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21J 

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 



.. 
218 

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 





%20 

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~~ 
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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~~, 



24i 

~ 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) 
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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 



' 
) 
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(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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..... . --.--· - . - - - . .. -- - .. . - ·- . 

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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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 
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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 



JOO 

~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~~~~-*~~-~~-
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~~: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 

.: .. 
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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~•-' 

., 

. ; 
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¥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$#~-~~&~~~~ 

-~~oo~~~o-ftm*,~&•~~~*~-*~$, 
-~ ~rmtro?l-m~~~~o 

. . 

*~ijStaft, 1o-s1i~fl¥F~fli~,. t.tsi&T;x~--~ 

•~~ ~~n~~~H~-~-~~m~~~-~-
. 

D~ = %V D' XX (11-1-1) 
2cu 

. 
U~ =- ~v U~x-c(x,z)D'e2imz (11-i-2) 

OJ . 

1£ "1E llii" ~~-m t:fl, hA mm! JJ m ~-;~~/8f*4 0 tE ".&~" 
- ~m*, MWM~-m~o~~~~Mvan~fi~-~-

JS{;Lfl., ¥mm, tE z = O·fn X= 0 oj! ;~rfiilt1!~·T 0 Pi .. , 
~~~M~~oN~~-~~-~~~m, ~ftW~m-~ 
Jifl, tft:tm, I! (11-t-1) ~~f-¥.~1i~m~-rfilltr:ur~f6 

~lj1£~~Jto §~B(.@.~:k~Jif, J:fji1£ U &tJfifF 0 oJfl (11-

l~)re~~~J:*, ~~,JiM~~c~~fi-D~*~ 

1¥-J tF .ffl, · *R ~ r 1: f=i i1t l¥-1 tt il o 

~ tE ~ trl* Yf ~ ".oc~" rm m o t£ji!1J!, ~ 111 bt riHiffl if: 
Ji!·t~fi c (x' z) 'fii;J!, iXfn~!iJPJ¥1Jf19j~tJ:t&~ 1ft 1Iii (z = . . 

0 , f;f;(:f x) ~t¥-1 l:frilt U o a«JfU~ 1w-¥J!it- D, lil-T 
c(x,z) t£ (11-1-2) J:fl~*§al:l:, Ji:"fi.J~ii.itEJitf!iti .(z:z 

;-..... . . 

o , u ~ B9al) re7im 
/'.. . /'.. 

. U' IV U' 0 Z =- XX- 1 

2cu 
(11-1-3) 
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i:\Gl¥-J~~-=f~~ c) 2faJ ~ (11-1-2) ~ (ll-1-3) Zli1l&t· i~ · 
./".. 

fl~~To~~~~~~,U~U£A~~~~~,n~, 

1ft~ii$~.&.Jt~~mt(t{Ji1to ml~ (11-1~-2) .:1! ~ r ~ M 
(~~-fl111i(R]'"Ji)' (11-1-2) J:ftlli{:Jjj[ft-J~Jft:l!"fJfflii" 

./".. . 

. ~fi~~,~~U(~au)~~-~&M~WE~~-m 
,.. 
U/D 

, A 

U/D 

m 11- 3 

m•~a•~••~•~ma~~~~-~••o~~Mfi~i~~~ 
~~00~-~&Io~OO·~~R~D~~~o~~ft~~-~~-~ 
~-~.~~M~~~W~*~*~W*o *Wft-~#~&M~U, 

"' 
'BJ!~ii.!t~~~~lli* tf.lo ;tii!Ll: Lil ~:l:lt*U J'D tiEJ~ftSo tiLIJ~ 
wan,*~~~~~n•~~fi~~~~, ~•wr••~m~E 
••~om«m•-M*, ~~~~-tf..J~~.~T~m~~•~*-. "' 
~§~·~*' ~~~~~-*~~*tf.JoM~~~~fi~U~~~ 
i& oo ~ il JJ rt.J ..1:. fi i1£ u ~ 1t Mt tro ;Mlt tt JJ HH~ JY-J, * m JlJ Y. 1 Y or~ 
~ -~::tiit 3, Jf 417]\). 



J1S 
A 

~~~o~~~~m£,U~&M~W~OO#~m~,~~ 
A 

efl~~llJt~YB? ~fnttwu(f.) § (~{), :Rk.mtemrt-2rf:t~l!JJ 

~~~-~ft~-~, · ~~~M~OO~Q~o~~Moom~ 
i!£11~, J:~iDt~-JfJiii1'1ll*~ltJf~tiFii$**~ o l¥11t­

s~-e-m~7~~-~o~T·~-~-~,&M~a 
A 

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 

ft~~-~,~~-~-,U~D~*~~~ft,~~~~ 

~&M~W~,WR~OCM~W~~m~OO~~-*~~~ 
A 

Wfl' <icn*a·ftJ m u ~ -tt u, ='f iif"F !iiiJ :~ o ) 0 ll!tE~ itt;~ 

m~~~~*~-~~w~1~~~-,*~~~*~w~ 
*'W~,~~M~W~~~-~~' m--~M~W~~ · 
ti' 9111 :It!:~ Wij ~ fM: ll9 ~)JJt 0 

Ill i 1-4~7F tf9 £ fll 00 11-3* {J;,{ t¥-1 tt~J' ~ £1£ 1ifi! *-{g. 
ffi7E$OO~<~Tre--~~~~~*~~-H®-Eg 

. !&~lRili*), -tl!ffl71!.~~$ <~ Tiit~~.OCM Jlflti~~Jlt~ 
=filV) oOOll-3~0011-4~--~lfflz~:l!, (11-1-3)tJ9JiM~ 

A A · 

Iii fit it~ U I D, ffii ( 11-1-4) rft Jf.J ~ U D* (;It J:ft D*J! D ff.J Jl. 
A A A 

~~) o U I D $.1 U D*:fl~Ji5Jt'f.J;ffl-{)L, ffl.!Jl(~/Fmlo U I D 1¥-J 
. A.. 

{Jt~/1:;, 'Eft-Jifllft~.OC~t~fi~~o U /.D {f.J~ ~ ~: . D (19 

#i ;a, tEJJl~J:-&~~:11: u tt.JM f.i, nr1~M!ftfnr~ j!J m'J) 
A 

Ml~*ll~~~~~~lio UD*(t-J§l--1-ft;a~ flP: jn*'B~.R 
~~~~~$~~,ffiR~~W$-·&·~~~~*' ~ 
~~A~-~an#m~oo~~, ~, ~m~~~~,~~ 

B£s;lftf4:ko 

I 
. .. , 



' 

J16 

m -tl-4 

A«~-~&M·OO~~~~~·~,·~~~~-~ ~Ro ~-~ 
m, -~-~4•m~Mlli*o~~~OO,~fi~M·o·~~•m 
~-M~o~~~ OO, am•~~~-~-~~~fi~~-Ro -~8 
11RR1', *ii~~IiM:W-ifii1f§f71J, IN~iii:ifl!·~A!Jitl! ~ lf.liio 
~~,a·R~~-m~,~HBWS~&«~ff~o~~~OO-~ 
~fi••~a~~-~~~-~o~M~oo~•••M&~w~a~ 
~~' m~ttm•-~•,~~~&m•~~ft-&M~Wo~~~ 
m~m~~~--~,•w~~~mo~W~ff~mwT&M~w~ 
•• , fflE$~~·~~Em~~-~&ti·~~QI c*~~~~ 
ilt 5, ffl479Ji) 0 • • - • J 

· ~oo,afiw~-~·~~~~~m, ~Mre~oo~~ 
~flio ijij~(I{J~~J!~j~--~F.ii£ (g, f) .lfji]J:~~{Xf8¥ o 

m~~~~~~,~~~w~~fflli~~~m,*m~-~ 

~tiJ&F.i, fl::~ (s, t) iJZ[ijJ:(t9--~}i;f6JRJRJi * * f8¥o ft 
f{l~~lkt.R¥11, ~JL1imi*~' . ttmJfm~~~~fflMJ (g,s)~ 

~ffii1life¥~AM. MJ (y,f) ~~1rtirR1-Fllgf6, ~** ~R ~ 
~~o~~~,W$~~~~~~~~,---~~~*-~ 
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*~ (if its l§{)(jnJlt), ~~--J:kJL~J&~l:fJi)/J o ~r­

~~~~~F.i, .Rfl_..Ji'm~&~, muWt~~~,ij!,kAf£ cu,t)1fZ. 

. jijJ:jiffill"f~}!ftEJitJ!ca~~o · nr ~' - ~remfifm~~w~~ 

- ~~~, ~~an~m~~M~-~m~-3m~oo~~­
tuo 

I 

am~~WM~~~~~ft,-~~~fi~~~~~A 

l:fiitt(f{J o JAtm~~ (s ,g ,e, t) ¥1J W'-J~~~ (y ,f, z, t') l¥-1 

~~#(~,Ij~-=fl!Jl:tg* 

s + g . y =:.~........:::_.._ 

2 

f=g-s 
z=e 

t 1 =t- (+ ~) 
v 

(11-1-5a) 

(11-1- Sb) 
(11-1-5c). 

(11-1-Sd) 

nu~~, (11-1-Sa) ~ (11-1- Sb) Ji·/F :M:~M!18f.l.s ~~~ 

~--g~~~*~~Y~~~-•m!~~~~a, ~­
e:fililtiio 11m (11-1-Sc) m~¥.Ji!, ~Ilfc3Jtlim e £t£ID.H: 
z *t~Ll::MJ_..~ f.i o (11-1-5d) ~' ~ fn ~riT~l&~iltfi~Ht 

. rm t'tr.Jfltil*~o !510-4=i)~t*X, fllFm J~, lE%Jfl=f!~~­

ff+ z n~ (Jfilr) {~1fi~f1l, ffii~%, lt=f7J t +z/v, }fi 

-=f J:fji1£o l[j}U~~~~A (11-1-5) ~~~~flj8!}t;-~~ 
mtE~19J1Jfl!!l¥-J~fa]~ftiiJt~ (x, z);l!lt~!f9 o li~~ 
~~-~£-=f-~~-~~£~~m~-~~fim~m~m 
;i! t£ ~ j8! 1t J»l rft ~ l1t 0 

JiJr.A~ili, tf~~~~~~_mtm~li"J!Jtii~J, $Jt£Ja~~ 
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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-

7) J:J:lffi~J}\jft.J~)J:-=f~1J~*)jt~o 

~~~r~%~~~~nm~~~~ 
. -

Pxx + Pzz = V -sptt + il{ (11-1-8) 

~~~~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~ 

~ - . 
Pgg +Pee= v-1Ptt + o(g- s ,e ,t) (ll-1-9) 

. . 
~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) 
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-~,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 

~ :VJ!ca~ ftf m ~ fff ~rm * ~ 0 ;!f'P~m tm 1i1J mt£tt)JJ:$1it 
fi~m,m~,m~a~~-~M~~•m-~*~oam 
X1 (11-1-11) tt{til$ie <f) tFm~, ~j!J. 

(11-1-12) 

~~'~*o~~~*~nm~~~~$~ffi, am 
~~~x~~£~*~3~*~mm, ~~,-~~~~~ . . 
J:iM~o ~{(l~ 

· s= JoaJ . (11-1-13) 
-

*~)(-- "§fit41Jn~tfljlfi" o;!~ft1Jn:J!~ ffl~8*®:!J9 J 

w~, ~~**~~~~&M~~~~ru, m~~~~~-

' 
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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n ~~mrilt3!:ffillti 0 

§~,. (11-1-14) jif~f(l#~~!:E, ~f(llf!~~i:J:jjfl 
Pzt = 0.5vPxx ~1fiUilt!mfJ9~jl (~ju~~!F.im-) o ~~'* *' (11-1-14) re~tiB~~~Rt~--A~ea~~, ~11, •~1:, 

mr~~i11!~ilfftJ <~J! RJJmkAai!ft.J), ~rettmlfhl~&~ll 
§j--AW!~~7 0 ~1i]i!iJt, (11-1-14) 3ftia9JE~~~fftt£f& . 

, 

-~3~~-~I~o*~~~m~~r~~~ 

11-2 i1ti;IJ1Jfl{i6~: .. 

kA i& !{ tflliti M!1l:J&% Pi l¥-1 & ~1 g tfllllii Ilf, ~:*.1 "ttu 3" o !£ 
W~~~,~~A~-g-m*~~mm*~~~o~~~ . . 

~~,~-~~~~3~~~-, ~~~~A~~&M~OO 

~-,*~W7-~*@~ <~~~~~~ft.J)~fiM~o 
~~,~~~~~re~~oomr~ffl~~~~~o ~~,m 

lll11-5rp~iJtWOO, 'E~~~l!fJtE z = o ~Jita<J P(x,t), it~ 

~ff(~tJ]ffljj{B~(t{J-~f&mi, NP P(x,z/2v) o M!~r.f:l, f!FJ Rtf 
z faJ J.fist±i l¥1 ~~ ~ nru m 7 ~ ~ ~ ~tt~imJt:W-z 1aJ 1¥-1 3tl :W-0 ~ 

~71'~, ?>etflli~l% <1£~*~ s*zrm ttJ ?) ~lX~~R::iN 
~o~£mr-~,~~~~,~~~~~ftl~~~~mw 
*~,WR~~~~~~o•-mw~m**~-Bml¥-J, 
~w~-~~~m£~1£~Wm~~~mmmm*~~~o 

· ~~~-~00£~7~~~~~*W~~ffi*~o~~~E 

jt:kJfifm ~~~lUSlrJ!~tE 1 JIJ20MJ1Bf11Pio IIJ11-5~t;itlff.J 

•-M~T~rs~~-~:k, r~,~~H~~&M:W-00, 

~J::*jtf~1f45°{@igf, f(ij~~J:, tEf&lF{J(1fjli{b{ 9o(f.J fiJi 
~o•M~~oo~, · ftfi~-~-~B-~wm,~~~~ 
~11i~tRiRQ 

' ... 
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Ill 11-5 

iJt~ R 71' Ill o .:::.a tr 71SJll~ a9 11811 iGJk, 1t it~ fUt: § ti: £ti $i iti, 
;Jf:;Jj i&~JJ'rfH~, ti~7iliiill1o 5i:~~~)tf~_.f:(f.;li :b P<x,t), H:: 
]J(ift.~(a]~~ X ~~1f.lij(a]~~ t t'f.JPBI'£o jn*jl>j-(a]$l~J t Jlt~li!l Jlf (ro 

~-~fi~OO, ~m~•~w~~•~-~8Wo 

' 

~-~-A*~~~-~~w~, ~~~~m~£~~ . . 

AJ.Ji&/i, i1£1f~~1Ll:.1i~(f{)o .Km~f§}jfl Utz = Uxx, #8 
~~-~~(f{)~-/i~,~m~W$~~~~M~~~~~ 

• 
(t9/f\£*-¥5J-Jaft9ifl)lo 0011-6J!*1iflP~~~~NU81i~ 
~-~~~om~-~,~-~OOMW~~~MOOJ:W~~ 
;;r\ffijlJ.~, ~-Jl!jG~J!m-TJ&~n9®1~~51~(!{Jo -~J:, 

~*&~-~--~~~0 ~~' ~~~-~·~~~~, 
. 1Ai3-& Jif~~~lll!~tf.J 0 

-~~~AM~-~WJ:,~~-~~&M, ~M,A 

ijS1f~ltila9' . ~l&3ft.J !!X:!&~ltilt~ Ja~, ~!E.J!fli~(I{J 

JMc{lfliJt~~}it-.A!j)Jt9-=fii£o Jm~(t{J:}!, Jtk~(f9lt1Iff ~~t£~ 

OOJ:H~W-a~o&A,~3~-re~OOMWJ:~~-­

~~~~W*To~~' ~~~J:(t{J~m*~~~~~m~ 
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. 00 11-6 

1£.=: -1' /F liil i1 ltl: MJ iE ~liM !f. iti <ti Ill> 1t tf-W: Hi* tl<J~ {tia 3 ieli 
. MJ&.Miti <ifilll> o*1Jl~1L~:ko fb-=f~ liM lf.iiliiW~:+HfRl, ~fnEi 
fl fpj *' l¥J. *It ffJ <:k ~ 150 °) 0 JM-(Jij f4J iii 1: ;r\ Jiij-jf ~.It BIJ iii 1: MJ Jj! * 
l!fll'9IiltJEJ, Jl ~ J:ffiil'~}JUM*M:ko ~i:~OO, ll*l¥J~}JtJ, t£ff! 
li:~~J~litt:W-mMJ&'J'dlt*'*~ <~l'~a> liH!ia-t <J& -r •tAt>, 
~*~*~om*•~~••m~~~-~~M~W~~~o~-~ 
a9JiM :f#.iiTJ:HHl7.fll5Mff.Jit1Mo CJ~k 8 •;txat s, tfl7ss:Dr> o 

' 

~rAJ m o Jttt-- fft lf~~tt¥J i1t ~M! -Tilt~ 1.tm-*~- fft ll:~, 
W~N~~~~om~•,m~~~~-~*~~~*~~ 
JA7k ¥ft-P9 l1£ m ~J tr.J 0 ~r 45 o a9 f1t, ~:11< ~7tm ~-,;; ~ ~~ 
$lt~tlt~-:k 1/ (sin45°) ·fifo i!t£00 ll-7 Rit'EIIJ9=J~ 

.@iD.lFo 
m3a9~*~-,~~~-~r~~hm,~m~$~ 

m1U&ttmmm~o OOtt-s~OOtl-9ffli~7tEJJ.tOO~r:ft~tEil 

~~*~~~~~r~§*~~~~m~~M-~,~-~ 
~~0 ~~f£MtE (x,t) J::J!)t~(J9o ~911-8 tJ!~T-f'Jt 

£-=f~tE~bnDKm!~!fiU31ii!• np, 1ll (x, t) ~f:J=1ff.J~~ 

··~· 
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JZJ 

m 11-1 

~5~m~&M,~~-~~m•~m~o~m£-~~~•m~~ 
Mt&~o s:p IIJ:f!Jij*:lfiff.J1ii!Ji:lt:tf.J~ia31!~[jij, r JiijJ45° il[fl:j, * JIJ ~ {tiff.J t6 if~ tF 7. a.k' -C.A AIHiHlt -=f 3 0 ° bl ~* !JEJ Mi 1fi tf.J ag :1: 0 t1 ill 
~-~A-~f~ff.Jm&o B~*~ft~~w•oo~•ff.J~~*•5 
7 <llk e #~:tats, ~rs9Ji> o 

~fi!'L~,*~~tl (z,t)Cifi±: ~~ (.x, z))ijGa:J:q'tg~lMJM 

~*o~3~00~£m~~~~~~~mo B~~~~ ~~ 
PJ mmu~r!*W£, M~~B~~~*»lmi1tJ;~J1ffi!W£fii8196? · Xtt 
~~~&~~~£,~~WW$$~~~~,~~~~~~ 

WM~~~o~~~m~~1Jm~~3~-~@$~. ~~· 

~~~1Ji!Jr, ffl~1;1)1JflltfflM~itl~:Jift.t--~, -&J!~lt 

~o ~-~M~1J~~~~-£~fi~o 
m 11-10 :~:moo "«63" ~~Jjjtftrt91ftt9011-=fo Llla:f:t~ 

~,~~~-~~~~~~wa~MOOWMm, ~m~~~ 

-*~~-~&·~-T~1i~"~-,~~-o~~~OO 
~~,~-MOO~H~MW~~-~~~*~~*,W~~ 
fB-'J'lf't, E~Qao .. 
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III 11-s 

. m~MOO~~~~~~~~I~~~-~o~~W~A·~~~,~ 
19J, ~lll\lJltllltB-~JLJi*if:filnl#~IJ>t, :Jfjailt~· ~J tru }tfp _. · 

-~~~~~-M~~~-~*ilt~@~,~A~~~--~~,~~ 
~~~~MOO~~~~~o ~~~~m~-~~-~~~~-~~~' 
~~~&M~~A~ba~~-~~=~~bfio~00~-~- ~7 
;!=~~~ (~~4iEJ\!., I&* Ttiltz!f.J»J-~~7.)-) o~~t£j:, jX~ IJ tf.J . 
i~lfiHtlJi-~1\o J!;&~, ~--t1.tt~~m~=~~lltf=~~ 45° ~#o · 
M1fllt:kf.J 4so:ktf.JiltS!tltft*5ili!t:~iltij~7 o flt~i!tflH}~:I:~ 
m~m~~~~~~~-~~~~~~~, ~m~~~•H<~~~­
M> ,~~,~liP$~~ aiR:Jl](iJ!JirR1ffll3f <lflfi #~·~~ s, f{7so»O o 

~~£m, ~M~*~WM~~-~ti-3To~~' 
JE·jn~frJJi]j9aJ, db$~+7t~~tr.J, *rJk·--~, RJ~Wll-

11 r:p --~ fl ~ J~J¥.; ~ {9ij 0 

!Jf9~~*4~~7}ffi¥-J{Jij-=f J£0011-120 

rWi#)Y!jnfiiifltre~ 11-1 =ilft.J~*~t~ <~ t tift~') 

*I& tJiQ ~ tWPif 0 

. S(y,z,t)= JQ(y ,f,z, t)df (11-1-13) 
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~ 11- 9 
00~--~~~~H~~&&S~~~-Ro~~mw-~~~~,~ 
*=~~tiM,~#OO~~~~) ~~~~m~•o•=Ma~·~~ 
-~·W·~~~~HOO.fto~n~*~~~-~~~ &M4~R 
~~~~~fiH~~~o ·=~-~~£~-WM§~#~~~@ft 
MJ:io jnliJll-8~~' ~-j;.{ft~{lf7' i!:J!U5J:XJ, ,M }ij{ !iJ~~~' *.!Jt 
~-~~·~~•~•JJ••~<~A~~~~••~m~~~>,w 
~~1: , aff1Rfm~M*~40"1fJ.ltb(J!i~M~ Olk§ ~~:t ~ s, NJ 
751JA) 0 . ' . 

00 11-10 . 
"Jtelt!il3" ~iil*iltiiiW· ., h:Jtl:ll:~~ltffiif~tl; -@*= ~ Wi·:!k~ 

11:: ~ :W-w o 1t1 m 1:: 1t J£ IJ;j 1aJ ~ ~ o r± lit , :t£ ~ JI: ~~ ~ lt ( fi 1i1.- ~ JDI ~ > 
z>r~, i:EF~T.Iti~r1ll1i~lf.J~.Il: "~" lY~- i~tt "flijf¥" <Kta ~ 
-~Jtifit 8' .756]if) 0 . 

• 
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Ill 11--11 

iS A (19 J&IHI~ D }t~ •.:x..t£ -rm f!Jl 7, M ~ftJ ;at tE 111 raJ =M w J: ~ 
~~8Wo ~~' ~~~J:~~~-~~~W~~~mo~~,~MR 
$tt¥J~ft:titPJ1millftiHl <lila -~i:~ s, •757'90o 

m 11- 12 

~J:&M~--~~~3*00o~00-~1~~~~@~~8, ~~ 
-~~00 o ~~3~E~ifii<~OO>I, ~&~M8~W~~~W~~ 
j\~tJ&M Ji, 'EtE·~IfiiftM-1: <:E:OO> ~JIHfl~HEJ!i!tt o 

(11-1-14) 

I 
( 
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nfl.. (11-1-13) i!8~7.t£JiJTfltiafj~ <m> J:ilt(f.J~~'~O 

1ifl (11-1-14) ~~l¥-J~~J~~fl:l s, t::~§al'B-tE!mltil: {f.] 1ft 
m~, ~M~-~*fi~-o~~%~~ffl,£*M*-~ 
frl1t~9rff£.1~1"l1tffii)f:o ~r-iM{lJi, (11-1-9) rflt11J o <u-
s, e; t) ,t£4'~L'FaiQi3 (~) ~~~4', lti!iPJi~;9 o(f) · 

\ const (y) d (z) o(t) (const ~~iitf£) o ff3r-=fWiJiJ.Jii~*~L'~Y 

~-~?itfl~JL, ~fnRTmm <11-1-1.4) Mrrfiilt~ iWi 
~~S~=OoS~=O~~~~t~ff-~~~z~~-~ 

~~~0 ~ram~~-~~~~~~,~~&~,~uR . . 

~lli z l¥-lff*i5J~o jfff~B~~~ z x*tt-JJFtfflmfL~/!It 
li~f&a'glf.tfa]fit~~~J NP!tll{ff.Jlf.tfaJ -o Ph flo 33i1£~fnfl" 

T~fi~,~m~*~~MS~~~~~~ott~~~-~ 
*1LI:*l¥-1 S JiiJ"FfPJXftf9~-o ~fnt£1J@ (11-1-14) Jftlfk 
ff.t%, fUm (11-1-14) ~~»t J:fiiltfFfiilrl¥.19rflorbrr ,. 
fi~~~w~, ~~fi•, ~~~~&M~m~M;m~& 

M~oo~W~o-=f~,~T~3~~W~*7~00~~-~ 

-~ JRJ ~ 9~~ ¥tlm ~ ~ll: ff"1 ffi * o 

~~W£ft9P>tf~, §ntr#~M!mm (11-1-13) iffl)E (J{J ~-

-~~o~n~•~~~-,~~~m8<~)~R-M8 
(~{fi93i§ff.J mfi) oi!#·~ ±~~~H::M!JYfflW63 (ft!) 

.. 

~~~~-(~)~E~M~o~~-ncm>MOO~~~ 
. ~ 

~*tmi1it¥JPfrrulifiB.~~r~=r~f1Wl:?=t»&f1* 1i ~ ~-
-¥o ~ ~fj-i1f~-t:3J!ilffiJf, ffiJJ:fj.iJt1(~~~~P'-JfftMfl1' 

~Wi~J&fl~~#f~MJ}!giBo ~.l!JIJ)!.~t\, a f(l .Jm (!# JA 
(11-3-18)~~Jlfi--~#f;J:, j!jt:J!~~f~1fif$ (i(!) ffljjijft{J 

iQ3nf1h Y.X:t~J!i;IJ~JE~Jm, ~fl:J.-=f <lr-1-14), Uf1!L* 
T-~*~~~20~~, am~~~ 

;, . 
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ff~o 
9JC:itm-r~fltmu:a, ~re;-fi~J!~~/i~~~ (y, z, 

t) .Ptr.J~--1-~~ffij~l't.J~:ItJ !1.\ffiJ, tr~~~·Jtxt-=f y ~#/ 

~ -~ ~t, ~ fll2ttm {9$ rm fttE «A$ :1\f*n f§~ * 1t 1e~~ ~u ~ 
--~~~0 ~J eiky ~ y ~:ltfi\t#!I!nt~~, RJ re (11-2-1) 

iWift~ 

(11-2-2) 

~t£~fnre z ftl t ~~-ttfto -=f~ (11-~~-2) J:f:ta9~f£ Q 
itllJ~tE (z, t) iJ!Ifii!l!~fH~*' ffii (11-2-2) r:f:t(t{Jfl7} . .. . 

)J-T~~j!-t-=ttifltii:f:ttf"J2 x 2f!$l)Jr, i!~~::r~ 

.. v;;: p ~~ 1 I -.d z 1.dl 1 ~- 1 ( 11- 2 - 3 ) 
1 . 1 ·- 1 1 

iC~:It mJ-=fa7-J 

I 

Jllj-.:r ~ kA L1 z Lf t' -:fiJ • 

( a" - 1 ) I ( a + 1 ) 

(a+1)l(a-1) 

(11-2-4) 

(11-2-5) 

~--1- (11-2-5) :liti£ Q ~l&.P~ff~f&~~Jfit, ~--=ff{:t(f9 

tm~fltt*~J~rlliift'.JJm-t- o fil:* 7, (ll-2-2) (f{J*~M 

' 



Jl9 

£~~~-~~A~~~~*o~*am~o~-~ftft- · 
~o~~~~~~~R~~~~~~~,an~~~-w~ 
~Im-1'*9alf£T o -~1:, Q .R Jiff:Eif}fi (z, t) ifiti~ JL 
~jftJ~. J: :l! ~§at (t9, ?X tn~M Jlt ~3! ~ mr ~ ;t~;~ $7}11t ~ 0 · 

kA~Ifllii ~~tl Wif:--1-;it fin3& Jt .&-~ ~ Rf ». r fr] WI ~ ft 
H:lo 

z 
0 

' • Ct 

,2 Cz 

,3 .cl 
(11-2-6) 

,4 c4 

0 0 0 0 0 

t 

:f£Jlt~~ J:fl, ro, r1, ·· ·, r 4~~f&iif J:ijj~~~Uff.Jf&fl'hl ~, 

co, c1 , ···, c4~~~71ifl3a9:tftllliio J(€r_.f-T~:.*J+~~f& 

-hl~~~~*~~~zm~~o~~~,~~~~~~~, 
JA r4-~U c4.ttkA r:-f!J c2Ifl:::!i~*llt~o j!~fm~ ~ -=f &if 

~f@iffl, ~~IPJ~$W~trxl'f.Jim#I$Jhf.fia~~~~~o~ k!/· = o,;f;f 
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~~J~re~i1£3rP1itfrF~~~:lito ~~1rrlitH~ilta~TiB-­
Mftfi11iat, ~~il "!miif l=f1 JL'f.l y" ~:U "ItB iiif ~~.3 Cia) 
h =I /2" fF~i1tt~P9*1tlnJ~~o JJE~ft~mift~,f~*it Jn1~7}~ 

~~~0 
m 11-14 u~J!ij t£ ~lt ~ v a9 J!J 1:J 1t J~ .m rtirF}Jf 1ft (J9 iftf4 

m 11-14 

!RffliE f6 ff tl l¥-1 7;b ~ lE tf.J JL fiiJ ~ ~ 

s (h, y, d, · z) =y- h 

(d- z)·h 
g (h ,y' d' z) = y + --=---· ~...;..__ 
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(d2 + h2) 7'2 (2d- ?') 
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1 { z(g- s) } y(s,g,t,z) = - (g+s)+ 1 (11-3-26) 
· 2 [v2t'- _ (g _ s) '<J Y2 . . 

(11-3-2) fiffJJ! (11-3-1) ~i9!, ft! (11-·3- 1) ftA(11-3-

2) , lt~-~it~lli*T o ,.., . 
~J!lf~uft.J~1:J1t!lill, ~fnPJrer·friltl¥-J M ~RX.-

"i'ttJ!l~ft9mDft-J6EJ51f£ -I;J(g, s, t, z) = 6( (g- s) 2 + z1 - u 1t 1
) (11-3-3) 

J:fri1t v )li:tti jt:RJ m (h,y,d ,z) ~·~Us Hi*' ~fl1~ 
£~ (11-3-3) t:f=tffl(g,s,t,z)~:it~~lli*t!9"FfJ i1£ D ~ 

lt~o tt! (11-3-1) 'ftA (11-3-3) , afll &t ~ reD~~ 
"" . 
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. . 
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*~*o ~~~:*if~Ma9Dt, ~fi1Xf-TJ:{ii1t U(s.,g·,t, · 

z) , tEtiM~l:oo-~~~'J'm- ,1=f 
U(s,g,t,zo-. 0) =~(9-xo)O c;s,J,:_ (s-xo) 1 -Zo1J 
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5o~~*•-,h~5~ahBEl*~~l:*~' ~mc~~~b~ 
~->~R~o•y~, ~7+~~~~~-o~--~•m,h=O 
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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 



,. 

344 

(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) 

(11-4-19) 

(11-4-20) 

(11-4-~1) 

(11-4-22) 

. ( 



J54 

~ (11-4-11) ffij{t~ 

(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-~~~-. . . 

!l!l¥-J~fti~RI. j!Jtt~~f'F-?X~lti~ti~ElEo -@.lil-=f±~ 

m t¥-J 1! J: fii1tfrrF fiill:z rm !I"J "It*" , ~:Jt -tl~*&t/F · 
,· _ · £~llm~(f{J7 f1 *~J:, tEmf!Jt~1.1,ltff~:"""FttJJ~=':Rrbt. 

~~~~-0-~~~m~~~ ~M-~d~~~~-~~· 
· llWii&MI:I:tH*, ffiii!tEitJJffitX£l6~~Jo -~J:, -*P· 

"fltW" PI~ ffitt-~J, ~*;!iJiW·RJ~ rb-=J:jiJ~i;JJ~IE ffli~· 

-~~~~~m~om£, ~~m~~*~~-~~~-•­
SBf!l ~J~ llo ;tf[tt, ... il!ffil fYaJ ilt~ T t£1¥ ~-·~~MJW'jl[~ ~-

~' 1t'E~!le~1if 4l~~-o, 2:~iJK[ffi~iJJtmnq Po ltt9r~ :· . · 
. j}--~i1t~ M, :1:~7---'t'~rx.&M ~ i1f ~9~, ~~~· 

~~~~@~-~~ww~~om~~~,P~~*~~~ · 
~-~~~~M,~~-~~~m*m»-~~~,~~ 
~fJi~o 

~ tAm---1'*~ = sift.J liM~ ltiiif~:.;r;J!~tfiJeJ&·~t£--· 

.t*ff~~EtJ:o J!~'*lf ( 4 , 0) , (3,, 1) , · (2, 2}, 

.(1, -3) ~ (0, 4) ~~fi~~liiJ--"JMc/JPilJE~ft9$~l!£iBo 
. . 

· ~n~~~a~*J:~~~,~~~~~~~ilt*m~*~· 

... 
. •· 

:: -~ . 

\. . ... .... 

.~ 

.'' 

. -:·1~ 
···i;. .... _l 

., 

.. 

. . 
·' . 

.. - . 
~ 

. . .. 
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.... 
+~*~~H~~~~~@~~~-A~-~~~~&~ 

fl.~~M~~-~~~-~' m~M*~-~~~~~~o 

. . . . . 

. ' ·. 
... . ! •• • • 

. . • :.. ...... , ..;.! • 

tEifli~it?Jlr~91~:1Fil~o fJilm, tir- · 
A A ·A 

U 0/D0 = -W(Z)/ (l+W(Z)) t:p, liM~(t{J~fi!itrW, 
. A jn*-*f P / [ J!~Jll!~~ 0 Pa flMJt! ,I WRJkJ.tJfia)k""f*o 

. A 

. .• ~~' w 4t~ilt~1f!~tE~ft~~5to m 1;1. ~ tt~'EftlJ! 
A 

flil~a ~{t 1 + W J!~~Rl1J'~~' ~f:.t~133t~~mJ~f!l¥-Ji£ 
. A 

fiT o .f£i!frltfi1.?5Gr, t*iMiitm~.M. w n!~, ~fi~~I!JEJ¥-J 
· - ~PSf£o *.fl• jfiflj(DonC.Riley)C38J.ii£~):t, )!~~~fail 

B:l!~'J$M~~o IEll-18&t~f&ttJJJ~-~Jo 

m 11-1a 

~M~-~=-~*~&M~~-~o••m~~-~~~--~. 
~w~~m,M~~~o~=•oo~~,~~~~-~*••~~­
tlJBEJttiM"~o · ~7.9.~, ~i!=t~me~.mr.:~aAEJii~ift~o ~-
~*845 o ~m~•~~HOO~~.~~-~. a••a~--~ 

. ·:. . ~~liit o ~IT.m, tl,.~ilrltiAI&tflldbtr..J~lklittil. tiM~ 

~-r •*•~mfFtR•act 

. , 
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