[{tlf&:J!ffd!~~~ tt 
lt~a+ bx1 + cxt'o t£Jtt, Xi ~B§al, a._ b ~ c ~ * §a:lo 

. . . .. 
-· 
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1 

(6-1-25) 

c 

~i*m*f3~,amm~~~m~~~~~T*~~~ 
~fio 1£*~Ja:J:t, (6-1-14) 3flflM~mr ~ 

- t; ' 
1. 

1 v n 

L: 1: 
(- fi 1 X iX i

3
) 

a tO (6-1-26) = 

. ' b () 
i = 1 Xi 

:z; .:& I c iO 
l 

~ 

. 
llt1Jf1RJ Jfl~lt1Ji!fWlli a, ~ lfl Co 

(6---1-26) :tt/l)E·~f-TRJ~~ · 

n 1 0 

L X i e.i= 0 (6-1-27) 
i = 1 X~~ 0 

iXml9J' il~lfiJ:It ei ¥1{ (~JE~) r~iflt@;fftit.lit (19m 

f£1., X !j X 2 o Jbillt, 3!~jjf1~~~JE:~1J~o 
tS >J 

1. ~~it1£ x, y ~miJ:~~JJJJP'-JlJI[, bt~ (6-1-24) 

!jfil~=:ttMJ=lX~o 

~- ~ y( t) ~t£ t ~~~~flJ!\l:J~j[m(f{J~flo ffl 

Jitlj\=:~~Jf< y ( t) 1¥.Jfl:Jit1l ~ y( t. ) ~a+ f3t 1 ~ ip a= 

ar + iat, fJ = {Jr + iflio RJ*Jfljfij~ftlli!: (a) ffll~ ar, ai, 
. flt fO /3r ~Jm~~1z:~]l; (b) 11ft~ a, ;,{J ~ fJ ~~!kit:~ 
Jl:o 

3. ";{£1JfJ. {6-1-14) J:fliF1;Q::JYT1f{t9 ]1~:XJ~f£o ~jj · 

.. 

• 



... 

• 

• 
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1M (6-1 ·14) Mf)~.JWfl"~:l:~!lfl~J-itWo ~ilEt ;;t1€~ 

~-*~ (Herm.itian) ·1fi~o . 
4. -=f~ j ~J&-~~t6 (~lJE~1 Xj, ~Ji:~ Y:J), ~ 

~~~~---~~~~00~~0~~~~--~~·~~ 
· · 1.J t, f&·titf~Jt X Ii~Ji: Yo JI.~~J1Jtfi .a1Jif~_At£jjft'fj-IJ1 . 
~ T (Lf) (T ~1*fin-t .. L1 ~*IW1fJ) ;~rf:r~llio fi~~Jt 

. · cosLJ ==sin y sin Yt +cosy cos y 1 cos (x- xi) 

fN~tE (x, y, t) ~~ 7 !t!rft, JliJ~r i ~:f&Jlj}"~l¥-JJM"raJ jiJ 
~~ · 

ei ::: t + T (Llj) - ti 

Wl~t&-~~ (£ (X + d X' y + d y, t + d t) ' !JlUflit fa] jlj~~ 

+ ( aT aLl) d - ·t 
aLl · oy j Y · i 

. . 

bt~~*r dx~ dy fn dt ff.Jff!ntfBJjU~itff9~1ifn3ii ~J At 'J' 
[19Ji@o 

s. t£11troo~~mu~trnl<J N ~ ~ J: c~!li~ Xj, ~It : 
~ y;, i = 1, N) mrJ~ 1i1Jfti 9jo :!tilE: X4-f£M~*Tii00~ 

~~m~~~~~@~~~~~~~~B#~~-~~-
~~~-~~o~~~~~,~~~~~M~M4,~~~ 

PI fF~~~f1:lift? Ci±a · 3:1<'1IiiOO~E&~ S J!~fi~ (n ~ o, l, 
···, ooJ m=-n, ···, -1, O, 1, ···, n) 

Snm(x, y) =Pnm(cosx)ex:p(imy) . 

~rft Pnm -:fiJ n lk .. m M"iJ.:bil:~ (Lege1adre) $!9t~o J 

6. r¥if1fJJ79~B9alJ¥.J--~~$MJlE~Pilf£ ~it #1 ~Il 
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jfo . f$~mJ79tH~J&5fflj{klfo Jtifi~t®f~jmJ:v=-1 ~J;J* 

ffiM~m~-~-~00~~0~-~~~-H~~~~fflM 
~it I:~-~ Aje i w i t~ttlito bttt--m * .Aj tJ9jj@., .ft)jttfi 
ft9 Aj ~M!Jitf8¥~~~~J~f£Ml%Atftm~~o ilEF!ff: ~ JE ~ 
~-~~~-®~-~~mmfi~~~~~o 

1. :k~{;J:~!htf9i!ittH£Wi1i@t19ii~W (JH f& ~ ~ 1t 
~, tE r = oo~, P -:h*). ~ 

00 

eim9 
·P(r,O)=Rel:Am . m+l

r · · m=O 

~~&~-~~&-~1(19~~~-m~&*o~~, ~~ 
~M! F(r, 0) ~ 1 ~~a9:if/imJ~~JE1Jf*(J{JfJt7}iii jlj fl 

· tj"\J;JJitlli N ~~fl Amo Jfl~~MJi2!1eJS$*1t~JYf f!f. (19 #i . 
*oaM~~ft,~~~~Am~~~~?. 

6-2 }m -~ EJ tkJ .JJ! 

~ 1it l±\ ~;x~ l¥.1 it ?5l, · ~~ ~iJ!U fe:!t ~g 9~ ~~ ~ ifAIJ f1i E 
~~moAfl~-MM~~~-~~E~~m~~-~tt~ 

.--~0 ~1Umm, ~fnnJJ;~~~ i ~1Jfj~~.J::ttv wi 

t . 

• • • 

(6-2-1) 

(6-2-2) 

.~ • .. 

•· 

.. 
• 



• 
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-Ci 1 v 

Ewi ai' ( -Ci au Oi2 ... ) 
.X1 0 

== 
ai2 .X2 0 

1 . . 
• . . . 

.. (6-2-3) 

~~~~-~~~*~~~-~--0~~,~-~-~~ 
~.!¥j.Ti1:, . -&R·m.f'F3!flt±}Jl~~~o :~ ffi~ W ~ fff ~ *" 
~-r~J.E:a~~t~ 1 o 

~~~*-~A~-~~*~•*m~W&o~~~m 
~~~'1*1if1o ~*lifl~~~kAJI~.:fiJf~J:f:t~:±lt¥-J, · m~ 
1::fJ1,bk)jj{YJUJ::iJ1:~1Jf£fnJil~o ~~~._.~jjfl~f±-8"~--

~~-~~*o~~~-~-~~*fi$~, w~m~a
~j~~*9ilfl-tf£~m$MJ1ifi.oX~~iJl~1Jtl~l~~flil~,M. . . 

~~m-~=-~m~~~w~~~-~o~T-~~*~ 
~it~ itl! JJt Nl , PJ ~:i-t ~'-1 * 1ifl bn 1: fll::Jcl't.J « o I~ N! tE -=f "fl! . . 
*" ~tt~tt}~IJJB? lf1~-=f 1010 ~~11J'~~~iiEf.JJk1ifi!t.ll 

~~--~~~-*0~~-~oo, ~aM~~~~~-m 
1:*!8¥~31: 1ifi!flit, 1010 3! ~~iiJng ~ J~~~ ~ tt Jl9 ~. A 

ToMM~~~m~~w~oo~W&~-~~~~~o 
Xj !m~~-=f m, RT~Rt---tt'-JJ1.i11 mo x1 =X: X RJ ~ 

~~-~~*~&ore~~~~*1i@~~-~~,-

(6-2-4) 
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G 

1 

X a . 
• . 

~ w~ 00 flit' -M!r 91J Wi 1ifl! 
v--ro-Gx = OO 

Bx~o• 

(6-2- 5) 

t'f.Ji~1!3tiJIJji/J\o Jltf!J:~1I;.{ .:P-M! Bx ·= 0 1¥-J i£~lis¥JJJi1J\ o 
~ttarevw-G ~~fi~:bnJtJ a rp,- iiiiirim,J\~ ~u * -r 
x ·tf(.r1Jfl ~ 

n -Ci 

E Oit 

i = 1" 
. . . 

( - ci· Oi t ••• J + 

1 v 

Xt = 0 
• . . 

k . g io r:·w, g p 

i =l 
. 
• • 

x = x<o) + exu» + e1x<~u + ··· 
v =yeo>+ ev<u + ezv<J) + •.. 

ffll ffij ( 6-2- 6) ·-.u-~J ~ J£ 

8 ~Jk/i@o 

• ;lt~ fa :1i fi * fl:l:lit~ 0 ...__ tt :t'-i± 

(gio g p •••J 

(6-2-6) 

(6-2-7a) 
(6- 2.,..7b) 

(6-2- 8) 

., 

• 

" 



• 

• 

.. 

~~~~e~~~~~~~~~,fl 
e- 1

1 . GTGx<o> = 0 
e0 • BTBx<o> + GTGx<u = v<o> 

• 

e1 ,e1
1 ~fM~ 

1SS 

(6-2-9a) 
(6-2-9b) 

(6-2-9a) £* m ~*~f£~ m Jt1Jti!o ~ (6-2-5) 'fa~ 

k Jt1im-tt#.IJ~Jfit, (6-2-9a) ~ ~-&:iftfA.lf.o 1Jfl (6-2-

9b) f!;fi x<o >J:ftt¥-J m ~*~f£N1Jnl: x<Drpf.f.J rn 1'*~fio 

-~1:, ~fn~t~~ x<l)J ~:}9r711 k /'~'-*inf£ttijj7 
A= Gx0 ) (6-2-10) 

:l4f <s-2-9b) ~ (6-2-s) mt£-~9, #t*W-J: ~. a 
l11m.JU*1f m + k -1'*~flff.J11JI$ 

. 

[ 
BTB I GT J [_!._ ] = [ v J 
G I 0 J... ? . 

(6-2-11) 

jj@ (6-2-11) £~-=f*~li X~ A MJ--1-~ 1J: Ji ft 
mo~&~~W~~~~=~~~--~m~M 

[
BTB GTJ [ x J E = [ XT ~T] G O 1.. 

llfbr~:itltk~~{J)~-=f~*:!l Citr±:: xTGTA.= (xTGTA,)T 

== ).TG X) , JiJT C..A ~:!/- ~ij 

E = xTBTBx + 2ATGx · (6-2-12) 

•M&-Ma (~~n~)*~~,-~~*~*M= 
tk~)jtf&JJ\f~fli, ~~-r~=lk~J.ml:.~ti.JJiiJ9( (4;j--t"J* 
~~~~*1ifi~-~MME-~A~00-~)~~~-~ 
{D:fi1Jiio ]XJE.;J!~fr).@ff~~Jff-J (6-2-12:), jtffiJif (6-2-11) 
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. 

~llio&-ME~~~~~~~~m~§-ffl-o~+~~ 
~l!~£ff}ffl~tl~WJ:f:t*, &ii.R~Jfl)jtfJ:t~~*ft tf m: fbl f!t 
fto 

IS >.1 
-1. t£~~i&~(f.J~Jt:-~.lf~itilf.t, ~~--~m ~ m 

. ({Jijjp, EJ m~1ia9~*) l:j~~~mz~a~-¥1it<f!t1'o JA 
· *~~~-~~m,•~~~-~~M~m•~~B~o~ 
itk-?}~~JJlt:tf9~=fllJ~, fill:bn-T~!iiff Pt ~"Wi ~ x )C 

~*1im£~*'~? ~-'J'.lJZntRJM&~~t! ft MJ <ii 'lit :M 
Jlt) , !iliJRJVJ~'B~~ft, . fl!lii1r--m* lftt Pt ;l!fiW,@ ~ 

* ft.J ?t we if£ iJttl m, m~tt l#J d p 1 M _,J,.lJZ ~o-1111 m 0 ti:il JLt flit :hP 
r dp1 J:tm~J.j*1im&~~t¥-J? 

s-a 1ifl-1'~&r*9all!r--tfi 
. 

~~:nm~~~-r*~~~~~mmx~~~~~?~ 

~~?~ft~~'~m-m~-~Mmoa~~)jtlli~~m 
~~~11&~-~-Mo~ft~~&~*~a~~~-~~ 
~~:&:~H9o .mi1m, tEW~1fRl?XiJltl:l:zJf8, ~)}tfifff)]!--~ 

it~mfl, ~Jjn, lijft~J&~~~lt~ r ~(f{j~]gl * 1f p(r) 0 

r/!, tEtt)JfJL a:f:t, P (r) jjj!t '61£~Jt rt (J. ~ 1, 2, · ·· , N) ~ 

(f{J N -'t al¥-J*~ p(rt) ~~ffi*o f5Jllt, .R~ N Ilk*--~, 

*~~~~~~~~~~~0 , 
-~-re~~~~*~~~x~m~ma~, ~~~~ 

~~~]f&tl\ 

E = E (Xi- Xt-1)! (6-3-1) 

~~x~~~~~~~~*~~-~m 
Gx = 0 ( 6-3-2) 

.. 

#i. 

• 



·• 

• 

• 
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N-~E~tm~~re~~(~5~~~~~~~>A~~ 
~;ls~l~!j\ 

(6-3-3) 

~-ftfi~~~ffM~**~'*C~3~)~00-~, 
miJ x :l4f iiJJi ;e. roo~ .x :1z: 1i f1 

1 ~ 1 V' 

1 Xt (JI 
= 

1 X :a 01 

~ • • 01 • . . • 

~.~Xi= 0 ;1!.-tMo ~{£5JA.Wi--t!~J1~·1Jfl, ~ ft-t ~ T Jif8 
m~~,~~fl*~~--t*~~o·~-~~~~,-~ 

1 -d, - d:a 1 I v 
1 gu 931 Xt i 0 

1 O•:a 922 X2 0 
= (6-3- 4) 1 9 ta 9 23 X a 0 

-dt9 t t9. t2913 0 0 -x-;- 0 
- d :a9:a1g:a29 za 0 0 A a 0 

c 6-3-4) s:p, kA1im--tr£*:fi, ~-T~9l---tflml:!'-1 * --t 
-o~~~ili~~~M~,~~~~~~~~-~W*o

( 6-3- 4) ?}fcr Wi -1'1if1 

X t O•• g·u 

X:a + 9t:a 922 

Xll 9•a jJu 

0 

0 

0 

(6-3-5) 

' 



158 

~ [ :: J (6-.3-6) 

~~fl1ftiiie~ x + GT~ = 0 fll Gx == d o kJ. Gi:li:* (6-3-5) ~ 

f~ 
·Gx + GGT~= 0 

~ <e-3-6) ftAm 

A=- (GGT)-1d 

fttm~J (6-3-5) :t'\:,· f!f. 
X= GT (GGT) - 1d 

~Jlt~j(S~im~lli*gt~ 

X a 

(6-3-7) 

~~~MmM*' ~-~-~~Mx, ~~~m~M~~~ 
Jk1Jf1tllo 

fS >J 
1 •. ~mi;JJ~t~~ (6-a-1), mi:if'£ (6-3-3), 9111 (6-

3-7) ~Jft{t~~~'l 

2. B 9a:r:f& f;J( 1¥-1 JVt 1: fn ~ i#Jf»£ 1: o ~ JU l\l1l' m l;fJ lJI{ 11 
{6-3-7) !fJJ~Jjt*Jl: (fF~~JtJl9~f{)o ~J!~~ffii* 

'flft~~--~t'J9~i!? <t:!~: jG~~fiJJ~fJt?t~~ffil~m 

1C~J9ifn) 

3. re*1i'ftiift'J9:1it!m~J (6-2-11), t:.A~flf;f{~Jl(J~ 

.•, 



• 
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a-4 tewrmftl~~fll~Fl~fa1fi! 

ntifiifl"~lfi,J-..~*i!~ittt, ~~~:sll±i ATA ;!~Wltfl".l 

m~,OOR~*~~~~Wo-~ffi(~~)~-~~
J.Jf~~ (Householder) ~~(21), "iiJ~~)jt ATA tl"J~ffiili~ 

~~WA~~m,~M~~~~A~m~~~~~~$om 

~an~~~-~M~N~, ••m~~*'*-A~~~ 
~ ffi1 (I{]}~, 2& * t4~ t111 , ·-n: ~ ffi1 tr.J E!Z m rr ~-fi tJC ~, liT~~ t¥ fi! 
Jffo 

OCM~~I!W~ R =(I- 2vvT JvTv) a9m~, Jtl:f:t v -:fiJ 

1f-Jiui\:o ~~ R H::xt~~, dJ'NP R:: RT o ili:fl .OCM1£~lf.J 
11!itt~~*!f, ~llPR=R- 1 o ~iiE~ji!-F.i, ~ -~~ilE 

RJ=I 

(6-4-1) 

~1fii$$~¥R: M A.~r£)Di MTM =I, mU M ¥1\ Jg W m ~ (ttl~ 
~) o §---1'-§€~ M N:: W~~' Ji!U ~It~ ~rf1J:it Mx t19*11: 
~~o ~ff1(1{J~Jt~ xTx Ji (Mx)T (MJ() = xTMTMx = xTfx =_ 

xTx, Ma~~o JiM~~~W~~' mJ :~R- 1 =RTo JiM~ 

~~-~-tJ1J~~M~o~~-~~~~~~~' ~~~~ 
~~~~~v~t~o~M~~~~~~~~~~~~~% 

(flit Rv •- v), ffiJW~Jt~~~*thintl:*ttf~~Q m!Ilt».JL 
M~~,~M~~~~~~*~,mK~~~~~~~~ 
JtiJi!:iJ!lil(:*Jfl=*:!it.:3i'.t£~f(]~~lli-~~~ 

., 

.. 
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-~-,~~~~*~~m~~~~~-~~~~m~,~ 
*~~a~ff~~<~~= ~m~x~a, *~-~-~~ 
JG.-#1~, fl~'**I~Jl!~Jj'jC~tf)~ff~t(t9) 0 

a a a a a a a a 

0 a a a 0 a a a 

H 0 0 a a = 0 0 a a (6-4-2) 
0 0 a a 0 0 0 a 

0 0 a a 0 0 0 a 

~7~~~~~,am~~~~m~ree-~~~~~~~ 
---1'J:=:ffJW~(J(J~W,jn 

a a a a 

0 a a a 

0 0 a a (6-4-3) 
0 0 0 a 

0 0 0 0 

0 0 0 0 

-~mRm~~~~~m*Mm~~~~mmo~~-~~ 
~il~JRJ:I: e=Ax - b JflW~~ Ue fFi:t~~)Ji, Ue fm*lt 
(eTUTUe) 112 ~X lft~lj\'fiifmiQJii-&2tJ! 8 1~-*Jt (eTe) 1"

2 ~ 

X JtitJllj\fR~IRlllo ~Jlt, RJii?X~Jfl~ ~~ :6!l tfi ~ ~, re 
e =Ax- b it~rfiJ~~ 

a a a a 

0 a a a 

[ +.-]= 
X t 

0 0 a a (6-4-4) X2 
0 0 0 a 

X3 
0 0 0 ...J a 

I I a l 0 0 0 
L 

... ... 

• 

.. 
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~~~~m~~~A~a-~~~,~~m~a~w , e
~*t X i tt9ft~~~i3J(1£ e: o ~~ffl'ft9 ~t€~ A ~J:$~-J: 

~!AmJS$, B§at eu mRTJ;~ltiifli&*lli Xio .ft el ~-r ~at 

Jtef4ftJM Xh &t~lilll\~}j~)( rff.Jftfro 
J]!t£~filff"J1f~£~~~ji@Jilfi (6-4-2) ~' it~~ 

*---~-~~~&M~~o~~~-~,~~~~~
~X~ S ~~~mw~-~~M~~o 

1 

1 

1 

1 

1 

a1 a , 

az a2 

a3 = a3 -
a. a. 

as a s 

2 

0 

0 

(a3- s) = 

a. 

a5 

a1 

a2 

s 
0 

0 

0 

0 

a,-· s ( 0 0 (a, - s)a.aa) 

(6-4-5) 

Fmf*Jit~ So ~~ (6-4-5) J1"JL, JliJI S ~'~j{Jft-%=~Ul~ 
{51!1'):\:.Jltj}: 

1 - 2 
- 2 2 2 (as - s) +a. + a5 (6-4-6) 

ao . 
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(6-4-7) 

~if§ s lifF~~:±UJ1, (6-4-7) ;t J&.1!.. 
s = + (a3

2 + a,s + a52)% (6-4-8) 

~tEilf11N*:ti-_..r, ~ft~ (6-4-5) J:flb:3tlf.JW-=fimff# 
JJJ (6-4-2) (I{J#r*o ~!lflnl:lt a fl:~ (6-·4-2) J¥-Jm~~Jj, 

. ~~-m~-~~-~~me~~~o-~,ili~~~•, 
llt~~~it.:P&t~ (6-4-2) t:f:tti:3tl1fMS1fff9~o 

0 

006-1~ 

--~m~~M-~~~~m~~ft~o~M--~~~~ 
m~*~-~~~~mott:rOO~~mm~ 

(6-4-9) 

~!I )jt 1±1 (f{J M~ J: 1fiBJ~~ <c) m * (f(J ~ ~tl: ll WfJ U9 M, iffi 
~rOO-~{A)Jjf*~~fi, RA~~~~~~~~r~ 

ili{!;Afi¥o 
0

~ Y J;)~ x fFT~=f?Xit1Jf~t§~~~I¥-J#i*' tlim 
om, y = H:Htxo ~m ,~x = H1H:H:H1x = H1H2y ftA (6-4-9) 

0 0 

~o ~)f:itWfftft\~~ (Hit H:) it'E{(] :~ * (6-4-9) ~ 

Wmt£m~MJ:!kmr-tlli13\!.~,¥JJ1 

a 0 0 0 d, 
0 0 

Y• da a a 
Ya 

bt (6-4-10) a a a a ~ 

y3 
ba a a a a 

Y• 
bs a a a a 

Jl.tE~{t'JRJ~~ (6-4-10) ti:M@~tf-=fiX~ttWT~il~~, «! 
< 6-4-lo) Rtr~ll%:tt 

... 

• 

I 

1> 
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SUBROUTINE GOLUB (A,X,B,K,N) 
c 
C A(M,N) ; B(M) GIVEN WITH M>N SOLVES JFOR X(N) SUCH THAT 
c II B - AX II - MINIMUM 
C METHOD OF G.GOLUB 1 NUMERISCHE MATHEMATIK 7.206-216 (1965) 
c 

IMPLICIT DOUBLE PRECISIO~ {D) 
REAL ·A(M,N),X(N),B(K),U(SO) 

C ••••••. DIMENSION U(M) 
c .•.•... PERFORK N ORTHOGONAL TRANSFORMATIONS 'IO A( ••• ) TO 
c ••.•... UPPER TRIANGULARIZE THE MATRIX 

DO 3010 K .. l,N 
O&nt•O.ODO 
DO 1010 l~K,M 
DAJ•A(I."K) 

1010 DSUM•DSUM+DAJ**2 
DAI•A.(K,K) 
DSIGMA~DSICN(DSQRT(DSUM),DAI) 
DB12 DSQRT(l . ODO+DAI/DSIGMA) 
DFACTml.ODO/(DSIGMA*DBI) 

· U(X)•DBl 
FACT•DFACT 
XPLOS=X+l 
DO 1020 I•KPLUS,H 

1020 U(I)•FACT*A(l,K) . 

l6J 

C ••••••• I - UU' IS A sniMETRIC, ORTHOGONAL MA'rtiiX WHICH WHEN APPLIED 
C •••••.• TO'A(.,.) WILL ANNIHILATE THE ELEME~rs BELOW THE DIAGONAL K 

DO 2030 J•K,N 
c •• •••• • APPLY THE ORTHOGONAL TRANSFORHAiiON 

PACT•O.O 
DO 2010 I•K,M 

2010 FACT•FACT+U(I)*A(I,J) 
DO 2020 l•K,M 

2020 A(I,J)•A(I,J)-FACT*U(I) 
2030 CONTINUE 

FACT•O.O 
DO 2040 I=K,M 

2040 FACT•FACT+U(I)•B(I) 
00 2050 IcK,M. 

2050 B(I)•B(I)-FACT*O(I) 
3010 CONTINUE 

C ......... BACK SUBSTiTUTE tO RECURS IV ELY YIELD :K (.) 
X(N)•B(N)/A(N,N) 
LIM•N-l 
00 4020 lal,LlM 
IROW-=N-1 
SUM•O.O 
DO 4010 J•l,l 

4010 SUM•SUM+X(N-J+l)*A(IROW,N-J+l) 
4020 X(IROW}•(B(IROW)-SUM)/A(lROW,IROW) 

RETURN 
END 

00 6-t 
-~=-~m~~~~o~~~~ ~~~~~~~-ffloW 
JJtM>No 



164 

a 0 0 0 
Y• 

"d, 

a a 0 0 dz 
Y~ 

(6-4-11) a a a a = b, 
Y3 

a a 0 a y, b2 
a a 0 0 ba 

fb-=fjtf (6-4-10) ~ (6-4-11) ff.Jl:ifiiWi-t·1JfiE~)jt~ltiiffJ 

trufe¥, F)fk}_ Yt ~ Y: ti"l--f&liJfJ~T 0 ~ff]/FfmNf'Fi,i]~ffij 

{i!(6-4-ll)"FiJiiMJ~1JflqtJl9i~~;ts¥JJljttJ'•o lfiJ*f, J:1fijpij • 
~ . 

-'1'1Jf:l!~ Y3 ~ Y~ ii~~JRfp}ij, /W~.Aiif~ Y3 fll Y4 fF ~ ~ 
i,IJ~, ~ (6-4~11) &Friti~~1iti!li9il~JiijiJJiJJ'o Ya.!ii 

y.~~~~~-,~~~~-m-~1ifl~~~,m~,~ 

JJD~ Y:t .!j Y4lfit, RTkA~~llim--"}:liflo ii ~ ~ ~ Ya .!3 
y4, PI~m-=~~Jm1'1ifi!JttJl9~~;9~0 mJitfflJIJl¥-lM* 
WtE:~lltJ ... ~1iil~o *#tTy, J!Jx = HtHI:aY NP"iif*m Xo 

6-5 -~i[flatJ~fJ . 

ili:1f.*, !m~~Jll!flM~~ q:t, it~-Ttt9--~~m:, £if!!1B 
-~~m~ft~d£~-~~~0 ~Jlt,*~~~~~~~ 
~ $-1', m~1n~~~u ti9 ~f£~:1!1i~a9 o MffiiJ::t£ttJJ·m 
~~-~~~~~~:liftfi~~G-o~T~~·-~~$, 

-~~-~~--Mo~~~,~~1J~--~ft{j·~-~ 
rz:&-1'.ifitMo jij--1J&*H ~Mft,j ... .!Jl. 1J!CJ1t, -:-~ ff,;fi~M 
~~~~~~A-~~~~-~@,~~M~-~dJ*~ 

(6~5-1) 

· ·-~· 

• 
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MftM*>,m~x~~~~~mM*~~o~~~~-~ 
~ ;;@:~ --Wt~?}}l: -=fjj~f¥~ itil£~o 

~~~~~~~~§±~~•m,~~~~m~~m~ 

~~~M~m>mn~~o~W,~~B~-w~~~~ 

~~tt~~~a*m,~~~~~-~~-;~M~m~~ 
ii.il£~ Jft T-f1Z ~, ~ ~~~ fnff (J9 :~IJI*Jf 1J ~~ j1& ~tft ~ o 

i!Jfl ~ Jilli( m! ~xtitk!JVI~Hm Em~ f*ffl ?Ji~, ~*I-I% *'1ft~~* 

mmo&Mm~•amm~-w,~m~am-~~~,m 
• :IJ\~1{~~tj;~o 

~~~~~ft-~~~--~~~~~m~-~o~A 
m,~~~~-~~*~m~,~~*m~~~~*~m-

~,~~~~-~~~~~ ~~~-~~-~~~~-~
~-~~~~*~~-~' ~*Q-~~~~~~m*~~ --J ~~~~~*~£*~-~~~~-*~-*~~~ 
a~~~~~--0~~~#•**-~~~~~~, w~ 
~~~~~m~,~~-~B~~m~M~~~~~o~$ 

JYt1tM3ftfl, (Jil3f) Etl\ia9~~' ~~f£-lf1gt~~o ~*PEJ 
~~*-~~,M*&~~~~o ~~,~~~~a*R
*~m~~~~~~~~~~~~¥oill~,~*~~~~' 

• mu ~ ~ i± ~ ~ ~* tJG !t9 & ~, ~ m m ~~ J¥-J ~PI~ RJ~3ts ~u $ * 
~Jto 

~~~~~~A~~~~~~~~~~~~oftfi&~ 

~M~~~re~m~~aPW~£¥~~~~~~-~m 

~~~-~~m~mo~P-~~-oo~~~m*~~*~ -
~m<~~~,P~~-m~~~~oo~aomM~~-~ 

(defa.ultmodel) ~ffifi{(l~f~~JMJ, ffi~fii)tx~M!JI:tr.J 

JJ~~m~o 5!falltl~ t:Jl, JttJWJDliiml~''iir£~ffi1 tf.J ~- ft Iii · 
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~0~~am---~am~z~~~m~~~~o~~~ 
a~A~ft~: ~m~<~~) P~P-~m,R~P=P 

--~-o006~~~W~-~~+A 
I . 

• I 
1 
I 
I 

• • • 
I 
I 
I 
I 
I 
I 

' I I 
I 
I - - -1 N, •-pln (p/p) + p - p 

-p 

I 
I 

• I • ' • I· 
I 

. ' I 
I • • •• ' I 
' ' ' ' ' I I ., . 
,'' \ 

' ' ' 0 \ 

. ' \ 
~ '\ 

\ 

' , . 
' ...... 

-, p 

m 6-2 

i!WiJtpjf£~ P jlj[ff P IJit' ~JtJfltJJ'{lo 

N,(p,p) = I p- p 
-

N.(p, P) = (p -:_P)'" 
p 

- -(P) · -N8(p, p) = - p ln P + p -- p 

p 

• 

• 



, .. · 

• 

' 
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- ( p ) -N,(p,p)=pln p -p+p 

~~m~~m~x~~~~~~~~~~'~*~~~ 
*~~<~~~*~m~~~~~~)~~x,~~~~~ 

~~~~*~~m~~*m~--~mo~~am~~i= 
1, 2 , 3 , •••, ns iljt}:~J:Ytf.!J~~Qg{Ro ~t-J-~-"ril ({(! 

~) tf9~~tl ~iit'l9~~ Pj fiHH:~itt)lc, Ui~Jlt, ~ Tit.l1tnffl" . 
·;x~flMft, ~~ JL~f*~~~~Jll~i'J' 

n. 

min _L J N(Pi>PJ)dV 
X j=I 

- --
ftP~ a> 0 pt, N (ap, ap) =aN (p,p), 1!--F.K-fiii£ 7 N 

~~~--o~~~~ft-,~~~~~~~m*= ~~--
~i;blfit, Nk(P, p)t£~t1J.-=ff*~ LfVk: iBmJJ*J:;Jttr.JfU~~z 

ffiii& ~ o tl(f*fJt~ ~ ~~ ~ 1¥-J )I 'littl !iliJ, §at 1tA1f ~ ~ ~ /F 
~f!o 

m~an*-~M·~~~t'l900~,~~-*-wm~ 
• ;ff*o i~E!.~tttiAit~ R(Z), ~~--:fi~*lt~il!iJtit(l! 

:!cni>i, X (Z) = Xo + x1Z + xsZ"), ~~tiltHtr.J if ;9 S (Z) = 
X (1/ Z) X (Z) o ~;Jt'Etr.J-l:lit£r~~-)( r ~ Jiffmtteilffl;{ 
r8~ft, NP: iJtjztif S M!mfl N3 HJ~lJt~ 3ti ~U tll'J'o Jlt 

-
lf.t, p = 1 , p = R (Z) S (Z), f§ Jlt, ff1JBV3#f~ f9A ~ S, 

min= J ( -lnRS + RS) dw 
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0 = J (
= J (-
= f z-k(- _ 1 + l?(Z)X (Z)]d(j) 

J X(l/Z) 
-

m=fJi,j,~UJ:~f£iiJ~~~ff-fitJ-~ut, "RJ~X (1/Z)- 1 lli 
7f~ (b 0 + b1/Z + b,./Z1 + ···)0 

~m~~~~~~~~~~*zo~~~o~~~~-3~ 
k~ 3 flit, Xk = 0 0 ?}J}Ij~ k= 0, 1, 2 ,, fl!f.!J:k~ ~ ~ 

(f{JJSAD~!I!tcinmmtm-r 

... 
ro r_a r_, Xo bo 

ra ro r -• Xt = 0 

r:a r. ro X a 0 
, 

6-6 (@~ft-litl{=t 

*~~~~-~m~m~~~o~~--~~'~m~. 
~~m*o m~,~mi~~--~~m~m, ~~~*& 

' ( 1 ) - l s ( b b ) X z = z-K - (bo+ +i· za + .... ) +RX dCD 

,. 
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~A~tt~-~-~~~~~~mo*~*m,~m~~~ 
J!*, -xtt~~~~--~fllitt91J\@:o ~--xf~ lt9 ~ * Je 
2.17, m=*:li! 2.14, ~rr=:.:XNPMtJ&--x~ 1638. 03o -=:x 
af.J#t*, ~m~s47. 1s, mq:.-w:~lij]~12.17 0 .w.;&r:rrtFtlt« 
~*~--~~7,#~~~~~~~~~~-0-~~* 
•~mft~~~m~~ft~~&~~"•~~"o*~~~ 

~-£~MM-,~$~~~-~m~•~~~~~~z~ 
~-~~o~~,am~w~,~~m~~~~~~~~~ 

~lt&!l\~1ii!Mm~~t!~-Jt1im, j1~*i&m~i~~a9~~ 

m~~--~m,m~m~~~~~-~~~*0§~-~ 
=-~~-~,~~~~~~~~*a~m1i~,mnM~ 

~m~mm~--~,mH-~~-~0~~~-~~~
~ iif ~ 7} EIJ 1m 1: /f\ FnJ fJ9 & ~ =f o i! f* !ll~ JJit}J f! fl\ ~ ~ J:jij~ t\ 
f4:#A!fe:o ~~~J!~~~f/1\~ie:~-f*~F~tJV-?£, ~~~~~ 
JiJT iff~ f!#l :llllill II Wml -T~ ~Mfl\ ~ 1B til~ 1i, ffii~J:~~ ~ 1BfiJJ. 
m~M~X~ID~~ft~~~m~M~o 

~~,m~-~~m~q:.&~~~~~1im~~~-~ 
~~IJJb? ~ Xt ;9-ffl.'(:EgfAo )/< m:. t:;xi Z~~i¥1ifr:J (1\ 
~ L:. 1ef{) ~ fJkJj\fil 

N 

minE (m:-x1) 1 (6-6-1) 
i=l 

~;it'E~t&'J\f1i:~llmfltt, R~;f{ffi (6·-6-1) *r m: a<J«q
Jfti,Jt~~~-r~,ft 

N 

0 = 2:2(mJ-xi) 
i=l 
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N 

m:. == Jv .EXt 
1=1 

(6-6-2) 

·H~, lit m: tt~ii 1tl't.JiJL:M3{1{o roo, N :* )£ )( L1 1B f! 
m1, ftp.!j X i (f{J~jifftl;t~;m~f'Jf1!1J'MJ m1 

N 

min .E lm1 - xtl 
i=l 

(6-6- 3) 

~TJJt~m'J,fR, ~ (6-6-3) ~ m1 ~fill~tllli~r~ 

N . 
0 = l:sgn(ml-xi) (6-6-4) 

i=l 

~r:J:r, mfisgn ~~JC~.fiEJM"~-=f+l, ~~~JC~~Pf~-T 

-1, iffl~1f5t~~Jt-t~~~f«o /Jfl (6-€;-4) ~M: ~~ 

"JJ mH -M!1!f1£ N ~ xt J:ft, m1 ::k-=f Jt 'P l'v /2/r' xh ;ro 1]' 

=f~~r N/2 "" xu ~:W;1£t:f:tfa]j!jlj--~ Xt, !~ (& ml ~ ~ 

~=f3!1' X to ~itJ!Ul, m1 Elfl x1 ~ t:J:1tltltC~ N ~1111fl 
!M", (6-6-3) tt~;f{ m1 ~f£ Xi *~Pii/r'I:J:ll~ftz fa) lt"iif 
J;_A T Jo 

;Jt~ftl¥-.rl.tlJft JfJ, !3 N (ftPiaifl) ~lt~Jo x-t-Tf-t~;t 

·r :ktJ,J®lf¥pq N 1'-f£, it-~~{RI¥-Jft JfJ :~ N ln N C22J ,{I! 

JJtJ:f:tti:flJlU/f\Jflff~Kfi~o t$ (Hoare) ( 23) ~H:l·(I(J~ rfr -fiL 
~~-~~~43N~~-oftfi~-~~~~-~~W~ 

~~~&~~-~0~~~&-~~~~~~0~-,~
fjij l=J:ttfHtl2 .17 ~~~1'f£M (2 .14, 2.17 ,, 1638. 03) P9 J:f:t 
Ul:f£, i!fft~r~fnatiA Ttttbif-~ (l,l :,l)o icu*&~-T 

I 

• 

.,. _ 



• 
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IIi~ ( 3 ' 1 ' 1), Jj~ itt #1 § -r 11 711. /~ fl :t.E2 . 14' 2 • 14 '2. 14' . 

2.17' 1638.03, jf;rft{}!flit~}!2.14o m~~1t ~, 1m tt 
J:f:t w: fi iiJ t:J ra r:ttlft~'J' JJt m 

min E Wt I m, - Xt I (6-6-5) 

W.~, jn*~ml-1--~~ 1, i!tilill¥1J7 (6-6-3) o ffii~;Jtt& 

~~~£1,~~m*~s,~~~-~**~~-~·
lfil?!T.:::tko 00 6-3 t«i~T (6-6-5) ~1--~IWiJP. if ~o JA 
1!16-sPT~~ r:r.&f£J~£~-=f x1 r:J:ta~--~fi, if~~ tx 

00 6-3 

I 
·/ 

/ 
fmfxtf.J!@;~{t{1E:fl~1llo ~fl A ~~ft~·5lm-l l, B J.J •5lm-51, C ;lJ •llm-21, 

·.• 

ffil D ~A .. B .. C ZlUo lltfil D =f m = 2 !it~¥111t'J\, ifDtttJ.i (m = 2) ttHJ! . 
C = 0 = •lfm-21 aeJMo 

J]5}-=f~£-flfM"' .tf!J!:illJlto 1Plfm#J§f·=ftl))! 1, # .fi XiP'-J 

~ JI ~1~ tt, Ji!IJ ~ i~~ m~t t~: x1 Ji9 Wi ~"m 11cz faJ i1f1;1J, /F t9 
~ ft o w JJt, x1 ~ Wi r:r raJ mz raJ~ fEM~tttriiJ ~ :*1 r:p tL flo 

-r (6-6-5) ~1e!lwt!it~JJl~~~)~ft~%Jl!OO *' m 
m1: min E I lwtlm-lwtlxtl = mlin E lwtm-wtxt! 

i i 

(6-6-6) 

..... ( 
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a~~~~~~~~mm~2%&~~~~~ft~Mft~~ 

~)1Jflie%o~ 

(6-6-7a,b,c) 

)3¥-f, (6-6-6) :A:~~ 

(6-6- 7) 
1 

tJ(Jtfl (6-6-7) tro%A, lillli1e~: Jijj:~: Lt 1[!:fl!f.Jtll'J', 
JW-]C(~-=fx)(l{;t«~/ifl 

ax ·~ b (6-6-8) 

~~J:, JX~J!Mim:& 4ttLflJi1ll!io jrt:*~tt L,. 1B f£ (I£ ,J, 
-¥ 1.f) lflf&/J\fit*M < 6-6-B), liliJ x !fff~)!1Jntt iJL~ft x = 
(a· b)/(a • a)o 

~fn~t£*'Jf~~ (6- 6-5) f!t,J,ftft.Jr:Ji~o i\=~ mt it 
~-~H1J)Jf!o *ffl~~~fi;, afl1.hk1J~~m (6-6-B)mf!{J! 

~m~~1.fm,~~nm~~~%,~llix~ <~~m~m 

li}Q[M{) o ~~1Jflf*~ £ * 1J @, ~ ak X~= bk ~ ffio !J1f 
xist ttA <6-6-s), !iliJ1flt9nmi~!!~JE, 1i~i~~ ~ fft, 
~~~~o~*~x~Bm*m, -~~~~~~~~~~ 
~I~~~~~~-~*~~Wo~•~m~m~~~~m 

~~~,--~-~~~-fi~~~--~~-£*1ifto 
~~~~*o~M,ftfi~~N~m~~*-~~-m~~ 
~~~~, ~~~~-$~~-m*-~OO~%*W~~o 
J!fttfM{}LJti~hklll 6-3l:~JLMOO~ft-Wc, !t {!1 ~~, :1! -B: D 

~M~ttT~a,-g~~M~~~4HM~*~' WM~ 

~Ntt~~To~~,~~~~oom~mm~~--~0 oo 
6-4 :/!fF~~~~fJ9-TfiHfo 

I . 

• 

.. 



• 
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SUBROUTINE SKaW'ER(ND,N, W,F ,GU ,GD,SMALL,K,.T ,ML,MH) 
C SOLVE RANK 1 OVERDETERMINED EQUATIONS WI'irH SKEW tJOJUf 
C INPUTS- N,W,F,GU,GD,SMALL,K. OUTPUTS- K,.T,ML;MH. 
C FIND T TO MINIMIZE 
C N 
C LS • SUM SKEwNORM(K,F(K)-W(K)*T) 
C K•l 
c WHERE ( GU(K)*(ER-SMALL) IF ER.CT.+SMALL Ctt~Gt . O 
C SKEWNORM(K,ER) • ( GD(K)*(ER+SMALL) IF ER.LT.-SMALL GD .LT.O 
C ( 0. IF ABS(ER) .LE.SMALL.GE.o. · 
C GU,GD,W,AND FARE REFEREN~ZD INDIRECTLY JlS W(K(I)),I•l,N ETC 
C MINIMA WILL BE ~T EQUATIONS K(ML),K(ML+l)~ •••• K(MH). 

10 

20 

30 

40 

50 

DIMENSION W(ND), F(ND) ,K(ND) ,GU (ND) ,GD(ND)I 
DIMENSION G(lOOO) 
LO"Wzl 
LARGE.,;H 
ML:N 
HH•l 
GN•O .. 
GPzQ, 
DO 50 ITRY•l,N 
L-K(LOW+MOD ((LARGE-LOW) /3+ITRY ,LARGE-LOWH)) 
IF(ABS (W{L)).EQ.O.) GO TO 50 
T•F{L)/(W{L)) 
F(L)aW(L)*T 
DO 10 I•LOW, LARGE 
LcK(I) 
:ER•F(L)-W(L)*T 
G(L)•O. 
IF{ER.GT.SMALL) G(L)•-W(L)*GU(L) 
IF{ER.LT.-SMALL)G(L)•-W(L)*GD(L) 
CALL SPLIT(LOW, LARGE,K,G,MLT,MHT) 
GNT•GN 
DO 20 I=LOW,MLT 
GNT=GNT+G(K(l)) 
GPT=GP 
DO 30 I•MHT,LARGK 
GP'f•GPT~(K{I)) 
GPLX:oQ, 
GMlXzQ, 
DO 40 I=MLT ,Mlfr 
L ... K(I) 
IF(W(L).LT.Q.)GPLX•GPLX-W(L)*GU(L) 
IF(W(L),GT.O.)GPLXaGPLX-W(L)*GD{L) 
IF(W(L) .GT. 0. )GMIX-G!>HX-W(L)*Gtf(L) 
IF(W(L).LT.O.)GMIX-GMIX-W(L)*GO(L) 
GRAD•GNT+GPT 
IF((GRAD+GPLX)*(GR.AD+GMIX) .LT .0.) CO ~0 6,0 
IF(GRAD.GE.O.)bOWaMHT+l 
lF(GRAD.LE.O.)LARGEoMLT-1 
IF(LOW.GT.LARGE) GO TO 60 
IF(GR.AD.GE.O.)GN•GNT+GMIX 
IF(GRAD.LE.O.)GP•GPT+GPLX 
IF ( ( GR.AD+GPLX) . EQ. 0. ) ML•MLT 
IF((GRAD+GMIX).EQ.O.)MH•MHT 
CONTINU:& 
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60 ML•MINO(ML,MLT) 
MH·~O.(MH,Mlrl') 
JlETURlf 
!NO 

SUBROUTINE SPLIT(L6W,LARGE,X,G,ML,MH) 
C GIVEN G(K(I»,I•LOW,LARGE 
C THEN REARRANGE K(I). 1-=LOW,tARGE AND FUID ML,MH SO THAT 
C (G(K(I)),I•LOW,(ML-1)) .LT. 0 AND 
C (G(K(l)),I•ML,MH)•O. AND 
C (G(K(I)),l•(MH+l),LARGE) .CT. 0. 

DIMENSION K(LARGE),C(41) 
ML•LOW 
Mlt•LARGE 

10 ML•ML-1 
20 ML•ML+l _. 

IF(G(K(ML)))20,30,30 
30 MH•MH+l 
40 MH•MH7"1 

IF(G(K(MH)))50,50,40 
50 KEEP•K(MH) . 

K(MH)•K(ML) 
JC{Ml).•JCEEP 
IF (G (K{KL)) .NE.C (K(MH)) )GO TO 10 
DO 60 l•ML,KH 
Il•I 
IF(G(K(I)).NE.O.O) GO TO 70 Q 

60 CONTINUE 
RETURN 

70 KEEP•K(MH) 
K(MH)•K(U) 
K(ll)•KE£P 
CO TO 30 
ENO 

00 6-4 

~-~-~~~~~fiWo~~@~-~-~' ~~~~~~T 
~~-~~~•~,••-~~~I~. x~~~~mw, w~ 
~fi~••s-~~-~4~~-~~~ft<•~~~-~)o 

rOO~~m~~~~~,~~~~~~*m~~~~o 

~~~' ~rft (6-6-8) a9fi£1W~:l! 

C1 

C1 

• (6-6-9) • . 
Ck . 
• • 

p 

' 

\. 

• 

\ . 
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17'5 

·afilfi!l~~~BJ~~mNJ:'J'=*i!~ (is-6-9) 1¥-1 ~, tt ~ 
N~5£7 o JII~~~~~~fRfll:ltfll;Jvft(f{.r}J~~fW (6...:6-
9)' fiJJ:j!~ftlo 1GJi!)( i£~:}9 

N 

E = 2: lbk- akx- Ct~YI (6-6-10) 
k=l 

~m~~i~~jf· x !j y (I{Jtlftli5t§Jtl~-T ~~, op 
N 

0 = aE = E- aksgn(bk- akX ·- Cky) (6-6-lla) 
ax k=l 

E N 
0 = a = E - Cksgn(bk·- akX -- Cky) (6-6-llb) 

ay k =·1 

rlfii7}jjljj!fritito iln* sgn Pi~~~ ~: Jft + 1 ~- 1 {1[, . mo 
(6-6-lla) -~~ Ok ~~~~Jt!fJJtlrfi~Wi;fto 1tlf!l}~, ~ 

lk <~~l::lk~:k$fl) fi~W/Filf~~fr~ 3! ~ ~ tli (f;iJ 

~, ~a1~~-~~~~a, ~~~~~-~)oW§(~ 

6-9) rft ~~fl-~1if£QEltfiffl:l&)jtmJr-J ., WJj!if*~.:if' xrt: 
(£.7 o m:*-JJltfl>t~&1f--JJj{ sgn Jlk/F~·!Ro lt~U006-3P.Jfi!, 

~~-~*~~~Mm,~a~--~~m~~-~--~ 
~-~~~~'~M~*~~~~%~-~-~mMo~ru 
H11t-t~»t (6-6-llb) .ffL~Jijo ii'iitl!X.:tr N -'t jj f1 f1l M 

~*~lc(N>M)(Jt]i1f~, 1£l! N .ii'-13rti!rf:t, lE!lt~M 1-
:/t'f::f(]~ltMJM {li:j! M -'t1JfiH't9i~~~~~o ~f£1& tJJ J:f:t 

)! 1itreJA N 1--/ifl! lfr 1! lli ff..Hil M 1-jj~~ tll~ff.J ~ ~ ~ :1f 1ifl 
t.a~:.*J£*1i&mo tfjii:tj!n-mm M ~Jifi!ffl..d (19 1i 
m!llt<l±la9fe¥, ~~il~Us¥1Jf!;J,, ·MUJit1if1ffl.fl\~Alft£ 

*1Jfltio 
M~~ft~~~=+~e~M~*®,m~~£*Am 

fC.J. 3Ji-t£ + /\ -Ht ~tllift!i. wr ~ ntr&t B ~A ~·nm ~ §al T c2 4) 0 

'· 
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~nw~~~~~~~~~~~m~~W$~ffl,~# 

~Jet!* (25J 0 

~WN*m-~--w~•~~~~~$--~00~~ 
ilio . Jf Xo i¥-J-..1[~J:MJ J:i X ~{ft_I RJ~Jf.J~j1~f£ t ~ ~ o 

~~a~h~~m-~M~~·J¥-J~Ag*-~o~OO~ 
~J::fEit-~ X RJJ;J_~~~ 

X= X0 + gt 

~ (6-6-12) ftA r~JS~Jiflti 
Ax---b 

(6-6-14b) ~~ 

A (X0 + gt) :::::: b 

(Ag) t~ b- Ax, 

w=Ag 

e = b- Axo 

(6-6-12) 

I 

(6-6-13) 

(6-6-14a) 

(6- 6-14b) 

(6-6-15a) 

(6-6-15b) 

wt~e (6-6-16) 

~~M!~il~fl9~1tlt&JJ\fR*l±lM7 (6-6-16) (t{J~, -&~tE 

(6-6-14a) .Pif\-B:~M!i~~~Jijt}lJJ\o m (6-6-16) 1E J! 

• 

' ' 

MWW~~~~~~&~~mo~~~~fiW~~~M~, • 
~ (6-6-16). ~~4-i~~32i~Jfll,J\~M t, llE :!lf~ (6~6-16) 
r:Jl;Jtt~Jifli¥-J!MifUMo ¥1mm!Lthfi~m· k ~Jim, ~ t 
~ ek/ wko · t a9 3! ~m, -&t.lt Jl ( 6-6-13) ~ (t{J ~ k ~ 1if1 o 

~~RJ~re~k~1ifi~~£*1ifio~r~~v~,~~ 
-~~~~oo~t~,~~~~~~~g, ~tru~~~~ 

k~n~<mm~-k~~~WJ:)o 

~tt:~fllfl~--~~*1immo i!J!)'I'i!t* M ~ 1i f1 
' 
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~ftfim, CRR~~~fim~*-~-~o~m,m~~ 
r:J:tW:fl~i!, re#lftm1iflsJi££*1ifl~nllf, 2t~~af.J1i& 

~£*~~fi*~~o~-~~tt~««~~~~-~~~ 
f,lff*~1Jf:i!o ~~*1J~tJlia~ 

A I X == d I ( 6-6-17) 

A'~nWo rlfii~~Jfl~U A'®~§€~, ~ B ~ffio 13\!f:Eii 
i.E:ftfnl*~JA~*i€W A' rft~~~ P 1 .. 1i fl!o JJ~ ~ g RJ~ 

~ B MJUE P ~lo ~{tz~J! ~ ~ ~ g lg}g? it ~ ~Jz fiJ T 
~ A'B =I, ;!~ M ttrfil • A'g ~l)i-fiL~~~J:fl M1 til P ~ 9U rPJ 

:l:o f&llt, tE N tlJiiJ:I: w = Ag r:f:t, 1f --.-t?}:l:~~ + 1, 'fl 
M- 1 ~?}11~-T· 0 , ffii7.lt l"a9 N- M .-t~:l:~ * jj:: 1¥-J )t -o ~U*(6-6-13) !£:(6~6-16) t:p ~ ~ k ~~)Jf1{]5~iftE~* 

1ifl!ll (6-6-17) ~~ Jllj Ag-t = d- Ax . ~tt~ k 1"1Jfl~~~ 

·~t=~ (6-6-18) 

~~~~~-&m~~~-~~-,w~~MI~~~~m~ 
fik~1f&~~~~~~~oH~,~~anRJ~-ft.fi~ 

-~~~*til~ t, ~ii!~JIJ---1'-ffi(t{J J.UHiHJ~~fi'J", ffilf{ k ~1i · 
-~~~~M~~oili~-~~ftW~~~m 

· It=~ (6-6-19) 
• 
- tt§ t~~~, ~~-~o MA~~~p ~-*-'am~ 

~;f{ft\--~fl/J\{R, ffij)!~jjfi:tt;y\~)@, .@f~{t{(l~-j! 

~~~00o~~jjfi,~~--*£*~mm~m-~o ~ 
~, .im:W; t Jlk)9~, 'EJtflflX3£A~* :fi~~11o ~r&t~~ 
!!3!~?Y~, £!iT M lkzm, f§~~1a.traJ*ffiit~t- m £ . 
*11fltlll¥-11im, !11J:Jtitm-r t = o ~~?XlliJJ.tf£~* 1i f1 
ti*o~m~£*~ftmB~~N&-7,~~@fiB~-

- ft£*n&mT, ~~~~~~~Mo 



m~m~~~~,am~*~~~am"~"~~~o 

~~~~I, am~~~M~--"~~"o~~R*, ~ ~ 
~ JnJ AlAI ~m --~ ~ t! fF ilE fl;Jft7-J -It IPJ JDI, ffiJWi ~ tJ1J ~;JU 

~--o~~,~~~m~~-~ww~~w,~~M~m 
*' i!!m-T3!~1€Wiit1f~W1l~W~, ~irm~~ Tit)Jff"J* 
-o***'amw~-~=-~aaM~~~m&~m~ 
~~OO~~~~M~o~~~~-~~~-~~~~~~, 
PLffr£11J:fpJ!.iin!JS$o ~;!#1€~, fl~(ll~*MJif!o 

1-1 ffi itm ». ng i1t ~ l¥.1 m: lit 
JfJb= (bo, b1, ···, b~) ~7F--1'-I!Ic*ri1io ~f(]~ 

t!i!t--·~ftil£3 f = (fo, /H •••/n) o it~~:J!J!~~)( ft9: 
~~MbmA~--f~,a-~oo~~~-~~~-lli~ 
iJtc 

• 
• 

h0 0 ••• 0 
h1 bo 0 
h2 b1 bo 

- : b1. bl •. 
- b.. : bl 

0 b. 

fo 
/1 

. . 
: hfl.-1 [,.. 
0 0 ... h;. 

(7-1-1) 

~~~--·~"~~~-Hm~"o~~~$~~~~~ 
;it~ ~lJi a'g ~ f£R::--*-f ~ 0 



, 
• 

• 
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-

JJttf~{n·slA§J-Jt~flt d, l=ifl ~; c liijf-f~fiMJ7tto 

ftfi•d~~~~---~~m~ffioc~~~~Wo~~~ 
ffic~~Ab~~•at~-~~~o~~~~m~w~~ 

t, ~c~d-~~0-m~m, an~~-f, ~£~*~ 
c-d ~1flltll,¥1ifl"l*lt (t£ n + m + 1 tl3!Jlll qt) 0 ~1Um 

m,am~m-~=-~**m~~~fi 

bo 0 •• • 0 do 
ht bo 0 fo dl 
b1. b1 .bo /1 d, 
• b2 b, • • • (7--1-2) • • I'V 

• bl 
,..., 

b,.. . . 
0 b~ • • • • h,.-1 /Iff • d,.+,. . 
0 0 ••• bll 

~mwr---=~ "1*~" 1i~, ~fn-R~~~~~I~lt$*1£* 
-1' (7-1-2) , 19!~~¥U%~ 

To · r1 r, ••• '"' fo ~l!o 
't ro r, /1 Ut 
r2 r, ro 11. - 9z (7:..1-3) . .. • . . • . . • . 
r,. ro fm g 

~-1'-IIB~JI!~~~o jtrp, rk ~mA xk (ifi±: · 3! 11! xk 

NP bk) tY.j§~Jt~, 9k ~~A Xk ~WJ~ :~ ffi dk (t{Jlf*fl~o 

;ff*tf~jj(!, Wf~~ 7 -~ 5l'Jo 

*~~~~~~~m~m~~m=~-~~oo~~~~ 
*' ]jjfi911J*,JJ;~ji¥-J**o ~J:fm, /l , !:. , ···, fm I!M.. Xh 

Xt-u •••, Xt-m+t Bf~J Xt+1o ~--1'-f.GfiJVJitidi ~, AA*llfiJ 
~ JfJ :lll'J'=:* til M l' ¥1J 1ifl. 
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X1o Xo X-1 ' .. X-m+1 
Xu xl Xo X-111+2 !t 
X12 x2 X1 h. 

~ x3 Xz • (7-1-4) • . • • . • • • • ' . 
11B~, ~~iff!!«, (7-1-4) r:J:tl¥-Jm~ttt nr · J.;A~~r:u-rtt 

*IJ · ~.mt:J:I, (7-1-4) J:ft t l¥-JmmlnJ~~:tl:i t ft'.Ji:t*ffio. -T 
~,~Mlli~~~f~~fiZ~,*~~~~~~~-~~ · 

~~, ~t~~m*•~~~~~~'~*~~~~f~~ 
m~ ililJ\!i:J:{I{J~*fRo 

1m* (~-1-4) ~~~rfli~~t~~m:!l: *ft.~, &tfM~ 
1f(R»IJ!1f!~m!iijY/MJltJii(J{J~pfrijo ~j&Jfi {'?-1-5) .a1J lift Jj\~ 

-

• 

1ilE~1iflA1i~~lE~~~, ffii~-T ('l-1-4) , Vltl~/f\~U ., 
~~ma~~0-~~m,~~mam~~m~~~~-~ 
W~ilf $1tRi o 

~~1f-•~£m~~~m~»~~~3 

~#M-3~~"-&-~~M~~~~-~", ~~ 
Gk ;(£ (Xt-u Xt-t, •••) ~~-' #"iJtl!J Jlt f~ Xt, T £, 
ak tE (Xt-H Xt-2, •••) l:JY.J~-~ lli {I{J ~ if« M ( Xt-u 

Xt-!l, ••• ) i'F m tl"J Xt fi{Jffl~lltf! fjf ?YIUo (7-1-6) lini~JE 
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?)ejjfl£ (7-1-7) 

Xo 0 ~~0 0 
x 1 x0 0 
x1 x1 x0 0 

X3 Xz : · · . [~'] ~ • 

Xn • .. • 

x. . am . 

(7-1-6) 

( ' • 

• 

~~0 x'll 0 

'o '• Tz ... I 0 v 

'• ro ,1 a. 0 

"z ,1 
0 'o al 0 

• .. 
' 

- . (7-1-7) 
• I ~ 

• 
• a, I • 0 

4~-~,-~ffi~~~M-~~*-«*~~~00~~~ 
El $*, rm~**li-TatraJJ¥91J*~ 0 ~1rne..~§alii c~ (3-

s-3) J , ~~7im!t.JMI::--~It'J\#l~i~lJl~tl9~flo 
§ (7-1-3) tl9~U111k tE~WJ:tlf.t, liB$ !Rit1J@I¥-Jft¥, 

• -&*m, ~A-~~&o~~' ~~*-~~, *~-
-~~re~~~fflo~-~s~,WT$~*~-~-~~0 

IS >J 
1. ~~-(1, 2)~~~~~~&~-0~~~~ 

~(2, 1)~~~-~~o~~~-mo~-~~~~~ 
i1tZi~~tmJ!--~lofit~~~JcmJ:26o ~~it:/£: ~flgii£~* 
~~~MM,~TOOM~M~T,~~~~~~~~~= 

(a) ~it Ji{S(~>Jt~~r~J!llt'J'jft f!L at, *~~jg 
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• 

}j. -=filto 
(b) ilrtf:~~MI~~~J!lfl,J) ~ -tfl., .R~1Jfi~tE-lH 

tfi}!f 58 at, il ~ ~ RX: ~ ~, NP, d = ( · · · , o , o , 1 , 

o, o, ···) , jf ( 1, 2) tt1f.=:,tjl{J!l:iB(t{JJi-"fllt, NPbt 
kAd= (0, 1, o, 0) ~d= (0, 0, 1, 0) 1£ft 

iflfo 
2. 1£ __.1'ift! # rJ:t , im II! {5tic ~ ¥rJ 1: :fiM 11 i1t 0 to lM" raJ 

~m,X2~~M-~~&~~~~fi-oM~~*~~m 
~, ~iBll9.&~~J!E)B(t9JlJJ)iJZjjiJ!i1t3, J~im~ ~ m: Me (1ft 

C~fm~l:H, Mllt~*~W, Pfb\JJJ /k =a·+ Pk J=tl¥-JiJ!i1£3, 
Jt 1:J:1 a ~ f3 ~~~It) o 

~: ~~~-a*•~~~~~~ ~~~ff~1 
3. ~ bt = ( ... ' 1 ' 1 ' - 2 ' 1 ' 1 - 2 ' ... ) 0 )ft 

fiJJ)-¥1irt;JtMmrJ bt l¥-1/if!t¥-JltilJiililltaF, & f! m bt-1 m 
mJ bto ffl bt-1 ~ bt-: :1<Rtf£~JJi~llta ~~ ffi OOJ bto ffij~, 

.~am3~~-Bo~--#-~~~~~~oo~~~~-
~~ft~? 

1-2 1a~·if#ritc27) 

MJ/Flt~mmm, jn*--t-lfitfaJ~fl.tflfitfaJftll m Lit Jft 
-E!~'E~*$.7}~jtlf.j, J!rj~#llrtt~~.{E~ ~ Lf/~1/ Lit 

~~**•~~-o~~~oomm~~~~~= ~-~n~ . . 

u Lit tf9-~:!Jl.JgflitfaJJf11J, ftifl~1~~~JJ¥-Jllt fi~$;J-m 

*~~ LJf = 11 Lit 0 ~~7JrJt~:-r: -1'~'~m fi£~)f:f£~ 
rm Lit zl*l, rmtEIKrm At 9~ J!l~m~~ :~, §1--~~)f:;x 

. . 

~fltEf€t~~IRfaJ9ritl "i:.AM~ff.Jjj~" :~~ff o mt*fiM 
*~~-~~m~~~~oo~~~"~•~n~"~MT-

• 

., 



(. . 
~ 
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m, .ms~, Mi*~"* Lf/ ~~~lt 1/ L1f )j\ ~ $o *X:tlf~ 

- ~m**-~~*~M~*~~~m~~B~~o~*an 
~---r&~fA!f91J, Jt~J¥~-*"l~Y:J El ~~~*X~, !ilUiata-tt..Jil 
~~~~~-*~-~~M-•~#m~~~~~mMo~ 
~~~g*~~~~-~~~~ §An~~~n~~~,~ · 

~~~OO~~'~M-~M~£*~J~~An-~-~~ 
~~~, ~oom¥-~~~-*-~&Bo 

mi:tmit R (Z) ~~ .X (1/ Z) X (Z) * ·f&ilifr;l, J\: * X (Z) 

:1!---t-~~~, ~m N + 1 1-B~tt-J ~c tft F.i ~ Rl ft-J, JQIJ 

R (Z) ~~f!"iiJEb 

N-k 
rk = E Xj+kXj 

j= 0 

*if)Jo i±#, ro /!JAN+ 1 J§iif)Jlf1*1¥-J, r1 I!JA N r§t 

~-ffi*~,~~o~*N~~*'-~~-~~~~~ 
~~~o~~~m~m~~~~-,m~m~~#~~ 

. N-k 
1 -

rk= N k E Xj+kXJ - + 1 . 0 
J= 

(7-2-2) 

• mf!m <7-2-2) -&flm*, flM*~~~R, !tf! m~u, nr;~e · 
rk -tf:.~£fifijt]J{t-J fi ~~~flo f91Jjtl, il~t.@f;ffa1Jt9{$J:~~ 

~~-, ~~~ma~fi~M~~*~lli*,~~o 
fat\ (t.J1Ji!iiJi!~ (7-2-1) 1¥-JWiYffitflM ~ ltfiiJI~Di&fbi 

(7-2-2) ftii~:if'f{j~*(f{J"iiJ~~o fttf~f£MA ~ ffiif fl 
~*~~~~,ffiM~~--~-~~-~-~~~ffi~ 
i~~ iJ! il£3 C1 fji til il~ ~ ilt~ A"J tfir ttl ~ - 8 if ( /f\]! ~' 
e-~~m*a*ffi~)o~~-ili~WA-A--~~~ 
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3 tt9tf, 3T ~.A, tt A (I(] if 1iJ ~ ftrl.t ~ Bi~ lWilliiltBif lf"J
~o~~afim~~~, ~~~--~~~*~~~~m~ 
-T~$~~~$0 

1'£1iftJ~§ataJH Xo, Xu •··~ ~n * ~~ ~ o Ji11J'lt-f raJ }f 
~J Xt ~~J9{Bfjllj~~iZllt~ ( 1 , a) arr~~ a ~~:iis~U 

fill\ ffiift.~J 

. N I I 
· E(a) = E Xt + axt-J 

t= 1 

(7-2-3) 

fit~1f~1J!J-T~JYJ, 1fl't9lf.t rru J¥ 111 c~n < 1 , 2 >. J , fi! 
l a I :k.::P 1 o J!J!/F~~~~, fiil~J!Jt-t~~mll~ ~ itiltU~ 
£li,J,~fft, tt-&~~lEtil <if~ it= . }Jf{Jcmtllt) 0 iw@l'tL 
ntr-::tp)l!)(~-Ji'fjjfmtli~~~llt~, .RUt ~ ·-=f f£ M~ ~ 'f! 
~,W~~~M*~o .~~-~-~-~~-3~M-Ji'~ 

~~~~--'1'<-~-)&~~~oo~~m~#-mW o * 
1!7J'~fn, lf~Jit (Jji)tm) miWIJ (7-2-3) ff9il~~ if! at <rP1 
J8) Btil~i~~jfi:kT, np 

N I 2 E (a) = E . Xt + axt-1 + 
. t = 1 

X t-l +a .Xt (7- 2-4) 

llfn~m~~iiE~, ~{j! . (7-2-4) ~~Jtt'J', ~~,~~J&Ial 

J]v=f 1 o fiij a ~~{tf*~ffil*~·~lfiiffi!i!t~ R = 1/[( 1. + 
-;I Z) ( 1 + aZ)Jo jn*tf a ~f!f.+?t#Jlr~ttlmlft, Llf ~ 

m~~m~~a'J'(I{Jo 
~r$J.Wngi1ta, (7-2-4) ft.J § f?.tfff){J;AJ]l~:J!llt ah 

a~ {j!""f~JZifljf}llj' 

.. ) 

v 

.. 

0 



.. 
• 

N . 

E (au a:) = E I Xt + a1Xt_1 + a:Xt-: 
2 

+ 1-;t-: 
t = 2 

. - - J 

18$ 

+ a1 Xt-t +a: Xt (7-2-5) 

Rffff(tq~, {a~~l£.@ittlf(l{J ii! l1t ~A (Z) = 1 + a1Z + 
a~Z2 ~JJ.tfaJJ¥~Jj#/F£Rk,J'-ffinLo jJl~~ A (Z) ~ j!JfkJJ\~ 

iJL, jj~~' R = l/[A (1/ Z) A (Z) J ~~:1!_.~~ A~
t¥€Jitftrit, llil.:*J R (Z) ~.fElji{jl~J:~ft {ti, ffiil/ A (Z) tE 
-~~~X~~-(~~~= ~X~~)o 

{f-1~ '1ft i±Jt~j, *)C~j!ffff!~~,£ ~ ffl it ,j,~{UiJgift 
~o~*)C~~~~*,-~3~~~3~~2~~~~m 

[ :: J = [ : J -c [ :: J 
~~lll11o 3!~, fa~l*~, ft ~ tE . (7·-2-5) lfl ffllitJJ,~1i 
i!~tij;: a1 ~ a~ ~rnii, -9G».. (7 -2-4) s:p )jt til a, NW£--1' 
JflJj\if}jJilJiikAMffi Co 3!¥-fW£, . ~:*.7-r JiJfl ~ mffi(f{J lc!JJ,. 
-=f 1 o ~:2t*i[T A (Z) = 1 + a1Z + a:Z2 l! lli ,J,~-uLo 
PJT[;A, fE~if!i$(~ (7-2-5) i&~~ 

N 

E(c) = E I Xt + axt-;1 - c · (-;; x~;_ 1 + Xt-:) 
t= 2 . . 

+I Xt-:: +a Xt-1 - c (-;-~,t- 1 + Xt) 12 

(7-2-6) 

J!lfit~ (7-2-6) , ·fF~MiifJM-ffiimi~~~jj!JJitffiMrJi~~zfr.l, 

£* c M!z32s~Jt&'J' cr£-r--J1t, ~·tn ~ ~ $U, RJ~{&~ 
~!11!f* c ·~· & M ~ fl) o tE (7-2-4) ;Itt& M: j:J: fllfl, a 
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~fEif*#f~~o ~tEafll iiE tm l c !1l\ -T 1 o ~.A e+ ~~HffQJ 

Jf~rj Xt + axt-u 'B~ Xt tEJ®ifltffiMJrf:tll"Ji~~' (;_A e_ ~71'Jlit 

raJJ¥~rJ xt-a + -a Xt-1, ~J! xt tE ~If.! fJJi :mu 1ft ~~~0 fiT 
j!~, (7-2-6) Rt:*J 

II' ,- - s E= E e+-ce_ + e_- ce+ 
t 

= E (e+- ce_) (e+- ce_) + 
t 

0 = E ·e_ (e+- ce_) + e+ (e_- c ;:-) 
t 

(7-2-7) 

(7-2-8) 

CiiJkA~¥tl, aEjac = o ~~tf:Hiij~ lli.J#f· :3t!o ) ! c f ~~J!:'J' 

T 1 o ~iiJkJ-JA~:it e+ + e_ tt9*~~~/!1Eft~llio *fjjlj 

I: e+e+ + e+e- + e_e+ + e_e_~ 0 
t 

lei~ 1 

"kn:W;atn£ilfnt!~ 

(7-2-9). 

.. .. . ·' 



.. 

e+~e+-ce_ 

181 

(7-2-lOa) 
(7-2-lOb) 

-iiJ f~ 1! ~ lJi it lit ~ ( 1 , a' 1, a':) = ( 1 , a1- cau 

-C) ft.JM!Ji~Ji:t ~ ~IJitffiOOfli~o -=f7&, ~;filii@ fill ~j (7-2-7) 1 

#i!fl"ii~o li~ftiiflrfl, e+ $1 e_ ~ ~fi~~/FiiJffimU~IrAi 

lltf£7 o i!ff.t, ~f(]~~JT -1'~llt ~ A(Z), 131E X(Z) 

~fmlM"!J\tl!~lf.titkung, --~-l±l~s:Yto m-T~iliA1f~J& 

~,m~~A~--~~~-~-~~-0 
~mw~*~*,an-~m--~~w-~-~~

/iOO~Mt.Jo 1£~mftJBtrp, ~Ill ck ~· ~ fJ~.&M~fll• · 
~:1: e+''lll e-RJM'-J~J:fi"ilt~rffiltJ tt--- $ Ck (f1}~ 

~fi,~§~~~m~-2~~~~~~~~-~m-*~ . 
J&~m~cko 

tS >J 
1. ~m+.li"~ (1, 1, 1, -1, --1, -1, 1, 1, 1, 

-l)~~~~~o~-C~A~Z~~~offlffi-~~ 
itW § .#!~ rt, ----t:J!t;.Alt~**lifii tt R (Z) , ~-1'J! 

tElfif faJ ~ s:f:s fe~M*~ B:~Jtf!1/ Jl.j)l1E 1n7C ~ ffii #lit R ( Z) o 

U\H~ ~ m i! Wi'ft~ Jiij 1l iii~ JIJ tt9 Yto 

2. f{ii&OO 1-1 r:J:tMJ@J¥, kJ-it-3~§t?imtrifrf1 fm~ 

~!51-=f v 0 

7-3 ~ ~~itilt 

am§~aA-~~~~~~~, ·-m~~~M~~oo 

~~~~~~~~-o~~m,w~Mm~~oo~~~-~ 

~oftfi~~-W~~*~~~*~~~~~a3, ~m, 
jf!i!il!i1tB~m~J~mr*~J~f£M, ~fJi ~ ~ Jf *j~Jtro.ll 
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- .. 
SUBROUTINE BURGe (LX,X, EP, EM,LC ,C ,A, N204SI, S) 

C GIVEN A TIME SERIES X(l. •• LX) GET · ITS LOG SI'!CTRIJH S(l ••• N2048) 
DIMENSION X(LX) ,EP(LX) ,EK(Ll) ,C(LC) ,A(LC:) ,S(N2048) 
COMPLEX x·,EP ,EK,C,A, S, TOP ,BOT ,EPI.CONJG,,CLOG 
DO 10 1•1,12048 · . 

r 10 S(I)•O; 
A(l)•l. 
DO 20 1•1,1.1 
EH(I)• X(I) 

20 EP(l)•X(I) 
DO 60 J•2,LC 
TOP•O. 
BOT• O. 
DO 30 I•.l.LX 

· BOT·BOT+EP(I)*CONJG(EP(l))+EK(I-J+l)*CO!tJG(EK(I-J+l)) 
30 TOP-TOP+EP(l)*CONJG(EM(l-J+l)) . 

C(J)•2kfOP/BOT 
· DO 40 I•J ,LX 

EPI•EP(I) 
EP(I)•EP(I)-C(J)*EM(I-J+l) 

40 EM(I-J+l)•EM('I-J+l}-cONJG(C(J))*EPI 
A(J)•O. 

- 00 SO I•l,J 
SO S(I)•A(I)-t(J)*CONJG(A(J-I+l)) 

DO 60 1-l,J 
60 A(I)•S(I) 

CALL FORK(N2048,S,+l.) 
00 70 I•l,N2048 

70 S(I)--CLOG(S(I))*2. 
RETURN 
END 

111 7-1 

~A•m~•~-~~~-N~om~~-m~~~2•,~•x• 
-~~·'~~~ LX, •• LC~LXAa~~·~~ft~~OO~
lJiilia1i•o ~$*dll:l.ita\!Jr, fh JV2048>> LJ{ l:!~ft, :1!~11=111 

1i~~-~~,~••~~~~*~sg~~~•~•ao 

mo~~~~~~3,~m~~~~~~,X~~£~~

iliilt3o jj~~' ii!ti1t3~$~1J1~jt~Iifi~!f~fXrJJB? ~ 
~~,~~-~~~~~~~,~w~~m~~~~m~z . - . 

m, gt~tift+-=-1'"'~~0 ffii:~~J:, ~:f-fW£~:t:iaft7 o 

m~&m-~*~~n~~-ft**·-~-w~-~~n 
tX*:bn~)Jo ffl*)C~)ilf£itf#if)J~ilAiJ1itYJIJ ~ * ~ ns 

. ... , ... 
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~-~o~W,tt~ffi~~,~-+~~W~~~M,~ 
~B.Rflfl:fll&ft9&~ttJ&:7 o ~Jlt, ~ fll !J1f ~ W9rll-e.. 

(Widrow) c2aJ ~ ~fi:~iJt-f!, .RJH n .-t-*~~~TiJre 

liilt~f~-i&M-o · iXf¥, t£4i-/f'fi!E~i11Aift, Wiifit-
·1'Wfi«ili3 To 

~ 71iifJW ill)YJ1! --'1' 1i i!, Rf 1§ m:: lJfffi iWI1 t¥~ 111 l£, et I! . 
~M~~~~*~M~~ffi~~~~xtF~~~~ 

(7-3-1) 

E = E et2 = E (xt- bxt_1 - ICXt_1 ) s (7-3-2) 
t t 

ju*$11 b ~j1g~JEliJA, ~{r-J~m.ili «~E/ab = o 0 ~i:t, jn 

*llfraJJt;;Jjxt HJ.Jit.Mtmtifltfa)~f-t? ~ :iftt.JfiM§* i£(7-3-

2) ~~Jij, aEjab iif'RB~f!J~~-=f~to J!l-=f E!! b ~1E.:: 
tk~f£, :!llt'= aEJab ~l£T1Efti, B~ ~ b gt ~Itill'-F-to 
Jcu* aEjab ~J£T fflfft, B~~ b lt ~:lfi*___..~o m007-2o 

E 

.. - .. ~ . 

m 1-2 . 

i!1"i\fl~~~%lftl9l b>baitu Jl b<bmi.a 

b 

;-



1?0 

t aE · 
--=--b = - E 2eiXi-t a . 

1 = -oo 

(7-3-3) 

liJr1Jni£TfLM~ xt, 51~ aE jab J:f:l 1¥-J~f.tJE~:J!- 2etxf_l; 

m~,~~anm~~~AA&~b~c 

[ ! }-[ : J +ke, [::~: J . (7-3-4) 

~m,k-~~oo•~•,an•a~~#oo~,~-~H 

~~*~D~b~c~~*k~~m~,w~~*fi~m~o 

:tm* k -%:*, x~~iifJ!,J,ft, /f\ii,tt*·7PikAN~Im*, 

~w,~-~x~~•~mT,~z,~n~w~,~#m 

~ JE k 0 k (l{J ~ ~, $?}ftS}! W fl,j t£ ~~ q:t ff.J fJit flij )¥ ~J Xt a9 
tJ:~Jj(~~tr.Jo 

~ ~ ~ fiiJ ag fl1J II i1'! RJ D. 1i i!f $A' ffiJ ll9 j& ito 01J in, PI J;..( 

m m L1 ffifl~r~~t&'J' 

L 

E (c) == L j ext-Yt 
t 

P.Jf~ilil%13~~{£~}! 

(7-3-5) 

c-+-c- kxtsgn (ext- Yt) (7,....3-6) 

~-=f (7-3- 5) ~!~!3!flfmim~o £~-~au -i!~--f£1[ 

M:hn#. 

E (c) == E j' c- Yt I 
. t Xt 

(7-3-7) 

• 

., 



• 
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c~c - ksgn ( c - ~: ) (7-3-Ba) 

c+c - ksgn(xt)sgn (ext- Yt) (7-3-Bb) 

(7-3-5) iiJ (7-3-7) yij{JfiiJ~fl:1-Tit3f6-r!W~~ JtlJJ~ 

-J¥~Jo . {!j (7-3-7) ' ftf(]~RJX>j 

)}ttitJ\o til r 
- 1 ~ 'ft'fil:J& ( 0 , Yt ' - X t ) ~ + 1 

Xt Yt 

(JYi~(t.J t) 

M!~ nr !:~1£ --i! ~ m:m (1\1 ~IE c 0 

~ ;;] 

(7-3-9) 

1. ttlb!,J; x t ai.J ~J!Itl: wt~J ~ ~, ~~ ~ :1: ~ J! ft ~ 1 jn 

* X t Afll00fXS'.J~--titJ1J~{t, **ft (a] 1% Lit~ 1 ~tp, 

1J11 k * ft ~ m nr ft)'~~fl-jlglJ.t~ ~~ --tJ~ Jf\l ~~if~ flf 1 

. 2. ~mlfitlaJJ¥7u Xt = <···, r, 1, 1, 1, -4, 1, 

1, 1, 1, - 4, 1, 1, 1, 1, -4, ····) o fF%-:flJlxt+t= 
ext tr.Jffi~tlo JPlllltJ,~ 1iffliWJ!f9tff :~Jt~kft~? fliWWRffl
!tfl m JJn& Wi frft ~ ~ L 1 mfi ftJ ffi ~lll!% ~~ *J! tt ~ 1 

7-4 $j!!ngi7f~~'iiit 

$m~~~~-~~m~o~~, ~7---t*•m~~ 
i1£~, ~ftJ~Rf~*U.ffl~~ JfJIJtf{]i:t~~!;.A}lt -·~1lJt:~EJf=7Ij(rf.J 



192 . 

~~*m~-~~~0~7~~~~-~~~~,aom~ 

~m~m*~~~**•~~m*~o~-~~~~~* 
~, ntm ffi ililU at~-it~ trJ !tflii Dlt1 *f~ 1tt cj, :fl tn J;J xt ~ Y t 

m~MOO*~~oo,~~afi•*re~m~~~*-~•~ 
J¥J]j dt t¥-J*:it~i1t~o jn* dt /!xt+l·, ~:J!--J('jif Xt (19-
{ftlf.t raJ~ 1t ffl itl!l M i1t3 0 jn * d t £ - -'t~ ~ii B: ft.J t& iiia ~, 
ifii Xt frl Yt :J!Jl<:!fl.(r,J~!tic~, Jllj~/r'JW~i ngi1£3Jifl;.{~f* 

~;-~~ogi1t~o ~fflltJftit'J'.!fl 1it<Mff.J ~~flm.~ 

• 
d, Xt Yt ar 
d'l xl Yz Ka Yt bl 
d3 · .fl Yl Xz y, Xt Yt a, 

(7-4-1) d. - x4 Y4 XJ y) X.t .Y2 . '·. bl 
• • . 

• • -· 
• • a., • ~ 

b, 

iWiia~ 
d~Bf (7-4- 2) 

7-J!, ju~ fl1 :(1: 00--r:p m j\1 JIJ it tf.J, ~~f9M£ 
f = (BTB) -tBTd (7-4-3) 

~~~~~~IS$, !e~P4it Ro jif-=f~~)rlF!I'aJII J§ tr.liti1t 
~,~ 

Yt 
Xt-1 

Y 
Cxt Yt Xt- 1 Yt-lXt - 2 Yt-2) 

t-1 (7-4-4) 
Xt-Z 

Yt-2 

• 

' 

• • 



•• 

·_ .rxx(i) = E XtXt+l 

t 

rxy(i) = E XtYt+l 
t 

Yyx(i)~ ryy(i ) -&~f~, ~w (7-4-4) Jft~ 

rx.li(O) r,.1(0) !-.r.,.l-1) r..-,.( - l)jr.u(-}) r~,(-2) 
r,x(O) ryy(O) j ryx( -·1) rYJI( -1) I r,..~J- 2) r1y( - 2) 
........... ~ .................. -i ·· ···~---··--..... ·--............ _.. .... , ... --- .... -~~-··-········ .. --.. .. 

R = '",11(1) ' x10) 1 ~.lt .. (O) fx1(0) I ~.u( ~-0 r,.,f.. - 1) 
r.,.,r(J) ' n·(l) i r,z(O) . r11(0) I r7.x(- .1) r,,(- 1) 
............. --- ......................... :, .... ·--····--.--... ---~--f •• -··-····· ···· ······~·· ... ·-··--
fx:.(2) r..-,.(2) rx:.(l) rx1(1) J rn(O) r,.,.(Q) 
r,.x(2) .~11(2~ I r, .. (l) .r11(l) I ry~(O) r11(0). · 

19J 

(7-4-5) 

ftfn~~JJe (7-4-5) 5!-'1' 6 x 6 ~~~~iJJ 1t ~t:.A· 2 x 

2~~~~~-~s x s~~o~*anre~m~~~~ 

(7-4-6) ' 

[

R(O) R(-1} R(-2)] 
R= _ R(l) R(O) R(-1) · 

R (2) R (1) R (0) 

(7-4- 7) 

(7-4-7) s:p tr.J14!~rt4W£ "#t7crs&B:ffl m ~, I£: "~i!~~B ~.m. 

a"m~o~~-~~~~mamw--~,~~~~$m& 

~~~~~~~M~,~~-~*NWo 

~~~&-~,~~R~*~~AAm-Wdo ~~~~ 
~n~~WM,~$&~m~wm~M#~Ro~~¥~ffi 

~fi~~~~~~~~~-m~~~~-A~~~m-m-
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;It ;J1f *a-t' at :J! _.1-~1-=f 0 

tS ;;.) 

,. 

1. tf~ 2 :$:a9~):]JI!, ~fr]W!J~T B (Z) lt1 A(Z), 

xt;l~B~- t& f£ C(Z)-f.Vj ~ C(Z) =B(Z)/A(Z)o m~ 

HiM! 

min(A,B) = E(Bt - E Ct-TAT r 
t T 

UiJ!Jit'J'l't91E~1if1 <~~*M) , ;ttr:p 
A= (A0 , Au A~.) B =·(B0 , Bt, B:) 

Jlt"J ~ Ao = 1 ( ffl ~}f.~* )C iiii ffE (t9 #)-it "iU" liE 00 A ( Z) :J! 
iftJj\~{}L) 0 

*X~~-~£*W~~~@~-~~~1i~o~~~ 
~,~~~~lE~~~~m~Jfl~m•~~o~~~~R~ 

~J:~~ N -1'~1Ji1(t9Ji~, ffii--1'ttii~tW RJ kA 1=f N'- ~ 

~~x~, ~~~*X~1i~ti9~-~~~RI~o 

*)C-~~-~M00~~-~7~~~-~~<&*• 
~.!.\!,~3-311) 0 jij"r~ m:IJitfaJ}f;~U~ii~j. ~:~:~mt~*»l_. 

~iffiBo tlfi1MffiitliJ~£1E~1iW~tgo ;t-J -T $ .lf.tfaJ.f¥ 
~' ~-1-~~*~~_.~, ~lf.t~&~M,ffi~~R£W 

PX~a1lo ftfnRJJ:.Arelilfit~~IM"ffi-Uj~Wj~JEjt1Jfl!~ 

tF-~jjfl, ~ (7-5-1) 0 

- ~•~m~~-~~~,an~m~~~~wr~~~ 
il£3~fi41PBJ1it 

• 

(\' 



• 

.. 

(7-5-1) . 

.(7-5-2) 

tiE~ a~~ J;JM.nt A, ~{~.(£ (7·-5-3) t; 3ilOO~tflS:JC · 
~~ 0 0 up, a= I, ~ = - va- 1EAo ~~j~ a~ li ~J~Rt B·, 

~f~1£;f:jJtl!t.JTYl$7C~~ 0, Np, ~=II, a=- VA - 1EBo 

~~,anm¥-~~~m~tt~ffi~~~~moa~ 
me~MA~re-~~G~~~-~m,~MRsxs• 
~ 4 x 4 JYB? ~PIkA 1'00(19~~ (7-5-·4) * f1k Rt Y, ft!m 
Ef + VBY = Ga **m.o 

, R l ( ~: 
0 I 

0 
+ 0 ., 

v 
(7-5-4) 

... , 
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m~~M-~m~M~-~m-cm~>, ~-mM~ 
~fillt o ~ fn 1tm 11: 4ij ~~lit~ 1: ~~ ~J ~~ FnJ _.fit w o ~ rm, 
a¥~~~u~~m~w~~~tt,~~~~~~~~~~ 

~~~~~~~~~,~~m~~~o-~~,ftfi~~~ 

~-~-~,-~~a~~~~m~~T~~m~,~~~ 
· -~~1Jt~!J9ffl, f~%2tlR*~~-~-lfi~~o ;!~~j)C(Le-

' v~n) (29J1£i&l\ffl~Jlia~{)(~jt]~mJJtk~:fljjj(ttj ~-~1», 

m~~~~-o~~w-~-~--~~$m~~eo~~ 
fi~,m~~m%m~~-M~~~, ~-,~-~~Moo 

~~,~~~~M%AB~~,~~~~~--§3~mm 

~o~~~m~wre-~~~~-~,wm4m~~*'~ 
tte~fi(l!iJT; ffiif~%abW~~~=f !;( ~ ~0 J;A 11 Ci) 
-*~-i-,Mi~~m~~M-ttoM~,~~-M~ 
~~~~00-mo~~~~~~~m%~~~~*~ 

1 =/t(0)+/,(0) 

. 0 =/1.( 1) + /:.( 1) (7-6-1) (.\ 

0 =ft(2)+/:(2) 

~@.t/f\~51tE1~%Jiiff~T, flif){Jjo:f:f~~1~% s(Z) iltA4f 
--t-m, -lliJ=l;l! s(Z) C/1 (Z) + f:(Z) ], ffi~, /1 + !:. ;{£~ 
tR&r, JElf:l! < 1, o, o) , r£-~it&r, ~-- .-} 6 

Pilfio itfnffl7Jflm (7-6-1) ~~~* 1.1 fl, ~~11&1-
~~*~~~~~0~*~8~~~~-£~%~ 



• 
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1 

II ( 0) 

~ ~ ~ ~ ~ ~ J ;: ~ ~ ~ = [ ~ J 
0 0 0 0 1 1 h (1) 0 

(7-6-2) 

,, ( 2) 

/z ( 2) 

#"iifltti2;9 Gf = 0, ~ftf(])JJAl!l\~t;i!~ll!iJ£-l:J:H%~~~~ 

I--~~, X~~re~%~~~-~ffi~To~W,~
~m~~~~M%~ffi~, ~ffi,tt~~tt~~o~*an 

mR~~-A~m~w~w,w~,-~~~~~~-

(7-6-3) 

. tttRJ~)Eril2ta t, afn ~ 1Emr JL 1'1 J!jfJTiit~f'tl~~tr.Jnmo 
- >J 
1. ~-~~m~,-~-**~~-~~~~tt, M 

i1t~tm1¥rWi:q;t~ I 1 < o) = 100 ~ f: < o) = - 990 1ili'Ji~-1'il! 

i2£3 :tE;Jt i!i it l¥.1 ~ 1J1fiii)ffl ~A t.Jtt, iii J! {}} tit 1-A.~ ~ ~ 
m, ~~~--~~~m~~~%~-~mRA-~~m~ 
~a,~~*~~~~~o--lli~~E~m~~-~~ 

2. ~tE!&liLl:, itfti:M7~-'r11l!ltia~{)l.o ilf~~!~ * ~ ftfJt;t, ~ ~ tt m ~ fJ9 rn% 1£ fiiJ --J)ijr rm J~J ~, np w n:: ~.:a: 
AM~oM2~--~~-~~'-*~~~~~~~~AM 
i1£, Jt)ii:i~.ft X1 (t) = x,(t + 1) = Xa(;t + 2) ~lJto IRJ: ~~ 

~~~~~*' x~~~ffi~~tt~-m~-BAft~? 
3. it~~*1f k -tiMi1t$mfru n1 ji'Jj)Ciiti1.£3o J~s 

(7.:..6-3) t:f:s ~1€~~-:k? 



t£ ~mt ~ a9 ~1-~xm, JL :iJ1Wfii1t" ft fn-&~fiJf~ llt 0 

2 --:4f, ~ m; 1i frt~~m ~fltt?} 1i~ ~ miJl , .R m ~Jl!E JB, it 
M~&~A~m~-•Mmo~~-~~M~m~~-,~ 
-,-~~~~,ffi~~RW~~m~~m~~-AM~ft 
., .~~-,~-~~,$W~~-'~R~~~ru~~Wo 
~~~~~~~m~~ft~Boanm-~~~~~,A~ 

MWT&M~~~' -~~~~~-~mo-=~~~'~ 
m~-~~~' ~-~W~~M~~o 

s-1 JiM~fiflli!M~fl 

~~Wi't'-~~rm c_t~*~' l'~!tf!om) o jn*fl--1-
. . 

$!!£~~ (DP~Ifll~ 1 ) MliltM~Jill~ _t, ift~ tz:t:E --'"-i'!fi$1 
~ t tl9i!M~~_..Jt~$1;9 c a'-JliM1Jt, ~a:tOOB-lJlJf~o 

··. 

m ·s-1 
-~B·~~AM~, &M~ci~M~t 

t~cZ00~~--~-~~~0 ~-MA«-~~ffi 
~,~m&3,~W~~•,m~~~~~m-~; ~~~ 

·. 



• 
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(8-1-1) 

t' = 1 + c' (8-1-2) 

~~+A~W~~' t~~~l~*o~~~a~-~~

$M~~' ~§$~~~-~M,-~~*<-W~fi*
~~)o~.#~£R~~~~~*~~~,ftt¥~-

~~~~-~-~~~~~Y,~~~~A~-~~~~* 

mt * ~l :1: m * rm )E: o :!m * ?ft fn re rn ffiS1t ~ ll1l Uif -=r- 1a~ v l , Tit 
tf~SkmtttUml-1-ia;9 Y~, !~~' Ai.JWJ'(f!,J~it~-TAM m ~ 
~·, - 1J!RJ1t:ili~ 

Ml±l c, ~ · 

0 = - Y:: + Y ~ C2 + Y 1 ( 1 + c) ~ 

0 = (c- 1 ) Y ~ + (c + 1 ) }''" 1 

0 = c(Y: + Y1) + (Yt - . Y:) 

(8-1-3) 

(8 .... 1-4) 

~~~~, ~fi-~~ff~~-~a~ffi~~-~0 ~~
-~~, ~~~~~~~~M~~-~mttio §-~mh 

~' -~ffih~~~~~m~•~~MYo 
~~A:kA~~3izAttlf.t, 1XMl1£ c'Jif hl (8-1-4) mill, 

.R~t£~~ ifl:I1f Y 1 fl:lY: li~_.l'"' o ~f£ 

c' = - c (8-1-5) 

. ~&M~OOA-~~~~~-~~ffio~~m~t~o 

jtc == - 1 H1~ 2t~, ffii ll ~ t = 2 iX: •c . + 1 lft-&~ tt!to 
~TftfJ!--S:, ~(±-1!18-l*J'f91i:~o 
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. - ~ . 

~j.\: (8-1-6) mfYj, ~Yt=Y~~' a'lt~~a~AM~:It . 

~"iiJ"J!Jio ffi~ Y1 liJ Y: ;f=n£ffi:*JM-1 J!i:J:(I{JJ3 7} ~ ¥t ffl 

WMb~-. ~~A~~~~~~~-~~~~~~& 
M~~~~~~~r~~o~~~~&r, ~~re~~~~ 

lj;J\:~~E!ifflMJ~~*f!t~*'ll/Fi#J t:F 1 + c tf! /F:}! ~ J.f: 

&m~~*m~~, ~R£~-~~~-~-~-m~~M 
*0~~, ~~~m, ~~~-£-~~ma~~~, ~~ 

~~~-~~~~A~~~ftoffih~~~~~~A·~~ 
ll:~:tr (t9 tNi ~ 0 

m~m~~~t*M~R,~~~~~-~~~-~~ 
-~-~r~~-~, -~~~~, ~ffi~~*~' ~ffi, 
tv:;m, gjJ9.Jtl:Lli:o ;ij --~£~~, . afn}j~~(J(J¥!1£7}:1:0 

*t~M~, ~~-'~*~~~,&8~~~0~~, • 
~t£*•0 ~~~~~~~~~~~~-m~~, ~#~ 
W.)l '}jt~P41'i~1Jf!~o ~fA~(t{J/!.ffiJJr&:ul:~Ht, j!jlz~jifi. 

~ n4 fU( E~ m ttJ 0 J(jtJ~;!lW.ln a m J!l~ .&Mi11£ {f{J liM~ J!tti ;k 

1 0 . 
**~§~~~~~~~~-~£*~•~a, wx~ 

~~itllt~iffRJ~Jt~m!~~o ~~~~~~l1tr --:O:N~o . 
~M, ~T~~-~~~~mOOft, ~~~~AF~~*m 
~~fi-U~rfi-D~~~(f(J~~oa~~~,~~ffi · 

r. ' 

• 



, 
• 
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JJ P '"M~lt W tf9~1t~it (J)rJ~lile:i! v ~it) o jf-=fU 

~D~-~~~~~~(~~~-9--3~*~W)~ 

D= P+W/Y 
2 

. U= P-W/Y 
2 

(8-1-7a) 

(8-1-7b) 

P=D+U (8-1-Sa) 

W= (D-U) Y (8-1-Bb) - . 
~~~m~~~~·~~~ill%~~~~offl~~~~,m 
~~lfffi*, *~~t=l+c~~ (8·-1-Sa) &-Jr~lfii.l: 
fJ9EJijJtf.J}£~~~JIX~~o {8-1-7) fJl (8-1-8) Jflll1Jffl~ 

~fll z ~tt.rnttilln~~tt.J, . re z ~~-'~~~, w ~Rl- w, u 
~D-&~ll~o 

an~-~, ~n-n,au~-~-~~,n*~ 
~~ffi~P~~-~W$~~7-~~~~tt~,WRU 

- ~~~m~,W~P~~~~·~~~~~MY,W~= 

v 0 atnmJ:t, ~·~ v P'" pJG~ f"f1/
2 RtJE ~t, m lit~ ~ m 

WI P = Y -M!~fnRJC.A~Im_..-t~Jfftft91ill.tt£~~~ a9 ~J fi 
I =·1/Yo 

~~-~~~~-' ~~~~~*ZOO~g*~», m 
00~~-+~&MWo~*W~~~Wm~~~~&MOO, 

~~~-+m~~Wo~~ffih~m~-m~~$,ann 
ili, ~~W~D=-U, m~&M~aA-lo ~*~*W 
~~~~~~, ~~&-~~-&n, m~~·~~~~oc 

~~~~~o~~~~m~~~~~' ~~ffl~ffi~-~~ 

• 



• 
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*~~-~o #ft~m-~~w~~~~m~m-om~
~PJruoos-z*jii!o ffiiJtE\'¥1tiJ:31~~~' RJ £im*1tfl1 . . 
*m~m-~~~~~, ~~ooffi~~*~*-~~m, ¥ 
:fllll o ' j!Ji![!1 8-3 *taii!o i1J[ifliJilf1:Jf'!~EFfiJtgft§{t9j!il 

~~~.ft7}!t~ D- U = 1 + 2R (Z) o 

Ill 8-2 

~ML&M~~~R<Z>offi~~~U+D, ~~ooM~o~OO~~ 
-~~~D-U~E~om~~-,~~·•~mn•w~~~~
~~ ~A~~~. ~-~a•w~-~-*~A~~A~-~~-Po 

m 8-a 
~ru~~~fi~~~1, m••~~fi~&M•~<Z>,~x~~& 
ttml~~ R (Z) o ~fti~a9BiJJAD + U = 1 + R- R = 1 o 

- >J 
1. tf)J t, )jt~~ Y1 ~ Y: l¥-J~~~to 

2. 1£1it~JH r:ft, it~ittltiJtRl:l!: . ~~miWi fliJ D- U 

W#J.IiiJo #~ll t = 1 -co ~tl( (8-1-4) ff9~-T, .m ~ M 
Y ~jJ,liff~J'l(f.J1Jflo 

~. mmtti*m-~, &M~~~~~~~Aff~? 
<retlf*rfl ~7t~~111Wi) 

• 



\ 

• 

•• 

I 
! 
i 
i 

ZOJ 

8-2 ,§~1r~JftatJ~it 

#~~~-+§m~~~~~o+m~~BX~~~~ 
frJ11JiJ~i!Slf:-1- Z !€tllia ~~~~8-4a tJE~J:1ti~ftj(t{Ji2£1fl' 

~c,f, \ 

(IJ 8-4 

- 1' Jalt»f J!Z=f~llrt.Jtt!l 

l:.ttC 1 + CtC 1 sZ + .(etc' ~r4Z2 + ..• J = tr.tl 
1 -etc' :.Z 

2:+x~t&f!JiJ~>ltftl, :Jt/FJ!:ft~]it9~o ~ffl·--~ JLit~ 
~~], 1-t-=f n.g(l9i1fl}l, i1t (Jt-tfaJM:~~:*Jxl5f!) · P]"k.J_Jft-a+ 

~-~n~$~~*-~aan~M~~m~m~, ~-~ 
S~&M~~~--~*M-~~~~~&M~~~~~ft 
fnJIJio 

B~RM~~~9~~~,~PI~~-~-+-~~
MJJT~!El¥-J--~llto t:ifl. (8-2-1) ~~ms-5ta-ft~*' W,f!l) 

!lnfiiJkA U $1 D' 9~HE:lff*, ~;Jt~~ U"lQ D 
· U'= .tU+c'D' 

D=cU + t' D' 
(8-2-1) 

· iJ:~111re (8-2-1) N~Jll!--r ,~~ U' fn D'~3!Jti;!l, 
re u ~ n 3£h:;tz() i!~, afi1&t1ffT -~ JA 1Witfl9ftmt 

. ·.,. 
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-tU =-U'+c'D' 

- cU + D= t' D' 

~~fflft~~~~~ft~~~m~, ~ 

[ 
U J ·~ ~ [ 1 0 ] [ - 1 c' J [ UJ ' 
D t c -t o t' D 

_ 1 [ - 1 c' J [ u]J ' 
- --::::f - c cc' - tt' D 

•m~W~M*, A-~M··~~-~~~~--~fr
(I"J:f.ifl! 

I 
I 

• 



-
.. 

• 
• 

\ 

JU, ~D1 

•• 
ttJi l D; 
tVa · tD) 

tV, ~D; . 
·-~":a 

tV~· ~D.a 

Ill 8-6 

**~~m~~•<•~~oo~~••fi~> 

zos 

~ Z = elwT, ~J:f:t T ~:«f11Jflfia-t, ~rfLM* # (lij . . 

; :.1! gM-g (1(}1JIHJ-Ifit o i!&t~ ill 7 ~ k M'llt.iltfn:if''llt 

ltiltzfaJ 1¥-l*~A 

[ ~ I= [ l:V z voz J [ ~ l (8-2-3) 

re <s-2-a) -ttA <s-2-2) , ~fi1PI~~-1- "~12~" 

[ 
U J = _ 1 [ 1 ck J [ 1 /v'"Z" ~] [ U ] 
D tk Ck 1 . 0 v z D 

k+l lt 

• 

r 
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(8-2-4) 

. . 

~Jl*fi~:l:itf~ifj{~~~~' !~~' t£ fg k .§ ~ ~ 
(k + 1 ) gm~~raJ~(f,J~~iiff:l:iltiio t!~Mtl, {£~~ ill !Jf 

~-~~-~~~~o~-k~*' ff-M$m~~~~ 
~fmihf Ctm~vitl:) RJm~mif19~r~~ (flux ~~iJif:it) 

flux(ru)=Yk[U(Z) u( i )-D(Z)i>(i )l (8-2-5) 

~iiE~l!i!fJ~I!/F1«Jt-T k ~, ~fn* <:s- 2-4) R11~* ~ 

~$B (l11~-T~ m (19~·~~~) 

. [ u <+)n <+) 1 .. =f.-[u ( i-)D (-j-) 1 
[ 

v'Z ckv'Z] 
cklvz 11vz 

(8-2-6) 

~t£re <s-2-4) fn (8-2-6) ~~*t2* 

[
U (-1 

) D (-1 
) J [ 1 o J [ U <Z> J 

Z ~ o - 1 D (Z) 
. k+l k+l 

v'Z VZCt 1 

[ J [
-

= t~' ( U D) • c•IVZ 1/VZ. _ o -: J 
(8-2-7) 

.. 

/ , 
J 
' ' 
' 

, 



• 
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flt-=f ( 1 - Ck2
) /tk1 ~ t' k/lk = y k/Y k+H F j!RJ·f;_Af'F~ .m M 

iltr.Jffl*rm~~---r 

Y~r.~, [u( } )ucz> -n( } )ncz> 1+, 

= Yk [ U( } )u(Z) -D( + )D(Z) 1 (8-2-8) 

jjfl (8-2-8) mfYl: ~-=f4fj1'~$ m, )iii~ k ~ P9 ~ ff.J· 
iitf:Jl:~jii:J:~ (k + 1) .lali'-J~H"Jilfi:*J~~o 

. . 

3! --~vrt~m.K ~sf m *.:P Jil~~ :~ttM t±i*ltf1i1t~J¥-J 
~~itl*Jf o 008-7Ul.lJJl (l{J:lik.&MJtl!Al~ ff,~~* JL M~ ~ o !e~ 

00 8-7 

--~~*&M~M~~o~-OO~ffi-~~fi~~~oM~~m~ 
(Z) lf&@limlfiio (li~itk,lti:Jk~&ttl¥9, i&ifiiJtte~-t R (Z) i!A:hk 
~o .Ydl~tftflSllltfrnl!t E (Z) , ~fi:ili&~tf.J§l~itl~ 7 o 

~~m~m~~~oow~, an~~m, mm~~~~·~ 

-r r;ti*~raJ 1*1 (!{}~~~~~:, PJT~}, 

Y 1 {R(} )R(Z)- [1 +R( }-)][ 1 +R{Z)]} 

= - Y ~r.E ( } )E (Z) 

" 

-, 
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· 1 + R ( i ): R (Z) = ~~ E( } -)E(Z) (8-2-9) 

i!--~Rmmi±-~M*moo, i~~~ «1 * ~ ll JS£ tt R9 ilt 
I 

E (Z), ~fi1:Stlmfli EJ ~~~J&mLl:ftJJ(t(Jrilt~~~ lli *o 
ltf(]~Jffl'~ T/W, E (Z) /!ittl,#ftl, .@TJ,;A ·E JiJ fflit f5f r 
?tM, m R li!3LtB*.o 

~tEi1:~fntei£~JJ~J~Jm s-s !tQj!tV!Jx~t&tt it.Jt&-

-x( \+X 

m s-s 
*~itkll~-i&·Jl.fiil~, ~~ 1 JA rJJiiAMl:*o ~It~ X <Z> AM 
JtJ a fllitkitiJtlitfffirfifii~o ilt~ P (Z) tl~ltti"lf~Jj~~~~ o 

~~*~~ore~~~m~mr~~oo~, ~mmm 

Y1 [ x( i )x<Z>- x( i )x<Z) J 
=Yk [ 1 -P(Z)P(i )] 

. ( 1 ) 1 =P(Z)~ z (S-2_:-10) 

I 

l 

• 



• 
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»tl!Ji'#a*MlMfJJ!, ttffilltMMlflt~ P (Z) . A;ff~ li Ill 
ilt~~W~, j!-1'~-*litMlffom!t!f!/l::Jlfl~ffifl-~1~, f§~A 

M~~-~--~~-~~,~-~&M~*TJ ~~'~ 
-~~2~®RAW~~~*~~~-~o 

-m,an~~m~~*tt~~~~M~~~~~~m 
<~~~ilf!A1f~fflS~JEft9# Jl! ut ~ :~) 0 iN )i:: -r rr i1t 

D (Z) tEJW1f~$l:~~l:fiilt U(Z)!I,NP 

P( i )n<Z>-U( i )u(Z)>Ot£/ZI Ll:: 

(8-2-11) 

-D D - U U> 0 (8- 2-.12) 

JA ( 8-2-11) 9JG ( 8-2-12) , PI t:.A "lf:J, (D - U) I (D + U) 

A~~-~~~#m~~~oan-~ 

--· D-U D-U D-U 
2Re D + U == D + U + - -

D+U 

-- --
(D~ U) (D + U) + (D- U) OD+ U) 

--(D+U) (D +U) 

2 (DD -U U) 
-

(D+U) (D+ U) 
(8-2-13) 

m (8-2-12) ~ffii~, §31 (8-2-13) ti{J~-=f£1El't.J, cs-
2-13) ag7)--RJ:-&l!"JE!t{J, IN~i!~IJ1fa]l?llft dt + Ut (f{Jlf, ffii 
tEfiiiifJ~J! lE t't.Jo m- !:~, (D- U) I (lJ + U) JJ\ ~ "JE ~ 
t¥.J o'' (D- U) I (D + U) 1¥-J Fi ~MfJJ! (D- U) ft ~ 4?4 Jt 

··"' 
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)i.Jt(J(J$1[7,)-jt, (D + U) ~~4'/8Mt ffii1 o 

s-a m.octt~l'itt-~ttm 

g~4tmt"iiJ~JDM"H:l-¥--:W-1fiiMJ.&M ;~fl~ 1i 1! * t«i 
i!o §3--~ffQitJii!J!*lfiffM --1'1tMt~i1t, :tn·mrlti lli ~ 
):tag R(Z) , E(Z) , X(Z) Til P(~) o :ft{(](t{J Ell¥-Jtfr~ 

· ~~~~m~ft~*~' ~an~-m~~&m~e-~m 
)!~IJJT JJT1i~1::~t/aito · 

l:-:Pl¥-J-~1!~#i*~llt!t7 "~~ll!~" (8-2- 4) o 

~~~~~~re~~-m~~-~-*-~a~-~m~~ 
~(t{J-~~o~~~mPJ~~~-~~-~*o¥~, M§ 
1 >-rfff~t~ a, ~ k = 1 ~ (8-2- 4) tt A~ k = 2 (19 (8-2-4) 

rp, ~ 

[ 
U ] 1 [ 1 Z c, J 1 [ ll Z c, J [ U ] 
n s = vzt2 c z · vz t~ c, z n . 

(8- 3-1) 

~c-~~~~~, ~am~~k ~~~-~~ - c~~ 

~ 

1 
. k 

v Zk IT ti 
j = l 

F (Z) Z ._G ( ~ ) 

G <Z> ZkF ( i ) (8-3-2) 

~t£iJ:~{(]iJE~ (8-3-2) l!fftl!_..!iW~o ~iN~ (8-3-2) 

ak=l~A~~~.a~Nm~-~~~"** <~~2> 

., 
r 

•• 

• 

. "'•' 



-
Z1t. 

WW~k~l~~k~, ~-~~~*Mm~~M~o~* · 
fJt~ 

. F(Z) z~:- 1 G' (_!_) 

.J~J!, czZJ z•·• ~•- • t ·~) 
.. . ,. j cJ j G(Z) zk-IF(z 

F(Z) + c11 ZGt;) ~ Z" .. 'G(.!.) + c~ZkF(_!) 
. Z, ,Z 

t:l . ·· · · · · - · ·····- · · - · · ····..... . : - . . ......... . ..... ............. .. .. - .............. -.. - - --·· 

. v' z• m 1i c.F(Z) + ZG(Z) I c.z• - J G(i) + z• Fw 

(8-3-3) 

~~-~~~-m, a~w~~k-1~~kH, ~-~~ 
£»4 -=f liil-~A H11 o 1€1$$ Jt ~22-& )jglt$JA7C*ll ~ ~1, .R ®t 
jE Z ft~Jl/Z, N*l: Zko fiij~J&, :7C ~~21;/!kk:JG~I2m~ 

MJJ ,@fk)., . (8-3-2) MJT9fJ~~7 ---4 J& ~ ~0 k IWt ~ lJi ~ 
F(Z) fi:J G(Z) I!Jffriif(t{J1Ji!il.tl:MJC~ (8-3-3) ;tiitlft.J~ 

--#A91JJ 
Fk (Z) = Fk-1 (Z) + CkZGk-t (Z) (8-3-4a) 

Gk (Z) ==ckFk-1 (Z) +ZGk-t (Z) (8-3-4b) 

~If cs-3-4) , afn~f!Ji~¥u F ~fll c ~~~ffll=il 0 JA 
• (8-3-4a) ~fi1W~U, F(Z) s:f:ttr!ktt9~~f&fo ~.J)t k ffii~, 

13~~:1! (fo) k= lo §ali!7~-~' NM (8-3-4b) ,~fn 

~ ~J (g~) k = Ck 0 iji fl, 9aJ ;a T F ( L~) fJl G ( z) * -=f z 
{J{Jl'XflmliiJ, ~f(] W~J, (8-3-4 b) ~:'*# G(Z) ~Ml ifti 
!XJJiP9~~t, ltjnm£ Cgk) k, ~~ k: ffil~, fblJ!t, ~ f!1 
c1 (f(J7f!thftm~o lim, ~Jls T 2:~~~ (8-3-4a) , it!rliif 
~lm' F (Z) ll!t¥-Jiftifli{kljj{(l{J ~It~-~~ CtCk, JJT~..A, ~~ z 

F(Z) = 1 +ftZ + f:.Zs+ ••• + CtCkZk-l (8-3-5a) 



21Z 

G (Z) = ck + o1Z + o::Z'" + ··· + c1zk-·l {s-a-sh) 

tE (8-3-5) ~t±-~J (~RJ ~ (8-3-4) ~)iifli ~ ~ * iiE 
~), F~~~~*c~~~-,G~~*c~~~-o~ 
~:;!ikfji, ~*PJffl~. c 1&~~%, G -ll1~:PX~f.f% ,@. F :IF 
~0 

$J9{~ F(Z) ~ G(Z) tt~~~tl~, f&{(l ZfaJ ff{E~ 
--#~~ilf#lfbl(r.J~~o m (8-3-4) ft1~~' ' iii JtftiiE~ 

(8-3-6) 

m-r Fl <Z> = 11t cl <Z> = c1, JXilL Jr£ m <s-3-6) t4 
tH 

k 

[F(Z)F (-t)-G(Z)G(i )1=, f} (1-cl<2
) 

k 

= II t' t <s-3-7) 
1 

Jim (8-3-7) J!1-~~~1¥..I1ifi!, mt:*itE~~taitl1fWi--tlf, It 
tl11 it~ 9t 1¥-J tt, nr H!t£;t; jft :0:: --~ JE tro ':7 ~ * 1G * ~ 1itfi o 

til r JA~ .m m~ 1 t {J(J if:k -r 9t J¥.J it , ft tr1nrre . "hn lit¥" tro. 
J£mg.mJJJRt'J)~n&~-=filtl:, JA (8-3--4a) ~ fffi, JFfEif!J 
~lckl< 1 ·, jn:W;F k-1 (Z) l£iltJ)#J{U:, MUP, k (Z) -&ikll"ttJ)-'ft 
-fflo Jb1~ F 1 {Z) = 1 ~iittJ)#J{)L, 1lffl~JIJ, flffi ~ Fk 

(Z) m&AltJ)if'n{ft:o flil~ F(Z) .. ;i:lift.J}'\~{M:, -=f:J! F(Z) 

. t 

.. 



' 
.. 

.. 
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iiJk.(}A 'E.R9it F (Z) F (1/ Z) !&: gt li9it~ (~ Jllti 1'- a9 f£ · 
nt't) *ifJJo ~ji~f)]~~,bk F :f<m- Go ~fJ1*~{9JJ To 

~~~a91it9~.t£Wi1'-*~'mzt? <J\11118-9) ,JA l'iii* 

)~ ~•ru 
t't 

k 

~~~ 
c2 

Ck 

I \(Z) F(ZJI 
I \~ 

. Ill 8-9 

~~~*~OO~~~·~~~~~Ati,aM&~M 

7 --~~PftAM, ikMIHL*~i7£nqf£ C(Z) , i! Milt nq fit 
T(Z) o 

~~~' ftfiffl~W~~&*m~~-~ 

r 1 ·] 1 
1 c <Z> :::: v:l'"kiit 
L 

(8-3-8) 

~M (8-3-8) ll9~--.-t1ili, Jitfij!t-JiJt T (Z) 

r <Z) = . vzk rrt <s-3-9) 
F(Z) 

1fH!ta:W:5LA. (8-3-8) rm~-=:~Jifl, ;Jtf¥J.ftlmti:M~i1t 

· # 
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.(8-3-9) ~ (8-3-10) ~~-EU:~~RfW1~ltttLII~1f~~o 

ru;f~{rJ§aliif±l!illtM~tlt· C (Z) ~~A~ti1t § ~ P"J~:fi&, 

i!~~7g (8-2-13) ifii#tlfH'l9o ?lfnmi!i:, iiit 

1 - C (Z) _ 1 - G (Z) / F (Z) 
1 + C(Z) - 1 +G(Z) / F(Z) 

(8-3-11) 

~ruT-~~~~~ao~~~anw~~M~~~~~ft 
MiJIC(Z) *liltliM~fl Cj, #~008-·9, nJlli 

[ 
1 J 1 [ t c1.Z J [· UJ 

c <Z> = t~r.vz c" z D ,,_
1 

(8-3-12) 

c cz) tr.J;g--~~f£J! ckc;!hk~~nmi~Rffiij)~~, JA 
(8-3-5) ·.P ·Ufiif~lli J o ~~' (8-3-12:) q:ttr.J~1€W&t§at 

mT 0 k.ttamw~~ift.~ (8-3- 12) , "Rff!Jl:l:\ uk-1 cz) ~ 
Dk-1 (Z) 0 r - 1'-.liM.lifl Ck-1 ~![~k do/Uo, .@fk).,{lff] 

iif~J~ffi'~i!frr-*, ~lliWffltt9 cko· 
~oo, ftanN~~~~&M~-~~~M~m, an 

Z"F ( _!__) z 

_ ZkG(l/Z) 
R (Z) - + F(Z)- ZkG(l/Z) 

(8-3-13) 

(8-3-14) 

.. 



• 

A(Z) == F(Z)- ZkG ( i ) (8-3-15) 

.h(Z) $1 F(Z) m/!:lik!J,~-&o (8-3-13) !IDf.; =: ~ 1ifl 
~m7~ftlt9ilt, ~ 

E (Z). == ZkF (1/ Z) + C- G (Z) + ~ZkF (1/ Z) JR 
· · vz_kJlt 

ZkF(l/Z)CF(Z) -ZkG(l/Z) J + 
_ C- G (Z) + ZkF (1/ Z) JZkG: (1/ Z) 

A(Z)vPITt 

m cs·-3-7) ilt.fiiWift, mm 

E(Z) = (8-3-.16) 

D-U 
D+U 

- 1 + R- (- R) = 1 + ,., R(Z) (8- 3-17) 
1 +R-R '"~ 

_ ¥_Rj8!1i: = 1 + 2 R 
ffijJ = 1 

:~rrW!Jn~, Jfipi~l¥-J#m~/iml!f fi ff ff, mrJ Y (D- U) I 
(D + U) M~~~1tj!Jt~kAffiJJ, j!f$ ;9 "~ ~, , 1£ 

~11. tJL (19 ffil fl 0 

~~,a~Ere~~w~&M~~»w•~~~m-% 
To~-~m, a~~m~~B~~~~~*~~M~~~ 

#.1Rtl1JII7 o 
.. 

~ :s:.J 

1. t£00.&,_9'ft, ~ cl:;: -i-1 ca = - + 1 Jk c~ ='-to )jt 
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T(Z) lit C(Z) Wi~JJ!~~lto 

2. x-t ---Jf.Pii ,flMJlti~~~ t = l + c, t' == 1. + c', 
R c == - c' o~lll8-9 H9-~ft}flti, 1flll~fJJ~lt~~J!Ie?~fJij 

3m, tiE J9j 1 - r (Z) T' < 11 Z) = c (Z) c < 11 Z) , ;x £ l-t ·1 -

ff I :::: CJ l¥-J ~ 1t 0 ) 

3. Y£1Jij: T(Z) fit T' (Z) · ~-1~~- mf-=f M1 ~ Jjlj 
~~, :.1! fril--i1i~ o # M£it ~ m. ~ fii1 ~ ~ (f,~ Ji PI J;J- 1r m tn1 (J{J 

T(Z)o 

4. i~--'l'~ttJlAti~J-...~it~J:, lie~ & M I1t ~ 
C(Z), li1J---...J~tf?1iiff9!iti~fl:l!ft~;t ~m~ftii ~~-t-

~ti~, -~-fl7~~' ~~~~-~~, &M-<~~ 
c l't-Jpjf£) ~~J!~~f¥-.11 

.! 5. iil\f$14(:1! 
tJE----t~~rmJ:~ ra 
~(=f .Ja~Jlt~--~

~~0 1f--~trtthA -rmr 
..A~Ml:*C~OOE 

!,/' "{ 8--3-5)otit~F(Z) 
III 8-3-5 ~l G (Z), 3!~~18 

~S~f{(f9jJ}j:JG-o ~ 
. . . 

18¥ X~ P, JHY£JY) P(Z) P (1/ Z) = 1 ~J:n~*~~f$(1{]~ 
*o X~ E 1fft~~~IYe'l i!fft~~~~JY)71[:i~!mm!, 

ftP11il~~lltB:I: Jlf~Jlf~~ o 

6. YE IJij 1 + R (1/ Z) + R (Z) == (.~:1: f§ ::;.. ) X (Z) 

x c11 z), ;Km~Yl afrJJifldJeJ!t-ttroitf!iliJ.trlH ~tF § lH~, 

~:f< ili liM a9 l&Si1t dfJ ~0 
7, #I»JJIIES-3-7, )f~Rtti=R"Q 

f . 

•• 

.. 



• 

%17 

<"a---'-1\ 1_-R ~\~-~~--:--~ 
't, _______ __.. ____ \...:..-~'-
c, ____________ _ 

II 8- 3-7 

s-4 lbiltitlJliM~fifi 

f8¥t;R;3a~.&fi:illi, 1\}jf:J!Jb =fLJ}\Jit (Kunetz) 1i flC31J 

(8-2-9) ffi~ 

1 +R( i )+R(Z) = ~: E( i )E(Z) (8-4-1) 

E(Z) = vZkllt' 
A(Z) 

( 
1 ) llt 1 t 

l +R(Z) +R Z = A(Z)A(l/Z) 

ffl A (Z) ji~l:AWiilz, f':£ 

[1 +R(Z)+R(_i )}<Z)=- .ITt't 
AC}). 

(8--4-2) 

(8-4-3) 

(8-4-4) 

I§~ A (Z) :/!Qij,~'fi[:, . A (Z) P!k.J-~:}91/ B(Z) flit 



.. 
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A (1/Z) =1/B(1/Z) 0 )Affjj, (8-4-4) ~~ 

C 1 + R(Z) + R(l/Z))A(Z) = (ilt't)( 1 + ~ + ;; + ··-) 

(8-4-5) 

~mm~z~-~¥&~-~~~~~m•, an~w
. /r'=:gm~J't.J1imtlf, ~:kll (ro = 1) o 

ro ,., ra rs Ilt't 
,.. ro ,., ,.2 0 
,., ra ro YJ . 

1 0 

Ys ra ,.. ro a. = 0 (8-4-6) 
,., rs ,., ,.. a a 0 

• • • • -Cs • 
• • • • • 

tE (8-4-6) a:p, !ltfni1Jt1T~m~~~~$H!!i~IS$0'e_. 

1i~fflW<if~-=f;J-Mfi:IBiiWJIM'r~J-¥~Jil9, tt-, - cs J!~~ · 
A (Z) l't9Rti*i?X~f£MAJIJ (8-4-6) !l!fi"J o~iiE~J!~ AI, 
J{JiJft F(Z) fJl G(ZJ ~~ A(Z) , ffii F fU G Jt Jii:t ck 

~~ffi*o ~~--rf~Jm !I!~~ 1£-Jiffl (8-4-6) ' fll m 
cs-3-8) a9*·X~1J~, afnittRJ~§ar~nfRimilt*t+ JJ & 
M~f!To 

x-t (8-4-6) ~-!klm~/ifiHi1tt~S~J~jor~ mtt e. §at 

*~~liMMcltft rh r:., fJlr:;, ~{(]~k}_~~j!~:fjfl, kl-* 
A, ~zPJfflli.&M~f£ cso ~)!7 A, (8-4-6) ~ff.J- 5 

~1il!i!nJ ffl*t+- r,o jn*i!-'r-~JiiY-JJ!~-1'- ~ ~ ft9 m 
~' --&t-f&:i67 • :!m*~~iX~IBl*, JiJU~Nlli~ --~ - . 

&M~f£ Cto ffii c, ~tEre (8-4-6) 1if1JA 4M"tr• ~J 5Wt 

f 
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1 a, 

1 01 Ca 0:& 
+ 1 -c,a 02 1 -Ca

3 a a 

a, 1 
a • 

COMPLEX A,C,AL,BE~TOP,CONJG 
C(l)•-1.; R(l)~l.; A(l)•l.; V(l)Ql. 

300 DO 310 I•l,N 
310 C(I)•A(t) 

DO 330 k•l,N 
J•N-K+2 
4L•l./(l.•C(J)*CONJG(C{J))) 
BE<(J)*AL 
Jll•(J+l)/2 
00 320 I•l ,JH 
TOP•AL*C(l)-B!'CONJG(C(J-I+l)) 
C(J-I+l)•AL*C(J•l+l)-BE*CONJG(C (l)) 

320 C(l)•TOP 
330 ~)~~~E/A~ 

::: 

. 111 8-10 

Mfil!Dl~bliltiJ A CZ> lt.Jiti~fl ck l¥Jfi 
/¥o i:f«-~l£1f~l¥Jo 

COMPLEX C,R~A,BOT. ,CONJG 

C(l)•-1.; R(l)•l.; A(l)•l.; V(l)•l. 
100 00 120 Ja2,N 

A (J)=O. 
R(J)•C(J)*V(J-1} 
V(J) 2 V(J-l)*(l.-C(J)*CONJG(C(J))) 
no uo I•2,J 

110 R(J)=R(J)-A{l)*R(J-I+l) 
JH.•(J+l)/2 
00 120 I•l,JH 
BOT•A(J-I+l)-C(J)*CONJG(A{I)) 
A(I)•A(l)-C(J)*CONJG(A(J-I+l)) 

120 A(J-I+l)•B2T 

00 8-11 

~~-Tms-lofi!.J¥tf.Ji!~RiH¥o ».. c 'f•w R 
~Ao 

.' 

1 

Ot 

-a :a 

0 

(8-4-9) 

~· 

(8-4-9) Jifl/!Wi 

Mma9~*' 'em · 
J}}j1ff~ §aJ Ck+l fM", 
tat M re Ak+l <Z> . 
f:i it~ Ak(Z) o 

it~ittfi~~!iell 
tJ9 fllf .!\!, 00 8- 1 Oo 

hA.cJitRfrl A M1 
--'1'-if!~J.!I!fllf~ 
008-11 0 

ll Jfi' iJ: ~ 111 
~~ :fCil fit! ~fl(ljfffn 

It iJi{ ~ lilJ Rio liJ 
8-12~1Y:J 7 "*~ 
J& ~ JL fii1 thl :i!" 0 j! 

.m, ~rW.AMt¥-3 
1*/lPBfJJ--~sft 

~~f!J¥~1 Wt fl:! 
Tf'm~o JAjfij, ffl · 

:ff-r oo s-12 rAJ~ m 
~ilt, W:l!m~JtP 

AMm~~~~~~~Wt~mmm~lli~o~~~~~~ 

~~m~~~D=-U=XW, -m~~-~~~~~~~ 

f 

• 



• 
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·-xwf 
> 

w/ \WP 

m s-12 / 

M. riiii*tro 9:>'CAMtr.Jxfl.\ttf!llJLfiirtf~ o t£JJig , i1ttf.J.~fn ;9 ~' 
~•~a~~~••w5h~•o~fi•~~fi~~-~m~-~~~ 
!ltf.J~:j:~·o 

(8- 4-10) 

(8-4-11) 

(8-4- 12) 

• 

~#m~m~~T-~~•w~~oc~~) ·~~~~~ 
t-fi*lagJtBffffilt~o jlfFI¥-JfUJii£, 1at!~r ~M~f!a9t!iit, NP 

(8-4-13) 

£e&tlif~3#i:*J, xt~m~~!I!Ii.M~1r£ Ck ~ftlitT o~T 

~{Bf!.~ ckfll*)C~jl~tfllli~(J{J Ck tffiii*~' ~ffl* ~ 
5( ---r f+lll t-, t£ k = 2 P1 
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~ . 
.¥1 Xo 

Xa X1 Xo 

(8-4-14) 

Xo 

Xo Xt Xa 

Xo Xt Xa Xa Xt X o 

Xo Xt Xa 

ro ra r, [ 1 J 
c ( 0 aa 1) r. ro r . aa 

r, ra ro 0 

(8-4-15) 

. 
~tf:~lj}fl ( 1, a1) mJE. 2 X 2 ~tJfj!·~~o t](lffi*)C~ji 

~, (8-4- 15) RJ~~ 

(8- 4-16) 

~t¥, ~fr111J1t l:H f+ • f.+= f - • t - = v, ~J Jlt, Ii~;J-~ f£1¥-.J 
*)C~ii.ffEi!"iiJkA~~ 

(8-4-17) 

iaf!~JJ1ii!ln*x~~m11i!:Z.~fiil, :t£-r1a t! ~ *' 1 
(8-4~14) l't-JWj~ffiL~~~PJiijl}9~~JJto {fjf-t (8-4-14) p.g, 



• 

Z.ZJ 

[e+] = [:r' Xo J [ 1 J 1l [e-J [Xt x,, J [a1 J (S-4-lS) 
%s %1 G1 X2 X1 1 

~~-~~~*~~-~~*&, m~~~~*~-~~~ 
m!tf.J~*~*$0 ffiM=f~Ni?Yfi(f{J~~~*f-f, · ?XfflJiliJ~jk 
~___..ro m <s-4-14) *x~n~lft~~rW.~flm*w~m 

~~~OO~~M~Z*~~To~*$~~m~, ~~-
~~~om~m-~~m~E~~-0 

IS >J 
1. -~~~&&M~--~~~-~-~, ~1+2 

R (Z) :lE 1 + 2 (Z/4+ Z"/16+ Z 3 /4+ ... ) o li1l: Htr~~ . 

&M~~~ft~?~2~N~E$~&M~OOT, ~&M~ 

!tt7t db~ m ~ -r --1' F.i~ft r&·? 
2. ~-~*~OO~OO~~g~~00~~~~~~-2 

~ X<Z) = 1/( 1 ~ o.1Z.+ o.gz:> 0 ~ttJlli;Jt;MfaJPErf£, mm 
;it~ !ij ~ * R tt ~flit rm o :tn * x <Z) ~~ lli -=f 1£ it~ 1"'00 t¥-J *' 
~~-~*~*~~~~-~~~' ~~~&M~~o 

3. t£*-!i!faJ~~frn-~71~ bo+ bi f!~- :ttl! -le ~ 
B(Z)X(Z) == 1 - Z + Z"/2- Z 3/2 + Z'/4- Z 6/4+ Z 6/8 ~ · · 

Z7 /8 + ···, fRJ;Jt~~ift~fti{J}{Jlfitfll]~~fl~ft~? 



~fm~*-~~~,m•A~~m~~~~~*'• 
jn: Jtf~~ fl!.~ilt, filfftJJ~, J&Jt,511J~'~ft~1ti~~, 

~~~~~rft~m~~~t~,~-~,*~,*~~~ ' 
-,~~0 ~~~~~~~~~zoo, ~~·~~~W$A • 
~~0 ~ff]t£j!--~il!lli~~1l'-M\~-"~:~J!t~, * f\St 
?J~Jijfi1t)!--~~:Wo 

m~~~ft~,£m~~~~~m,~~~~~,ffi~ 

ft~, ~f*tE~, ~Jt, ~~' ~ftJ!~(a]'~~ ~-- --t Pi 
' ' 

flo ji~*Jflill-FJL~~' ~Ji, t£ftEf:jt~;lffJ:fiJf~!&*4t 
i!IJit, & RJagjij~ifii ~~0 

9-1 mlfto~r~mY-=ItaRtfl~r~m 

--~PJ ?t~rJllJl-'t~ilo 

f;'-~s 

~-~~re~~~~~@fl*~--w~A~m~£*~ 

. ~~~mm~~lli*o ~~,RJ~M-~--~m~ru~* 
~=~~~--~nfi~~N~W*, R-~lli-~~-~ 
~~~~To~~*~~m~nm~~~~~~lli*o 

.t£Ff~J:, ~ltffib p Ci.ft±: *~~,, ~F*&lK:frffi 

jJ~ff.~' J!Jt p ~~ffi%1) ~5l~J!fi:l:~~t p 1]~~* tt-11JJJ 

)! 0 ~ T 1J {j!' !it fl1~fH~ Z4JISfl $U t£ X, z if ilii.l: Q ~ u ~f w 

ft~;!Jf(J{;xfJlz7}J:,~m 



p au =- 8p 
at ax (9-1-1) 

P aw = -- ap (9-1-2) 
at az 

~~m~~~~-~m,£-oo~~~ag•~~~ffi 

!m-* K ~-TBi:JJr~-*U9n& 

ap = - K( au + aw ) + s (x z t) at ax az ' ' (9-1-3) 

i£ (9-1-3) ~, ~{(liJUT ~Jt.ffijJiJX s, j!JkJi.1Jn ~ m ~ 
~~tst£-~~~~~~~~J ~~,~~~7-~ 

~±~,re~~~&W~W~~~o~$HOO~~-~~m 
~--~, ~~' ~-A~~~~*~~~M~~~~~~ 
&txc ~J!"'fltl£ 0 1!-fi--~, it tn -&. RJ k,{ re ii1 :1t il 1m i! 
(9-1-1) BG (9-1-2) ~rft, ~it, ,R~~ (9-1-3) !1!5Jj!-

-t i!Jtif Jt:?}J& glj ij£ --~~* !«J!I!o 
~::?Y: 

re-tt~~~~~~*~,· ~~~~~§~B~o~~ 
ittfl~/i'1if1~fn u, w, p .3.-'l'*§alfl:o ftlnfe K, P lJl s 

~~B~o~-~~~@~~~*~~-~~~~o~~~ 
~~-gme~: ~~~K~PR~~~z~~~~~fl 

~-T x *UG:J!~fioflg.:.*J;!®~t£1im lf19~1fcl-tr x fat :1! 
t~,m~a~A~~-ftmx~t~~~~~Mo~~ 

~f£ K ftl p -f.lt~.:P z ~~~~f£-~J, ~{J1~§alm~~ :z 

~~~f~Jtj~~ll"JWo 2:;£.!eaff151 ftiJI~ff~2Vo 
~f~?Y: 

~A~-~~~~oo~~oo~~~#m~~~,-~m 

.. 
I 

' 
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m, :t£ C9-1-1) , c-9-1-2) ~ (9-1-3) l=J:tiAtr~JftfA · 

u(x,z,t) 

w(x,z,t) 

p(x, z, t) 

s(x,z,t) 

--

U(k,z,ID) 

W<k,z,ID) 
P<k,z,(i)) e-iwt+ik.,.z 

S(k, z,ID) 

t-tA£m, r~z-m~t, ~JJ 

;g~rn~: 

- i(J)p(z)U(J) = - ikxP 

- iwp(z)W® = - aP . az 

(9-1-5a) 

(9-"1-Sb) 

(9-1-Sc) 

fflftlfcnr!iA**§alfio (9-1-5) 'it, Jt ~ 1f aP_Iaz 

fJl aw ;az -~JJ\, *~au /az o 3!~'*-' u ~--~1m ff 
ffl~ft f£ 1i ~ * f~ *- ~ ~ JCo a f{] ~~ (9-1-5a) ft A 
(9-1-Sc) *fi~U~--Rlo 

~li?V: 

re ajaz Jji$~l:ft]Jl, tf!3ffl~~l.J!m~3JIJt;3Jl, if~ 

~*~-~-~~~w~, ~ ~ 

aP . w -=amp az · 

a w . ( Ct) - k'x ) p + _§__ 
az =s K GJP K 

• 



.. 
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~*~~ 
~~~w~~m~em~,-~~~~-~~~w~~ 

-~#tt7}1J@ 

8 x =Ax+ s az (9-1-7) 

~*x~~*mM~~~~~~-~~t,A£~~~M 
· rm~*lll~rru~*,- li*flr~ffl\iimtl¥-J-~ m ~, s ~II 

~~:l:~fl (JiJ~~1f~--J91) 0 

:t£~ff1~jfft¥ (9-1-7) ttJ1iiRz ~rrr, ~fn~S$:1l: &P & 
~w,~-~~~~~,~~~x~~~~~ME~~~m 

.fto~T~~-~,~~~~~M-M~~~~o~~~ 
~' A~WA~~$~~~~~tto~~~ftm~~~~x 

~~~~~~~~~~OO~~om~H, ~fi~~~~ ~~ 

X !l!Itifa<J-~~$fa]rt)ft'£~1i **' dxfdz-= oo, ffii (9-1-7) 

H::t£--~xilt~ii.m, J!Ul tm dxf dz ==Ax, rm A fJl x Wi-'i' 

-~~~~~~0~*~-~-m~~~~~~~~~~o 
n: "m 1m zv, ~ tJt m *' tr.J ~:lC ~ 1it RJtm tE~ ttJ ;zz til: :1! fallfr 
(190 

tS >J 
I. ~-=f~~{ftff§!, (9-1-7) :l!ft~*ftmW:tt? 

~ *1t:Mti:II CtJ!:tF: ~~ (10-1-1) fn (10-1-2) 1Jfl) 
2. Jfl~~Wi'B& ~ (Maxwell) 1i fl., v xE =- tJH, 

-
I 
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V x H = J + e E, Jlijt~~#, J =a E, ;Jf;if:t a J!if!~Ift, ~ 

a I a y = o , ~ lli ( 9-1-7) 0 

3. Mtfl1~1!, ~.-1a~~i:~ii1f ~~ 1tfft vcfo =- E ~ 

rt!,, lt!iJE~ttD£~-T~ v·J = o 0 ~~~~t, m -r jjt c m-r 
~ -r~ ~tt -r ~ ~J&~ Ji!tm ~ ~?t !it n ffii nt a9 --1-- lt1 vre~t) , 
~4b~tli--J9!, J = aE + -z-V o -rei)E~ 9al ii V o ml ~a_ f1l r . 
~£~it, J'nJ (9-1-7) R::ft~WA? :Rn* a~ r W:l!i€~ 
( tt:ffli~, 1l~~~tr.J~~~1fiM!) ·' iW!J~J!J]iuJ fiiJ l1i: fj it 

lJ? 
4. tEftfdt~ !I!, (:/Dllf) curl H = J ]}.~ (ft!t) div 8 = 

0 ,' ffii B = llH o ~ J :*-JB§at, (9-1-7) (f(JJ&~~~? 

5. 2/i'- Jlf91Uil!fi~~~t£1illlil¥-J~f£f1f:jfflo ~r{£~ · 

~.. ~ ~ ff.J :k ~!I!~ :Pi i1t, · ft ffliiJ ffl ~ iJt -fli! 

· mm~A~~~~~ft~re~-~~~--~~@0 ~ 
- ~.Jj(ifl-1Jnj8{JJJ{~ 

du = au + au ax + au az 
dt at ax at az at 

= au . + au u + _au_w 
at &x az - ,., -

~Ji:bJl)!T:Dl1J~{l;...{(J{JJ]Ifo 1!f* P' U ~~ W {l9=:}Wt lJlo 

6. ~ilfqt~lfi=:-1'1J@: ~--Ji'}j,~, (Hx, Hz) ~ 

=f1i~.l$ a *I;Affttt9ialt-lt<a~, 8z)T o -:::~nf£1£, 

':W 
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ifllt'~-=fft.tfaJtltitli*U~~ C ~~fflt~~ilf~ftlr axHx + 
azHzo iiA~btM 

[HT J _ [T(z) ]- [!(z) J. e-icut+ikxx 
x - 0 - H x (Z) ' 

H - - . 
a lf,(z) lf, (z) 

(a) 1t7'C, ml~ T 1n H ~~' ·flilli T'"H (19-fii;ti 
nmo 

(b) ffll)f:TfnHnvl.ie (a)$~, teTfrJH~n 

(c) fi~~~~~~*~fgitfi;~ft~~' flfl 
a= a 0 (z) +a1 (z)T 

c=c0 (z) +c1 (z )T 
,.., ,.., 

N~ (a) fll (b) o ~~~ T ~ H !I!MJ.if.JilJi~ 

1. ~~--tRJJli#ifagiflf*~, ~E'EEI~ff{Jm::i:slntF 

Jfrrrct£~~~»*~, Ji1l (9-1-6) t't-1 ~~{&;f-f'l 
•• 

tJ!.~: pV = VP- P.q i4.7:1i 
v· (pv) = 0 J.lltit 

p+Kv·v= o ~~ 

v·· g = 4nyp m:JJ 

9-2 fi{RlR?}~~ 

-~hmm~~A, -~~~~~~~~~~~~~~ 

~~*~o~~~"~~~~~,~m~M~m+,-~~ 

-~~~~~~~~~~~*~~~~~om~~W~~w 
.fl\t:J!~1ti(S$fl~1Jfl {9-1-7) ~~~:thN:o ftj'C, ft fJ1 ~ 
W.IYJ~fnl Jfiltfii:tifk)jtft (9-1-7) l¥-J:ft?J-1€1$$, IP t< -~ 



~~ffi-*~-~~re~~MoMm,anN~*~m*~ 
.ftft.J~~tf?}l,;fe~/W;#JffWo~fl 

:~ = X(z+L'1;;-X(z) =A(z)X(z)+S(z) 

X(z + l\z) =(I+ A~z)X(z) + S(z)6z {9-2-1) 

~:xt;Jtt;--~Jl::R9 z ~lli T X, W.~, (9-2-1) RJkL JH * ~ 
ff~z~~*ili~~~~Xo~~~~~' ~~RIU*~z 
= 1, #-~.Ar~*~$ z ~~o ~CI+A(z)~z) ~~ Q(z)o 

mu (9-2-1) nt~ 

X:= 01 (QoXo + So) + Sl 

= Q1QoXo + Q1So + S1 

Xa = O~C010oXo + 01So + S1) + S: 

= O~OtOoXe + O~<Ot·So + S1) + S: 

X4 = MXo + T (9-2-2) 

.@f~_A, -~fi--.-t~ftl:~~liJU)E~~~ ·~ (f* ~~?};a 
IS$) R---1'~11: T, *Ji: T 3ii:tr~re1£Jroi~~t;h~ 7G 1:3 
~g~~~]C!J*~t§* 

Xzm = MXzll + T . ( 9-2-3) 

~~~m~m~~~~~~*r~~~~~~~lli*o*M 

, 



• 

ww~~~~~~m*m,xa~-~*~ffih~~-&3 

~~~-~~·0~~~~-~m~m-~*-*MB~~ 
§ali!!t.J o IE Jlt, (9-2-3) *~ 7 *fflm:_1-*~fl .~ Wi 1- 1i . 
fl, Riff~51AWi/f3ftJf~1tfM, 7t~tf4ffij!IPJ1ill9Mo J(n 

* ~ ffli-1it*t$ J: fJ"J rt i1i, < 1:i fttr.J) ;tz ~ ~ f4: M :1! re* ~ 
W~ffib~~o, re*~~~~~~&3~~~oo~~' 

{9...-2-3) ~;ft~~ff:¥t:J!1/i-'J'1Jfl~pij~*~flo ,bkffjj, . ¥t 
n-Mill*~00~8~a$ffib7o ~~,reM•~~ffih 

~&8~~~-~Tom§~-~~~~~~~~~~~-. . 

~~~; ~~-~~,a~~-*~~~-~~MNW~~ 

ff$o . 
~*~-~~-~A~M~~tt, X&~~~' H~~ 

~*ill $l7}mWtt.J 18¥f1flto ~~iX~rn:~~~Ji 1¥-J __.~fJt7} 

~~' ~~~~~~~ ~~"mm~"om~mftA~~~ 
liE~ 

X _ CA(z- zo))X 
z-e z 0 

(9-2-4) 

A(z- z) At.(z- z) 2 

e 0 ==I+ A (z- z 0 ) + + •·• (9-2-5) 
21 

f£~r'alt%--t'IR~~' A~ z :&~flo ffilllt, eA(z- zo)~ 
n::m>JtttJ ~7}mWo 1€~:lifl~~iii!1: (9-2-2) I&; (9-2-5), 

~-5**m~5-~M~~-~~~-ffi*o~-$~, 
afi~~¥~,~~~~~~m~--~W~fi-~~fi• 
auml~o· 
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5 SJ 
1. ~-T-i!Xi!T~~JL'~~ilur,- Qk . 4f=fft~? 

X (z + ~z) _ X (z) = A CX ( z + .6z) + X (z) J 
. 2 

d 
dz X:;: AX (9-3-1) 

~~X£~m~~~*t,A ~*~~z~~W,~*~ 
-. . ft~zw~re~mo~~~~VA~m~~x~~--~ . . .. _ 

/if$$R 
· V = RX (9-3-2) 

~~j~---!H.tfi~Jf:o ~qt R ~~~ A 1¥-Jf-jlJ#fiEJRJ :I:l'I"J~~ o 

R (t.J)g!, ;{! A (19~1j*f{iEIPJ :Itm~J¥-J1€~ Co ~ C ti:~ (9- 3 

. -2) , ;fljffl CR =I, ~{()~ (9-3-2) P9i!~~~ 

X= CV (9-3- 3) 

· ;!»tkkiifm~5c V *~~J11!~7C X :l!flJfl~o 
re<9-3- 3)ftA<9- 3-1)., f¥J 

(CV)z = ACV 

CVz=ACV- CzV 

~ R ft~, ltlffl RC =I, m.Hi 
Vz =·{RAC) V- RCzV (9-3-4) 

~~afi~fi~R~C~~~A~fi~~~-~~~W~ 

tiE rntl:m~, m ~~ fngt nr m *l&m: ff.l X4- ffJ w " * t1 ~ 

... 



• 

2JJ 

RAC, RP 
Vz = AV- RCzV (9-3-5) 

~£~~~~~~~m~~~ff~OC~M,ACMWC)~ / 
z 1G~, (9-3-5) !I!Uft~ 

d V=AV 
dz 

(9-3-6) 

~ffij, ·(9-3-6) f}\j(f9Pf£--1{!~~1'X>tif.l~, WfJ;A, J.ftfe¥*:1: 
V~41'~~~~m~-~T~~---~~-~~RTo 
~~~~~~-~mM,~m~~~, rev~~-n~~x 

fJ i1l fl:t r fi i1t ~Jt£~ ~1ft ttt ~ ft9 o j! ~~~x 1£ ~ 1J 12( JIJG.M7} 
M~~,~~~~' -~~~~li~fflofrafi*~OO~o 

tE 9-1 :w, aflurititlfi: tE_.1·xltiK~rFF~liiJM 
l%mW--M-tJ&~1if11f~rw~ 

d [ P ·J [ 0 ia
2

) [ P J 
dz . W = ib2 0 W (9-3-·7) 

(9-3-8) 

(jJ kxl 
bZ= --K (J}p (9-3-9) 

(9--3-7) iti~fl9JiJ~fiE(PJ:I:~~ -c fllfi~tiErru:lt~ ·It$ 

R ~ (~r~li£) 

C= [- ; ; J (9-3-10) 

.•, 

• 
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1 R= -
2 

1 

1 
a 

b 

( 
-iab 0 ) 

A= RAC= . 
0 +tab 

(9-3-11) 

""ffrllt~7C D ~g-r~fifm iab, ffifl:fti1£~:Je u ~~-=f 
- iab 0 ft1I1~5£.J:fiiltflrrfiilt~ 

1 

1 
a 

b 
(9-3-12a) 

~~,Mfi~~~~*~-~re-~~-~~, wx~ 
~~~~~~~·~~~~~·~~,J:W~M~0~~ 
flfJo J!-~tf, (9-3-12a) t€tllitr.J/t5£.~J!~Jll-mJo 1£J!f'Jl . 
it lR. r, tH ~ ~ ~• flif .:r ~ J:: f:r i1£ ~"F fi ilk:Mt m P MI ~ J1l! 
:1:~ 0 -roo Fr.J i!:* ~ ~~ fiT JA u fn n ;Jt ml4'Jom ~ 5t P fn 
w 

(9-3-12b) 

M;!-1'.~-=f~ll\ffiJJ P:!!: rfri1t:hnl:fJtlt, ¥1i::i!JJ££b/a 
*kA 13 f(]tf.J 1Ao tfli )t U frJ D 'fttJt~ Jifl (9~3-5) JJt f£ Jtl 
7 

: 
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. ( :...L <b!o>. 1 
2 b/o - 1 

(9-3-13) 

;fNtE--~faJIR~ll! b/a /F1tt~r 2~, · liliJR~-ili .1\t (I{J 

~~Mittrm 

(9-3-14) . 

F~!miJt, ~TiiEf!Jl~ U ~ D tntl:miPJii:lf(J{]!~~)E)( 

~J:~i-iiifnl'triJt:l!JEflfu¥-J, ~fn~~Jtrf~rrfi?R n A 1f jn 

"""FW~ 

d( t) 
_ - irot + ikzz 

z, -e . (9-3-15) 

~*,ro~kz~~%~~~~~~~, ~~~z~t~~ 

1f"at, {J}~~-~~~f;J:(~-=f u, cu ~n kz ~~% ~ a;t~n 
.li) o ~~~m, kz=ab ---:iE:~lfi w tf,~~-~o ~~ ~H!

~' afnllk (9-3-s) ~ (9-3-9) ~~H¥-J¥1im 

(9-3-16) 

~ ¥ 1( ~ jl (19 iJt, 1f kx = 0 , tt kz = ab {~ ~ kz = CU 

(p/ K) Y2 o fei!-1' {t{ it A (9-3-15) RJ. ~ ~tl, tm :!if! z/t = 
(Kjp) 1J2 , mflll9~-filffiif!~~~o l!~itf~T, ~ffli(Jq$ 

lilli::J!Jl'~tf:tilifl9 

v~( ~ )~ (9-3-17) 

~~~~~ 9-J ~mrYJ, tE~~fllM~raJfi"J;rQ o a91E~~ 



236 

m 9-1 

~Jj!Eifiil¥JM~ftli1t.o ~X $1hJ:lf~((.;i1t~; Ax ~tE Z ~J:
JIJ~iJ£*: ).a: Wi-1'-tiHtta-tlM~~ftJrt-Jilt* A ~*@~o ff!flf~, A/ AI(= 
sinO fp A/A,.= cosfJ, JnJ,:).~(a]~$k :: = 2tr /A,. ~ h:z = 2rr /A a: t1 Je h2

1( 

+k/= (2tr/A)" =ro"/v'~, 3!1-:X:~~, lii7*~F1r:ffJ=jij~ itlrt-J~ ~ 
<~~sinO= k,v!ro>z~,i!~ilt14r:tifiHe# JI!At5f~o ~it$ <Snell> 
li::#a (sinO) /v ~-~Jlj§}-~J!*U~}¥], i!~-=f i~, k !(J) t£4i - Ji 
~~~~o~oo~• ~ a~-~w~-~~--~-fi*, ~~am 
00~00L·~~-~·~~~*-~!¥J . 

. (} kxv stn =--
cu 

re (9-3-17) fJl (9-3-18) -ttA (9-3-16) , ~ 

kz = ab ==· ro cos(} 
v 

(9-3-18) 

(9-3-19) 

JM-rm mf£ (9-3-15) :J!jl m:~¥-J 0 ~JJt 1f!J~tr.JP1raJ P11~t, 

(9-3-15) lt16~~ :lm~*I!X:fJl7}t9*, lkA §ffl JE·~ ~ ffltf.J 
~ * 0 ;jf; lX' iE :j}tfX fll tE fl * lf.t J)jj Jf~lj -:,};~ {J{j ~ - 11! fi)f !\!, 

-
~, ~fl1~~®{1f D(w) = D(- cu) o 

flit b/a ~J!ft~tltoJPtff.J~~(l9~ ~I Yo (9-3-9) ~ 

.I . 
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(9-3-s) ffi~m3f~n, ~-

b . * 
Y== (1- v 2kx2

/ m2
) (9-3-20) --a pv 

Y= b cos(} 
(~-3-21) --

a pv 

1 = a = pv 
b cos(} 

(9-3-22) 

an~~~~~mm~~~~~~B-**~~w~~ 
Jl./!~ml!r.Jo ~Jlt, ~ftiPJtftm~-ril~--Ma9JJ~~~?} 
~IS$ exp(A1 (z:- z 1) J :.... exp (A~z) (J.lfi~: exp(AJ Up eA) 0 

&m~~-~&~m,~~m~~m,fifi~ 

[ 

-ik lle 
e ' 

exp(A~) =C 
0 (9-3-23) 

~~~~mre~~m$z1~~~~~~~$z~~~~~~ 
~;tg* To mlllt, (9-3-23) fmft?ifiJ~ij ill 

(9-3-24) 

nfl <9-3-24) 1:f--~~4i!t9Mff, JA1~tf9ttlft7ftm, ~tn 

ie Rj ~A P lJl W ?5?l7ta9*lRNI'-JJbJt:fr~7tfnT'fi~:JC 
l't.J--flfl~~o ~Fn, ~ exp(Al~z) m~!, i!~~~T ;!--

~' N~ cl *~*Jt.OC~~J&: P fll w ~~:JC, 13fnttt~~~ 
- Jlr _ifij o ·' ~ R:. iJi * (9-3-24) Ji i±.. ~ ffJ (9-3-11) *' 

(9-3-12) • f.!}. 
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z = exp( 2icut1z ) 
vcosfJ 

(9-3-25) 

(9-·3-26) 

~1£~f(liif~H:\, ~~~Ji!tf"J1*~1"lft~ fl.t = 6zfvcosfJ Jam 
w (9-3~26) £ 

1 
Y:~.-Y, 

Y,+Y2 Y:~.+Y, 

2Y2 Y2-Y. 
Y2+ Yt 1 

[
z- 12 o] 
o z~ 

(9-3-27) 

_1 [ 1 
t c 

fhtt~f±l, ~)( Y =bfa B~ffcx~~~l(f.JliMli~I¥-J~Jl. 

T 

i . . 



c = y ~ - ·y t = It - I~ 
Y~+Y( 11 +1; . 

- >.J 

_ p1v1 /cosB 1 -p~v~fcos01 
- p 1v 1 jcosB1 + PDvsfcosB: 

. . 

. %19 

(9-3-28) 

1. Kt~fiErn1:1:m:ffir~5£.., L;A -M! w = n + u fn P = 

(D- U) /Yo jn*ftffJffi t:::; 1 + c · jA~~k~B:J!Jt~llft~ 

~,w~-~-s-~w~~~£llih~~,~~~~~~ 

~~ffl~o~-~*~~m~~-~~~o 
2. ffl a,. b Jlila'ilJJlt h ~lH~~;-~~~?t§eWo 

9-4 i)ij{!j~l&i»J¥-Jl[j~f! 

B:~it&ml!!i~lftB Ct£;t~~f4:r) nr cJ li ~ Ur 

W,H~~--~~~~~-0~~--m~~-~~~g 
~~, ~~~m*-re~M~*-0~~~m~m~A~
~~ ~ jij 1:] ~~ !&% fij, I! 1ll1f ll:X. tf.J 0 11[ ~}I{ ]I }t l!ffJ fl~ ft.J 
~4-M~~: ~-m~-~~M~~M~-, ~M~~~ 
nrn1~£%~~~~0~~-~~~~, ~t~~~~-~ 

~-~*Bo~~-~~M~--~~-~0 
~-~ma$mA~, ~*m~~-~A~~--~& 

~--~3~~~ma, oo~, ~~~lli~--~~~-~ 
&~ffi~~~~Maa, - ~~~~0 §~&~~-~~~~ 
JmJt 1M-, J!flttt~ttt!t~~ T, m1 ;h; ~ fll fro~&~~ 1it m ~, 
~~-~~~~~~---R~A~M~~o-~fflliAft 
M~, ~~~remM~~~~~-~~~-~, w~~-
~~~-~-~0~~, ~m~~~-ftali~~, li-~ 
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R~---'r~:i:~*'J' • *IM~~!QU ~ ~tE ffiJ -Uiill:*~ o 

~~~~~-~~~oo~~~~~~~~~~mo*~mm 

*'M~~~~~~~*~Toli~~~~~~~~~m~ 
-&~fFJfio 

· m~~x-~~~~~~~m~: Afl~~~~~~~ 
ff.J~~--f-~~1::-fr§W--=fo ;xB;'*ff, - ~.A~71-W~~ 

~~~n@~,~~~~~~~~~~~~oa~~-~F 

iJt~~Jo lflf:/ifltiQ)!~£, lltffltfiJJ: P *C.A 1m illt 8ttU 
· -iwt 

~-=f~.ffij]$n£- BxPiml:~~tfl)j] F x o ;fUJfl e Jlit(a]f« 

il*~ cl.fi±.: #~~Jm <9-l-4)~:±i (9-1-s) 0 -roo (9-4-2) 

-&~iA~fFT'"JiilMJ~J.Io ) ,~ 
- PUJ1

U = - 8xP +·F x 

ia F;::: - F X1 . l:~iiJkA~~ 

pm1u- BxP:::: F . (9-4-1) 

Fl~~:1J_.~~1iflm: /f\RJffitM$ K-ll ~k.(ffi 1J p 1m 1: 
{U:f$1ifclf a xu ~r)'r$ (~tr#!f.J) ?i :lt~:A V, NP 

K-1p+8xu=V (9-4-2) 

~t£~ {(]fflfl~~*~~~ (9-4-1) 1Jl (9-·4-2) fh~t:§*o ~ 

T1J{I!, lfll1x . 1 o ~~J:, ~ Jfttlf$ 1~~ l.!*il!i:ili~ ~ 

~~, ffi~TOOMh~, ft~~-~n~~~~o-~1:, · 
~~~mT&~~~M~~' li~~~~~~ffi*oam~ 

1 
1 - Po Ji(, 

fo 
Uo 1:0 

1 pwl -1 V1 
K I l 

Pa (9-4-3) -1 - F1 Ut 

1 pw1 -1 Pz Vz 
-l K .. ,. l Uz Fz 

·I '· 

~'· : . 
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(9-4-3) MJ~-fi~ll.Fn--fi-~V'flflt-~·f± fJo it lo 

~In f*~~!l.mo ~~{j]~~IM-, lX{Il~~~lj~ ffi )J 31l ~ ~ 
~J~-~n~~~*' a~~~~~~~~~~o 
~7 ~~ (9-1-3)' ~M.i!:!l!ffl.~Jli~Pl--*~' ~~ill 

j!Jj"~~(J{Jlift:l!~~fFIS$ (NP ~ p ~ R~-l :1! X l¥-J Iii fl-& 
~)0 t£t%31r:ft, -&~I!IJ, M~~;a~-&llf:B:=:flr~M * m 
~0~~*~~~~, -~OOA~~~~~mft~~~~, 
~-~00~~~~-mbm»~M*o*~M~~~-~~ 
Ea~~~~~~, mWff---~~~oEAft~--~ 
t~:-r (9-4-3) 1en£»rf*P'-J, kArm, ;tt~!!~~-&~x-t~tro 0 

re (9-4-3) ~ tc3t!il~t;A~~~~, ~ ~J t'J9~~:Ai!:f£9~tiS 

il::&:~#~n!W*i!I¥-J_./i'#i* 

p, · • A B ·: ~ V0. 

u,. . • • C D • • f 0 

p, -- .4 c . . . . 
u1 - 8 D • • • · 
P2 • ' • ' ' · 

• • II t e • 

"1 
f1 
Fl 
F2 

(9-4-4) 

*£l A, {1, C lU D marT1€~ (9-4-·4) l¥-J~f!J\~o J11£ 
~~~T~-~~~*,m~*-~•m~T,~~~~~ 

· f-tl:~ 4itt~Itt%FiibJ\ Vo = 1, !~ (&, ~ M (9-4-4), $ 

00Pl~~~~m~~Aoft~~-=+~~*'~T~OO 
priJI vl = 1 :Z.9~, .Jn1f~~IJ1S•il~ m ~~ T, 11~ ~, · ~ M 

(9-4-4), Yld~fJ9Bi~~M Po -&~-=f .A, ~&t£B:~tiliit 

fmo it#,. ffl (9-4-4) 'flft"J*~ D, ~~fb{(f{}~~~ffl-=f.1J 

~m8o *BJ C '" B JIIJ~JIFf--#il~~l¥-1~~0 
~~~~~~m, ~~~~~~F·M~~~*S~o 

.. -mat~m, 9~H~SA~illfillnB1f;tk~1fAIR9, ~P~IDlm() 11~~, 
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~ ffl ti tm ~ ----~ ~ ~ 4' (a] &t ~ fl itt~' ;Jt f!J_~ YNd F.!: lfiJ ~ 

[ ~: J = [ ~ ~ J .[ ~: J (9-4-5) 

ili~~~&a1i~1ll~,~m . . 

(9-4-6) 

(9-4-5) fJl (9-4-6) q:tftfii±~tl9~ F.!:J!: J!Wi ~~W1i~t!i 
~0 in*~ftl~(;.JR:--~Jfm~l¥-J~i!, (9-4- 5) ~ (9-4-6) 

J:P 1¥-J rR1 :it -E2 * 1i E $ 7G~, ;!f'll *1 Ri-& ::f; ~ ~~ ~ * 7k o f;iJ 
~n, (9-4-5)~(9-4-6) r:pttg~~*l:iiJm~-E!~ fl ~?}JArF.r:l: 
M~ffi~~~Dl¥-J-m~a<m~-~W~>o*~~,~ 

~-#~-re~~ft~,~~~,~-~~Q-~~~~m 
- (9-4-3) jj~f-tfiJRt~~ftfi:/jfl, }]~~~, jt (9-4-5) ftl 
(9-4~6) a1J~I*{J}~l[~~~o t~~~ (9-·4-3) JJ~~(f9~fij\1J 

fljj iit1f:/F~, ·Ji~3!f1:•tt$tt~~m -f;JL~$~~ 1ft RI~fl 

f.KJ£~.0 

--~tfl?ilr, ~frr-nrt:.Aie<9-4-s)J&: (9-4-6) .:P~iftH"l* 

-~ E,-~~~,~~~~~*-~ R,~~~~offl M 
ft~ (9-4-5) l¥-1~1$$, MT ~~~~~[$$, (9-4-5)~(9-4-6) 

Jtlj~ 

Ro =ME~ (9-4-7) 

R1 = MTEo (9-4-8) 

~tE~fll.hA (9-4-7) ftl (9- 4-8) Mfiil't l±t-~~m fiirlio 1t 

! ... ) 

.. 

.... 
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;fiitl~-t~Jt, rlJ~ff!~- · 
E0TRo = (EoTMEt)T = ElTMITEa 

!.=~ (9-4_:_8) ftA, fft 
EoTRo = E1TR1 (9-4-9) 

Jifl (9-4-9) J!1i.Rd~~~£*~~= ~~~*:lt.~PJPJ~ * J:. 
~QIO~~~~~~fl~~Il~~~o~-,~~~~ 
~~~"~~~~"~~~~~-~OO~lli~o 

. 'HLI o , f {f):JI.t 

f 1 2. II 

~-~!~:.: ~ u~ :X~~fljl¥J . ll l ;~ ~1i!J® 
ll<.if-!!4# I ~-tWJ~' 

I 
~ ... _____ -~-------------+--------·-..... ·---.--~--· 

I 
. r 

1/t::~~. ~ · • *ilJ;.~j] I ! l ~~a ~Am#(t.i 
. J wa =~~-tWo · 

. I 

Ill 9-2 
1Lit!-&1o 1[~t~kl$llJJl Uo =Wo+~!Wt+Ws 

009~~~~Q-~b*-~~ft~-~-~OO~o~ 
~CWhite)C32'f£·~~~W£tm--~~J-1-, ~~~mit 7 ~mMJ .. 
~~~ .. -~~~~~~~-~~~, ~009~0~-a~ 
~~1;bt't.J~m, M~-~g~llo ~--1·~i1£3 ~ 1£ ___. ~ 
~~~,~r~~-~~~~~~~$o~=~~~B~~ 

a~,. m-*~--~ffl~~~-,~~*~W~~oM$ 
~-~re~~~--~&a~~ c~ ~~~-=~~am · 

~ <*~) ~ffiJ ~-~~*~-=~-~~~~~~-
~lltifa17 ~ffio 

. . ' 
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Ill 9-3 

ti~~-~,~~~,M~~~~~~~~*~OO~&~~-~ 
{Jl.l-=f <.!\! J. E. White fi«f&-46.411~», -~X~C32J) o 

. . 

1. t}Y~ Jt~~f~ (Poisson) }jfi flx:JCR = - E, Jfl.li --t 
~M~,~~~~~~~~ooa-~~-~~~---t-& 
ti~tttlli'Ea9M< o, +, 1, +, o )0 1£~=rw~·f.!r*J1f 

~-&m~, *~~M~ ~*-~7, ~~~~lia~o 
.; 

2. ~ lli~ (9-4-3) B~lla9~~1iflo 1Rflft91r A~~ 
~~i&~li~f!)j{Jmff9~~? . 

3. ~ tli =:tt 11'--F JL ~ ~ ~ * Ff ~-a9 ~ --t--JWt«qf;t7} 1i 
mo PJ~OO (9- 4-3) HI.J~*!f.f~~Jo ~IRJ :I: (Uu Pu Wu 

U:,P:, w:1, ...... , ug, P9, W9) ~Hi27 x 27-'r'1Jfla91iff! 

fi, ~~fi~·' *m~~Ba9-~M~o 
4. tE 8-3 :p~, ~3:] 4lP 5 .f£--~gtfli)!7 Ji ~ tE )i! 

m, mijij, "1m*lBit~~1&31L~, -&r:iJ~- ¥U rn~ ff ft9ilt 
W" o *M-~W~&tEmoo~-Mt&aoo~&o~ffl~-
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1-z ~--------., ....----- W = O 

p, ul P2 u2 PJ ul 
x W1 wl w~ 

u-o P" u. P, v, P6 u6 
W. I.Ys• W, 

P=O 

P.1 U, Pa Ua P~ U~ 

w1 •v. wlJ 
1' = 0 

(I] ·9-4-3 

~~ft~liA~~-~m, ~~~liA~~mo 

9-5 !ifmDl{mt~M~JE~ett: 

an~--~~,~Bm*M~~-~a~~-~-~ 
1ti~fl7t1im 

a y = Ay + s az (9-5-1) 

rrr~m, tlf~ C9-s-t) w~ff9r~m~iiJft :k m WI Jt ~ t~ 
(Atkinson) (f9~~' ftP 

J a y = CG (z) + AH (z) Jy . az (9-5- 2) 

(9-5-3) 
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[-~ -oi]+z[: ] ~ [(+; :¥) m:J 

[-: J + [ :: J (9-5-4) 

(9-5-4) 1¥-JI~~~: 'EatJJ-1-:J!§.W~~, llPif:titl~~~~ 

M*~~a9' JiJTJ,;A, ftUl--=f-fiLJ!J!~o ~Tffl;l)ft~ J (8/ 

J_a = _ i [ o oo, J 
az Liz o. 

i - i . 

i - i 

- 1 
- Llz i - i 

i - i (9-5-5) 

i - i 

i - i 

~v--r (9- s-s), ~fn~~J'et1ik7Wifr, ~nt ~ ,_. ~ 11 . 
1$$0 ~~m--tift~f<#fJ;13JliiJm¥rHWfr 0 4a i1/~, (9-5-5) 

s~~~-*-~' ~~N~-~~fi, ~~~~~~-* 
-~To ~J~n 

[ -i I J 
·-

re3!Wiftf0H£(9-·5-5)~J:~$~rrr-*~~~~ fi To m-=f 
lf~(9-5-5)f.IE6$)!51-ft~(J{J)ft~~ftfffil~~-* ~ ~, X 
m-TC9-s-4) lftff.J;t(:~Jfr~E:J!Ii6*~~ft9, l!# ~ *~ 
)t~t~~~x&-rJJ~~nr ez.m!i~M:JJJm(f,~~mt~ m :~: ~ JfJ 
~o 1f~i1ilJ~JH-=f~:k$flf:&*ttkJ~~b~Ji5JJIJ:o "~" 

. ~~fflE£tt~-~~-~~~~~~*~Mat~-oM~ 

. ' \ ' 

' 
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J11LJ:l*, ~~Ffilt~JXt~-~li.Nt7t~~tiJ ffiJ~ It~ 1i ilii 
lJ, ~~;,9tt:~F~IJ--A~t J ~~Pire C9-5-·1) ~~lit (9-5-2) m· 
ito .R;fftE--~7Gl({lKJ!l, ~in 1m 'Jj tB (9-5-1) ~ ~ JiJt 
(9-5-2) ~~o flfijn~{l1ie m ~*ffiE{t, Ni~~J9ilf~~' 

~re (9-5-4) {t~ 

(9-5-6) 

~j! G (z) 1£Rt~T, ffii k1x/(f)", ~~ )\..t-J'ffl(l"j lE ~ Rt lE 
tt, WU!It:l"~*¥fiEfil co (t{J~7C{t(I"J--~ ~ ~0 -&itJ!Yt, 
~{ntmre -k! ~*fik*fnt:Ut, i!~, (9·-s-4) tt~ ~ 

-
m~a,~~~~~-~-~,-£~~~~wre~~~ 
- k! / u/J. fF ~~fiEfHo 

::3t~t~~~ (9- 5-2) .KM€~ili4l-*P~mml~o it )l::: 
tX~ y* Jy (t9~.1[fltijllj 

a y* Jy = Yz* Jy + y* Jyz az . 
= - Y:*J•y + y*Jyz 

= - (Jyz) *y + y* (Jyz) 

= - (G·y + AHy) *y + y* (Gy + /..Hy) 

;: (A - /.. *) y*H) (9-5-8) 
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)i~~tt!~fiE{t cu._ -- k! r&:- k:/cu2 llk~1~~, i! ~ ~ ilt 
. lflr, A-A*= o, i$'£(9-5-B)~IYJ y*Jy;~_..-1-'~z~~~ 

~~~~~~~~o~F~~~rm,~=~~~~~~~ 

Jt.JillE tt 0 ~ jjlj 

y* Jy = -; cP* w•{ ~ . ~ J [ ; J 
= -i(P*W +W*P> = -2iRe<P*1V> 

(9-5-9) 

1m*~[]~~.l!-"'i'~Mf$ cu =cur+ icui, B~~, t£~_.~ 

~~~J~(9-5-6)![, (9-5-8)J]~~Jb 

(9-5-10) 

it~, jn:J: P f1l W ;fff)itfa]fft f.li1 exp (- ~r (mr + imt) tJ = exp 

(- icurt + CUit) , !~~' ~ p• p fO w•w !Mr:::?X~~AfifJit 

fll11tt ~ e 2
coit, ~fll~~J~f£ 2cut J!mlt-tfiaJri JtlimlliliUo f5l 

~~ (9-5-lO)~ijt 

- a· Re (P*W) = + a [ 1 ( 1 kx" ) .~ az at 2 -..[( - cu2p 

P* P + pW.*W ] = a E at (9-5-11) 

11¥1 (9-~-11) "!!8¥'-J~: ~:I:Wi.m: E ~:_."'i'F.iJ:l¥-J It-t fa] 
fltfti !Ji£2:~ t\J:a<JngVffJ.:~ ~itnt~iEilto 1£ Jt 'E rnJ II 
~' ~=~~~-~a£~~~MAo ~M~5~~-o 

?€W~rft1f--~~~~JJ!= 1F*~?€J~Af=f ~ fm ~{IE 

.... ... 



fto JJ~~iiJ~ft~~~,t!t£(9-5-8) 'ft~~*fm:f1itJ9Jtf fi8 -it 
~1 ;!~~t~J: ~Nl~;})J-=f~~~-)j~JJ:rf{Y!~j:-=f~~ . 
i8*~~(f{Jjft:W-~flfo ~§jlj, § aEjat :If'~~~ lf.j, QgJt 
~~:f£j!IJt J:~i!t~~ llio 

Jl,.(£, iiN~~~tH* 7 M! Jajaz jf'-~~3!l:fl.tkf1:o !Qij~ 

fiE{R{I!:/!~MJo ~ Yn(Z) :/!(9-5-2) tf~;fi£fj[:~J An Jlitfl"J_..1' 
f871, il ~ Ym (z) :l!:1f!r An ft9 :B__..~tiEf11~ Am Xfj& lt.J ~o * 
mM£»: (9-s-s) au/ii!irnmJtJ 

aaz (Ym * Jyn) = (An - Am) Ym *-Hyill 

z JAza JIJ Zb *~;}, ~lli 

(9-5- 12) 

Zb s b Ym*Jyn =(An-Am) Ym*(z, _:~m)H(z)y(z,An)dz 
Za a 

(9-5-13) 

~rt*~~~~ft~{tf~~)et£ Za fll Zb flifii1f~:Jt~tl:i~~ 
A,- !Qij, :ftjftgt~~o ~~mi~~:J! An~~ Am, afr1~~ 1f 

~~~m~~~o~moom~~~~~ft, ~-~~-*~ 
~~-~m~~"~~-~~~ft~~~~o~~~~~lli 
~~~M~~~~~-~OOW~#ffl~E~~~~~' ~M 
~:l:!ifmJft~*ftfMil'l!t-ttii~¥-J~Jt, m~~ ~ x ~ 14, ~ 9 
J1to 

- tS >J 
1. liE!Yl: ~ (9-5-8) J&ffl-T (9-5-7) RJ5 ( llizf<.ifa'~fmile 

it~ Ji!.)(o nJ]f1 kx = kr + i ki' tf:ft~ lkrl ~ lk1l o · 

9-6 5I{! f£ lit 

roo tt.J ~j! s:p , G~~~ Afl tr ~ 5111·ttm it tt-J _.Wi ~i.H o 



l!io {£ «~M:t&lt~~~iitl» (Bulletin. of the Seismolog

ical Society of America(BSSA)JJ:RJ~~~Jl!f$·~~l!-'t'R 

~ ~xJtto' ~tEatnre*-mi:t~--~:IJi!~.mr~r:utaJtt 
Ml~i1~/if1~-~Jll*, il!-m~~~~~ BSSA ~~;f-o 

~iim!it~7 ~)f:(u ,w)~~t£ x ~l z 1Jifijt¥-i~3, r 

~~jJtfi~, A lU J.l 1!m*(Lame)1ftf£.:, p ~~ .Lto IB Jk. 

J'l (Hooke) ~$lr1~4l~_$, ftJJH e- ia)t ll'tfaJ{t(itX;~ Rf 

m 
0 0 

;.[~]= 
0 0 

-;t I 

f•x 
_c;. + 2p) a., l .+ 2p 

2 -oil). 
-pw -"I 

A +2Jl 

a'= A+ 2f.l 
p 

-a. 1 ·-./J 

-f'(J)2 -..c. 

[;] 0 10 
(9-6-1) 

rll.., 

0 10 

(9-6-2) 

(9-6-3) 



• 
• 

• 

251 

n!= 
- ro2 

- 8xx {32 

l"= 
- (i)2 

- 2axx f32 

!m * lf!lJ JJJi t!mt f£ x ·1i ri1J /F ~ ft, ~ {11 ;(fj.fr *ffiE ~til I:~~ R, 

~~J: fi iltftll'" fr i!t ~JCo 

(9-6-4) 

[" J [ - a, 
-n -Oz ][ .] ·-n p 

t, = - p/1 2pn oJC -JIJ2 2}.m ax s~ (9-6-5) 
~Jf - 2p= oJC 

~JC m - ·Ox p 
-p~2 2p.m Oz 11l 2 s-

B'Sff~Jj ~fiE(ii]lt~~~ c 
}tqt 

m l 
n 

A= 
- m 

-n 

j!~~Wt£t~Ujff~f4{tlJJ?j-~ 2 X 2 ~#co ~~RJ~iiE CR = 
RC = I & CAR = Ao 



JLlfJYiflMltifl-~ (fJttin, #1§')(~83~34) , ~f(jJ 

~m£~~~-~~ft~~~M~m~ma~*~*,am 

~fi-•m~~~w~-~0=~*-~-~~~ m~-m 
fli1f~:ln7t~----t~JL-1'=:tt~ta, : tE~~~ m~ tm~5GJO=: 

- -~OO~ffi~-~lli*o~~,mm~M*#,~~~
m,~~m-M*o~~rft~@B~~tt~W$$r~~ · 
liJF~ 7, NT J! Xf~ i1£1;1J /i.fl ~ iilf~ BSz 1&~~ ~ o ffl i1t i;1J 1J& 
~m~, #~~~~~= -~•*+~~*~~-,~H, 
a-£~7, ~~mreW$~•*•~~~~m~~~~o 

~~~-~~-m-~~~~m~~~,Rx~~*'~v 
~~~~~-~,fi~~~o~-~~m~~-~~~~~ 

-~~--~-~~~~~~o~~~~~m~m~i1tM~ 
m~T~&M,~M~~a-oo~~~-~-,~a~~~ 

· ~J:f:t~~~if&o j!~&M, ¥J.J£Tmllj$:J:f:tm~~~tt.J~ . 

m&M~--M~Rtt~~£-o · 

10-1 J!i A®.Mft311JJfEiJqJii 

~~~-~m~m, -~~~~~~m*~OO£*•~ 
~•~a~o~~~~&~M~~~~~~H~~m~m* 
(y,j 0 ~_..1-n&J!: ~it H ~!E~-i~Lltf-ltlf, Tm!;J~ ~ * 
a~lE~ 

, · 

,, 



H= -a··....,_...._aT_ 
ax 

2S:J 

(10-1-1) 

-=~~&~t -~~~-~~~H~ftg~~~,w~ 
~mtff.J~~ c RX:J:ilt 

aT 1 aH 
=-

i1t C· ax (10- 1- 2) 

ji1iti¥.J-i!~tt! (10- 1- 1) ftA (10- 1·-2), fJ~ a (f!J;f(~, 

m. 
(10-1-3) 

~~jjfl~ml r:f:t, Ji 1jt;l.]~~fgJt T (x., t) = T (kLlx, nLlt) 

ia~Tkn, ;jj;rp J:~tlf:lFIJitfa] o ~b ==a Lit /2CL1x 2
, (10-1- 3) 

~~~ I 

fk+l_ Tk = 2b(Tk+t- 2Tk + Tk -~1) (10-1-4) 

m*tEPJT1fft9 ~fa] {Y:~ k, ;4t-~~llf~aJ n P"J iAl !t Tk ~ B 
§al, mtJ (10-1-4) Jifk..(ffl*t+W--mlf.tfaJMli!l~o ~~~!± 

- ¥lj, 1M" fijj flit( a:f:t ~L' tE T ~ + 
113

; ffil ~ ra:H~ Jiti Jfl JL' tE T k o i! 
~~m*To~~~-~n@~~*~~~~**~~,w 
~~~~~~*~~~o~~~~~nm~~~~, ~~~ 
W~m~~-*~~~--~~00~-*b~~~~~oM 
*,~@m•~~**~-~§~~---,~~&w~r 
*o $~J:, Llx itti~tj,ft-t, &t~'iif1.fgt£1#Jf!J:-fgts . ~* 

~~~~*'~~r*,~~~~-~~0~~~~,~~ 
~-~~'~m~~&~~~~~*-~~-~W~o~A 
*mQ'g~ (Ti:+l- r~-1) 1 (2Lft) 3A:ilf atT fat, m&& ~at fffl 

' ' . 

~~~b~~~~~~~~~~ft,ffi~M*~~-,~-
-+~xwm~7~~~,m~~~W~~~~m~M~~ 
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-~~,mm=~~~~~~~~,~r&-~~~oo~= 

~~~~~fio=~~-~-~~~-o~~~-~~,
~JW)llj~{~~hflJ ~--~Yttl:Jl:~ ( 1 ,, · - 2' 4' -8, 

···) !~~(t{J?JtftfJ~Jttmf£, 'Emt*ttre#.l1~~(t{J~ffi~J~~ 

J~To 

· i!~li1Jii7f5~ 1iJ Jlt~JMt*Jt-JE.1ifil (Crank-Nicolson) 

f!~*ift!eo -J!#f&~J~~~iiE~tffnJ-~'r Llx fro~~f1:; 

~~~~m~~·' ~~~~-ft~W~-~hfio~-~ 
1&-.Je,~Ji~~rft, ~)f.J,V,Ij1Jf!re~raJ~~9-~JL'~tE Ti:+ 112 

Tk+ 1
- Tk == b (Tk+1- 2Tk + Tk-t) + b(Tkt~ - 2Tk+ 1 

+ Tk.:!:~) (10-1-5) 

~JlJ~fffil~~-JE.JiJi!*&~fJJl~~fRJ~I:l!: JA Pf raJ n ;it 

flit fa] n + 1 a9?Y-~B~~lm.~T a ffl (10-:i -5) Jft JiJT:fi ft.J * 
n+1~~8~~*,m•n~~-3~~~' ~ffi 

- bTkt~ + (1 + 2b) Tk+1
- bT~!~ = .Dk (10-1-6) 

;!:;3"ll}t9 Dk ~ rn tm--1'-B§at~flo ~~' ~fnmJU7 ~ ~ 
.yn+lt¥-J--mmt!z:1iti!o rei=:~~ JL~lli*!' 1iJWlli~ft~3! 
m1imf*~~~1fl~1i~m 

(1 + 2b) -b ~:l!o To· ,.u _Do 
-b (1 + 2b) - h T1 Dt 

-b (1 + 2h) 
(10-1-7) -b ·-

~;,io . 
TN DN 

x.t~ (10-1-7) j!~t¥-JlfRil:/Jfl)jtflf&~~~ R1o ~ 1ti :J1f m 
~' J!~~~m (10-1-4) 'Dt~o ~~~~:~~fl@f~itlJ1i 

~,wR~m~~-~~---~/ifi~-#*m,-~~ 
fi1ll M-* JJJ :R:Jlfit~ R:-Je. nt il t!~ oAf* IIJ_Jbf-""f;JtM (1 o-1-
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7)tf9 ii m, .~~~~$1-t--~~~, m~~--~ if~, upurtJ! 
·ffltE~MJ Lfx ~Lit, #RI~*~~fEJ:f:t~u·~7}~ ~~ ~i!~{ti 
f~~PJiilo .. 

~~anM~=-~~*~~~0-~~~m~ 

(10-1-8) 1 

~~~ft~~-~~~~~~-~~~~~oft~~~-~ 
MOO~~~ffl~~~~~~fi,~fi~ 

· aT 2a 
at - c 
aT 2a 
at - c 

a"T 
ax 'I. (Ji)fff y) 

(JiJffl X) 

(10-l-9a) 

(10-1- 96) 

(10-1-9 a) fJl (10-1-9 b) . "iiJ J}§jljJfJ:R:Jffil~Jl-JB "iifiin~ 
;jtft¥o 

J! fi~ ~ -r~ ~ i! e91t 'e!fR i!, ;if\ ):J: 13 ffl tr-1 - wr il ~ 
<~~~~-~-~~m~oo~~~~~)#~~m~-~ 
~-~ill!J!~i1Bfflr~o 

~ W=O 

X · pi u. P, u1. p3 U;, 
w I w2 wl 

U=O 
P. (14 Ps Us p6 U;t> 

w4 Ws w. 
P=O 

P, u, p'd Va p9 V I I 

w., w~~ w9 
P=O 

00 10- 1 

~·~~~~~~~m~o~~-ft~~~e$~-~~00~~
ax !&:ilk az 1¥-.J~~tfo 'E&it~ oo-1-12) :1!-~~:l:jj@, jfij~ 
;,1!-~2 X 21§~jjflo 
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JJI!f:Em~fifit~~-TBRJJ!mJt~tft;tr~JRJII~ ~ ~0 ~ 

U ~ W ~X 1JinJ1!J Z ::IJ(iij(IEJ~Jto ~ P ~Jffij}, P ~$Jt, 

K~~~ffi~*om~~~rffin~-,~ 

au aP 
p at = "'"" ax 

aw aP 
p =-at az 

rmffiJJfl(3flt:MJttll:r~,f!J 

. aP = _ K( au aw ) 
at ax + az 

a [ P J [ o · -Ka .. -Ka .. J [ P J at" U = - p-•ax 0 0 U 
W - p-•a, o o W 

(10-1-10) 

·JJt~f#lt~R:-JBiifi!~~*~m (1o-1-1o) , m (1o-1-.3) 

~~J!Ibf!~fbtMlo ±~~JiiJ~tEr, (10- 1-10) .P£*1t~ 

1;HII$, ffiitE (10-1-3) J:f:t ' · Rfl~fto § :~ (10-1-10) ~m 

~~~~,~~-~~~~;an~ 

(10- 1-1la) 

(10-1-11b) 

~~t<t (10-1-11 a) ~lfi3tlJf~ftfMJ~A: , reP~ u 1e tf 
j&Jtt£tjt 11t1J~J:*m.1JfJ!, .!\1 0010-1 0 

Jim, a fnllf __. ~ < 1 o-1-s) r£ <1 o-1--1 > ~ ~ ~Mi! 0 

.... 
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i!£fltlt~!ID, 18~~ (10-1-6) 9.lt (10-1-7) 1!ft!t¥.J~xt 

fh~.~.JL1ifltll~~i*mi!o =.~/ti~19~3!:1JfE!!l~-~·~ 

~H:: 

AkTk+1+·BkTk+CkTk-1=Dk . (10-1-12) 

.fE~ft~tifllft, (10-1-12) ~Jt~Ui~niio t£~'8!ftom! 

rillm~' A._ B lnC RJfm~2 X 2~n, T ~~~ k ~(£ n + 1 
flit raJ ~ --1'-2 X 1 ~-' Dk }! t£ n lJit fa] tJ"J e ~ tr.J tl15£7Ctt.J-

' 
~2 x l*it ~1/Lo;J(Ml¥-J7Jf!;J!: N~r--1'~(10-1--12)1f 

lmM!t.J T k (!{J/Jfl (E k, F k !i~*§al) 

Tk=EkTk+t+Fk (10-1-13) 

~~lF~,(10-1-13)~~Jb 

Tk-1 = Ek-1Tk + Fk-1 (10-1-14} 

f\!A (10~1-12) 
AkTk+t + BkTk+ Ck(Ek-tTk+ Fk-1) ==Dk (10-1-15) 

:Iff (10-1-15) ~f~-r (lo-1-13) :1:11~ ---r 
Tk=- (Bk+CkEk-t)- 1AkTk+t+ 

(Bk + CkEk-1) - 1 (Dk- CkFk-1) (10-1-16) 

~~*X (10-1-16) ~ (10-1-13) , ;&fll~fJUj!=;g-~~,. JiJf 

kA E k ~ F k iif t:J ffl ;i fft * liJfJ .ft 
Ek = - (Bk + CkEk-1) - 1 Ak (10-1-17a) 

F k = (Bk + CkEk_1) -~ (Dk- CkF k-1) (10-1-17b) 

mm~,~~-m~*fiM,•~~W~*~~~,~ 
(10-1-11) }j~:f"Jf, RJL;A Jiiftif)l:o 

~tE~fn7§xgJlJ.:W-~flf:JJi~ToB~)ij!7 ,flpRJ!fl Eo= 0, 

Fo=To*~Je. (10-l-13),1fif-Wf:A~J Ek~Fko ~m, 

im=* rN 1!eta-~7tt.J, ~~nnrCAm ·cto--.t-13) *l®lfktt)J 
TN-1.1 TN_:, ···, Too :§1--ii!ti Jfl(t{Ji!l.~n.~#:J!~Ji!~t*: 
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r1 = To/Tl ~ r: = TN/TN-Jo .!km~ Eo= r1, Fo = 01f!ctl, tt 
)J Ek ~ Fko ~m, Mr"J:/Jfl;Jtlli TNo r1l (10-1-14) 

TN-J =EN-JTN+FN-JL 

TN/rr. = EN~1TN + FN-·1 

( 
1 )-1 ·. 

TN= r: - EN-1 FN'-1 

~m, :Mlwrtt- TN-u TN-s, ···o 
MOOW~,~~~~~~-~~MM~~~W$~~~ 

liio *ft.R~)!*-=f~{t{JilJIIJiU~/.io lfit~~j{j~JfX.JLlJ@ 

. . 1¥.1-TmJ¥ ~m1o-2o 

. . 
SUBROUTINE TRI(A,B,C,N,T,n,E,P) 
DIMENSION T(N),D(N)~F(N),E(N) . 
lU•N-1 · . . 
E(l)-=1.0 
F.(l)•O. 
DO 10 l•2,Nl ·. 
DEN·~*E(l-1) 
E(I):or-A/DEN 

10 F(I)a(D(I)-C*F(I~l))/DEN 
T{N)•F(Nl)/(1~0-E(Nl)) 
DO 20 J•l;Nl · 
l•N-J 

20 T{I)aE(I)*T(i+l)+F(I) 
RETURN ·.' 
END' 

00 10-2 

M=~~~~~~-m~m~o-~A, B~C~k~~, •m 
7 ~~It ~ifiL~ ~flf o 

tl >.1 

1. ~~·tf:=tttJf«JilJii, 1£4 X 4}Wf!J:,ffl~Jffit~fl
)EiiJ~f!~)jtfi71(10-1-8) o ~~ili--1-~~*§at ~ Tj ;~ ff'~ 

·16 x 16~.11:1iflmo tEllti6 x 16?i!~4t, ~~~~t4~91Jii9? . 

~~*W~nfimH~~-,-~~m~R~*Ma 
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f1Jfflil\~f8¥ Pj = Oneik~x jEj!jjfif1i'jft~--lttf.J~7}/Jflo 

mz~-M*m~lli~~~T~~mo~~a~ff~~m, 
)! 1i fl. if'~~ -T--It'~~ ~trc iJ! l1t w.t ~? jij a ft-1 1f--~ m, *" ~ 
.:P---'t~~~ttMlJt~P!b <~am~ s ~# !l!!nt Jl7f) 1 . 

3. 1~ & !I 1 0-2(19 itJJtnflJt;, PI~~ ~~~llMf.L~ ~ flf:, 
*<M<l0-1-7)0 

4 • . ~ b = 0. 5, *»~*ftf; ' T (1) ···TI (20) = o. 0~ T (21) 

···T(30) = 1.0, ~lli*<f&f-(lO-l-6)l¥-Jtt ;)JliJ¥o PJ,Jfl 0010-2 

rp a9-=f@J¥ TRIO 

1 0~2 j't~ 1: i1tR!J )'f'~ 
f& ~ ~ J!! 1f i! ,. ~ .1jt ~ 1£ :l$1fif (X ftJJI) J: 7!} ft __. ~ ~~ ~ iJX 

fi~-0-~~00~~-~~~-M,-~~~M~~~mo 
~~-~~~£re~w~~~--M~~~*~o 

~m~*-~oo~~~am~~z~,~-~-~~~ 
~~m~a~R~M~m~•~-~*~~~~0~·~~ 

. ~35rpliJ~~j--{Jt~~je-~fi~o 
* .m;_..t-.::tlif -FJL~~fi J:f:t (f(J ilt~f.ltl;b p (x ,z,t), 'E tE . 

z o ~ e 9at 0 ~ m I!J.I 131:: ~ ~ )ri] 7t4ilfFoo ;~ f=r ~rffE 119 0 ~ ~ 7t 
*~~~~~M~,~t~~~-~o--£~-~~-R 
~~~-~~&Moa~~~-~~~mm,ttm~~~~ 

~~'*mm~~O~lZOO~-~~M~~~afiTo+. 
:J't*'h~ z ~' if!i±.Jt1JR!$1Jt£::tl3!ja], )iJ:tV£-=f z 0 + .dz/'4 

J:l¥J --..~'lll{t~-T T (x) tr.J~MH; 



• 
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p(t,x,z0 +dz) =T(x)p(t,x,z0) (lo'-2-1) 

m=~~~-~-&M~~-~-, --~a~"•~ 
ti." oi!!l!~~~~-1'ft~}!Sili~Jt -r(x), ~PiJI'£tiQ~.f£x 

~-¥fir z ~IH't9 --M~i!)t5!l!M-ftiffM'·(t~h't.J }J§iBo jn~j! 

t!U!-=f zo + dz/2, J1Ui1[n,Ji.-.Jt£iBT~~?qtfJ9:mil~ 

p(t;x,z0 + dz) = J p(t- s,x,z0).0(s- T'(x) Jds . 

= p(t- T (x) ,x,z0 ) (10-2-2a) 

. Jltlt-t3 ~ f{iiJ ~ !tiJ& tE SJi $J!l~)ii tJj *' t£ ~ * ijG' fll ${ 

(10-2-2a) ~JilT --Jj'~~o $:~ 

P(co,x,z0 + dz) = P(m,x,z0)e1"'T<x> (10-2-2b) 

m~~~~~~m~~,£~~~M~~--~~~~~ 

OC~o+A~~~~,~~~~~~~M*-*~~~To 
. ·-ttJfG, ~fn~~Jiltl#Jnfi! 

. 1 
(8xx + 8zz- :8tt) P (t,x,z) = 0 

v 
(10-2-3) 

~~~v~~~~~~~--~~,a~~~~ffl~~M 
p(t,x,z) = P(cu,kx,z)e-i"'t+ilkxx 

JJt:A:re <1o-2-a) fWi ft~ 'Xtfl~1i~ 

(10-2-4) 

(10-2-5) 

~~~M~~---'J'~~z~rOO~~~ ~-1'£~~~~~ 

fi~~o~~~~<K~~~~~~a-~~~~x~~ft 



' 
) 

Z6l 

(f0-2-6) 

~~£kx~m~~~~~~o~~£wOOm~~~~*~o 
;x-'*~, m+r .mllt7tW(t{J~lt~f!, ~1rnx RTt;JJe <1o-2-6) 

w ft:*.J R-t raJ :l!.lWt~ rm i1l a:p ~ J&;fift ~ m ;t ~ * tm r11 ~ 0 re" iJa 
ilt~" f~tfl~fi 

(10-2-7) 

~~ ~tl!.! (~ ~' RJ f~---" Me (tft IJJil hi" 0 tE J~ it {}l ""f' lit Me~~ 
~A~~~-~~~~-•oo~m*~~M-~~~~m~ 
ft*,~~~~aM-~~~~*~~*o~m~~~~~' 
ifli±~f~tidl?EI~ (10-2-7), 7G~ kx ~~f{t, ~'MUL~~l, 

ffi£, .hk0010-3Jtf §at, ~ftilj~if, fij~ kx = 0 ~~M, ffii 
r*illftE kx = + m/v ft.tio 3!*'*ff, · :fLI~~~~~jGil(lJ~# 
~(RJ[ffl~f&*IM, ~ffi1f£3ilt kx = 0 ~1g*J!$(r.J~Jt, ~ , 
~ftlm- z $tbffii"FJ¥-J~:I:o ~*' re (10--2-7) Jfl# !I!Jtt~~ 
~~JJM-(a]~J?t~faJ~, 7}-ffffi--jf/F~~~~~ ~ 0 ~:JJ~. ff$ 

• ~(Philip Schultz)W£i[--~#!l!nt~~lf)J, ~Stff;Jt;~$ 

~j~)~o ~IIJ10-4~IIJ10-5~ll)l0-60 **~fiM(J{J#JI!Jlt~!k 

tEm~~~~~~~-~~~ft~o~m*~oom~Ho 
·. *~W§atji, J!~Rfffl*fri#!J!Jif~~~o ~~J:iJ:~* 

~-~~~~M,~~~~#Int~~oi!-~~m~AM 

~~~re~*~~~*o~~m~~~~--e~~tt~ 
p (x,z,m) ·o fl:~ X ~ riJit, RTCJ.Jithl:U .l:f (kx) eikll X w~~'l} 

t~#I~~'lto~-~£,ffM--~~ft-~~~z~ 
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-t. 

, . 

Ill 10-3 

JJJ k s :It~ !JEJ ~-F.i :"t ll ~ HHf.J ~ IAl rii1 tfft 16M ~t (f.; ~ • if, t£ 

I = :t 90° ti.. ti .. t£ k .. = ± ec> ~M~#£1lo tr~~~. Eilttf.J~*~ v 
!jd8j(dks/d0) =d0/(dsin8/d8) =dO/cosO= (1- (vk., /ec>)~J-l/2 
dO ~JE1toJX~~:!lPJ!;,(~ff$tFjfi: (l0-2-7) lttl o~{V-~Jc 
tE- ec>/v<k .. <ec>/vtl{lfittf-~lt{to 

Jltff1Jt sinO= vkx/CiJ ftfla9--~3fitiilto tJ~fiiJJC;)j&~j!JM-' 

m~~~M~~~-~~*~o~~m&M~-~M-~~, 
kx ~Rt*fi~Mj~J- x = o Alz!t9j&1J o llll0-7aSt.Jii~7 3! 
~-~' ~!I!M!fflT ---'t'i!ilo Wi-1'-i!tt!nU.RJif! ~ St fJJ 1-
JL, ~~fl~-~a9~llml!ij, ~:l:m# J~l!t~¥R:/F~1:: § 

:!!tMI~o ~j!~~A1f~%~.&~mllo ~~{i1fm~lt~il7i&iiE 



• 

m to-4 
i1£i111ifiHv.,B&Il <~ftft) o ~ kx lt1 CD ItT exp (i(CD

2 /v1
- k~. 2)ll2z) 

tf.J:«Ji#JI!Ift~o t£-~~ t J:. (x,z) lf.IfijiY!JlJllJ'o iiJffl:fj, * 
~-··' &-z~jj~~-~-~~~-*offl~~*~~#~ 
lft~~%Jit7t£ X~ f J:REJ.IJ;JW~o 

... · II 10-s 

iJt~JJ;&ft~£Sfl!Y!JjftJ,Jl~ ~if.)!.~ Jl ~~o ~ kx ffJ CD ItT 
(1{)-2-7) ~it# .!l!llt~o ~{btri&ltic.JfdiJf~, ;l!~-f1.1 ~ zo· 
~ 1¥-J (X' t) :qt: iti H :tJ' 0 ~ IIIJ tt ~ JIJ iti ft-t ~tit Hi J.A ( 0' 0) 1¥-.J -

~R-Macx,~)tf.Jm.oM~m~•&M~~fi~, ~~
Cita-~db ~ti9•11*~-11Ji~ml'i-~~~rt~a, ~ :~m~~ 
71~-W*, ~~-B-~REJ~jj, E~~~'~M~~~~~~ 
ffllt!WifUl, ffi~J! m rM!tf~t&J:~JJ'-oiiltffii~.li~o. 

261 
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m to-6 
tfiltl¥.1-ftiHs ft exp(iv <cu~ /v"> - k" :a LJ!JEJ~MS, lf1 cu ~It It, 
fili~ ks ~ Z ~~Rio ~£ftfl4ffjEJ:ff.J~~~{tit~. !£cul/d' = kx2 

~, ~OOTft-~M~~-~~~~-0 

t, 
tor >~#!l!lft~~ 

=4 ( IC- t;_y ) 

·' 

Ill 10-7a 

a•a~#I~~~o~-~~-~~~-~,ax~~~~-E 
*~~o~-e~-~~~kx~~-~·~oE~~#m~~~ 
A-d~~o~~d~a•~~~Q8~~~~~~~~5*~E 
Ito 

I .. 

\• 
) 



• 
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II 10~7b 

Wi~i!tt,. ~!Wi'E1rJ(f.J1Atif!ff1~ftl, RJ JfH~if!R*:~fJIJ~ JL o W£jij{:k 

#I~~~~--~a~~~%C~E~~~~-~~)o 

~' ffl~%m~~~M~,~M~-TM*~~m,~MW 
{E0010-7bi=ft1i7-uli9J 0 

10-a lfi~iltl¥-JfiM:9~it · 
ffl::)'t~111!Mllta99r~, M-Ti1t~t v = v (x,z) tr!~faJ{!l 

•w~re~~a*m~-~~-0 ~~~~~-m~, m
m~~~~~~Wi1t~~m~~~Mom~an~~--~ 

*--~~~-~-~~' ~~~~~&~-~~R~~M 
#58!Jt?t~tiiRf~i!f-19r-o M:J!iJi~jJt e-iwt ~--W,i~,re 

i]tl;l]jj@fWi{t~i¥$.*~ (Helmhotz) }jfl 

- (i)2 

Pxx+ Pzz= ( ) 2 P v x,z 

-
(10-3-1) . 

ffl (10-3-1) {g~fe P(x,zo):f£ z nrPJ .J:itt~-1 9r~~? t~~ 

~ftJt£ Zo, ~3f~ft.J X *m p J.JS9aJ ~o -=f}!, 1f! (10-3-1) 

~m--r, PJt<m Pzz 

(10-3-2) 

i 
.I 
I 

.I 
. ! 

0 
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-=f <to-3-2), nrkJJmm~.mf1RI~7t~:tt~ttft tE z + L1 z ~ 

~P~~offi~~~,an~•T---*ft~W*o ~ 
Tm~~-~,am~~v~x~~,W~x~~~~~B 

~ji):t#l!Jft~~~~~ kx l¥-l*~~~T 0 .:PJ%, (10~3-2) 
- Rt~ 

(10-3-3) 

(10~3-3) ~~f£4ff~~IJfNr(- (J)
2 /V'i.+ kx2

) f.f%(t9~Ptnlo 

:W*'E~JEMJ, :it~1fil*ft9flltt~ll9ml& f!Wo 1m*£ ff.l 
~'~~--~~~~~-oMft~~-~W,~*~ma 
M~ 51~ I~ Ito J3: ~jft*!J(J 1811, flo *~~n Hi~ f!1i Jfl ~~Jill t'F ~ 
Jff*ti9mfimflll!,Jmft, fJ!~PJiiJ~:*o iiik~fflt£ P fn Pz z 
oom~~-~~-~~~*~~o~~a~-~-~~,~ 
-~~~~~-P,*~~-~,m~,~~MPM~lli 
m~~~-~~~m,m~~~~*~~oN#,Mft~ 

1ilfii~, lf!P(x, z1) 9r$~UP(x, z:) J~~fM~~j!t{fiq 

fl&lllj Pz(x, 21) ~fRo l1£~1Jf1~ Z :l!=I~MJ, mJJlt, ~pij 
~~(~fi~~~fi~),~ftW~~~~~~#o~m~ 

J:.f£jft~{R(R]Ijr:{:t, ~3Jt~M~t£ Zo $1 ZN ~fa] Em rfl fa] ll~ 
11!, i})!tf'il)Zz!f~{tf;}! ~ ~ ~ Zo R9 p ~[f!It£ ZN (J{J Pz ftl 
J:o tf:jG~rp, ~fe(£ Zo~~ Pz, ~~~!~tE ZN m~ Po 

~~~n~~tf'il~yt£~Mm~~~~~~-*~~~
+M,M~Ma~~~-~o~•~ww-~~~~~To 

*~~~M,~m§rf'F~~~m~~~,~~~~-~m 

~~~0~~-~~~~~~fi~,~~~~~~~~oa 
ff1~1£if9 § tf.JJ!~f~i& (10-3-2) , imA~i~tr.JJt~nfl)i!, 

a£&,ao~~ooum~+z~~~~-~~,~~A~ 

i 

.. : 
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j£~1:Jj'tJDii¥-J)i1tfJ9j't~ii~o ~{f]~j!Jfl (10-3-2) 1 fa 
~~~z~=~~~-~T~~z~~zM~~~~~~ 
iJi, ~1rJl!tt~~~jij z ~~Wf't¥-J, . R1tli~.f£ + z 1itu1-ft tit 
~l1t!J111iflo M.!&!J{lltoJl*m, afiJ/F~~J Pz, ?IF NP ~ 1' 
-ISftti@.R~~ P(x) ~~kb~fll:, ffif~fl~ P fl:1 Pz Wi~ 

~f-tfFf;J!la~ftfo IRJFt, "rfiilt" tf:f{S~M!IJ~i~1\~lli 
119 JJt t~ 111, £'lit* m rm, "1: fill£" mu 1it 1Vi JR1£jjij ~ ~ m~ . 

~~~~0-~~+z~~~~~-~~ffiilt~,~m 
' 

P(x, ~ z) = Q0eHw h )z 

mOo :1!--*~~Jt, ~~-TU!iJtfl#7~§allf9~(llfll ~ -fflo 
1tm,~m 

P(x, z) = Q(x, z)ei<'"' ""lz 

~f£, ~f(]ffli~ "Q(x, z)jl(:i]l;@: x fll z ft9-~1itf£PEII'L" o 

7;) Jl: 1# l!ij 8 a f[] kA ~ )£ Q (x' z) . ~ ti f)~~ ft (J'.J Iii fl a9 m (!, 

1e P(x, z) ~)£~jlf:i]l(£ z 1i~~-~lfiii1£fl11i1tib1o ~lfil 

~,P~~~~~z-~-~~~~~-~~W-, ~~~ 

~~w-~-~-~,~~~~~~-~Ma-*~-~~ 
~rfilitMP11*MM, it~t£~~~t!f1UE~ gooa.t, 13-tl! RJt:.A tat 
J&jijiJto 

~1ft 1±\~ll"J ~t$ cvfv, ~~ilttf.J ~fa]~$o ia 

(i) 

(10-3-4) m-- v(x,z) 

(i) 

(10-3-5) m= 
v 
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P(x,z) =Q(x,z)e1ffiz (10-3-6) 

~tE, ~ Q(x, z)t.ilif~~ z ffii~a9--~·*~1C~fll:~ m(x, 

z) ~~j& ~ m i!fo ~fflif}t: (10-3-6) la9~~~fiiffj · 

(10-3-7a) 

(10-3-7b) 

Pz = (Qz + imQ)eimz (10-3-7c) 

Pzz = (Ozz + 2im0z- m~Q)eimz (10-3-7d) 

re· ··<to-3-7b) $1 (1o-a-7d) tt.A. (10-3·-1), lftfffm~,m 

l:fl . 
Oxx + Ozz + 2i;;;Qz + (m1 - t;;s) Q = () (10-3-8) 

~~fi~,~W$~ffl*m,Q~~~M~~~, ~Qu~ 

J:i 2imQz ~t*XJJ.fiiJCJ}A (10-3-8) ~~ ~~o ~ ~ Ozz J9t, 
~~~~s~~o~~-~Ta~mAAm~~~z~-~~ 
- ~ ffii :1! tn m: 11iJ m !19 1i m 

Oxx+ 2imQz+ (m2 - mJ)Q := 0 (10-3-9) 

Oxx + 2im0z = 0 (10-3-10) 

1ifl (1o-a-1o) t:f:t, :fln:W:re z fn~ftr.fi!11fl~a9 flit tm 
( 

~~~, w~~*•~~~~m, ~m~~~~1im~~~ 
fro ~Ao ~~1Jfl, ~~.J:, Rf7 M~ifj"~ (Schroedinger) 

. tif1a 'ERJJ:JJfttEmto-1 =Ji~t#"i:J:MJM~f~~1if£tt91J~:lt 
flOO:Mo J~,z, (10-3-10) »tif$fflji~;m~~it ~ ~, 

l!!1£1tfi1~--rre Ozz lJt~~~ *7ft ~~o ~ 7 fJ! -T re 
(10-3-10) ~iltiJJ:Ii@fl=lt~, :&ffJ.li~Jili Q g£7Gli p ~ 

. . ,/ 
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(al (b) . 

"Ill 10-8 

iltidJtii%3~tlEJiltflfiiM <a> o J\\-flilti9J:f.ift~~Yftf.J••m• <b> o 

Q=Pe-tmz 

Q P -imz xx = xxe 

(10-3-11a) 

(1Q-3-11b) 

Oz = (Pz- i;;P)e-fmz (10-3-11c) 

re (10-3-11 b) fll (10-3-11 c) ftA (10-3-10), WJ ~ m 
fi,mllinm 

Pxx + 2im(Pz- imP)=() 

Pxx+2imPz+2mZP=O (10-3-12) 

?l fnf* 'E~ -fl ilt ~ ::!Jflo · ~-=f 'fll --F JL ~~ ~ J:f:t 1:f_.1t ~ f£ it 
~7}/jfl, iiJH!JEJ;JtM1itEJ!ftAjlmJ& eCik,)c + iksz> ~~bt 

-Mo~*-W*~kx~kz£~~' m~~~~~-~~ 
*f:.*J{E k = (kx, kz) jj(iij~fl(t{J~-1'-~itiflto rei!ftrfift.A 
ilti411im <to-s-1.> · , -&-ttAJ\ifiiltidi:/im <lo-3-12), m 
~m~,anmw~~~~~ft<~ft)~~~ft~~~o 

'Efn~ 
- kxz - kl· + m1 == 0 

- kxs- 2mki+ 2ms = 0 

(10-3-13) 

(10-3-14) 
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i!Wi~/Jmt£0010-8~ (a) ~ (b) Jft?}!~U~TOOI8¥o 

~~~fi~~-~~OOM~-~~,-~Tre-~~
f!B"l:ktJ,, liP (kx"+ kl•)1J2, ~.:p~f£ (i)/V 0 ~ffij, X1-TJP. 
m~~1Jm,mre-~reTo~M,~~~~~BR~~-
1f kx" + kz'·~(i)" fv" o (1110-Sa MJLM 1:~ ijij (10-3-14) ;l! 

~-T z R{J-~tJftfJiJJ!, llii:*JOO 10-s a ;tll~-Tf£- kx ~ill 

TWi~ kz ft.J{R, WOO 10-Bb xt kz .RtttH--~ftio Ill 10-9, 

0010-10, 11)10-llf!IIIJl0-12 tfi~TiJt~j)@~~fif£ eik.z 

" ~~{f.J)lf~...{ eik.z, ~Ji 'BffJP9#li!JJt~~o 

ftfrlmf/5~tt9, :l!m 1o-13 m~~Jt.;ff-*mD~ffi:*~t¥-1 

~~~~nmo~-T~~*~'~nm~ 
kz = .../ m"- kx" (10-3-15) 

;!H!t£:1t~l:ffl-=f~rM£frn~*~~~o nt=lJ!Jt}il3f, (10-

3-15) RJ~~ 

( 
1- kx1 kx' ) 

kz = m s - ~ + •·· 2m 8m (10-3-16) 

~-1'Jil1f~~JY(fl"(t-J O<kz<m Wl&~o · 
·~Ja (10-3-16) a9~~, atn~~~u~*mu~;Jt JJt tt 

*~ff.Jfifltt?}/jfl, ~·~~ 

• Bxz Bxxxx 
8zP=sm(l+ 2ms - Sm~ + ···)P (10-3-17) 

.fm.?~, ~:i¥1tii1£ exp (ikxx + ikzZ) ftA (10-3-17), .ll:llPf4 
tliFJTf!Jift.J-*mD~tt~~ (1o-a-1a) 0 lbi~~, ffJtt-JmiJf!It~ 

*~~, ~tuitJJ:l¥-J (10-3-17) ~~-~;fft~~o jn i3i ia 
--f-f, a{nRire (10-3-17) ~lC.~ 

(10-3-18) 



III 10-9 

1ti & iii 1;b 1i m tt WHi It c ~ mn o ~ k x ;Jt # .m ut fn o tEM f!fil t¥J i1t 7#1 1i 
fiH~-!iilc exp(i(l- k/v2 /(J)2

) 
113(J)z/v) l:~ltl,~-ij~~* (J)o 

t£ (x, z) lfiiil:f&tfiDD.ll'(.J\!.J: II)) o * lii:J!.tE15oiff!JtfEJ~ti£S 
fi exp(i(l- kx2tl/2(J)2 )(J)z/u) J::Jt~fiDliP./1\ o l'"liJJ!~>J 2 tJE;45° 

llfflltro exp[i!!!.. 4m
2

; az,:v2 

z )l:~Jtfotf.JB.~.o ~!f$JmJtJ«Ht~:l: 
tJ 4(J) - X tJ2 

271 
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l 

Ill 10-10 

~ ~ r Rt raJ tr.J ilt 1dJ 1i fl (ro ~fa ~?B f£ 11 ;Jt ilffC.l < tk mn o 1111 o-9 Jf trtJ P& 
fi, J!X1 ks fU Cr> ;Jt=t#J!Pf~, -T-iJ~Iftt(a]~~ (x, z) ~iii 

J:~Ji~o 
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271 . 

..... . --.--· - . - - - . .. -- - .. . - ·- . 

m 10-11 .... 

~~~m~•~~I~M~~ru~~-~~~•••~~-~0 ~~ 
~jj@~-Plt~Mltitfdft~~' ~ 15° il(frj~ 45°' jl(fb{~~~' ~~ k. 
~m-T#m~~o~~m7••~~~~--~R~, -~~~~ 
:&X>f~fiM)f: Z lf.J(x, t)iflfi.B.~o tfliat"J (J:~~J) :J!ift·~~db ~ ~ 
d Jifl, 15°)l[fC1<rftiii>JIIJJ!~!ijift~o j[ffJ1NIIti!t'Rfife~]!~f&l!i. 
~ 1t (f.] fl :bn ifij tt (ll 0 
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'· 
z 



lr,. 

__ ____.___--+---"-~ 
lc~ 

m 10-1a 

m~~-ft~~~~~~ft~•A*~ 

~x-tftffl¥~:fi:*$l\'1WJ, /Fji, auit~llli, (10-3-18) ;I!~ 

Mi~rF P"JffTft Jifi~ 
JA (10-3-18) ~~~f-'~19J1Jflo .R~~ Z *~~ 

ii 

I J ·' X,IOO 1'~ 

I~:::::::::!£:::::::::::~ 

~~-;:;:;::::::::::::=:=~ ~ IIIUtf-~t 1 ~ . ~««tmltt~~~ 
~iffll-=~~-~~~~~~~~~~~~~(llllll(l 
:~-~~~ jffft~(~tlfiff« ~~t~l~«««~ll~ «f 
ttffti-tt!lfNttNH~·~(ttf~11U~ff«fUffff(f~l 
.fiiiUUIINftf-t«ffff~-HM~IHHHfHfli!Mfl~lflfffllt«~ltlf 

00 10-14 . 

rm~~-~~~-~0 ~-~~-~M~~~~b~o ~••mm 
tff/1¥, e OOtr.JDi$7fth, Ilk Ioo -tli:~:R~~~~o )gffl~7}Jif1, II 
•~--~~tt~mfi,ft3o~~~~T~~mmo~-~*•~• 
6 lXjl~-~0 lil~«T Jti 7 $mit8Jtie~~m1>t, fi!B.JJ'JlEJJ! (x, z) 

:if iiil <~ 8 #~Jcil! s , fK 4089l > ~ 
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8u.P == i8z (m2 + Bxx) ~~ P 

m ~ z 16*, ~fi1RJU~~~7t?Xff; 
8zzP = i (m1 + dxx) y2 8zP 

ftA (10-3-18) 

azzP = - {m1 + axx) Y2 (ms + 8xx)% P 

=- (mJ+ 8xx)P 

l!&t;%~)jt ft9 ilt i;IJ nm o 

1!110-14, 001o-1s, ~~~~ 1o-1s ~~at.JJ!t£~1J1tmt$ 

~~~m~~~~nm~~~~~Mo 
~. 

~w,an~~~~---~~~oo~~~~mmN~ 

~~~~~-0*~~-~~~s~~~~~*'~~,a 

jj 

/ I \ 

lll 10-15 

;ftllll 1 0-14 ;tO fl:l' .R ~ ii:ti Ul:W- ;I! tl1i.f. 0 RJ J.!J ~ ~lit~ 3tl"' liff [HI 
*•A~mo &M~~$~Ma«~~~~~-~5oo<aa•~~~ 
8, .. 409]Jf>o 

r 
! 

.. 



.. 
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fl) 10-16 

r~~~ettm~o am~-·~•mm~M, #M~~2~~-~ 
l'~Hlo ;JtiltM#~IHi;t!Jfl oo-3-18) lt~ti:B~if.J!~fJII o i!•tt •0 mttJ:tf.J~ r- y21iti1f~, ~-=fir-~!J£ 60°J;.l~if.Jii:ii~~J.l 
W*o ilttf~Mil r')f~ff.J~aMJrz:~, :J!fil -=ftE 60°i&1i, ~~H~db!l~ 
~~~~1f.m ort ~#~:tilt 5 , jg476JO o 

{J1~{!jftl$~}tkt£ (10-3-9) J:{f(~t&:i£-o ±~(f.J~f!:Ji!:Jfl 

~~~*~ru-~~, ~~~~~~~~~~~*~0~~ 
51~7--~i!iMl: (10-3-12) ~ (10-3--14)~tlfPJngjJl(1o-

-
3-17) jj~~Jfl m *11it mJ fNJlt, (10-B-12) ~;I! 

Pxx+2im(x, z)Pz+2m1 (x, z)JP=O (10-3-19) 

1fT (10-3-19), ~fll&t/FNtl~fl!l~ .m~m, lnkA, ~ T 
3iJtft1n~~~1ll~&~J¥-J1BmtT o . ~~J:, ~~~1!~~~ 
JJI)#, (10-3-19) tr.Jfl~tE-fl!fl'~-=fJ!~~-JtilifU, flP~mt 

~~~~00-~tr.J~-~-~-~~~-~~o~~mm, 
NP i1t ~tift] Jfft ~ {t ~itt o 

0010-17, 11110-18~00 10-19 ~l!iji2tt£~~~1J~Mllft tl9 

~-0 
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m. 10-11 

flf~~'-ltif~J:~~ilnro tJtbtil~ff.JJMtflSitEA, JAfl~~itll:~ ~ 
riiJ~.&Mllil*, t£/fUk*UlifFT-1-•.:r Of~B -~x~ 5, flt474 
JJO. 

m 1o-1s 

JA~J:~M-~~~~' *~~x~~~~~M~ ~H~~~ooi1EA 
fJfii~l'f.JafG~T=fi!Y<lli§#~X~ 5, tft474Jl0o 
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00 10-19 

~ifijlJtj!i:t_."'rJE 45°tf.J=·tj~·o iJt}A!JI¥JJ!ili'flSA*f'o tf=~·Vi 
•w•*~~7o~~~~=~•lli*H, ~00~~-~-offi.M, 
~~~~~*' ~~~n•ffi~a-•~•~~••T~~~-~~, 
'B {(] ~ 1!~®18-. =: ~ lti111: ii* (fEJ i1t =f w.' w 1! ~ti Ul$11 0 ~ BQ (f.J iJt 
-~~3-~M~*~~M-~~0-~~~~~*~~l:~~~Mo 
J®i#OO~~)tz~tf!IJ~3tl!l, ~f!Jft~tR~ , i"A~-t~MaE.Jiml.:!iia-tf 
=•tttf.JtitfB~)fJ.ff-"f'*tf.Jiltitf~ 7 <Jik ~ #~:t~ 5, flt475JJO o 

i!f'ft ilf {bl t£ rtli ~ ( ~ i1t *) $7}~ 7}lj ~, :1!: tE iltlm it r:p 
~~ilf~U~o i\~1flf.tf~m'EP4friM~~£1li, ffi/F~r)l!{t 

~~M~•*o~~~,m~~m~~~a<~~= ~5, 

~M,~~~*~~~~>-~~~0m~am-*~WW 
-~A~m~~o~R~~~§fflT~~~*~~~m~~~ 
~~~~0~~~,~~~-$&~,~~~-~-~~~ 
Jij~ff~*l~tf:o 

~ >.) 

1. ~j(; Q ~~JC p 1£~ffll:*X~tltF.i, l1il ~ Q Jtrfi z 
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~~~~~~'~*~~,~~~~-~,M~~~#~
m~MJJo iWJft (10--3-11) fJb:lif!~ (10-3-19) ~~Jil~ 

T Q l¥-J:Jifio ~~:W=!3 (10-3-9) fl:lt~E o ~-=f)! iJ1i -'J' 1J 
fl, IS1-EMTift~IJ6? ~ft (A 1 

.. 
1 + 3x/4 · 

2. flm!~(1+x)*= 1 +x/4 ~-l:liT-1-iffm~jj 

-~~0~~~~ru~~~"-m-~~ft"A~~~?~ 
. . 

'Bl¥-J~ti:~~~--OOMo j&~JL1-~fltf.J fijlf, ~.(10-3-14) 

~ fF~~' ffjJtjnfhJ? 
3. ftl'£1i~ a+ bx + cx2 = 0 1fjij 1• ~o tal* b 1f?} 

*' ~~nRft;JJH~it1Jf1 a+ bx = 0 *ilil(JitJj,tf.J}j~ -'1' lllo 
re X= - ajb ftlillfiJ=lX~, "iif~~ X ru ~~£~tf:~--Jt J& 
ilf(tqjljlf 

a b + ( b" - a c) x = 0 

'#.1 ~ k: = m - kz, ~ kz. = m - k ~ ft A k:i + k! = mz, ;Jt k ~ tt.J 
~~-o~~: ~~~~W®~~200~~-~~1Jfio 

4. ~l!iltv=v(x)¥v(x, z) ~~: x~Pi)~, iC.m= _ "1 

w/v (x), )f:)()J-=f 

1 
Op=m+ 2m 

BzP=iOpP 

azzP = iazOpP = iOpazP = -· Op1P 

(8zz + Op") P = 0 = iJ.ti;IJ1Ji! + }l~ . 

• 
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~~~--~~~lJ!, *~~~f£: ( 1 )~fiiJi$~ (~!§ill-*: 

~n~-~~~~~ft-~*)~(2)~z-~~~-~ 
:kfij Jta9$7t, :~:a _m~o 

5. j( )1 ~-=f ~~tlWT &-~W li::~fti~ ~~-1'i a 1€1$$~ ~ 

n~~-r~~n~~~~~~~*~? 
6. ~ ij;{t£ oo ~ ~ l' ff.J "ii milt ;,u 11m" 0 

. 1. HE{ii(~oo~~r~ "iltHi1ti;b11fl" 0 

8. · ~ ;:] 3 tit Hi 7-t\ if l¥-J :i: 1ft!lilr{~o mi ~ 4 J! it Ul · 
~ m = m(x), J:;je~ 31l(t{J1Jf!~UJfl¥ij m = m(x), ~~it 

-' Ji~bx-xb~o, i!l5\~m:Fm(x)ai1, (mox-oxm)P= 

o~~~o~~~~~~~m~~~~' m*m~~3~h 
~0 

9. ~-~~~-~~~-W~-00~~-~W~o~ 
rJ( ili :iJL:&: 18-$ it~· (t9 i1t tJ'-J 11&' - M-x.t cp ~ Jt~ ~' 
=~~ () ~Jt~~o ~Ji::3fflft9:Ji~~lj~ JiiJ ~ ~~~X 

10. f~&~l0-1 =ww.; 4 lia:fti¥.Jf1Jt=, kA!tJJ(l0-3-10) 
. ..) . . 

fl17~o ti§~tAl>J----~J!)Jf!~fAi~~I.J)i!o if~, )Jtf:i Q(x,z) 

zffl', ~a eimz, mtfi P(x,z), Rre P(x,z) ~~~ff~Pli\ 

*0~~-~~~-~A,~~~~~~~M-~~-m~ 
~~' ~M~-~lli-M~,~-~~B~M~-~~li-
Hi~ Ll z =Ax, lit~Miltitt~~1f*lml~~J¥-Jlltnu o 

11. ~ Z = eik • .dx ~~X ~~t¥-JJAsft( fto ~~ A(Z) = 
Eanzn ;)ti=fl an t;l§JE_ -"f~j~~~ 

oc 

ao+ '[:an(zn+ ]n)==l kx I ~I kx l.dx~n 
n = 1 

' 
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aP(Z) = +A(Z)P(.Z) 
az 

. l¥.11fViJ~~ffl¥~£Htftt:LWT"V&?t"tifl P 1

xx+ Pzz= o tl"JMo 
;x ~M~ m r~ IR1 J::fn 1n1 -r a9 }j£ 1li o 

,. 

1o-4 flit~ilt~1£~raJfB9rffE 

tE~l0-31), ~{il~~T ltif5llt1£~fjij(J99r~.oXfftitf3fiJt 

~~~oomfi*-,an~~~~~~#m~~~,~~

~-<5-, ~~m~-~~tf~re~~-&~*-0-~, 
-N .ffl ft !I!~~~, je9f'~te:*~ lill JIJ 1M" faJ JJ.IGM o mi Jlt, .ey. ~-* =w t£!§\.JlrJ J:111J: -=wJJt M ~ ~ mJ- rn1 m 0 :IF J:t t£1!--=fi, 
~~~~m~~A~~M~~tf~,M~m~~*m,~~ 

~~~tf~o&~~~JM"~~~~~~-~(~fl~~~~ 

1£-~~~,m~~*~oo~~~*fi~~)-~~-~m 
$,~~~~~~~M~u~~,~~~mE~~7M,~ 

~~1£~**~~00oa~~~~~'~*-~fi~IDr~ 
--?X~ilt (-~J:, tt£--~~flt~m!H9~tl~ii~ilt) ,Jl 

~-~~&mS?t~~~-~~&o1£~00~*~~~~~ 
1z:~tf€~o 

t;---tfft~, . jtre~itilt~1if1 
, (10-4-1) 

~ ~ ¥Jj __.-'t kA i! It-;- t{f z tdlif 3 (t{J ~ ~ *i t:p 0 ii 1it Jllj! It;-. 
~~~*rvo~~~-t£~~~~~~M~~~~~~~' 
~~~m~~~~~~w~~a-~, ~-M¥~~m~o 
~~~~ 

x' =x (10-4-2a) 
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(10-4-2b) 

t 1 = t ( 10-4-2c) 

mOOl0-20.@(~' lll v = Vo{£1JWW£rt.J~~;~ *' JiJT1fftJ ilt~JE . 
. z'jj~fifl;ilf?}Jto jif-=fmll::~ z'' :~n*~m~ (i(J x' ·e. 
§al~iJit~i:t*t¥-1 P ~{t, fi!Je.Jd.TIU~P :{E(x' ,z' + Llz')J!! · 

H1fllM:*tl9f«, -~~tE z' +Liz' ft(Ji#re, lflt£ z' &t~:flli . , 

~0~~, ~~~~T~~v, an~um~m~m*~~ 
z'/i~Rl~ P 3il:f7~~~(J(J~fill=r~~;l!:~~~o ~ P' ~}f\ 

z' 

2 

(4) (b) 

m 10- 20 

~ (a) i1~~~ <ti:fiD 10t/i (b) bl-ilti*Ji z :lirP1if8~ ~ ~ (;i; 
liD j; Ji 1¥J !Jt iti i1t o 

rrt l9J ~ ~ ~ i=f1 tr.J tt 1;fJ, a fn fl' 
P(x,z,t) = ·P' (x' ,z' ,t') (10-4-3) . 

m~~*-~~~-~~~mo•wa~ 
Px~ P' x' (10-4-4) 

Pxx == P' x'x' 
• 



.. . 

t84 

Pzz = P' z'z' (10.-4-5) 

Jl 

Ptt =;; (vP1 z'z' + P' t'z') + vP' z't' + P' t 1 t 1 

- -
= vSP' z'z' + 2vP' z't' + P' t't' (10-4-{?) 

~-tE~if1JlfkA!E(l0-4-4).,.(10-4-5)~(10-·4-6)ftAC10-4-1), , 

~ . 
P' x'x' + [ 1- ( ~ )' ]P' z!z' - 2 

- _!_p, t 1 t 1 = 0 vz 

v P' - 1 z't' v 

(10-4-7) 

afMR~.t!mi~H¥-Jtf~ v(x ,z) = Vo v=Fv [tUfMW'ifFf*:ijo· 
t£ c1o-4-1) q:t, ~fn ±~~~•nu ~~JJ~;~~l!CfU-rtr < m
~)~5~00~~~-~~o~~~~~~*'~~~A# 
jl[~J.Ji$(Y-J$~~$jjif$ (doppler shifted) o ~ftf-~~fn~-

~JM (1o-4-7) J:f:ll!* P' t't' lJlo .@fk,(; (10-4-7) Jlt;b 

P I v P' t'z' =- x'x' z 
(10-4-8) 

a ff1 ~ ut rm ~ ~ t~ # 11 '* ~ ~, Clo-4-s) 1i m J£ 7J 
- iUJP 1 z' = (v/2)P' x'x', · J!~fiij-Tnu--·:4fq:t~lfiffbl\ifS1J 

m 
. Oxx+2im0z=O 

Jfrt:.A, tJ}~ P' t't' JJt, tt~:k~.@f~~(t~JtHM~~* 1lt fl:l 
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,. 
1r• • t -z!., 

fiJ 10-21 
• 

I< tE x = o, z == o, ' :::: o t¥J F.i :ft • o tc. m ~ tHr ~ fli tt.J I! ~ z == o, .t1 z, 
2L1z (J9Jij~Jft00 t, ~IJ;tfaJAA t"=t-2/v ~~jlt¥Jii9ftfl't, J!IJ~If.t raJ 

· fNjn~I!J.Jn~o a81=t£ .J.t"jjfA1;§flj, ~~tE~MI z=vt cosO, ftflfl" 
t" =t-.z/v=t{l-cosB)o 

JMltW*'LJJtM (10-4-8) Jltt, ~ffTiiJ kAtJ(ri!Wi~~~ .P 
~ff*~1'*fro ~--.~~Rli!: P'E!~t£ x' faz'~~l:#i, 

~j(JT~ft, ~1iflffl*jof t' Wt~r~o~g.=:-t-~~Hia .P' B 
t£ x' fO t' twf&l:M!~M7mfii, i!~, (10-4-8) :l:ffl*M 
z' {ll£9~~o 

tE»tcio-4-s)tl!H:Jflt«f.J~r!zoo, ~ffli!I1T .m--~~ 

~~~~~~~~~~fi-~oftfi*-~~e~~~5~ 
~ 

~~~~~~~~~~~o~W~~~~~~,~~OO~-
--t-~~ffl~~~~~M~om~~M*B~~~~$~h, 

~~~~~~~~~~~~~*~~= ~m~+zn~*H 
~~~~~~M~~-~~W~~~~~MOO<~~~--, 

~IPJW~fr~PJt~=tJt~mf~~) 0~~~~~~ 
x 11 =x 

zll =z 
(10-4-9a) 

(10-4-9b) 

• 
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t 11 = t-~ 
v 

(10-4-9c) 

[1{10-21~~ T fE (:z: ,z, t) = O~tfia-9___.-'tf.R~WJo lflfit(aJ £ ~~ 
~~-*~8~MMM~~~,~~-~~~mo~-~-
iJttiD ~u ~nr raJ :if'~~ m fl' ~~ ~tfi tr.J -~ t£13 J: oo /i!)( 

. . . . 

T-fi~~-~-U*o~~P"~~~5~~~~~,~ 
a:p 

P(x ,z, t) = P" (x" ,z", t") · 

~1roolif ~r 1!--n, nr ff m 
Pxx = P" x"x" 

Pzz::: P" z"z"- 2v -tpll t"z" + v-3 P" t"t" 

P" - v (P'' + P" ) t"z" - - x"x" z"z" 
2 

. . 

(10--4-10) 

(10-4- 11) 

(10-4- 12) 

(~0-4-13) 

(10-4-14) 

(10-4-14) l%l1tm-.J9t~r.,_ z *'h~IJ\fftlf*fi(I{J~*m, ~ 

lH»f~lj\Jtj l!~A~~J, -~~1£ + z1JIRJtr.Ji1£, flt~JJjj@(J{J 
M£---ff~P&f£ I (t -·z/v) = / 0 (t") o JYiJ;).,, aj" jaz"~:tm 
ff z'' $dl~iltr.Jl1tttfA~ To ~~ Ptt •" a" ,, (10-4-14) Mi{t 
~ -

P /1 v p· " t"z" =- x"x" 2 
(10-4-15) 

. i!£~(l_0-4-8)~ffilft.J11flo ~~fnzJft(i~f-E- - ·1-' ~u m 
· e-iwt JM-raJftt~*~' ft:ffHtnfl (10-3-10), afn tt ffl 'b 
~-&~~*So ~-+~4~,~~~a~~~«~at-. . . 

~- iw, itRJ1!tJIJ**MlJJ'i~nflo 
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- . 

3JiltEll.fll~(10-4-8) !&: (10-4-15) l¥1--i!l!lfi---t-~~ 

~J:to ffHI:%*~0 ~ jLft ·~a-tffllo n . .dz ~~~ Zo -~0 ~ 

~--~7}--T, pjn ~ n fJl j l'f9~-1'ft_l:(f.J~:fio .liDiffi!*:l: 

~~' ~m#x-~m~mo~ffl~Wfta,am~~~~ 

X*~~~~-~~~offlT-~-+~~~ft~A~~~ 
=Wt~'ltJf.r- (1, -2·,1)R9.=£~ffJ~~tiWa ~TJ!~jj!~, 

(10-4-8)~(10-4-15)~nt~ 
. 

0 0 pn = _ vLfzLit 14p:n 
z t s BLix s t (10-4-16) 

la a= vL1zL1t /8Llx 2 
o ~t:E~fi1~~1!)iJDmf&~~tE (lo-4-

16) q:.~~fflft~~MJ--M-~7t313lfo ~ftfn~*Jir~~~.:R:

~~~-~,~~~~~ft~-~0~-~bM~~~ 
· oz(Pj+•- Pj) =·- aT2 (Pj +• + Pj) 

.#'~M~JflJL'~faJ~7} 

(pn+ 1 _ pn+ 1) _ (Pn pn) _ aT (Pn+ 1 + p. + t . 
J+t J J+t- J -- J+ l J 

+ Pj +t + Pj) (10-4-17) 

kkttJ:~~F.i*~, ~fl1~~ Pjt! *~ij:t, rm;tt~t't.JmBmo· 

re*~--~~~,res~--~~*,an~ 
(I+ aT) Pi .!~= Pj+• + Pj +•- Pi- aT (Pj~ 1 

+ Pi+• + Pj) (lo-4-18) 

~r-1' n fll i, 1(:;;:/1/iX.T --1'-B§al*:ito· h:;!l~:=:~!B!! 
1£1$(1 + aT)~U*~9CJt P;t ~ o 3!~J7f1P9)jtJ0¥11!~ffjlfi, 

JifkA~i£~10-1 ll~~~~~1Jf1JYTf£Ji9}j~~*W£o x ·![ ftJ · 
~~~*~*~1~~~~o~~z~t~~~~,~m~ 
X J:, ~Ji}i;(iftl n Kttf1 p ~ , ~}Wff{J9 j ta-m poj, gtJ}!'$7 Q 

~~-ilL iii~~ jjlj MJ :;tz !If :(p ftfi 0 

·' 

.... -
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· a~ft~M~-~+~~~~~moan~~~~~, 
(l0-4~18))1~~ a t'J'.JtE--JEftttSJi:f!~(f.j o jn:W: T n9~ fiE 
-~~~~-m~B~,~-m~~PiB~T~M~~t 
1il7fT 'jj~~' (10-4-18)&t~?tMJ!ilf~~~2f:~jjfl, T ~ 

·-~M~~·~-~~~oT~~~~~A~-~x~~ 
~~~~~-o~*x~~~,~ftW~-m-M~~~' 
~~,m£~~~0-~a~-~,~~~-~, ~~~w. 
~itl5Cr, TP l! .eikxm~x ~-< -1,.2, -1)~~fll~, Kt:±l 

~l!t, tffjEfK;J!? - _2cosk%Lfx = (2sinkxL1:x:/2) 1 
o $r1.f--~ 

fttfti~~t£ o fll4 ztaJ, nTJ:.A~fn1iJf~ (1o-4-1s):tE1t ~ :~: . 

Pt· B~~ ~x (r.J~:I: Pj PltJt, ~ltfft I, T ( 0 ~ 4 Zfa](l9 
~-~)#~T~-~~~To~~~~,~~~~~~~ 

~~r,~~m~~~o~4200o~~,~~~mfli, 

:(£ n Q"J~--1'-J}IJ{tJ::, Pj :!9B§at, itfl1~~~_... r Pj+t ~ . 

JJffl /rt-Jla~~o JJ\!1£, tE (10-4-17) 11!,~~*§:-n:l: tfHI~Jti: 

ill 
(1 +aT) Pit~- (i ~ aT)Pj+ 1

_ = (1-- aT)Pj +t · 

- (1 +aT) Pj (10-4-19) 

(10-4-19)J:j:l·' *-=f~~it' gt~~lJEf!ij t §~IJT!tt:hn j 1M-' ., 
. . 

Pj t ~ ft.J ~f(/F~:kr Pj + 1 ft-1 ~flJ lf~·MGI]' j , 911Jtlfnt;fn 
Ji, -)EM:RJk.{.ffloomi JL-it~it~ z- ~E~1if!*ii.Jf ~, 
nrm (lo-4-19) ~ z ~~ttl!m 

C (1 +aT)- Z (1- aT) JP(Z) •+t 
. . 

= C (1- aT) - Z (1 +aT) )P(Z) n (10-4:-20) 

P"J ZJ~~fi~lliT . (10~4-19), J.A P(Z)n ttJJ P(Z)n+l tt9 
iti1iPilf£~ · 

• 



· (1 - aT) - Z (1 + aT) 
(1 + aT) - Z (1- aT) (10-4-21) 

ftfi~~,~~~~a~~~~o~ .4~~m~~ ·T,~

Jkli'"'Re'l'#tm~lJi~o 1!-'*-; (10-·4-19) ll*~flitrlijii . . 

~Jik~Jl!~o jfii (10-4-21) Afl~ii~l!ll£i5~~ ~' ~ Jt 
-~~, ~n~~~~~~~-~~o 

$G {(]~rJ ::t ~ lti 7 fa Jl:: ft~ liE I!JJ o · ~~=f -~1& iii U~J!l, 
~~~~~&m~m~&~~@~anw~~~~~~~~ 

~TPJ, 11Lffv=v(;t, z), itli!:tfl~Tj~Jt~Wflfllto xq-.:pj! 
~M&m~m~~**~~~~ft~M, an~~m~ft~ . . 

~~-~~-~~'-*M,~*~~-w-~wm*~' . . 

~~-~oMm,~-~-~W~Tm*, $*~W~~~ 
~~1f'~(t9{a, · jn m, kx J&: kz, J&:Jt~~$J:o i±- JIJ (10-

4-15) tE# !l!nt~!iA~J! 

v 
· mkz= - 2 k~ (10~4-22) 

iit*fTJftE z" ::IJ(iij~~~' *llfi.l: ~ J!: ~ Jl exp(ikzz") jJ(: 

exp(- ik·!z" /ro)o ~;f~~IH!fL1f*~:51iilJtft~ifmJ~7.)

M1J1titr.J--Wm:~4J~o §ilttl9ft-V31~~Jiagi1£#tmla1, 

x~*~~~~-3~~~~~m~~£-~~? w~,ffi 
&~ft~D~~~m~~~$W~£~~o~~~~M~ 
r, xt#J~>Jttalll, ~1f1fl 

d . v ,d(1) v 
d(i) - (kzz) = - Z 2 ka dOJ (l) I= Z 2 

(10-4-23) 

~~m~~~~~,~~m~~m~k~W~~Mo~-* 
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~~--~om&~~w~kx~m~ili,~ffl~~~~~ 
Z~o jn*~~--~ (i) rjt kx (f.Jfl{,. J¥}$)8£~Jl9' jj~ Z,, 

JM"fajb.:Jt~~~~1tft~~~o 

lo 

. X 

Ill 10-22 

~~*~~~-~«~•~••~o~~~~~~•w~a~•~,~ 
i11£~A .fi~j(~IJt'itiilto -fi!lltMJ.Jimst.PM*Mj(~~' ffii!Ltm:l:@&* 
~~0 tEN,l'flS·, tm:I:M.~3!ttFnfJldJ, rru~&tiU ~ <~~ x> JltJ JR]fri 
•~0 ~-~A~%~m~~<Mx~~~®>~~~m~m~,m 
~iitf\a.f.JUMJfa-ij- (~~)o li~iX"J'tf-fJ£~ foMJtJ fot!fli£fjtfb, .fl! 
AJ~liu*•' ~ fa7fMfU fo NiJko tfl!1taJt¥1JJ!--fiffl"; f£ fo ~fF 
~*~A~m~•rem~~~~~·-~•~*0 

RlJff, ~fi1*~;fi-00 10-22 t:f:ra9~Ffo f£fft-tfi00ift, 

~w-oo•-~%7, -~~~-*~~7-~~i~~ 
1=f .MJAAM:1£fttmiilt1K~o fflJ't~MI*m~*m, 00 10-22 (J(J 

ftl --~001tlJl7 --~~U~~ fY:*IJi!Jiit;* (f.J ~(tpififii ilia 
m*~~~~~m*m, ~~~w~~~~m•~~T~oo 
10-23Wfttaitft91E1Mt':E~vrt-9:.ooimisrt2a9o 00 10-22 q:t Jt ~ 
~~~m~~~~~~~reo~~~~w~~<~~~-* 

/ 
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(Goodm~n) ~~' }[#?§X~35, ~l69J{) ,lJi~NiiiftJ! 

~~~~~a-~0---~~~~n-A-~~~-~~ 
-~~ft*o--~~--~~~-m-~B~~-~-7~ 
~lhT o ~# IJit rro (I{] ~ , .. ~ ~ 
fj, ~---1'~ltfltt.J~Jl:~ ~:::::::::;' ~)t 

*~&, ffiitE~ti.li~J:· 
J!IJjj*~~ o :B---t-~A 
i±fl~t!ffiEJ!: ~~-Wi J?EB3El 
t2*flitfaJ~m, ~m£x ,-t-I. -------~JC 
Nlk14~1f, J!liJkA iJtl!, 
i1t -oo ~ tJt i;l) (S'j(ift flit faj 1¥-J ~ 

3~§f[f9(Jlo~~' ;Jt 
~ lf~Stil~J!lnt~ fa] ft9 /F ~ 
jjt(t)it£(~1E~::k$f£~ 

- JJJ ti9 i1B * tmm ~ t1t (I{] 4'!1 . 

Ill . 10- 23 

~&~tt~tf.J3flfiiilla91Ji.#ior 
· llla9AMiJZooiltmr-:tm!ft~4~ 
~1:Jttmi"~~o Wmifi, F.br~ 
ifl'f.J l=( n& < q:r lii> , w .r£ r J: m 
(f.J ~ tt 141 tlEJ it 0 

t't) o ft~l;!~~il~~JOO 10-22 (19 JI.1-'/FS.~B"J1titio 1i 
~~~M~~~m-~, - ~~•~m~---~~~c~~ , 

X)~~-,~--~(~)#~o~~-~' ~~-~ -
~00~~~~, -M-M~~~~~o~-~: ~~~~% 
Jt 7 ~*I% Jtfl o Nfl', = tt ~f.\ a9 n/ 2 ~ f$ RJ .f£m 2 (tji 1¥-J 

A ~~~Jo 

~Tt~:~~llf.Jitlf~t&l:~~ili~J x 1Bm~ ·x ~ ~ tt 
~~ ~m~~~~A~~~~~~~ft~~~~~~o~A 

*~-~~-~,~~~x~~~~MftrMo ~~~v~ 
Liz/ L1x2 

;:: +®fR, );).ff!tf}@itk$1Jff:~·~IM-fit:±l_.~~tro~ 

~, 00 10-22 ~4fj-lltJjt~~ntkitJ):X!ifto Ill =f vAt, L1:c 

~~~~~~~~~, ~~~m~~~~-~5~4 



Z9Z 

mm 10-22, 1iJW--~*~flM1Jn~n9 ~ Blo t£ JJTirl 
"~*~A" l'J9~JI.J:f:s, lf110-22·~R9~-ft~x-t X~~~ 

~, ~fi!Jm~m~, Hf$1J:rtto ffif!,ijW., '"~Jk~A" ~hn 

~WJ~, fJil.flitffiilitJ~*'L~tt~ ill-&AUml~tj&~$ ~ {~f'% 1m 
Jt~ JJT~J~/F~~At.lV*a9o ~ z' -£t" ift*lfit, fitlH.~~ 
~~~F~o~~m%~·M~M~~3~~~-~--* 
To-m~W~"~%~~~~~»~~~To~*~~~ 
~~A~~~W*~~,W/1\Rm~~~~~~~,~~a 

m ~u iitV-~0~*0 

- >J 
1. mJYJ~~re <ro-4-7). -tt:*l 

Cv(z)-vJP' z'. = P' t' 0 

~~~~~~, ~~~-~~~~~~~~~@; 
2. X>ti*>l 1 R91l@Jlt z'£ (z' +Liz) 9r- ~ ~?}f& 

~o lJEf!ij, Ml*-; >v, Jlljfl~)i*Jt-tfllJ fkttJ; v <v, !ilUfrli~ 
:f1f * fltt raJ o 

• 3. ~~~~. 

x' =x 

z' =z 

JltJlt~~r.~~:l:fJti4J1f@o · 
4. YE~: jn* (10-4-9a), (10-4-9b)~(l0-4-9c)][ 

~~~~~~--~~~~~mm~v~~m, ~~-~-# 0 

)lft9~7}1Jf1o 

s. i#~~~7t1ifi!<l + o~/12)6~tP := bo~~P 0 fliJO b ~ 



Z9J 

ff~-~~~~~~re~--~-~,~~~~bm, ~oo 
. )iffE~~It!l,? 

10-5 -Jt * Mil it 

am~-~~--m~TMA~~-~~~~w~re~ 
fifl£~~J:fjiJ£ffjj~~~ otf.Ji,§ft JDt tF 'fi~J:F~itk!ltftt 
7dJf)-WnlrP1rjf~i1£ (exp(ikzz)) %1 ~~ J: * (I(J lJt .(exp( ~ 

ikzz)) :1! nffm(J9, /1\i:J:, fJ lltr~=~r&: :tttf9~~~1Jft .JYt~:if' 
~~i!f'lt?i-Mo aftl* .ffli:tl¥-J~~Jii!, ~1=f-Ft! P-9~~~ . . 

iA~1£7k3f1irPJ~~ijgfl~~-1llm~o PJ.~~~J:, ,~«J 

ma~~~-~*~R£re-~M~~fi~~fi~M$~0 

ftfiffi~~~~fi~~*ZOO~ali~ffl~~~~~-0~ 
~,~r:p, 3!st:l!" Att"~* C9X:f*#~r~JJ!) ~ "liti" it 
*0~*~--~~, ~m~AMll9ffi~~-*~ftM~W 
~~-o~n/1\~~aliZOO~~--~~~eM-~~* · · 
rRJo 

. U8-~~~I1t~*-~~' ~m*~~~z~~~~ 
fj ~ ~* o · ~ ~ ftfr1tf m tlli ~;x m ~ ilt:Jtt ~raJ l'f9 fflli fF m (I(J . . 

ff~o~T~-~m,an-*~R*M+~~A~-~~ 
·•~~*' -~ttr~, ~-~tt~~, ~-~~m~*~ 
~OO~~E~ffl~*o~OO~W~Ji~~-~AMm~-~ 
ll9i#?R.r ~~fffl't9o ~ffii, 1£1!~-~l'l"JAMfN~r, . JltN; 
(I{JMJt~~-~~~fPl;m~~o ·x.tmll~R!ihtJ * a tlf ~1i 
iiQ, ;Jtl=f:t'fgffl, 

1. ~$-~]}(Fresnel) )I ilf r:J:ttz:~·lo/.j.iffi~Jk(t{J)i.Jt 

~fftlt~*~· 
2. ~I& TMMM~~~-~ 



3. Rffl~~~fi**~~-~~~~~7-~~00~ 
"f! ~ (J~ --tJJ -~ -JtJkJ 

4. JfJ 7 ~ :l:i1£;g; JifiH~fl"~ 1!~ ii.f Bi~ t¥-1 i1t ~ )!( {C.l o 

~~~~~I~~~~ft,~~~mm~~~~~*m 

1ft <tRll:mifiiJ~m:~-)() ,~fltfi!itrt1C~M~ m 7 * ~~re: 
fJJo 

*~*ft~R-~aM~-~-*~-~&M~~-
~~0~~--Wm~~~~~-~-~~&-·~®-o 
~~-~A~~' -~-~~~~-~t¥-J~~M~W~~~ 
rm~, ~!ttiltiJ:~atMJ~llt~~J&JJJT o 1~' ffii 1f i! ~~m 

· &. *-~~tft**'~~~n~c•~~~&M>, ~ 
:14ft£-,;---:Wt-f~o »t=fifmf(t.J Rt~1t m, ~~fi1RJ .m (9-37"13) 

·Jim 

· Jz [ ~ ] ~ [ -iab iab] [ ~ ] - ; ; [ ~ 1 ~ : ] [ ~ l 
(10-5-1) 

mr~~~m~~~~-~~~~~~~u«p, am~~ 

r~Jnmw~ c1o-s-1> · lftiE=1'1if1~3lc1CJ 

Dz=iabD- ;'y D (10-5-2) 

(10-5-2) ~~~a, b ~ Y tiS£fttfiFf z· ~~jCflit, -&J! 
~m~o~T~~~n@fl~m~t¥-J7M, ~~-~H~ft 
AilfiiJJ:.Ai.iE~ (10-5-2) a9M~ 

D = D 0Y-ti•exp(i J:abdz) (10-5-3) 

~~i!UG, "iab" ~$Uffilt~~{f£ (~3i~E), Yz/Ytl$11~ 

' . 
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fl~fto f§Jlt, ~ff]~·re Yz/Y l9liW'J~1!~7--~!9~i! 
~ flfl ~ ll1llf'klm!~E!! o "'it .!\1 ~1~ ab ~ 1t fa 4~ur {tl!tlt*J E ~' 
ffii Y z/Y q:t*)t~~~llil¥-J!&%!1!~llffft{J{}L~ PlU 7t ~ ~* 
~o~-~-,~~*~~9~~~~~~~~D~~~~ 
ttJJ~*m~o · 

-10-3=-\lag~*ffiM, .tE-T re "1:ab" fl fF fflt 7} JJ :r 
- (CD1 /v'" + Bxx) MJ 2ft Jim*~m!~l!.lf-mff IlEo ~r-.IJ' ~ z WI 

·lp:fif&:(i}Jr~rt.J~* ,.ip:jj~ag--f&ilf{~;l! icu/v(l + v2 (8xx/ 

2cu1
) Jo ~f«~*¥B:riiJr~iP1~ (8zz ~=::: 0), 1-f: ~ *§al(I{J~ 

~~~~~,rfi~D~~~~~-m* 
. . 

D ICU D sv D z= - + - xx 
v 2u.> 

(10-5-4) 

. . 

~ ~ v = ;-, :jl}ft£~~ D = D' eimz, ;)t~:j:l m = OJ/v, ;!JF.t (10-

5-4) RfJ;Afmft~ 

. 
D l IV D' z= - XX 

2cv 
(10-5-5) 

~*<lli (10- 5-4) 9.lt (10-·5-5) tE!t!!lFt'tJM, R~§aH! D lf\ 
fli{f!~ (Ji]fiff X' z = 0 ) rt.Jf«St RJ~.A T 0 tE.liMJ&ltlb~ 1ft' 
D~#~~ill~-~~~~~d~~o 

~i£U:aff1$/i~JJ:fitlt u (J{JitW.o. JA (lo-s-1) (t{Jm-
fi, fl 

Uz= -iabU- ;; (U ~D) (10-5-6) . 
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Uz= -iabU + [y D (10-5-7) 

afO~$CIN;9 Y (z) a91irfllf£Jte (10-5-7) ~JVt 

Uz=- iabU- c' (z)D (10-5-8) 

~~~fi•m~~B3,afi~-re¥~-~ru~¥w~
r-JJJ:YCJ1l, ff#. 

. . . . u Huu tvu '( )D . z= - - --
2 

xx-c x,z 
v cu 

(10-5-9) 

~~JC~~ U = U"e-imz 1U D = D' eimz, ffil~~lJ(:J!j1:), . !itiJ 

~~~1:J~MMJ1Pl~re .(10-5-9) ft.:*J · 

U" z = - v ~2 U'' xx- c' (x ,z) D' eshnz 
. -JCU . • 

(10-5-lO) 

-ill (10-5-10) ft9frR£fl!Jt ~ a<Jo tljfc, 1£7f1cait~ 

U'! zru ,~~liiit~Jt7ifl3tJJtH D' 0 t£ /8¥(1o-s-1o) 'it, 
~f(]tt! c(x,z)D'~f'Fkf'!~ U~'fi"J--~il~o ~tE1fWi1<m 

~IQJf!o ~~~~mit.flo f*~ "]£~" I~]Rfl, ~-JfrP4~ 

".&fit" tiiJI!, NPtEi&~(z = o )fltW Tf£:tl6*~ U", ~)jt 
~ ~ fiiJ r ~ lfJf ill c C z) fi:J U n < z) Wi :t-(f(J fti: o i! f'Jt J.i i1t fJl] li-tE 
1' --itf!-Jfff~mlfl~l!~ii!mi£~-rilf~~o ;! .m a lll :w 
JiJ~j'!)R-=f.IE~IiiJIIo ji):t (10-5-9) *)jt LT"(£~~99{ii,fll 
~~~~3ft:W-~ftf, NPfm~ U''t£J&1Cm~·)i'--m~(}(Ji!f!~zN, · 
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.. 

· .(10-5-10) a~~~j&,bk ZN ~j ZN-1~ ZN-2~ ~ ~' f± J:: 
*<, 1l~~{I]JIJ)ts;g--~lit~1(J{JJ.it-t~Fifiiznt, NPtE c(x,z) · 

~ D'$:l!ll~Ml~~~~im1iL.Jru, u~"~1i-fk~o t£1!- a · 
/ . 

l:, (10-5-10) · (t{Jll{lJj{~ig~JflT, Jl U" .M.Jltftl:__.:O:~ 

Jl~~~~(t{JT o it-tff·*m0010-2~}jf~o 

m 1o-24 

Tfi~-~fi~~~~M~~~~~-~~~~~~~~~~W 
ftEJrfi•Yti~ oJ!g.iltMJ: 7 ~'f'-i4JI.Yti .1~~ iii~, ifmtn:~:Jft 

· ~~~J:~~».~w-r~~~~•*ilt*~ilt.~~~~~-~ 
T l:fiilo 'E«ltf:JI.mrf~&~ • . ia'.Jf.ifii, J:ft~tl9*"~~rr 
fiilt~~toc. 

. . 

x' =$ (10-5-lla) . 
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z' = z 

t 1 ==t- z . 
v 

x" = x 

z" == z 

z 
t 11 = t + -

v 

(10-5-llb) 

(10-5-llc) 

(10-5-12a) 

(10- 5-12b) 

(10-5-12c) 

* lia{niif~JH~~~ <lo-5-11) »Jt~~~ (10-5-12) 

*~~ U fJl D 
U (x,z,t) = U 1 (x 1 ,z1-,t1 ) = U'' (x" ,z" ,t") (10-5-13a) 
D(x,z,t) · D' (x 1 ,z' ,t') = D" (x'1,z11 ,t11

) . (10-5-13b) 

f}( jl ~mIt* taiffi! Jill m. 
ax.D = i1x' D' (10-5-14a) 

. 

aJJ=(a~'- ~ at' )n' (10-5-14b) 

8tD = Bt'.D' = Bt"D" (10-5-14c} 

(10-5-15a) 

(10-5-15b) 

BtU= Bt'U' (10-5-15c) 

ii~1tmtMJi!Jt::tij 11 v = -;,. m- i(U ji ~ <to-s-4) ~c1o 

-s-9) ,~mre - im ~tt:--?Xx-t t *milli~m~ ,f!f. 
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Dzt = - ~ Dtt + V Dxx . 
v 2 

(10-5-16a) 

(10-5-16b) 

tf~ (10-5-16a) ~ (10-5-16b) ~JH (10-5-14) *u (lo-

D' z'.t' = _v_D' x'x' 
2 

(10-5-17a) · 

· U 11 z"t" = - ~ U 11 x"x"- c' (x_ 11
, z 11

) 1)'' t" (10-5-17b) 

~~, Rf .ffl (10-5-17a) ifjf D', ffi (10-5-17b) ~~ t< 
:±i D" 0 (10-5-llc) ~ (10-5-12c), ~It 

t' = t 11 . - . ~ 
v 

m~, JA {to-s-13b), ftfn~~ (lo-f>_:.17b) 'ftt¥-J n"nr;a 
~D' *~~ 

j!~IJtraJ~Nf:JP;ftp (10-5-10) MJ~~~~o 

tS ;:.) 

(10-5-18) -

. 1. YEIYJa +C (d/dz) In I JJ!kA.~tiil:J!l~r~, fl'a 
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~liM~fl c' o 

2. M. (9-3-20) mtlt ~J, Y ~ ~ SL * ~ k~o 1! tE 
c1o-s-1o) ~tttltliR1tli~~ 7 0 bti&itt-... r <to-s-lo), re 

1i* aD' /ax ff.JJJl.-&i!!*i1t*o J!faf&JJ!M!.&M~finf~.AJ! . . . 

ffj Jl: (f.; Pll ~ 0 

1 o-s ~ m: RtJ ~ Imr ~ . 

~~-~~ft~*•~~ ~~~-~~~~m~m•* 
1: ~fl~Jf!, ftPJ!~miJt *a9llti£itJJi1!·f-Ti:tfl 1ft ~ii~FJU 
~o~M~$ft&~~A~~' ~~--*~~~ W~~
~To~-m~~~~M~~~~~~~-~ft~mM,m 
fl~I~~~~T$nW~~~~£i1!fiT~~oo~~~o 
Mm~-, ~m~~~m*~~~*$, m~~~T~~n 

flt:f:rl% ~~$i!rmiftf*:IF~~i!o ;it~, .lA :lfittl it JJ ~ $ 
(jLJt~t£ Pzt= (v/2)P~;!f.¥~$tlliiJ iQilft) ~im~)jtjf 

~~*~~t&~~~~w~~-~0~~, §ffl~-~~ 
M*~~JilJit, llP~ P(x,t) ~}A Zt :£ -'~2 ~~~~~lf.t1~, 

~~~~X~*-~fim-~~~~~~~*mTo 
{Jtj~, ~~P(x,t) ~f-f!I!Rt~~ P' (kx ,w) o -=f;Ji!:, ftt 

;r k~ + k~ =ru1/v:t, l3 m.~ifi(f(J lltfll kx I <rofv ~fiE, m 
t;AXf-=f:lf'flli.Ill kx J <rofv ftJkx, P'(kx,ro) ~~:*J~o 1£ 
Pzt·= V /2Pxx J1t flljijj Jft ftj£-AZJ1~)f:il£kA --Jj\~ ffJ Jtf~ M J 

.mfffii, :lf'~~&tJI~~ili, J kx I «.cufvo ~·~1JA1 ~~Jaq f£ 
-~~~~~~~~~*~~~~~3jtftiD~~~-~o-
-, §~M&~W$~~' A~~~~m~~~-*~M, 
ft{JlStJif~ll!* (kx,w) ~f)jjff.J/F~f!$;~ o ~:::, ~f{]QG 

~~&~~~-~nm~m~~~~~oo~~~~$~Afl 

·. 
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~~T~~~~M~~fto~~~-~~·~-~~~~0 
~;{]f£ (w,kx) ~faJMI*~IR:IJJt~~Wo 

~-=f Bxx fl# Hl~~¥1¢- k~o -T ·6xx #1 ~=f-;(£ X fdt· 
J:~f£:*.1 (1, -a, 1)/.dx2~---1'm i~h -r~, 'E ·~# 

·mnt~~~ (exp(- ikx.dx)- 2+ exp(ik~xLfx))/ Lfx2
o ~{r1 

~'Bfrlie7-J (FT ~* ·"# Jl!llt~~") 

\ 

/"... 

FT(axx) =- k~ <Io-6-Ia) 

FT( oxx ) = - k ~ 
L1x2 .... 

=- 2(1-- cos kxLfx) 
L1x2 

kx 9'.1 i[ fl;l k.x ~ 
/"... · 2 Ll'x 
kx = -- sin kx---

dx 2 
(10-6-2) 

lii~f'JJ~ Wfl.t ti 2 tan CAJ.llt I 2}ZsinK ~~ ll:X/ 2 < 1 0-6-B) 

'"' ft' 
Kxllx, 

2'1r/Wf}. t ~ ff.Jtflx.t~~ tr.J ;ftl ~·-j,j! ~ (f.];fftm-iiZ! 
1r X 10" l X 10-" w-z«JJ J0-2"/6 O(J0-4") 
lo.oooooo (}.~l4159 0.008272. -o.0041 16 -0.000021 
16.000000 0 .392699 0.012968 -0.006434 . -0.000051' 
12.000000 '0.523599 0.023218 -o.OJ 1449 -0.000159 
JO.OOOOOO 0.628318 0.033675 -0.016504 - 0:000330 
8.000000 0.785398 0.053325 -o.025834 -0.00o812 
6.000000 1.047197 0.09764S ---o.046l 09 -0.002613 
4 .000000 1-570796 0.240396 -0.104~9!3 ....... 0.013849 
3~000000 2.09.4395 0.492$33 -0..189390 -0.046111 
2,.}00000 ~.991992 1.596763 - 0.400.J 23. -0 .. 203548 

m 1o-2s 
m•~M~~~-~~&M,t~~~~-*~~-~~-



:J02 

~~:l(S&-JBRfiintE~§-r~-flltiftfn, ;xI, w :r 
ajat tt-J# li!Jlt~~~- iCiJ, Jfl~~tE~~~*ut111-o »t cu ff.J 

A 

ilt {Jl cu Jllj ~ 

2 ·t cuL1t =- t an.--
2 

(10-6-3) 

A 2 mLft 
CiJ = tan--

Lit 2 

i! 1-ili:fC)-&ilJ t£00 10-25fr.J~ ~ o 

NW~tlilm"~~~51ilrJ!~~lt]}:Ag*MJ o1W (10-6-2), 

A 

· . ikx = 2 arc ~in h ( ikxL1x_) 
L1x 2 · (10-6-4) 

~~J arc sinh ~~~f£ 

arc sin h u = u - 1 _u_a + 1· 3 ~ ~ 1· 3. 5 u7 + ... 
2 3 2·4 5 2·4·6 7 

(10-6-5) 

(10-6-4) 1¥-Ji!!# !J!Jlt~~*Ijffl (10-6-5) Rfjtj" ox t/( Oxl¥-J 

~f'F·t&~Jil3fo 

.: .. 



, 

• 

JOJ 

~ -oo, -Iitiitk~tf£M~1itttilr-=ftEzK-¥J¥.J x ~ ~ .m_ * 
~0 m~, ~tt--~tt dxx 1!tftiiJfili9x.t 8xx (J{Jjljl(' J!fti ff1. 

~o (10-6-4) ~1J, tE arc sinh }l3f;i-tJ:fl..R~\iW!WiJ9i, 

ft. 

(10~6-6) 

(10-6-7) 

(10-6-8) 

~~~fl, fl}I~~~JIJJeiM-~~-Ti~ ~ {t fflo (±~, 
(10-6-8) Jflr Pt = Pxx ~~ft-Jfl7}1il~nf~!illi 

( 1 + Dxx ) 0 p :::: L1 t 0 p 
12 t LJx2 XX 

"(10-6-9) 

Jr~-!:0{ dxxt ~1t-=fiE!t9ttJ'J, fai10{Jt~OO~-r ~ f£ itt · 
frT o ~~0010-25, 'E~OOWIJtfiTftl.*~~r*io ~MIll 

1 o.;..2s;fi:J Af* EY. .m Jf.t nr ~ ~ ~ tr.J~~, ~~.Jm m 3%, a JrrRJ kA 
~~--*~a~nr~~~4~, ~~m, ~z~t~~
ilt*~;91o"'r f.i, tE X ~J::~fli*3+~.a·o T£, fl }fj(J9~ 
~- 2n/lb<(j)L1t< + 2n/lO:!FjnPJ ffl~ ~l~~~ (2n/10 J! * 
~~~~~-(J{J-MftOO~>~Boa~~M~m,~m

~~~--Z~£+o~7I~~M~ffl~~~m~•-' 

., 

. ; 



• 

. J04 

¥t~t~si~J!*a91£~, ~~~M'·tl~)l:-=fiftll:E~M~MJ 
£~ilff);Ao IIJl0-26lJif!ij~{i!ffltf9 (cu,kx) ~fa]:if'Jt[Jfl ft.J tflS 
7}0 

f# 

III 10-26 

( Ct>, k z ) if ifQ fiJ , aTJ;,{ ~ '-'ii ~-~ ( tJ>, k ~)I if 1fii J*l . .& ~ t(I~ 
~~•oR~~~OC~~-fi~~~~@~•~~•aT~~~ 
@o t£ I k:e I > I (i) f.v I ~.jg:l:~tt~~ ltilt, ~~t~iiHlt ... B(;~ . . 

~~---~~~-<·~·~M .. Mm~tt .. ~~-~~~-~ 
~i¥rt5tJC~jflt.t> o i!f+tm:l:i:EiUJ~:iEfi}!':.J:~~W.Mft~, 

\ m C.A , ~ ~ 31 J:t fj·iJJi~ Jiid!it o i! PI m .1ft~ iJ! i1t c m :~~:tit a a Jrrit > , 
:i(;jpj!lJ!Jfj~#J.~, . Jflft{t~flft*lto ~~J: , ~T~Jfl tr.J fi 
jt, ft{flQ#Rf.C.A if!~ ~f« 1ft I:l * ff.J Mt& tu.Ett illd*'ii oi!:it ~ lli ijC -k 
ff.Jj]~ {)!iJtlfi[[ I k:e I > I cu/vsin (,_1fj) I o 1il~fil-'!.tm'JJ·-.1i 

•~a(i)~kz~•mff.Jfi•~*' ~K, ~~~~ffl«~*~ 
~JJT-tffl"ffll'f.J·~~JP~7 o ~fflr:ilti.IY-JIJtt (aJ-~~ JJ r ~ tti 
.,Md7M~~~~-~-~·~~-~~~--~m~o~tf. 
m\ JltJ: t31: :fi rPJ •· rdl tE !It ll ~ ntRI • I*l 1i, st • ft m !I! M ~, (!E) 
(ftiJ: ~*(f.J) iA~)t:-1-o .JS",iX-1'-·00:/!ti Llx> vLJt ~ifitlff.J, fij 

~~ft-~t~mrf.JW~~~~--~,MOO~~~·~~OO(!E; 
~ :JJn l.i ~ :t: fl!1i: iti! a ttJ o 



, . 

105. 

Pxx, ;f4f;J\~&-r, · f:E~ffl~~ ~ ~ j~, ftp 1£ f k~Llx I 
>n/51¥-Jttkjj, ft:fm:l:it~o ~fntE~UlJthnl: -lJio ftP ,· 

~ 

(10-6-10) 

(10-6-11) 

~~1itfl .a llt~~l¥-JflftM, ~fn~ (10-6-11) .:P ~- x ~ 
I • 

~fF~~ 

a P = ( vkxs - akxJ)P 
z 2icu (10-6-12) 

jjfJ. (10-6-12) ~~;X} 

(10-6-13) 

m~~~-&~mm&~~,~~-~~~~ ~~anR~ 
l{fj[~~Mf!o 4lz-zo=d, ~~~' (10-16-13) .JOC~ 

(10-6-14) . 

ll.tEafn.~&i&iffJJ£1!~~(1Jt$&o f.t:fmY!~ , ~fn*m kxLfx = 
n/4Jllt, (10-6-14) ii~ e- 1 ft-J*JltQ ~- (10-6-5)~m~, 
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a(kx.dx)• J: = 1 . X 

2 

. (']() d a- = 1 
4 Llx2 

(10-6-15) 

~Jit, ·~ftl~f!f.~J (10-6-11) ffiit£ (10--6-10) ~~1t:(I{J~~-

JJiAff~ ~fl a, ~tl1J~t!MJJiiiJ{ Llx" ffii~-T 0 o *~1fT 

~_.~, ;tttttH 7 (l0-6-14) ttJ~rm~~$ll11ifliWilt~mlko 

~$ tEJ9iff9 51 Ax-ttt3Jmf1JT=!ft1Jn/F 7 ~~~IfF :l:o 
rlfif, alnf~~~r-~rm:nm, ~fJ!n{(&(f{J1lfiRJCsin <fll 

fij) = kv/cuJtlf~~' j!/FJ!WfltJJ(t{J~{it*l!i$flo fbljEJafn~ . . 

~~-£*~~1i~To~~~-M~ft~ru, ~~~~~ 
~~;&Jtf~i&, ·~~J!fXJE~~JlZ~o ~.!R~{rJ~ttk7}:1J . 
m <1o-s-1o> m:fif~~, ~Rl 

BzP = V8xx p 
2(- icu+ co0) . 

WW%~-ft~~-, amm~-~mre 

a p = v i U) + UJo a p 
z 2 (cui+ COo2) xx 

~tE~{Jlnf~~~ (~0-6-.17.) :tiitlfl9 JJl~~' 
~~~o~x~~-#M~~-,ft~~ 

P . VUJokx
2 p fJz ·= - ----

2 ( «>2 + U>o2) 

(10-6-16) 

(10-6-17) 

(10-6-18) 

f 
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~~~mmo ·~n~~~--~-~~~, w~,~m<~ 
if~l', (10-6-9) ftfi~I.J~~ftll~*tvi ~J fi! if m>mo itf?R. 
-r, <1o-6-ls) ~~-=f 

·. 
(10-6-19) 

~ltl9Illi., J!~lt~, 'E~tlfiffl~i*iWTm~co m ~<w>mo):Ji!:· 
~{(1~~@MJi1flJCo ~-=f IDo ti"J f£ {t~jl!:, \it£~):jj!«£o 

!S ;a . 
1. :ff~re!3 Z $dJRl30° fij, ~ .zl jjJ Zs raJf~-~l1ilf~ 

~lm\*=i'li~ltr.J e-lm, In] (10-6:...16) qt~9 IDo w. Jfl ft~OO:? . . 

iiJDB~m mo ,J, T, ~®tret::~fP~A~JUJt-ttr.J·~l!!Jt~ll91k ~ 

~-~~~oW*W-~m%~~00+, N~m~~m% 
~/J\~91J-=fo 

2. Yfi!JJ: Pz = iv/2m(8xx + b8xxz)J:1Jft(t.)~f£ b Pfj;Jffl 
*~~jltft;J.~~ exp C- bkz:. (z- z0) J (f(J ~~lllftf::ft~o ~ L1 z 

1lk ~-ffl *ll't, ::t:« m 0 

3. }ti/ifl Pz = - am"P f£ z ti ~fl;-2V)t~fflio ftA~ 
~'~!~~- im. = 2 .(1- Z) I (l + Z) o btU~JYJ~J!/r'1i@:IF)! 

m' mf~l*f!~lJi~~:J!Jilj\~-f!Lo 
4. YE~s nfl.Pz=a(-(i)2 L1t"/2+imL1t)P, .~>:1113 

~ 1iti!~ -~0 ~ ~-~--~ flil (t9lfit raJ ijGiJI~l!to em :fl~x 5l
JB 11f~·1Ji!, liP, ~~i!~tfrn~W£ z !¥~ >'rmo> 

· 5. B§al-m_fll} P(x, t), t.ll.fe1J"fli! Pzt = Pxxo· ~

Jij, ~~i:[*Jl91ttfi Q(x,t) (Q(x,t) =P(x,t)eat) .tE--~ . 
~~~~mmm~£Q~~,~£o~um-~-*~-~ . 
1t~lfi*o fllJ Q iJli.Jlft~#P"JVlt~1J~? . 



. ' 

m~~~$m*m~~~-~~~~~~~-~m~-
./ 

fef .'-Jifl:~iJZ'ntJfl*t{Ii;l!~#~J~tif*~~~~~fl~~W]o 

m~I~~~~~-~~-~M~-~-~<~-~~)~ 
.. fJLJI, mi~OO:IW~PiiJ~X>t$-'t11~F.ift§Jtlf'!~ft.Jill~fi~: 

~~-~~~o**~re*Are-~~m~~~~~I~
~~a~;~tt~~~~t=Po 

11-1 3!i-fll fflfiif R9 rR1 -F Ji§ tli 

. S~~~~~£~~~H~: . M£*-~&-~M~~ 
~' mM~~~fl~,~~m*~~~' ~fl~~~~~o 
m~tm~,Ml%fiflJ!--*1r!l,afnnr~~rej!fF~ x ~, 1f: 
~,m~an~~~~---£~~~Mttfi~~~~m~ 

~w~~-0~~~008~~-moo~~oooan~~~= 
tttmm~, -Jioo~m-r:· - ll*fi r=:tttm£7tr~m, !il'lfili 
~3-~~~-~~A~*~mT, ~-~w,=~~m~ 

§M~~-~~~--~-~,~~§~~~-~~~~m 
m~o~-~~-~~w~,~3-~~*~-~~~~, 
~~,~~*~li1iftfia.tRtoctt c~ooi1i~ruft9WfR;J; t2 r:k, 
m~, ~-JP.vLiii~tt.Jtm:l:~ t2 -r~, ~:p~, i1t!!tifil .!9 ~~ 1 

-

~iE ~~) .oJA:--~~~~i&t~ m 1¥-1 JMc(lpR <~~~~~i&~~#Jmi 
_i, ~JG-tiLf-T~¥1£) ~~-*~~· ~-~~RliEito mJ Jlt, a 
re~~~~~ffi~~-~~=-~-~-~*· a~~~~ 

'• 



J09 
. . 

~~mj~J-...-'I'~Jt~-r tY2· BJt ~' ~lffil:~,~~~ :11: mr.:rl.!~ 
-~~' £hOO~~~MMfiM~~Mill*WX~W~~tt 
~ J: ~ B~.J mfl (f{J J& mDt~t!l , w P913a t£ IRl---~m Jt-'¥ iii .1:, ~ 

' ~mm, an~s~~~~ft~OO~Mo~t,ffg~~D 
M~tt~~~~~m~~OO~Mom~, -Hamre~~* 

T,~**~~OO&M,~~-~ffl~To.W&~A~~ 
·. 

~~~~?~~-~~~tt~~-~tt~~~~~-,wm 
iJt ft.J *~T Jt-t ~ ~~ ft·~ ~~ gc rP a<J ~~~~--fait Jt:l:o .Mt.*Jtf! 
-~oo~~w~m¥oo~~-fl~~-, ~~~$~~om 

~-~~~~--~~*' ~-~#e~~&w~~~~oo · 
(f#.lfii) mrz:~Jiijt£~~~~$dl!t~l.&M, jj~~, ~~~~fl 

li1J!:l:'Efi1JL-'r'.&M!m~JJn·, ;x~, M'-f~!t m ~ 7, f8i 1f · ·1 
. . 

~,~~~A~~*~~~ft~-~, m=-~~~~~~ 
fJii*, :£f4/FJJJT.lV-ffaJ~*ll9 0 

00 1_~ -1 &f!JIWi.Jt~~~ ~zraJ(f.J-t~~m:~MJ~~o ~a 

(PJitil) s !J9~~~~ilt~ (Jtf~J&~) tf.J~ ~ g, ;I! m-
--~tt~ ~X- W~~om-~x~, ~~~~ 
.if! {fiB 3 ~ ~ f l~Jt!!m: llllS!ll£~ a9 Jf1 ~ y 0 

afrJ~tE*tui~BiJJ~ P(s,g), ;lt~rfS~~~~tit·iltRi . . 
~~-~~~~~~o~IM,~~~~~~*~~mx~ 

~---~,*~,~~~~••mm~, &e~fi-~~ 
· ~·~Rfjij-t£--s1!\tgitJJPo f~~flMJt':~~lt, !Bi3ff1tE 
~~~@~~ffl~*~~~A~~To 

j} ---'} ~:V: (I{J ~:JC:J! 1M" rru t 0 Rf·raJ ~ .J: ft9 DK F.i ~3! ~ ~ 
*t~~~~~M, ~OOt.~oo~~~s~~~~%~ 

W&flTZm (ii~*~ a &~zm) ,~~faJ*WJt~tii-r o, 
l;J. ft!tEs:+ Lts'jjk""f--~o t£JI)ll"""!lt:J:r, t *dfiiJ~·t£00~ ifi · 
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ffii(t9)'rj[zo(s,g) ~~'" (y,f) Wi~~~; ~;i:.IE~tf.Jo * 
(s ,f) i!~Mr~~JE3t~~1iP11£mJ:I'Lt~ia~ Jfl fi!JfJ, mitE 
~-~fi~m~m~,m~a~~~T~o 

.st:I 
• , 

• 
• • 

• • 
• • • 

• • • • • • • • I I I I I · & I ll 

• • • • 
•. . . 

• • • • • • • • • • 
• t t • M · t t 

• • • • • • • ••• 
• • • • • • • 

• • • • • • • • 
. I . • 

* . . 

• • • • • • 
• • • • • • • 

•• • •• • • • 
• • • • • • 

• • • • • • • • 
• • • 

• • • • 

Ill -11-1 

• ~ 

Jlfltil~~ s , ~lit~ <PI~ lit 5> ~ ~ g , 1tii# <iiD ~ ~ I= 
g-s, ~*JL'F.i~~y= <9+.s) /2Z(Iilt-J~~ o Jli!~Ifl=~)llft~ m s 
~gW~~ffi~~~~~,fiM~AMma~~fflf~Yo 

X . ... 

m!it~tTJ:f:a~;l~_.~~ag s t£ (u ~, t) -¥1fiLl:i1t fi liJf 
~0 WJ~!&a~J:f:t, (g, t)if1fil:(t{Jf£Mfl~~ "Jt~l.im-" o 

i&Ntf£Mfe¥tJAM.!f~JiJf~tE (y, t)~( .f, t} )!i'ij~~iiil: 
R{Jbt~Mo(y,t) .!Jtllffff.J.jl~~~ "J$ktiff'Jiif"o (J,t) ~jij 

' ' 



J1l 

tt9.11f)j~P4f£"~l=J:tJL'~m-'~, !&:i\"~,&t-jr ~;[!J!" o1£I.ill!J: 
lJltJ1itP4ft!l "~~Jt~j!-" oi!-1'-~lPJ!t.J~~il~Ji.~~id!*m 

W.~~m1tmt, liM tifF;g "~It~" ,~~F*Jt,~IWlE"F:Ii o 

~~man§-re"~~~,~~~~zM~-~, •~m 

Mo~*~~, - an•~m"~~~"~-1'~~0~~~~ . . 

~!fi~ (ifl) f, tJ(~Jal *JL'F.i y~flM~~ ~, NP (y ,t) if. 
iti' ~~ "Jff!!ttflliii"' j!;l:JEjeiJZmi.PPfl~--l¥-1, iif u ~ ~ 

· (Ei.~) J: B J:=f~J!tr.J»~~ifjfif o ffij u~ tl!! ~ ji -" fll · 
"~q:tJL'f.iitjf' : Jtit~JL~lJ!, tt:7t~dlil~~l&3~~* . . 

~~~ oo~~*~w,£w~~+-~n-fi<m~>~ 

fJ9W!-fl~o 
~~--fifj{J ,,~~f.tjijl"~ "~ r:f:t 4b~~J!$" i!!ffi*f\J 

48-t'!&llii:o lf:J-=fif Jfla91tM~1it/!tE 3-~.m *1¥-J~l&~ ~ 

-~**-~,m~~M~*m~--~~--~~~~~~ 
''Jtf~f-¥.~" o:FT~f¥.~£---1'-~~ lti--<FrmJ&- C~~ "Jk 

J: If! 16") tn--+x~ lk~i!3 tt9 t-¥~0 ~H~W.~Mitl:fi~J 
l~Jifiil:, Mttntrfl-ijt, ~:k~4i*fP4Wm:~~ ___.iX!l9J!IfAJit~, 

~~~~~@WT£ft~~~--~~~m~~ft~~m~ 
lf:o ;!flJt~imffl.J!--~~J&f.i!J9j[!-, :Jt=.Jif-fgffl*~f.J 200 JIJ 
2000/r'-M!til!o Ffiiii-¥~J&MtE*~J:~~:J!AI:lf!a9Kti1t9rlt 

. . 

~ft-~~~~~~--~~Z-o~AftMmm~~ an 
~--~-J:-~~-ft~, ~~~--&-~~~~-~ 
(lilf(.\#-~~l!n-TJ19, .W:.!iiFJtiJ&a/1~1-~ft~, · m:il:~ 

-~ .. 1i~i13~R9frt~~JtfH~f£r-¥~J:a9*L~) of!illlt, ;/fe~ P 

(g ,s, t) ~ P(s ,g, t) 1¥.1 li.~f!lij{m!"iif -{i!~~«Jt!ilt~, $10C_. 
!ftg, 1fH-JL a -'tf!!J&~~J&, j!JEJ!:~·fnxt J:fiiltfll~fri1t 

~llt~~rnrr}jg~Bf-~t¥-JQ · 

-. --..... 



.. 

J12 

.,, 
•. 11.·---A~,· --

. . · U,-~ 

. . Dz---...1~--

t .,2 u, ~ I 

Ill 11~2 

~ti~W~&~*~m~OO~o ~~~-~m~ 
•• s ~ttf$Jtk~tflfta Ro -=f-~ilt'f.J~lro 
~littaf.itiJ:iti .. (£-~ft?Ritabl.l P,~, ~fi 
iltD, ltJ:fi6f U. -¥ft~it~7 o J:fiili U. ft 

;!it5J~T~fi1 
--·~~f!, llP: ftl}ft 
1nJ1 r}!li t6 fJ9 tiT Ill 
~~ij( ~$ftbtRVlo :An 
IIJi ll--2.@(~, -~JJJJ 

lm.ffiJJ!~MJ-~£: 
~; ff:tE-rJ&%11!~ & 

t-J' :W-lti, ;I!~ tE 1'"" fi 
ilt~ ~1 3ii JJ1 fa] ~ 1: fT 
ilk: (t.J ~J ~ lftt (a]~~ 1t 
tr-Jr J& 1i o " 

~7J!jfi&I¥Jf!JJ 

~:1--~,· ~ JtJJJJ.tli 
~~iJto }!D@{f!~ffl{E 

· •ms~~•••fi,Jlitt~TfiLl:rtEJ-~ it~~.. (x, ~) 11!~--Iiffl~ 
:n t:;JJ: ii ffil JIJ P. F.if!E.J ft :1: o t£ P 2 4, ~ m -rDt (t-Jr (i) i£ tr tt JJ fll ~m. 
~-r~•M~~litt~ooJ:, ~~~rfiill~~ 
fiili <D2 tu U2> i£1f11QJ~l¥J-~o IM"fl1!1titPJbl 
JU*~~Jiit ~ifiiff.J-«t:Iotf.litt Jf. iii~Tfii, tf.P, 
i,i, .liW!Ll: W,, . Bii~tLJ:*tf.Jili7 o ~ffii, (£ 

*$aM~~' ~~i£~~-~~J:fi. U ff.J~ 
~••,aAmaR~~~~~J:*~~,~• 
'JJ!Jf'-talf100 <~~-TM*M :1m * tt:J ~ Jt> ~ 
*0 at-TJ!ftltH1, ~fl~:W-m*xft~ T-., 
itt ar ~ m lfJf t£ P s "fl- · 1'-fJL.l: * t¥1 i1t U :s <JlUII.K 
t1 m > , t£ r fi i1t JtJ 3li z lltr l:fH!~ o ;x ~ 11 ~r, ~ -r 

~~ 'rm.~~t£ (x '~' t) 
~:tt~fa]ll!it~o m 
fflllti~*i1t, ~~~] 

-·~m*, itJ!i»i--t 
JM· ~tltW ~ Jl1 fm £it 
~riPJII, ~ lf!~i1t* 

fiJ m ~ fi ilt~ r tt IIt t¥J 1M" iaJ ~ ~ *~ lit-fJt. ifiHt!J ~~, ~ ..d 7 j! iW .!i"il£ 
&I, lf'~i§J;f\·.fl:ffl o i!:fltfK£1!, ~-=ft£~fRlifi! kJ. --~~~~# (ji 
lf"flilf$.liM:W-iti(JEJit~4fl"!&tf.J <Jftfl. ~ ::t . • . 
lt5, fJ468JOo ~~~ 0 lt~lSO}t) tE -

~r raJ ~rz: !:E&M P9 ~ 
_n~-r o ~fn~~fu, -r~raJff.J~"ra-t ,, ~--~*J:tr.Jmf:ii: 

'· 

• 
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- m~, #~mm~oo~-~~om$#~-~~&~~~~ 
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;-..... . . 

o , u ~ B9al) re7im 
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. U' IV U' 0 Z =- XX- 1 

2cu 
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m•~a•~••~•~ma~~~~-~••o~~Mfi~i~~~ 
~~00~-~&Io~OO·~~R~D~~~o~~ft~~-~~-~ 
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c(x,z) J!Jfllli ~ c *fi!it+tt-1, ;lf;J:f:t 
. /'.. 

A ( ) _ U (x, z) _ 
c x,z - D(x,z) - (11-1-4) 

A 
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s + g . y =:.~........:::_.._ 
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(11-1- Sb) 
(11-1-5c). 
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~ ~ J:f:t ft1 trt l;b lk rm ---'I'~ 
P ( g, s, t, e) = Q (y, f, t' , z) 

~00,~-p~~g~~~~~~~~M*o 
Pf{ = Qyyg + _Qf/g + Ot'fg + Ozzg 
Pg = (o.5ay + af)Q 

Pe = Qyye + Qf/e + Ot~f~ + Ozze 

Pe = (t~ 8t' + l}z) Q 

(11~1-6) 

(11-1-7a) 

(11-1-7b). 

Pt = (tf 8t')Q (11-1-7c)' 

afrJj!~~ P ff9=:JWt!fiufilllfo 11if~ (11-l-7) *ftJJWfl By, 

a~, at' ~ az (J{J ~-~W£1itfl, .@TJ:J::M-~i:ltli~~re (11-1-
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. -
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~~~~j, m*~~ p (f.J~~aRJJiktE (x, z)_ ~faJP91f1t 

{fl.ifl:o * Pxx J!/j'il:f£J1k1ifJ:~ nf~j!i):!1£ 9 =X~ htt'r£ 
lJt3#-ifAJJ:I: Pgg *itltl~ft{Jo :ftf(]·fe~i1£~?{)L:I_(t{J ~ ~ · (x, 

z) = (g, e) :V~££RJ!~JCo lbiJlt, afJli RJ~telltZ;IJ:Efl~ 

~ - . 
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. . 
~r:J:t, afrJM!fflT --1" ffltfii (x, z, t) == (s, o, o) J::(J{J 6 

~~-~~-~~0~~-n~n-~a~rtJ~~~m~~ ~ 
1if1, ~frl~fm1£Jill(~fe 6 PllfiiJ}To ~tE~f(llf1(11-1-
7)r:f:t~-=.:r, re~tn~:n~*' -ttA Cll-1~9)0 m-

! Qyy +Off+ Qyf + UD'Ot' t' + 2te'Ot' z + Ozz 

-- (11-1-10) 



319 

-~,an~•~m~~~*~-*O~<~*ffl»Ou~ 
~.A~ 10-3 =iltft!~~ffl.~J~~(f.JWf{ij{J.JJ() •t) §lftl~1J1tmtl¥1t.i - -~tNm, v = v, M! m t: = - < + 11 v) ~~ tl = 1, !Ltlifl~f:j 

it~ 

(11-1-11) 

~ 1if1 (11-1- 11) J!lmita9ftumk~tifi '~J!}A3fl~*'l 
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Szt' == + ~ Syy (11-1-14) 

~{nBiiJO-hA (11-1-11) f4~J (11-1-·14) ,.R~iA~tX1-=f~ 

~f$W! ~tsf-, RJ ~ll* ~mBf.¥ie)jt~(f9 :g}i,- 111£ (11-1-14) 
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tJ9, ~lmftl?XJ¥, 'B111W~tE*Uffl (11-2--5) 1£fJ{fift3ttlJ 
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(l)ll-13JW~R"J, ~i:J: (z, t) 3fnffR"Jj~--~flb ~ J:Jiio JH . . 

~~n@~~3~-~~~~,~~oo~~~,~~m•~ . . 

tf-o _.. Jl (z, t) .iflfiit(ttjt~T' ift .~~~tk:~Jm.~ IYJ~ 
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~ltv, llflv == v = v,- JJ~~ (11-3-8) It==: "'r tjji W~ ~~ Jfl 
1ttiftAi!, ~;fPJ~ilE 

(11-~-lla) 

· 2 ( dgyg + dz'Yz- d~p )ody == o (11-3-11b) 

(11-3-llc) 

.. 



J40 
. 

~tk, itfl1mlli1W az ~~~3eJtlJi 

_ g-s _ h 
2hzOt_tz- bQhz - dQhz 

(11-3- 12a) 

(ll-3-12b) 

2dz0dz = 0dz (ll-3-12c) 
JA {11-3-6) ~fr]~JIJ Qyy, Qhh fJ12Qyh ~~f£J!~JmMJo 

Ji)i--~ ~lj a9 ft fit'-J jWj, ~ 

(11-3-13) 

~am~~,anm*~Ou~~~~-~~~~~~0~ 
tri~JL~~~r:p, "iiJtf!Mtl~m~~m!JiUI~1£¥1i: * t'-115° 
~-~~~~mo~~~~~~~~~,~~*Ea£~~ 

m~m~1~~~~0~~' ~-~MltiM~~fflEM~~ 
~0 re (11-3-11) ;fn (11-3-13) t4~f£--jl§, ~fl11!fJtJ£* 

ta* 

(By+ 8h) 2Q (11-3-14) 

tifl <u-s-14) RJ~m-~w~nrra9 l!E ~~0 Jlttroiii~~we . . . 

~iaiJt.@f~~ft.J~j£7;1J~JE(t9~~~1Jn~1fijcl 

t1*~~~*'*11t<RJ!~~~l1t- r~ (11-3-14) 0 tE 

.\ 

l 
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~!ti3 (Ja> ~j&TfiLl::, oh x-t # i& m~~ r 0 1£F.ittt-t 1:, 
an~-Q~h&~~~o~~M~m&M~OOm*~m 
!\ft~~$}-, Q .R~ d fl9 PS flo ~ ~ ~~fJt~ff(J(}~~
~' ~ Qd>>Qy»Qh *Falft (11-3-14) M*£~'ftttm!ft9o 

~f-f, ttm.~J 

Oc1z= -( 2/.z r (1 + ;: )oyy (11-3-15) 

~* lfj3j.MJ~Jt~fl df (2d- z), ~ffl1~fn~fr!~fl~f£P9 

~-~~,~~~~~--oamm~~~,~~~-'~ 
n*~~fr~~-~~~~0~~-~~-

, zd · 
z - ----:----::~-

- 2d-z 
- (11-3-16) 

~-~ ~~Wz=O, ~m~z'~r~, ~~M~W~z= 

d, ~fl1~ z' =do ~~] Q(z, d)== Q' (z', d), ~fiJ)]tlli 

Oz = z' z8z 1 Q' 

0d= (8d+ z' dBz')Q' 

-M3!~, (11-3-15) tt.Jtij[t~Jb 

, 3!re <11 - 3 -ls) ftVi1-t~ 

.. (11-3-17) 

. , 



J4Z 

t' = 2d 
v 

. ! 

Ot' z' = - ~ [ 1 + ( ~;, ) Joyy <H-s-ts) 

~~' (11-3~18) ~~;f!,hk· z' = 0 ~J z' ·= t 1 v 1 /2-J{~ o 

ref*Jt~ m:ii ii~ar ft{J fl! ~ 1i 1! at :I! JJt~l m:Mt n-a-r r"l ~~ 

t" = 2z
1 

v 

' 

;Jt~, t' ~~@:hit filM", t" H!M i& 1ti t" ;:: o ~J tE t" = t' ft{J 

&M~W~-Tm~~~&:MtfiM~~~o 
· Ft&m*, (11-3-19) .E~t~1t:$'G~RJ ·r~~~3 <fi!) . 

h ft.J~fJ-, ~ffl:p}fj:~3 (W!) Jltj~~ (~~j}Jl)o~Ti!l'*, 

~~*4~t£'m (11-3-19) f£«B3ZilU:$'GI{ ~ bllo 1£~-'rifi 

-~~1!!1!, (11-3-19) J:!:ta9 h 1ft~~, JJX:fj!Jfl~~IfMJ . . 
{t2h/vt' o 

~§-~~,anB~m~7,~*~~~~~s~~ 

~ f!l fJ"J m, ~ ~}!£ 11i f"1.. 7J.J ~JE ~ itfr.lla :~&t ~ fMfl n <m> 
~~oanm~~~~A~~M~~-~T~~Mffl»~-

.• 



J4J 

il~o tEllUitiftJ~~~a111~'** T~~~~-- ~ (Ozz-tl 
i±) 0 1£Ji]f~~J:~111fMt 1tlJ'tJ~-lM", Jt\!Jti!--JJt, ~fll* 
~MI~iGf£11-mt~ li:; (x, z) l§ii;b~.lEimlJ£ uC"iiJ ~ -Wi 
ft :.*1 v(z))ZfaJ(f.JIKBIJo ffii~~m -T tE (11-3-11) :.*JTili 
1t~Jt:~ErJf*ff7 o lm~~J, EkJll!-~iJ{]'J' !t.J !iu Ji;, Qd» 

Qy»Qh, ~fngtTM (11- 3-11) =:JJi~f:t l'tJ~--19!llt•~o 

~§JIJ3f3!Wi~3!1t, mtE (11-3-lla) 1fJ!51Al!It~I¥-JlJJi 

(11-3-20) 

(11- 3-21) 

(11-3-~2) 

t£1tftttJJJ:, ftftlnfffl7t~ i! M (ll-3-22) , 1!1ii!fk 
~~~mr~m~~m~M~r~~~ 

Oc~z= -( 2a~z r ( 1 + ~: )oyy (ll-3-23a) 

' I 



,. 
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(11-3-23b) 

1if1 (11-3-23a) Jiff$~ "~M" $~, ffii(ll-3-23b)' 

RJJ0f$~ "iii!-" ms~o (11-3-236) ff9~ .m :1! § Q tE 
z 1JrP1fiMIJit, 4j~i&11iaJlcCi&liia jje .&til! (~*X1Eft9) 

~OOd~-~~*~8<m>h~~b~y~~-~~~J 

~~~~-~~M~Cd3)od3~t~~~m~~l-
. v1 /~2 ffii)i*, 1f: mfi !fi3 (J€) f./( 1 + h1 /d2 il Jtto mJJlt, 

(ll-3-23b) ti"J~Jfl~~*fts8(i§)h * i&~iftf41¥-Jlfu$o 
~ffij, (ll-3-23a) ~*T Qyy, ffi/F -§I~ Qh ~ Ohho J! 
#'*# (ll-3-23a) fn (11-3-236) ~~-t£3e#;£fio mr 
llt, ~ffJBBf!J$ .m (11-3-23a) .M.~i&fiiJrfiM~Jliff :W-lfii, 
~m, Nffl (ll-3-23b) 0 f*liffi, mr (11-3-23a) :Jr::ftt~ 

r-~v~,~~*~~--~;ft9om~~~an~~ . ~ . 

*X~1l~ .. ttf!)Jt~-1}flr~~J¥-J1tmt;! Jt vo 

.t£~~1tmt;!! ~; (t.J At 1! fi!ittz:rfrl, ~fn~~~$M! 
l:fiili u ~~~liM~fl c *~- -r fr ilt.D '" llf ~r.a9r~ 
m,~~~~~££~~~~ia~~~~-m(t.J,~~,ft 

n~~r.t£~~~~~~~~-o~£, --~a~~~~ 
~qt~.(ff-Tilt(t.J~jti~, re (11-3-1) -ttA c11-s-3) , fl 
Hi 

-
[ ( v_= ) D_(h,y,d,z) =o. 4d (z-d) + 1-

v: 

(11-3-24) 

~ 
I 

. ... 

• 
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l§fllt, ~{rl#/F~flf,f.{tfiU-il~ft Cf:Jt%ii*fi JA(ll-

3-3)~~TJ , .@i~, ~fll~l;A- 4d ilJ~ om fL !19~7Co 
~~an~m~;~~v~~-~~~*-,d~~~~~ 
-z=dm~~-~~-0 ~~,~-~~~~~*m,a -f(l~ tE (1 - vij vt.) fl9~1'£rp, kA z ft~ d·, m.lli -

D(h,y,d,z) =o[ d-z- ( 1- ~· )( 1 + ::) ~ J 
. v~ 

=0 (d-z-s) 

~~,am~~~T-~~<d)3~~ 

(11-3-25) 

~ 

s( h" ,z, ~IV)= ( 1- ~· )( 1 + ;: ) z 
v2 4 

(11-3-26) 
\ 

~1£ iJ: ~ fn ffil JIJ~l: ~iiJi'fn~ fi i1i*~ ~Nr. (t.J li11 lio ?! fO 
~m~~-~~%~mm~~~~*~*~*~~-~& 
~1~~, ~Jjn 

Co 

(11-3-27) 

. 
minE E [U(y,z,h,d)- c(y,z)D(y,z,h,d)]2 

c h d 

(11-3-28) 

~(y,z) = E~Edun (11-3-29} 
EhEdD" 

~~ DVF~m~r~T, aff1¥t~.m--)~~% * tt ~~1\ , 

. . 

.-



fa, ~~l:lilffMJI€.~, 1f;j}=f 

·~=f = E E U (y ,z,h,d)o(d- z- s) 
h d 

= E U(y ,z, h,d z: z + s(hJ ,z, ;/v)) (~1-3-30) 
h 

.-t N ~~ffiQ# (ie) .~~~qt~lD{fl, ~i: (11-3-29) f~~ 

(11-3-31) 

.. 
Aim, ~liffl)j!Ji Jt ; 7, 13£:;9{t ll - cD )tsJIJllfttit 

~w~~~o~~,~~~m~wm~;~~~,~~~m 
!]\ 

. minE E (U- cD) 1 ==min 2: (U- c) 1 

.., h d .., h 
v v 

M N 1 [ ,; minE ( U - 1 E U) = min ( E us) 
.., h h .., h . v . v 

(11-3-32) 

~~~~, ~~~~~~~*~~~~~-~,ili~~M~ 
ffta9x-ff£r£fflfiJ~* (Semblance~ ~~·fC11t) )jtfll**ff 

(E )a 
Semblance = U ~ 1 

"" NL;ua 
v 

(11-3-33) 

~~$~-U~Mm~~-~~~~~ft~,WA~*~ 

~~~~--~(-~~~)~~~-~0 

., 

. . 
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11-4 $ lX Ji it 
. ~~~~~$~&M-~,~~~M~*-M~re$~ 

RM*~,~-~I$~-~~MM&aftiD~~-~-~ 
~~7~-m~~~~M•m, ~~,w~~-~, ~~~ .. . 

.m T-=:tt MJ4~ itJ 1:1 m, ItlrF fR~o ~ fn~~1tMlE illtfl:llii1iWi1J 
· m~~-0~~~~-B~&M~~~=~~oo~~,~~ 
~~ dlt tm *fi~M $lk.OCM (f{J ~·lfifo litlil IQJ II~M ~ff! lfJr li 
ti ~ f£ (I{] =:tt~ faJ;} ~ 0 

· ~=f.&.illtli1JI!l, mm~~*-~m~~;lik,"i&r.oct-t~w 

~~~~fi-~~~M~~~fi-~~M~~-*~~~0 . 
m~$~RM~-+~~-~~~•mu~~m~~fi-~ 
~~-~fi-~Bm~T~RM~~~~W*, ~~~~~ 
~M~~~&~-tX~Mo~fis-m, anT-~,~~ 

M~~-~~fi-D(~~Z~~$~~A-~~&o~'*-' D(Z)~~lf£, ftPl/D(Z), ~f/( ~Z l't.JlE-Jl1f, Jijt 

~_.~~flll:l/doo .@f[;.A, f£~ n Jia:flj, tEl&Ja~~~~OC 
M~flgt)!tf. Un(Z)/Dn(Z)JlJFJt~ Z fJ1J Mt ~ lX~ft-J~ 
:flo ~fntt.J-l¥1~~mf!ijtEJ&1Iii n = o ~~~jj, un(Z) Inn 
(Z):}!: nf~~Jij(J9, ~m, Nut I!1J un+:Lj nn+l ~~}A Un/ 

nn ttlt:lli*o 1t:J'a, ~~lA.:*JfttJJ p ~~$B: i! 1t w t£hk 
lti 1:, ~-T .@f fl flit (a]~ :I! B §al 1¥-1 o 

Eil9-3:W.fn1i@ (9-3-12a) 1l (9-a-12b) ' afl1.fl 

[ .. u.J =.!. 1~+ [ p J 
D . 2 1 W 

1 y . 
(11-4-1) 

. ;. . 
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oli 

(11-4-2) 

. ' . . 

1£ (11-4-1) J1 (11-4-2) a:J:t, ~«Jre J& 1fil (n = o) offiJJ 
po (Z) = Po oW~-=f~jrnJ t = o F.ill'-l --·-1" d pjg f£, ;t: ~f&oo;tzo 

~~~~=O~~~~~tt~, ~~~~tt~~-~~A 
1t' ~0 ° 'B~~ wo tt t = o F.i-&~ d Pi f! Ja9~tE, litim, flfi. 0 

5Ca:f:ti¥.J.OCM:W-iiiXit~ wo, ~ po oB~~~~ff.t, 13/F~~oo 0 

0 

7-JT ~ffl$:in~tE~1ii!, ~frJ~)jt oU0 
: : .-t (P ~ YW), 'B 

~--~~~~~ZM~-=f-,~ffl,~~~~~~~~M 
ilt~~~~ffo ~fi1Bi~::lt D 0 = -i- (P+ Y~) , 'B t£ t~ 
o :I! o PBf£, ~m;lik~~~IJ!t9i1tWo 

,_, 
~D" t~ 
~D' tlf 
~~~ .. 

0 0

fu .. •• 
II) 11-17 

~~ft~~' r-n~~mftMW*~~~-~~~&2~. 

mlllt1-17iiJffittEttB-os o*mnMJ:W-miJ:tt M ~-~ia 
% o 

0 

~ ilti!i:t-ga-t, 1f l!ij R~ ~ JB ,0 i!o;~ J!5 iB ffl -*1P-.fiL~o 

iB. -.:r z~ = exp (i(j)L1t/2) = exp (imL1z/2v) · ~ ~ * ~ 
0 -

D' = ZYtDn (11-4-3) 

un = ZlftU' (11-4-4) 

o ~~ooJ:,~fi~~tiMre~~fi~,m~fi~-~~~ 

0 • 

... 
• 

. ;, 



.... . 

1~9 

U' = tnun+t +·c' nD' (11-4-5) 

JAm~tt9-~ft~)jt*m, ffi~~m-)'1'~ (11-4-5) ~.& . . , ~ 

- M~m~~fi~~~~ff-~~M~~~~~~~mo~ 

• 

ffil, {£:fJJ~?}l1fs:ft~fflfmftT $?k}itf,, fNJj!~tf!mlfi (n == · 

O)~~M~fi~~~~~fi~o~~~eM~~,~~~ . .-~ . 

fifli .R~~ ffl ~ c ~ J&fl, ii::f=fj)p1£* ll3l:: fii1t M1 B81t. ~ . 
. . 

ff, . am~m -
nn+t = t' nD' (11-4-6) 

. (11-4;...6) s:J:lll11:t9*P9ml~~#j_J:flf*f£.fl~)(rt.J. 
. . 

tEJ¥1:, ~ IB#J7k.*iiii:l!fi5ift.J.&MJfitio lil~, ff~~.p, 

a~~~M~~--~mmr~~~m#*m~~w~a~ 
_ .. 0.1, :ttfrmrr~a9~fl~o.olo .mJ~1iJtB~$l,fi!(R:tLf$3ilCJ& 

W~M*~•a~~M, t#~m~~~o 
~1£, M (11-4-3) ~ (11-4-6) ~~- i1Il ~ D' fO U·' 5f 

x,ltmmm 
nn+l == t' ZYaDn (11-4-7) 

U l I D' un+l:::: - c n 
tn 

z-1f2un + cnZlftDn 
:11: -

tn 
(11-4-8) . 

.m (lt-4-7) ~ (lt-4-s) , ~fn~fll. u 1n ~ Jiirr~~~ 
~/j"~-~~ 

.. un+l - z-lun; nn+cn 
nn+l - . ·, . t' nln {11-4-9) 

~7X~llitf'il3iffE*~*' un;nn q. zo ti9~f£~i~(~0011--
17) , Z ft-1~1'£~ c' n = - Cn0 (lifJlt, (11- 4-9) qt (I{J~f£ 
z-1 ~UnJDnWJ#, .{£ -cnlft~Z0 ~f~f£, tltlff .(li-4-
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9) !I! (19 c n X .!i - Cn ;f@ lt m 7 0 1if .m, ~iJ ""f fJfJ ~ fii ag JifrJ flf 
JWi., ~~:J;JL~RJ~ftJ!i&ifiilt$. U°CZ)/D0 (Z) ~~f£~. 

lift·-~-![~-F.itf9fhl*l£~f£ t' nln, · 1~~ U 0 (Z) /Y.(Z) 

m~ zn.~fi*U--1'1/II~-~ ( 1 - ck
1

) -'lt 111 ii :IIMJ~t: . 

lb=tro 
· 33t1£afnrel!~~~-~~~t~E~r-:~u=:tt~~jij1J~fit· 
~o ~~jjtJtf:r, ~~W¥JJJ:~jnj~g~.IJffllm5-rZ~· 

... 
- ~~~RtMlo ~{flnJ~Jft (10-5-16) ~~sf,Ji, ffi ;~!, ~ *- ~· 

. . 

~m (Io-5-17a) ~ (10-5-18) JtrJ1!~1fft!, -&J!~Yf~~ 

. 13f11£ 

D' z 1 
t

1 = 

-

v D' . I I 

2 . X X (11-4-10) 

· U 11z0 t 11 =- ~ U"x"x 11 -c1 z 11Bt"D' (x",z",t" 

2z 
11 

) 

v" 
(11-4-11) 

JiJ~tf!}jfi! (11-4-10) .& (l1-4-11) lj (11-4-7) ;& (11- . 

4-8) · fF~~o m 1YJ ~' 1£ (11-4-10) l!U (11-4-11) l=Jt~ · 

~~~~-M~~o·-~~-*~Mti,~-~~*~~ 
·*,· m~, :!lu*lb!litt9m~ ·3ijiji~a9~1ffiltli, 3!#1'.li!.~ 
fm~~~~o 

#~,afi~$~-~~•om~~~~m~~m~~ 
1Jfltil (11-4-10} fJl {11-4-11) ~i},Jll!j8Jo ft{f]~.)L -§€ 

IS$T 
-

T= -( vL1zL1t)d 
. 8Ax1 xx 

(11-4~12) . 

. ~ 



' 

... 

JS1 

dlr oxx :&::lSJt£~-r oxx, T·JI!. /(' ~:::x-t ffJ t£1{! IS*o r 
;I!, "D t£.·t'. = o ZIDiiA~" ~7ll9f~rflt:r, (11-4-lO)it 

~Jfl9JJ1tWA~Hi* 

/Y z 

0 0 0 0 0 

doo doJ do2 dol alo '* 
T·+l ·T-1 • 
T-1 (T+I) 

d/, dl1 d,2 J,l 
. . 

- · 
dz0. d./ dl2. 

0 
(11~4-13) . 

dlo d,l 

I' d•o 

. •. · ~· ;R:~, • *~(z, t')~WfH!~.rnl~o ~~-1'-* q:r, TMJ:-fi' 

W~~, ~~~-00~~~-,~~~-~-~~W-Ao 
afi~~~~~H-~~~-~®-~o~~U®D~~ 

. . 

H. t;:: 4 zmrx.t.JW~ z tBJ!B §at (f{J, ffii tE t = 4 fll t = 4;ZJJi 

.., . 

IJS/J\§al;io ~{(l]Jf~lJtf!ij(f9~ft~i1(fq·-~ J! tE t = 4 fJit 1 

jp{fi!)jtf!J U ~Do J!&t-'*tf, ~T d'0 4 :2.9~, ;&fl9aliil}i 
~~AD~ (11-4-13) ~l'l1lfliiT o ~g-- ?Y !k~ (11-4-

1.3) ~ t' ~ ·~J:(y,J D Jlklfi, 1.&~1 t" ~:~J:-*o . im* Liz= 
vLtt/2, ~~re (ll-4-13) J:j:t(J{J~~lf.JI 9Jj'ft(('k ~8--fi-fl! 

. . ~ Ji'tTo 

z 

0 0 0 0 0 

doo 0 0 0 0 

dlo dot 0 o· 0 

ao. d11 do2 0 0 l 

(11-4-14) 

dlo d./ d1·2. do3 0 

d40 d,t d-l J3 . . 1 do• 



JSZ 

. . . . 

t"~~n9~-~, iat:J;F~J.iM, _ JirJ~f£ t" M1 tr -Kt~fi 
J:~.@f1f7CM~Jtt~t£J&iij t"JIJ1tifJit(ajJ:l(t!iiJ(t.J J: fi~o 1f 

8 (11-4-11) iifld-m:~ff~~Jlit . 

-
( ~ 8xX + Bzt)<- U) = c' (x,z)8tD (11-4-15) 

T-1 T+l 0 0 0 0 00 
0. 

(T+l) T-1 dto -u, 1 0 0 0 

di.o -u1i -~l 
2 0 0 

dlo 0 1 0-u, -ul 2 0 :s 
-ul 0 

Azru· 1 0 c::- • 
2 l 1 

r--
doo 0 0 0 0 

d,o dol 0 0 0 . 
(11-4-16) 

d2° d,1 doz 0 0 

. d30 11:' d,z do, 0 

dJ' d21 d13 do'. 
• 

1 o 1 c1 1 c% 1 ~~ 1 ci.J 

.·!10 
t 0 

o, 

•'• I 

'f 0 

' o 

*91J1ift (11-4--16) s:ft, f&=*§al:JC*il tH T~t&. tE;ti;t!, 

~M~a~~fi~~-, ~~m~~fi-~-~o&M~ft 
0 • I : ... 

. . 

fitplf9 Co J:~(I{J}!~, fN~~ ffl ~ Jti ~. JtB flf )Eilz~itJ.{lf: 0 

dt0 = - ut0 
o mfit, ~fl1tf~J, (11-4-16) tt9~3!L1G~~S 

• 0 

~~, w~~~~~*~~,~~A~~~~~-A,m~, 

oitRJ~l:lit£ t" = 4 ~ji}"JJffl z (J(J J: fi i1t ~~~o i!itf!J~JT 
0 0 

~,~~an~~*re~fi~~~~fi-~,w~xoo~ 
afn!el:fii1t~%-"fi~Nii, muLt~2,V-~~J&a-.;*o 0 

· Jiflj(I11JJI~itJJ~Il-&~fJ;to iN~ dt0 ~1Jf1f t ~e._~, 

atn~fl.ld-iiff£-Ji~re C1
1' C

1 
S_1 ~o~it~tJlfi*, _Rfllfti9J 



\ . . . . 

. . · 

·' . 

JSJ 

~~MitlJ c'1 2t~T o fli)f:~ fn re (11-4-16) fJ(J #tcWi~tJ . 
jltlfi,f4 

g eo 

g e1 

g e'l. 

g eJ 
. . .. . . . 

• 
T- I T + I ll {PJ}.M8{ 
T+I T-1 

-

·• J {[ o I c; I 
• 

g · o 
g g 
• --

g_ g 
·-

~ ;: g 

g 

Az[~ 
2 [=u=!J 

(11-4-17) 

:{£. (11-4-17) ~, iei!J)il\~ 9 a9f&fi):~E§alo :ti;!J. :1f 9 ~ 

.1§-&fnl;.J.fr~~,-=f- lfio jn * C 1
t :~ e §at, Jllj)i~J&it 

·jJ······, ea,es,eu eo it~Jij*T o fti'n~NtitJJ~--tJJ~, . . 

· »t;tk~:kl¥-1 N ~eN J¥-Jilfft{{il~ eN= 0 o ~n :f; ~iJfi~~Jft 
·7 .C

1
1 1¥-Jft, !~~' fg~~ eo ~T~o WE ~~f(]~§alii c't 

- 4Jftft~{t ,~fr]PJ"bt-bt c'1 = + 1 ~::jt~ e+ o, N~bt c' 1 = 
., - 1 ~~m eo -0 . c' 1 l¥-J.tt fa (tej{i~~:--1'-~~a91Jntt~ft 

, 

' 

.·0 = aeo + + fleo-

l=a+/3 

c't=a--/3 

2a = 1 + c't 

2/3 = 1 - c' 1 

(11-4-18) 
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(11-4-23) 

mf~, lJtfnttJJ c' 1 &t~ifl!WJ!~--~ ImJJla ~ -T$lk.&it 
*m, ~L( z1 J:~J:fiilt (~eo) rfiiJt~gJJ ~ zl zflfi, it 
B~~To 

~m•~~--~~~=~~-~M-~mzM,~
mwM~-~~~~&o#~~~~-~~-A-~~~-. . . 
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