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#EZ D, BRSO (i=1,2, - 1) TERE i & AREREL L OERE
RTHY, BRE OBMIIEETH L, BR S IFEXEE T /- IdmAEE
Thb, TR S BLU SO THIEN - AERSLE V £T5,

BR e BLUWSR b 3. B—ARKE w TEZWICKREE{LTS L
LT

e(r,t) = %{E(’r) exp(jwt) + c.c.}
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Vx{G-(VxP)+p P=0 (2.2.1)
_|E [H _ (-jwE i w E-7 47
P_{H’Qu{E’p_{jwﬁ ’q_{—"“l/w’:H—ﬁ/ff

bty TIT, &0 BHFERBLUEHETH ), —BMIIIEE
FUYVINTHY, w DB TH L, T2, j BEBEMATH S,

RIT, EENLERBEFREOFEIHE - Ty MERE V 2B RED
ZRIIDET D, 20L&, BRLEERLOERIIBIT HEREMIERXR
A& bl

n x P = E# (2.2.2a)

n x {G-(V x P)} = #f (2.2.20)

T, n BRI CI-BANEHERY PV THL, T/, EXLER
SO E DB DIEFREMEL, Sy BWERET E -¥ 47 DipE. 213, S
DEERET H -7 A 7O

nxP=0 (2.2.3a)

&), Sy BEZEET H -y AT DA, T72i3. Soi)f{fﬁ BEC E -
5 A7 DA

| nx{g-(VxP)}=0 (2.2.3b)
El b, BUTFIBWTIE, X (2.2.32) DEREM % Wil TR+ Bk,
X (2.2.3b) DEREH LW TERBRELFLEZ LIZT S, 61T,
TR EERK | & OERER SO 2BV TIERRUTR T BRSO
35 U,

M) )

3 (0l + 6D)(n x PY) (2.2.4a)

n' x Pls(z)

M)
n® x {g-(Vx P)}|, = gydﬂ b)Y (n® x QW) (2.2.4b)

tE - AT ICk AL H -% 4712 Xk BERALICIZEER 2 BRI 2 vas, 28
FTLMEICL > THRFSERICR L L9110, 2 007 A T 2E0HT LI vy,



T, n® IXEHSER SO (CEE CEEKE ¢ O 2 BTN
IV THB, MO (TEER i ICBWTEET LEAE T — F RO
THY, o BLU D IZEEE i DF—F m [ZOWTORERKEE~D
AFHEIRIBE L CREHERIECH 5, T2, PO BV QY iZE—F
m DEFE—-FBEBOBERB LUHR (E-5 A 7 O%E), £, BR
BIUBER (H- 7 AT DHE) Th b,

2.2.3 HUIFLEKICELBER(E

T, RATRTERFMEWHE T 2 HERMU,,(n =1,2,-- -, N)
ABAT D, JIT, N BEEBEOBRKTH S,

nxU, =8k . BERLERLOBERICBWCT
nxU,=0 CEFRVEEREOEBRIZBWT

L EREM (2.25) vWMETAREERK U, 2R (22.1) ICAH
%Lf%%fkowTWEﬁL ETOERIIODVWTHZED

(2.2.5)

?@zga

> [ Un IV x{3-(V x P)} +5- PldV =0 (2.2.6)

Ll b, K (2.26) 2EHHEST L TR EHS,

Z/ {(VXUy) G- (VX P)+Uy-p- P}V ,
+Z Ui o x {g-(V x P)}JdS =0 (227)

2T, Y HETOERILOVTORME, [ v aEERCOVTO

RS % f{ dS FEAEEOB L BRI b AEESEETo n |

EROBRIC LTI S MRS PV Th b, BREM (2.2.%)\
(2.2.3b), (2.24b) BL T (2.25) 2V A &, R (22.7) kDL H Tk 5,

/{ (VX Un)-G-(Vx P)+ Uy -p- P}V

I M9 (2.2.8)
+3 3 (@ - b(’))/ U - (0 x Q9)dS = 0

i=1 m=1
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z T, CEARERES V AR b AR TH Y . /S S i

F SO b:bf:%ﬁfﬁﬁfdbéo
RIZ, P W c, W BRAGHE LT, BERER U, 2HWT RXXTE

FFERRTELET 5,
| (2.2.9)

N
P = Z c, U
n=]
TDEE, RN (22.2a) BLU(2.2.32) IZHEWICHEINS, K
(2.2.8) 123 (2.2.9) *fRAL T
G- (VXxU)+Uy,-p-U,}dV

N

ch/{ (VxUpy)-q

M) ‘ . _
—4)) [ U (n x Q)dS =0

+ZZ

=1 m=

(2.2.10)

n=12:.--N
I3RS (2.2.42) RSO TRTOBE

#1585, 3 (2.2.10) 2 EL I
REMDVERINTVD, BREM (2.242) 12K (2.29) 2RATH L,

; for

BRSO BV TRADHIALY %,
N MO
2 (N x U,) = 3 (al +6)(n® x PY) (2.2.11)
n=1 m=1 i
R (2211012 —QY) #AH T —WICF L T, R SO (Tbizo THEHES
L. EEKREAS T FEROERBEREAVL L
N (2)
ntd () () Bt
nzlc"/S(i) U". X Qu)dS = (a, '+bm')| B9 | (2.2.12)
M@ =1,2,---,1

. I
; for m=12,---,

Ehb, ZTT, 89 BEEK  0T—F m OEBERTH Y, BF
E-FEHE PY BIT QY id, RAEM-T & ) THBLSIhTwE

bDETE,
. . (@)
n (P x Q¥)dS = 7 g (2.2.13)

S
ST by BT ARYI—DT NI TH5S,
11

T



3 (2.2.10) BI T (2.2.12) PR TR AHEOELARNTH Y, @M%
TEO TR TRT LRD L) T %,

[CJ;’ g] {g} = [_QD] {4} (2.2.14)

(b= [ (VX UG- (Vx U) + U, 5-Un}av
() — _ (n x QW 5o s
{ Gnm o Un (7 X Qy))dS (2.2.15)
® BL -
\ | 5|
ST RBARTtIIEETHI L ERT, [P] BLUQ] 133X (2.2.15) ITR
Y Pany(non' = 1,2, \N) BET ¢f),(n=1,2,--- ,N:m=1,2,-,
M®i=1,2,--- 1) R BRETHATFITH Y, [D] & d),, (m,m' =1,2,

e MYy =12--0 1) RERETBENATHCTH S, T2, {C)
ey(n=1,2,--- N) ZERETEFINI PNV TH5b, {A} BLT (B} X
FhENhad) (m=1,2,--- MD;i=1,2,--- ) BEXTW) (m=1,2, -
MODi=1,2,--- 1) BERETBHNI M IVTH b,

5N (2.2.14) R 2 LiIC X b, REHERIERZ bV {B} i
AFHEIRIENR 7 MV (A} ZHWTEARTE 2 615,

{B} = [S}{A} (2.2.16)

X (2.2.16) IZBIT 5 [S] BAERHELICBIT L HEEZETTFICH Y, R
EREER I [S] 1L > TEEITEBREND, [S] DEERZ S LRT
WL, BRI OFE—F m DOERKE j OFT—F n ~OELEET
boLd b,

DEDARE TRET 2TETH 5, AFETIIEA T FERCE
FIZOR SNTER S (2.2.4b) 2 XEER (2.2.1) OB RERERTIC
BEEEHT 5 30T, BREM (2.24a) P EREREST— FEETEA
BEETHET VT VRICIDBREIE L E V) HEEHNTWE, &
DEHBERCEAT) ZLICX Y, BHER L TCOFREREICL LR
ORFAREHLEE T FEREICL 2ROBRHE— FHL ORICET
OFEFIEC BV, T, RERSICBT A EEL 2 FTIT5) % EERE
BT 5 ENTES,

12



2.2.2: HATFAREIRESRIC BT B 2 RITAERE

2.2.4 HBIREFEICL 2BUERT
2.2.4.1 VAT FRENISRIZEME

[€2.2.2 [ZITEATPACERRICBIT 5 2 ROAERR V O 2 = —%
EL-E E0—WE Q 2R, 22T EER (z,y, 2) IAERERIZEE
THEETH Y, BAE (29, gD, 2) IFEWRK 4, (1 =1,2) [T 5 HEE
Thbo IO IIRERE Q & FATPHRERE ¢ L ORFEFRTH D,
2 =0,z = —& ODEMET %o T iFTLEEE (BXE) THY,
FEHEZ QI TO T ) Lo TEECHINATVWE D ET S,

B 2.22 2R3 & 9 ICBET HRD 2 FEICHLT—HTHY ., B
Fb 2 HBALS e LT, 0/02 =0 £BL, T, HHOFER
BIUBHEL AN T—L L, R (221) IRT p,§ & p,g £ELZL
5, COEE, BT 2 MM 2 HREXNTHRT 5 LHTE,
FETERRDI ) IR LT 5,

P {zE Q- { —q(i, x V,E,) :TE ®—F (E%)
T\4H, Y | —q(i. x V/H,) TM E€—F (HiE)

tE ZTRTFREICE o T HEAFERERBIE, EHHREREREE LT
FHBARA T TEBHREIKE) 2O/ EHBTEL, T2, A 7UA MYy TRE
B 3 SEBICEL D 3R 5 HEARE IR T DB,

(2.2.17)
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T, E,\ H, 3FNFNERD : FAS . RO : RS TH
5 F72, i, 1 2 FAOBHRY M VTHY ., V(= 14,0/0z +i,0/0y)
132 RIEOWTEEFTH 5,

DL E, BEBM U, (z,v,2) BLUERER 1O I2BIT 2FTF
BOEIRSEA € — F BEOBERHS n® x QW(yD,2) IERD L HITER

N5,
| Un(z,y,2) = tuu(z,y)
nd x QWYY z) = —i.Q0,(y?)
TIT, QY 1, HEE i 0E—F m OEAE-FEE QY Dy K
MG Thb, SDE X, AT —EERE u,(x,y) \ 3T BEREM
i, :(2.25) XY

(2.2.18)

u, = EHE CBREBREOEFRIIBNWT (2.2.19)
u, =0 CEBRLEEREDERICIBNT -

Elr b A (2.2.15) 1T (2.2.18) #RA L. 2 HENI L TIZELES
YOS EELZEIZEY, XRNEF5,

P = [ 10(Veta) - (Vi) + prsii}dady
<q%¢*/?gm@%ﬂ¢” (2.2.15")
d(z ;- IB(Z) 6
L 6% |

BREM (2.2.19) BT HEEEHK v, (n = 1,2, | N) (JHRENLAH
BEREOFEIR > TERICHERT A P TEHIM, 2T, =
AREZ O ATIRBEHE v TR E#BE L T 5,

RIC, FATTAREIRRS 13, BFER O, BRER u© OHEERIE
Tiii/z NI o) O 2 BOFAT 2 EABABEZ L DB N TV B HD
55, TOLE, FATFAREWRE i D TE, T—F (m=1,2,---) B&
T TM,, E—F (m=0,1,---) OEFE—FEH QY, () #X (2.2.13) .
T &) IR LT 5 L
TE,, £—F :

N 2|,6(1)| mn
(i) (D _Z2Pmi mr.®
Qumy(y™) = kazmao m( oY ) (2.2.20)
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T™,, T—F :

70
ad

QW) = oz (2.2.21)
2 mmn
2lom | 270 (i)
J RGRG (my) (m > 1)

Y b T, EREER 8O AR TE R bhb,

g { VB - (m/a®y (K9 > mr/at)
e {—j\/(mw/a(i))'z TR (k9 < ma/a®)

(2.2.22)

T T k(= wy/eDp®) BEU ZO(= 4/u® /e®)) 3EEEFOBEES &
kg A v E—F v ATH b,

G) BAI—-F—~K

M223 ORTEAI—F—_VFREZLLILICT S, 2—F—X
VRICEREND ZoDEEROIEIIEL L. a THb, T/, EEE
B LOREFBIE, A b OWEFEE TR STV, AEGER Q
#2231 TRT L) ICEZRTHT %o :

5. AHEORUMATEDD D120, BREHD TE, T— K
R DOAS LIS EEEZ D, ka/r & 1 005 3 FTEALEE/
L&, ka/n KT BB 2 ~OBBEN |STY )P OELOKT 2K
2.2.4(a) \RT o [ 2.2.4(a) \RTRERIL, RO ORI & X<

—HLTV5, $72, BRTO EOBRBESH |E.| © ka=4.0 (—
B BLU 7.0 (ER) OBFBAITOVTH2.25 ITRT, K225 128
J BRI, ANBERRESATH L, BRENFES L UEREES
AT, BHER LoBRE—F K% 5 B LEE 5 LIZIRPORT %,
LRA, TORE. BRER LOFRERERIC L 5 RORMEEL
9Th5b,

Rz, BUEHD TM, €—F (TEM £—F) BIXT TM,; £—FH
R DO AET LG EREZ o ka/m WX BRI 2 NOEBE
77188212, (m =0, 1) DEALDRTF 2K 2.2.4(b) B LUK 2.2.4(a) ITR
T, BRENHFEIT., WTFhOE—F BV THERER LORRT—
F#x 5 ELLEE 5 LIZITPERT 5,
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IEZI1_ 4.’_‘\\\
/ AN
/

0 05 1
y/a

2.2.5: R TO LOBEREESM ( TE, £— F A

(ii) FEFEFTERBTAE T 1 LA

RNEFGRPANYERE» S % 568 LT, K2.2.6 ISR HEHERN
ERBERIRT ANV ZEZ LI LTS, EEBOEIL o, BT L T
H Y | ANEBERINE 0.50 OERTERIKICHEEEE «, DFEMIETIEAL
TAEE RO, AR Q 2B 5 IR & ) ICEEDET 5, BAEHO
TE; €~ F3EEHK 1 25 ABTL7ZEAIDOWT, ka/7 B 1005 2 FTE
fL&E7zE &, ka/m 1T HEWH 2 ~DEBES] —1010g|S (P 2[dB]
DEACDF 2 HFEE ¢, = 2.62 DPAIZOWVWTH 2.2.7 ITR T,
2.2.7 ZRT#HIZ. Koshiba b DGR L L —HLTWVW5, &
WEIEER. BEER EORBREE—F % 3B EET5 L I1ZIZNCE
T5,

2.2.4.2 [EHRIRAImERIE

2.2.8 [ZIZFIEHREE RIS BT A FRAERR V D= —%F L L
7oL EO—WH Q 2787, K228 IR — S EExFRETH D |
IO IAESER QO & EEMEREE 4, (i = 1,2) L OERERTH S, I 3%
AHEARRE (BXEE) ThH Y. ANERZ Q 13 TW 13 Ty B X Ot
Lo TRECHTIN TR D ET S, T/, NERESS L U Hig
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n(l) I‘(l) E ' )
: n(r.z) r n®
e '
m /mrmf a(®
____L_,¢; ] _ - :)

2.2.8: [FIERIERIC BT B B AR E BT

BOBREL = py THDE L, FERLENE R ZHVWT, e =¢n?
ERDTIEILT B, TIT g BLU o BEZEROFERBIUE
B TH D, FHEE ¢ OPEEARERY o, SEEEREEL O L L, F
ZEERIZ BT 0 OFBHRIFLEINTVRLEIDETEH, TDLE,
AEHRER DI Ve S M7= IR A & £ D EAE—F (TEM £—F)
BAS L EOBRRALBIEEBI §5Z L1275,

228 12T &) ICEET LRI - BB L TR TH Y 22D,
AEREDEEHREOERE—F THEDT, P =igHy LB I EDPTE
Bo ZIT. Hy I3FERD 0 FAKSTH Y | ip 13 6 FEDHEMNARS b
NCHbB, T2 BEER UL(r.0,2) BXTHEFER 1O (2B 5FEH
HREREA T — F BRMOBERES n® x QU(r 0) ITRD L HITRIN B,

U,(r,0,2) = tguy(r,z)
n x QW(r,0) = QW (r)

T2, QY I, B OFE—F m OEAE—FEH QY O r S
Jﬁﬁ’c‘%%o :@t % ~ Xi] 5”%@%& un(T,Z) b:iﬁ?éiﬁﬁ'%'fq:‘i\
X (2.25) &1

(2.2.23)

uy, = 1 BEREBERLOBRIZBNT (2.2.24a)

uy =0 L EREEERELOBEFRIZBNT (2.2.24b)
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b, T2,
u, =0 - BER & BRI AR L DBERICBV T (2.2.24¢)

&% 0, X (2.2.15) 12X (2.2.23) ZRRAL T, 0 ICBT B % EAT
L. 3510, BEEY jus/2rn fETHE, KRE % B,

. ~/ 1 8un8un,+13(uu )
Dnnt = Q n2 or Or ror nUnt
ou, Ou,y 1 ,
;z c};z + ﬁu"u”'> - kgunun’} rdrdz
| ko [ (2.2.15")
(1) — '_0/ o
i ]Zo al®) UnQyrdr
] k (1)
f;)m, :j_o__ﬂg_émm,
\ 27TZ0 l ﬁr(ri) |

T ZTs ko = wy/Eofio BLT Zg = \/po/eo 1 IEEHROWLB X UWEY A
V=T U ATH D,

ST, MERE QO 2 ZARERCSE L. ARERELER TS
Mo &2AH, K (22.15") ITRT puw DEIESBIRUC r DS B
PEIFNTBY, FRERETHVONLZARERO—RERBEE
Ni(r,2),(i =1,2,3) x ZDF TV CEEBE u, THERL2HEICIE,
Prw DRETZIFITHIIAT) TLETER WV, 2T, AT, KK
Boun(r,2) ERNITRTREE L HWTHERK L T b,

L Ni(r, 2) (2.2.25)

ZITC, r W —KICIRBIEL Ni(r, 2) 251 &2 B r BEEECH 5, K (2.2.25) 12
IR TCRBE R TR L ARz VWA 2 Li2d ), K (2.2.24)
DERGH LB T I EDTE, T2, pow DEDZ BT
HTENTE D,

KT, K (2.2.13) 27T L9112 QW) 2HMKET B L
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r Zo ! (m =0)
270 log(b) /a?) r B

Bt 1 ZoJ3(aWb)
QY. =1 200 N koI BVHI2 (0D a®)) — J2(aWb9)} (2.2.26)

x{No(a®a)J1(6Wr) = Jo(cDa )Ny (c@)r)}

{ (m=1,2,---)

Ebo ZZT, J.() BEEN,() En KONy v VERBLIU /M4~
YBITH Y oD = (kon)2 — (802 ThH B, Tz, B = kon T
HY, BY, (m=1,2,--) 13, BRI

Jo(eWDaDNo(aD8) — Jo (P8 )Ng(ePal?) = 0 (2.2.27)

ZRNTHEL NS,

X 2.2.9 IR FEEREAE I & 7 5 OFEF IR S 1L FEHRE 1
25 TEM £— K AR L7560 KL BERT 52 L1275
47, [ 2.2.9(a) (SFEIEHREEONEREMAEDSF L <. RERERED L UNER
WP RELHED AR I DO—PITH S, BIETEICHWIRT A—%
. o =3.0(mm)s 2V =1.0 (BR). a® = 2.104(mm), n® = 1.425
(PTFE; 77 0), bV =p? = 6.9(mm) THb, D& &, [AIHHE
DA Y E=F Y A EDIT50(Q) THD, F7z. K2.2.9(b) (2[FH
BB ONEEME, SEMBEAE, EEYOVTROPFRLLGED IR
75 D—BITH 5, BEFTEICHWZ/T 2—FiE, aV) = 1.520(mm).
b = 3.5(mm), nV =1.0, a® = 2.130(mm). b® = 7.0(mm), n? =
1425 THb, TOHHITH ., FMEBROFEA TV E—F AT L b
50(Q) TH Do BIEEEEENT A—5 & LT, RERFORS d 2%
{LEE 1A DR 1 ~D TEM £ — F OIRIBRETRE |S§0)| D%
L% 2.2.10(a) BELT (b) IZRT . INbDFERIT, Wilkins b DFFHT
RBRE I C—FLTBY, KAFEORUES X UARMEI RSNz,
HLaMI, TOE ENEFRMOBERSEEIT 500 TH Y, KlEIEHERIC
BLTid 6 BMOE—F2EEBL T2,
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(1.1)
IS¢

(a) (b)

2.2.10: [FEGFEEH I A 7 % O TEM €— F IRIBREHFME
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2.2.5 ®E

R PATSERIE P T A RS LT, ARERE TR IN A NES
BOERR L EAT—F EHNERECRIN-EHRBOERS & 2 H#HKk
BERCERKEAT - FEE*EABRKL TAT VIV X VEEHWTE
Bt A HERRELTWS, BRI, EITERERRRICBITS 2
RIEAEFIE~OHBBIE LT, BAI—F -V FBIUFEMSRE
FRERBIERIE T A VY, 7o, FERERICBT 2EIH e /T
BAEGRIEANOBERF L LT, FEiREHE A7 ¥ 2 BERT L. K
HCRET A HEORLH LR L2, AJEi
[1] AEREED & &k & ORISR A NEFROEFEIE DI EHTES
729, HREZREYERT AEEINE ., BLIREITFITEROXREK
AWHSILTT L,

[2] AEKal & E R L OBFERICBV T, FREREICL ZRDORHA
EEKLEAT—FEREICL 2ROBHT— N EE OB
DLy,

[3) WEOFEERT v INBLUEHET ¥V NVHBRIETH LHEITIE,
BB REATHI ARSI E &2 B

[4] RESFEIC BT HEELERTITHN L EEBERENT 52 L9 TE 5,
EDBEEAL TV,

2.3 AYEL - BNRIE DR

2.3.1 #=

ERIEOBEIMES X CHEEBE O O OBGMET ARERE T
F TS 5356 BIBGERE AU ISR S 2R L 7 5 RGO,
BABGEIS % 8RB & UHOE 2 & UREEOEM 2 ARONIRER L&
EOHMLRANEREIR & 1251) . WREROBHS IS RERE L #H
L. AEEROBRFICIEE— F EERAEZERT 28R, A%
BV % S URELBEONR TR A ¥ SIS L GERYTRET
bHbo, £ IHT, ZOBTEDERLELT I, AREZTRINIZA
HEHEOF & - FRAFRSNIAEBEEOR L 7, MEROBEHE
FETIMTZ BB 200 FELE 25,
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2.3.1: BXEL - BEIRE

Chang 5067 |3 Unimoment method 2 & AFHTEZIREL Tn5E, &
DFETIE, WEHBEROBERERE 2 ARERLIC L o TEHEEE &4
%,

SR | Leeld IIFMERFRINI-RLET—FRERAFREINL
REXBEHFEREICBWTERERICLVERL TV, BREICLDR
DEFETIE, BN OBEFER EOSICBIT A RO FHE S
Bvo T, ZHFLOHETIR, BFREFICBIT 2EREREIZL LR
DEREEKE - FERERLICLAFORBE—F L+ —H 3
LIBED D%,

F 72, Jeng 509 13 Hybrid element method {2 & AT HEZIREL
TWh, COFETIR, BHRERZHICE BN DY | FELEEUE
(O LTI RA OB O TH < 2 5o

AE TR, SHEREIRO T - F BB EABRBE T AT LIV UL
BROBFRELIRET 52, ToHETIE, WERER & /R ER L o8
FEREERICL DI LPTED, T2, HHREF BT, HRER
BRI BDFRORREERE T FEEERECIIFOBHEE—F L
DRI OHIF D 2o S HIT, BHOFEERT ¥V IVE X UERE
T Y VNGHERTH DB EITIE B CRETIITEADHRE 25 Lw
IRREEFL TS, |
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2.3.2 HiEL - BNRE

2.3.1 ISR T BELRIE B L CEE AR R0 b OGS RTEIC DWW T
845, T, EREEHEAL L UHOMY EUEEOEE AR
PSR4 & A D B R SV ERARIS & 1) B, PIERERIR V IZI3 T D
MNEREBI BRI N TWL D ET B, BRSO (i =1,2,---,1) 1355
SIS i L EREIR L DEBER Th Do BR S, 1LEFEE T IR
Th b, WEHER V ILER S, BLU SO THENTWE DET S,

ok E, WEHES V ICBT AXEFERIR (221) TGO
%o o, ERNLAREREOFRIE > TARER V 2 AREDE
RIS EI L2 A BT A EREMIT, BREERLOEFRICBN TR
#£(2.2.2). BREER S, LOBEFIIBWTIRN (2.23) &b EHIT,
MERSEIE i IC BT BFHIXA TR D IN S,

M
PO =P 13 P (2.3.1)
m=1
T T PY ISVERE i A5 NEREIR V ~NOASRTH Y, —IRIZEE
HIBETHhH D, PY IIHERER 1 DT—FEHTH Y, o) IZE—F m IZ
DWTONERTER V 56 DEELRIRIB CH 5, F72. MY IZHEREE
CBWTERTLE-FHETH A,

2.3.3 FHLIILxECLBERE

FT. R (2.2.5) IORTEREGLHE S SREERBU,, (n=1,2,---,
N) #BAT 5, FTREM (225) ¥R TAER U, & (22.1)ICAK
F—WICR L TEERICOVWTHRES L, @ TOERICOVWTNRAED
®HZEICEY, K (227) 2155, BREMHF (2.2.2b). (2.2.3b), (2.2.5)
BLUER SO IIBIT 5 AMEBOR LK (2.3.1) ITRTHEREROF &
Dnx{G-(VxP)} OEfEErHVEE, K227 IERDEH %5,

/V{(v XxUn)-§- (VX P)+Up-5- P}dV
I ) . ;
AL { [ U 109 x (@ (7 x PR 232

M@ » )
+ 2 d [ U [ x {g-(V x PO)}IdS} = 0
m=1 !
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2z, [ dv RPEERAHIT DR AR THY | /(msu%ﬁﬁ
R 5O 13 BT TH D, E7o. nl) BESER SO cRET. 4

EREI « DA% a)  BALERAN S PV TH S,
R, PAEEER U, 2 VTR (2.29) TERRAFRTEL LT 5,

R (2.2.9) 3 (2.3.2) ITARAL T
g: cn/{(V XUp) - §-(VxU)+Upy-p-U,}dV

+Z{/ U, - [n® x {G-(V x P3))}dS (2.3.3)

M
+ 3 ol [ Un [0 x {3 (V x P)}las} =0

- for n=12---,N
21585, 72, 3 (2.2.9) IR THEEBOF L X (2.3.1) ITRTHERHE
BOF L OEREL Y | i"-ﬁ SO BV TRADHILT %,

M

n= m=1
K (2.3.4) IDHHEREEOT— FEEZEARBLE T2 7 LV ik EH
T 5o R (2.34) CEABEE n® x {§-(Vx P} 2 AH T —WICHL
T, BRSO bl THEST AL

N .
53%/mUwhw%dﬁvaP$nws

(2.3.4)

+/( | [P x {7 (V x PO)}lds (2.3.5)

M)

+y a [0 [P x (3 (Y x P)HdS =0

for  m' =1,2,--- MD:i=12-.. 1

kb,
X (2.3.3) BL U (2.35) PERE TR FEOELAATH ), MRAZE T

L CATBIA TR ERO LS 1% B,
P C S
o alls)-17) 239
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pav = [ (VY xUL)-§-(VxUy)+U,-p-Up}aV’

= [ Un 0 x (7 (V x P)}as
4 rfri)mr = /(-)n(i) ) [Pgr? X {Ej (V X PE;),)}]dS (237)
St

s = = [ Un-[n® x {7-(V x PL}IdS
S ki

\

== [ n®- (P x (3. (¥ x P))jds

ZIZC,BRFIIHMEBETAZLEERT, [P]. [Q] BLU[R] IthFh
N (2.3.)IRTY ponr, (nyn' =1,2,--- ,N). ) (n=1,2,--- ,N:m=1
2, MD:i=1,2--.1) BIT r,(:;)m,,(m,m' =1,2,---,M®:i=1,2,
L D) REBERETHITBITHY  {S} BLT{T} iEsD, (n=1,2,---,N:
i=1,2-1I) BEF) (m=1,2,--- ,MP;i=1,2,---]) RERLT
BHIRZ MW THB, T2, {CY i e,,(n=1,2,---,N) ZERLT 55
R PVTHY, {A} BEEERE oD, (m=1,2,--- ,M©;i=1,2,---,
I % BRLT BRI P VTH B, [THHEK (2.3.6) M T EITE
D, NEBEBOBRERTAB L TEEE KDL ENTE S,

PLEDSKE CIRET 2ETH 5, AFETIHE—-FEBCRERE
RENTIEREROR (2.3.1) 2 XEHRER (2.2.1) DEREZERITIC
BEEHHT AL DI, ERERLICBT L ROEREEY E TN (2.3.4)
ENEREIBDE— PRS2 BEABBE THT VIV F VEICL DHEESE
LEVHHERZAVWTV S, DL RERILEIT) S LITL ), it
BRAEBICLLIENTEL, T2, BHEER L TOAREREICL
HROBEREES L E— FEBEREC I 2 RORRET—F L OMIC
BRDOFHIDE U v, T2, 81, BHER 5O 2 ERm T 21385k
BOBME LICE A Ik oT, E— FEROBEREREHAVWLZ &
BTE, K (23.7) DESEZHBCETTHIENTE 5,
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2.3.2: 2 RICHEUEL - BETRIE

2.3.4 HIRBFEAIC & S LUERENT

2.3.2 IR $ 2 RITOEELRIES X CERKER IR A 5 ORSHE
EZ2 D, M23213, 2= —F L L2 XOREMEBERV O—WEHQ T
b, 'O IZNERGEIR Q LAERMEE G, (i = 1,2,---,]) L OEHERTH
5o Do \IEEHAREE (BREE) THY, WHEH Q3 TO BLU T, I
Lo TELEIIHINTVE D ET 5,

2.3.2 0:/%3& HITEETAHRY A LT—HTHY ., Bk
Rb 2 HEEDRWE LT, 0/0:=0 LB, T2, BEOFE
EBIUOBHEREANT—E L, i % pq EELZEICTTE, ZDL
X, BRAI 2 oM R FBERTRATH I ENTE, X (2217) T
ETIENTEL, ZOLE, HEBH U, BLIUT P ZRDLHITE
INs,

Un = izun(x’y)
P = i.P,
SZTL P E P D FIED THb, 720 AN T —HEB u,.(z,v)
T ARSI, K (22.19) TE2 LB, R (23.7) 1K (2.38) %
RAL. z FHICxH LT mu&sm WORTEELZEIZEY, K
AxE5L,

(2.3.8)
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[ D = /Q (a(Vetn) - (Vettr) + Pttt tdzdy
(Jf&)n = _/(») qu’n(n(i) ) VtanQ)dl
I“ T

Lot = [ P wp (237)
r‘l

9= [ qu® 9,
ra)

mce

)l

t = — [ P8 (. v,PD)dl

. m F(') mc

R (2.2.19) ZHERET AEEE K u,, (n = 1,2,---, N) IJBEENLE
RERFEOTFHEIE > CTESICHEE T A2 L TE 50, KETIE, =
ARER ORI E B TERERBE L T 4o

(i) ST2BAEMAEIC & 5 FEEDBEL

9. AHEOR YU FRITT 572012, K2.3.3 [RT B8R
AR X A FEROEREYER 5, X2.3.3 OEAMEEBHRE THE
NI-4E R PIEREIE L L. N EDIBIZE L VWKRE SO=ZARERICSE
15, 1277 L. EBROBERTE IR MELFIF L TR 2.3.3 0 L¥55H
% (y > 0) AL, N/2=36 & L7z, T/, E—FEH P, 13

P (r,0) = H®(kor) cos(mb), (m=0,1,---, M) (2.3.9)

Thbl, 22T, HI() 1d, m RO 28BNV F VEBTH Y., k i3
HEFOEBTH S, BEET—FHIT, ERICHLTIE M =20, HE
LTI M =10 & L7z o' Ja=V/b=1.01 & L72BED kyvab ixF
THEEBLTHEDO LV —FKEHE o 2K 2.3.4(a) BLT (b) ITRT,
NS DFERIL, Toyoda & DBREREIC X AR TR -
LTWb, B%AIT, bfa=1 ODFIEBEMRICDOWT koa = 2.5 IZBIT 5
L— Y MERBOMERE DBEZEIT, E - HERIC03%TH 5D,

THELAB L UCERER OB & 67, 2 RCHEKRDBEITIE, K (23.9) BLUT
X (2.3.9) D cos(mb) % sin(mf) TEI|R1-E— FEBEAVEILHFTE S,
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2.3.3: seEBAFEMAEREL

(i) 77 > T &/ 3 FTHREERBOED 5> ORG

RIT, 7T vV %ET HHATARBRRFO@ES S ORSRIEYE 2
5o T ET V2 2.3.5 (TR T . BOEDOLESITIINE 2¢ DFATEHCE
BBV ERIN TS, X2.3.5 ITRTEE o OFMHERT NERER &
Ly N EDIZITELVWKESOZARERICHET 5, 72720, ERO
BUEETE TR R L CX 2.3.5 O 55K (v > 0) 28T L.
N/2=100 & L7z E—FEH P,. &

pe gy < { BBt cos{(om =10}, (m=1,2,-+-,}) B
maAT,Y) = HS?) (kor) cos(2m8), (m=0,1,---.M) :HI
(2.3.10)

Th, M =10 & L7z T, FATFHCEREDOER € — F B
(2.2.20) BLF (2.221) IRT DO AW, BRET—-FHITI 10 &£ L7,
FATEARE R B> S TE, T~ F BLTTM, €—F ( TEM £—F) 3%
NENAF LIZHEDHEE—F ORFEIRER M 2.3.6 IIRT, =
NS DFRERITERES02 BLU Lee 0 OFTHERICEL—HL TV,

2.3.5 &S

BEL - BOTRIE RS A 5L LT, AREZRETEIN-PIEHE
BOERS &t — FEBBRE TR INIRERO B & 2 EhE
RCHPEBDOE—FEBRTEABRETLIH VIV B Y EHT
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TE,
TM,

— 20+

10 log R (dB)

=30

— 40 1 1
0 0.5 1 1.5

koa./ﬂ'

X 2.3.6: BAIED b O RKETEI M

BHERRELTVWS, BEAMICIE, SEEAEMEIC X 2 FEBEOR
ﬂ%%ﬁiw77VvéﬁTéﬁﬁﬁﬁﬁﬁﬁﬁmﬁﬁgwm%%%%
BAEREAT L. AECRET 2 HEOR LR L7z, AR

[1] PERaEIR & VR EIR L DBERIER 2 ERICE B 2 LA TE B,

[2] PERAEIE & AMER BRI & DT IS BT, AREREIC LBRORE
BIRER L E— FEMEREC X 2 ROBRE— F & & ORI 0f)
BT,

3] WEDOFBRT VI NBLUERRT VYNV TH 558101

R RETHIFRERAISNRE 2 R EmFH 5,
LEDOBEERFLTNS

2.4 FEHEEEKIRREA OB

2.4.1 S

L FE A e B O M % A PR R % I TR T 2 i
it B EERROBER T L CEASTETSH ), FiTw o
BPOBED R STV BO8-0, UL dth, ShbOffER. £
DIERERY 5 2 TEMEEE KD BBATH ) . B E E
W B O EREE R KD D E LT\, T/, B LR
BIREOFEE R BRI D b P S ORI TRETH 5,
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X

X 2.4.1: HEREFE I EER K

FIT, AT, BREES 2 CTERBOERER T RO L HES
FTHBUBI, ZOFETIE, EREEEEERK I N 2 EERE
DIEPRER RO B LW TE | FERLERE IS S 5 1E 5
LR I NLEREOBIT 2 BH AT LW TE L, T/, Bkt
BT 2EEOFELET VINREET VINVHPET VY INVTH LY
A, BAREEREREORBATINEATH E L AFRH D,

2.4.2 RHEEEKIREE

B 2.4.1 1R ERERSEESRBICOWTESRT 5, BREOH
T e #MET 5, AMEEO—FRCH-s5HEr vV L L, HREV @
r=0,d \CBITHEERE SO (1=1,2) &5, EBRS, IBEZREET
TS EETH B, IRV IBER S, BLU SO THIhTWwB DL
T 5, |

oL E, EEV BT HXEHREREINK (22.1) THAOND, T
7z, FHENLZEREZZOFEIE > TRV 2 FREOERICHEIL
TZHE BT AEREMR. BRLERLOBERICBVTIERK (2.2.2).
BREBER S LOBRIIBNTEN (223) L7 b, 3512, FHER
SO BT HEEREMI 7 ar0oEHL D AR TELI LMY,

im X PIS(z) = exp(—jﬁd)(ix X P)'S(l) (2.4.10,)

te X {7+ (V x P)}s@ = exp(=jBd)[i: x {§- (V x P)}]|sy (2.4.1b)
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ZZT, f RERREMBEESREOLIMERTHY . i, 1 2 HEOH
RT MV THS,

2.4.3 ﬁvw%/ik;ém Ak

9. X (2.25) IORTEREHLHETAREEKU,,(n=1,2,- -,
N) 2EAT 5, BHREM (2.25) 2WETHERBEH U, 2 (2.2.1)
WCAAZ —WICR L TEERIIOVWTHES L. £ TOERITOWTN
ZELELIEIZLY, K (22.7) 255, FREM (2.2.2b), (2.2.3b) B
SF(225) ZHVWEE, K (227)I3XRDEH Tk B,

/V{(v XUnw)-G-(V X P)+Up -p- P}V

= [ Un iz x {7+ (V x P)}JdS (2.4.2)

[ U liz x {7 (V x P)}las =0
z T, / AV XER V kb7 AR TH U / 4S 1R 50
IZh75HETTH 5,

Ric, PHPEERBEH U, tHVTR (2.29) CREAFKRCX5LT5,
ifl\ iﬁﬁ* S(i) _}Lb:ﬁbjé iw X Plg(i) ﬁllﬁ% X {q (V X P)}IS(") A%
a) BLU WY ZRERIE LT FEEBE V..(y,2),(m=1,2,---, M)
THWCARTRBAFZRTE S LT 5,

M
iz X Plgoy = > aD(i, x Vi) (2.4.3a)
m=1
M .
i. x {G-(V x P)}|s0) = Z ¥V, (2.4.3b)

T M BEEBKV,, 0)»%"‘#(1‘360\ m \EROBERGEM 257
T i \CEELRXRZ MNVTH D,

V=188 . EXLEXLOBERCIBVOT

Va=0 - BE:EEErosfcsec 24
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ZDkE, K (2.4.32) ITBWTEREM (2.2.22) BLT(2.2.32) 1B
FICHR EINS, 3 (2.2.9) BLU(2.4.3b) 2K (2.4.2) ITARAAL T

N
Cn VxU)- G- (VxU,)+U,-p-U,}dV
‘/
n=1 '

M M
- >0 / Uy VadS+ S b2 / U, V.dS=0 (245)
m=1 s m=1 $(2)

; for n=12--,N
2185, 72, 3(2.29) BLU(2.4.3a) L DEFR SO LITBWTRARDS
ALY 5B,
N M
Yo ealie xUyn) =Y ald(i, x Vi) (2.4.6)
m=1

n=1

X (24.6) KEABEK i, x Voo 2ADT—HICRELE, BRSO (2blzo

THESTAZ LI VAR EHES,
(2.4.7)

N M
ch/A Vo - UndS — Za;?/ V. VadS=0
n=1 S m=1 S

for m'=1,2,--- M;i=1,2
K (245) BLT (2.4.7) PARETORT HEDELKNTH Y, WA LAT

TR TRTERD LI TR A,
[PHC} — [@i{B1} + [Q2]{ B2} = {0} (2.4.8)
[@:]{C} — [R|{A:} = {0} for  1=1,2 o

[ P = /V{(V XU G- (VXUn)+Upn-p-UnldV
(2.4.9)

nm

T'mm' = Vm : erdS = / Vm . ledS
s(1) 5(2) 4

EBTREtIEETAILEET, [P [Q], (i =1,2) BXUR] i}
(n=12,---,N:m=1

{ q® :/,Un-vmds
S()

\
(%)

X (2.4.9) IR pppr, (n,n' = 1,2,---  N) L ),
oo M) BEE rpe,(mym! = 1,2,--- M) 2BERETHT5TH 5,

?
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{C} . {A:},(1=1,2) BIT{B;},(: = 1,2) iZENnFhc,,(n=1,2,---,
N ad (m=1,2,--- M) BEFV) (m=1,2,--- M) *BEELT2

m>’

IRT T THE, K (248) &V {C} ZHELTRAZH S,

R —QiP7'Qu {Al} _ [0 QﬁP_le] {A‘Z}
[0 "‘Q;P_IQl] B | R Qizp—lQ2 B, | (2.4.10)

E2AT, FEEREM (2.41) 3R (243) L VAR ER 2,

{As} = exp(—jBd){ A1}
{By} = exp(—jBd){B}

X (2.4.11) 2K (2.4.10) ITRA L, kX %2HB 5,

[R —%P*%}{&}__ “wmﬂo %P*Qﬂ{Aﬁ
0 —QyPQ |\ B~ TPV R Qi) | By

(2.4.12)
X (2.4.12) 13 —exp(—j8d) XEAEL 5 RILEEEHNETH )., &K
(2.4.12) 2 2 &Ik b, ERREAMEEEREROEMES 3 2RO
LT EWRTES,

P EDARE CTRET LBTETH L, AHETIE., BEKEr 52T,
BEBOEHER 8 2 RODZENTED, T/, FBEF LV IUMBL
CBHERT VINPET VIV THHHEITIE, X (2.4.12) IZETHID
—HALEAEREE 2D, BFORERT A 75 VI Lo THESH L
ZENTES,

(2.4.11)

2.4.4 BIREFREIC & SBYEREMN

4 2.3.2 1RT 2 RILOEREE B EEREEEYE 2 5, K232
3, 2= —% & L2 SOFEMEEDO—ERICH /- 5588 V O—#iE Q
Thb, IO (i =1,2) WEHERTH S, T IIELEEE (BEEE) T
HY, FHFEQERTO BIUTD CEoTEECHINTWAEL D LT 5,

23210 L) ICEBT LR 2 FEICHWH L T—HTHY ., B
Fb z HFACEESE R WE LT, 0/0:=0 &£BL, T2, BEDNHE
FBIUBHELT AN T—L L, 5,4 % pq LELZLIT R, 2Dk
&, BRI 2 OB 2 FEATRART 5 EHFTE, X (2217) T
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B 2.4.2: 2 RICHR R EIEIE & K

FETENTEE, TOLE, HEEH U, BIUTV, XD LHITE
SNnb,
U, U (2, Y)

Vm 'iz vm (y)
CDEE, AN T —EEBM u,.(o,y) I ABEREMAIT, X (2.2.19)
TE2ZOND, T2, AW T —EEREK v..(y) 1T BERFEMFIT, K
(2.4.4) £V

VU = 1B - BREEREOBRIZBVT
Um =0 - EREEERE L OBFICBWT

Eh o 3 (24.9) 10K (2.4.13) BAAAL, 2z HEISH L TREMNEESSH
YOS EEAZEICED ., KREBS,

/

(2.4.13)

(1

(2.4.14)

ﬁq%=AWWM@ (2.4.9))

S Uv,d:/vv,d
\mm /F(l)mmy F(2)mmy

R (2.2.19) FHWET A ERERK v, (n=1,2,---,N) BIUER
& (2.4.14) ZWRT HEERE vy, (m =1,2,-- -, M) IJREHNRFR
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243 FRMT AT b BEHRERHTIT PRGNS

BEREOFEIR > TEHICERT 52 L TE A6, XETix, =
AREFZO—KIRBEE AW TRER v, . RERO—XRE
B B TERER v, ¥ ENFIERL TW5,

BB E LTI, KRAFEORYUM L RIET 572912, X 2.4.3 1R
THK T2 H T 5 FERERFATFRE R %% 2 H00072.0]
2.4.4(a) 1243\ dfa=0.63. t;/a =0.7 tz/a = 0.5, di/d =d>/d =05,
£, =22801 & L2k XD TE T—F OGFIFEE RS T2, K2.4.4(b)
2. dfa =114, t;/a = 0.75. ta/a = 0.5, dy /d = da/d = 0.5, &, = 2.25
EL7ZEEDTM E—FOSEEMZRT . SNOHLOFERITESICES
FEATRE A TR —BL T b, bR AT, BRAEERIT VN = 800.
M=20 Ths,

EZAHT, K (24.12) ITRT—ALERBERIELZHE 2 LT X 0175
DRI L T AEROBEFEIRONSE, CNOLDOEEED S B T=
WEBICHLT 2EAETIL, EHEIEL L, FEORL S 2 ODH
HEITFTEONL, TOZEPL, [EIEREZES ICHT LT LAY
TX5,.

2.4.5 =

ERREIEE LR ARERE AU T 2 5
EERE L2, AFEIZ, Bt 52 ToilEBE RO LB THY
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- ERREE SR RN R B RO ER e RO 5 Z e AT E
bo T2, FEERLEMFIIDEMD D HIEE D LBHR I NS ERED
TR BB IAT) ZENTEL, 352, BEOFEETF VIIVBIU
BHERT VI IWHBET VI NVTHLEHEICIE, BIXRIEFHEREOR
BATHIDNETTNC e B L WIHFRTE L Tn5h, B4EMICIZ, FRETF
BT HEBEREN AT EHCER B OGRS 2 T L. RS CRET
LHEORLERHER L7, ‘

2.5 &5

FIICR & DG 2 S U ERIE DR R T I BT 5 BREKEI DfRITE L
LT, FRATHEIS % s DB 7 A BROD PSR FEIR & 4B & 0 B e AR I8
T, ARERETRINLNMEBROBRI & € — F BRI
TERINTAEROBHRR L ¢ BHER CE— FEKYEALARKE T
SBITVNVFVEERAVTERTAHELREL 2. XFEIRDLH %
BEEXAL TV,

[1] PUERREI & NP TEIR & DEFER 2 EBICE B I LD TEL 2O, A
BREZREZ BT 5 BEAVNE . B LIREATHIFBERDORE AV E
T3,

[2] PIERAEIS & ARSI & DEFRIER I B W T, FRERRICL 27D
BRAEHKE T — FBEMEREIC L 2RORHEE - F & ORICHIK
2V,

[B] RADFBEHT ¥V VB LUEHRT ¥V VIR TH L5810,
7 S REFTHIFRERPGE & 5,

A RERIEIC BV TE, ANERIRICBIT 5 BELE R T175 % B IER
MTHIEPBTEL,

F 7o, ERROFEIC L o T, EREEIIEEEIRE ORI S % T
FTLIEDNTEBLILERL, COHETIE, EREEESEREKIC
B e BEROCHRERERD L L TE, FERRLBIEBIZHHK
Wb HEE 2 OB S NS ERROBIT 2 BB T LD TE 5,
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5 3=

% A IR MR R % (Rl
Té?m&bwﬁvw#/ﬁmﬁ

3.1 K&

T HRBEETEOEEBRNER TH 2 FEAERBR OB E T
B9 5 ERIZEANEF AT T BHLEAT Z2hicfk-> T, FE
RER TR R T P2 BRRE ED L ) IE#RT 5 2 & v ) KER
WHRZ O HEREIRET 2 O CICBIERBATEEDOWIZE b iERIIThbN s L ) 12
7o T & 7PN, SR B IR T 2 oS B 0kEh O 5K
EFEITEL LT, BE K OFEPRESN TS PIBE, ZZTid, [
BT HIC B BIRBOIRHOT 0 2 MG, B ORI L CE
A SNEEHEE ENENHT 5 L L L, EAMOEBOKEE
BUER LIRS 5 T E IR & LT BERITEOS 21T 9,

(i) FEBERE

FREEERRERL) 3284 22X M NI RIS L. BN S
DERHEIZ BV TEEIISERTH 2 & V) BREM Y FV T&ENX R
DREFERE-FDOE—FIRIBLZ KDL HFETH D, COFECLYE
BEWBR L MER T 5356, BIEAE—-F 2Rk o6k, BT
BRGMEZAVCRAEEE—FOE—-FIRIEEZRDLI LI YD
AEALEET L, T2, EHREANRS FVE D OMEHE — F OB
PHRETH L7012, BEREET—FOLEER L BT T,




(i) 7—Y) TERITED ¥ — AMMEHEE (FFT-BPM)

Feit & Fleck |2 & o TIRE S N7 ¥ — AMEHE (BPM : Beam Propa-
gation Method) 1223] |& | BEEAEY 7 — ) THAE X UV Bift 2 4
DR LIC & o T IKENMEHERS % KB ORI U CRR A I IRAR
THIENTE D, MR 7 — ) TRRESEHER L TEEY — ) T4
(FFT : Fast Fourier Transformation) Z V2% Z LT & o TESITELT
TAHIENTE D, T2, BHFHROBRY IJDPES TH S, FFT-BPM
B OBEOHICHERAICHWONTWES, L2LRHH, —#&IZK
CHWLRTW ST LAVIEBICED { FFT-BPM i3, BEERY 7 — V)
IERB L HERZIT ) HE. AL OV T ) VRO
BEFEERLDTORESWMOZITNITR L LWV E W) BERERO-0
DEREHD B 5 8, ITEOEFEBEAN - M TEMROERL &
CHTCERNEY b IR ERROMEFICHE ) LRBRETHICBIT 5
KD E— ABOPMUIT L D, ZDFEKRSEMIC L S FFT-BPM O5EA
HORFAIEEL L 22H 5 M,

BIF O, BT — Y TEBRE ESEL AV OBITERIREL T
WBEN  ZFETIE, AT B OKFE L B 7 — )
ERrHAWTUHET LI EIICE o T, 7 REICE L TR b /-
TR DERG HER e Z5Er T L T,

(i) ZEICE D { ¥ — Ak (FDM-BPM)

Koch 581 Angkaew 582, Chung 518 BLILIALBY 13, 245
& (FDM : Finite Difference Method) # F\V: AR RFEL TWn5H,
COFETIE, BHE., HEHMITT 5B O 2 HITESEICL -
T FoTnb, ZHETIEIEFROY 7 ) ¥ 7 LR Z SRR
EBLENDHY ., BENDBEEMEICRIENH 5,

(iv) AREFREICED ¥ — AGHRE: (FEM-BPM)

Koch 561 BIURHLE! 13, FRERELHWLBTETIREL
TWb, ZOFETIR, FREREL AV THEAMICTT 5 EEOKF
WY 5 2 L2 X o TEL NIRRT B EMs Rz, =
SEEHWTEIT L TWwa,

(v) L=V - )y vEEICET ¥ - AMEHRE

RS BIURE X, L—L - )y VETHWLNL KEK &

JEBSEUC X o THEAMOREI BT A2 &2k ), BT 5%
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WO HREREHB TS, TOFEIZIE. BREEERICT 2 H#50E08
H5,
(vi) EECEMIEICED ¥ — AMEitE

Sharma D3, ERERELT HWABITETREL CWEE, Zojk
ETIE, )V I—F - Ty AEHE AW ERGESEIC X o THEFMIC
Y BIREIOKGEE LB L | Bo5NTHEFENIATT 5 EBS HRER%
NIT - I FERHWTER LTV,

T/, BETREEATNCEEDORM LTS D Y . HEHmP S DO RKET
WHEL 2B L) R EARETFOBTECREROBE L ZR L T, B
BB ARDONRY P VO T TR ) BATEORE DI TONL L ) Ik o
TE B0, 2512, ik 2 EUCRELE T L CE R %t
W CEERET 53581213 AT OWME (B N 7 AAESE R A 5
BETREO KB DR RICER B RITT. T0 L) RBEHEOKR
FEIZOWTOREDITHI TV 50906,

ARETIL, FEFREEEREEREFHLERT 2 B8O BIERTE -
LT, FUvF VECETS BB RIRET 5 BA-M0L0T | KBTI,
AT AR DEFERE T VNV F v EFHCTUEST A L2k
0. RENHRER ZHES TS 2 EMAHERICERT L, Boh/-E
WA RN VT - 2o 8 ER ISV Y - Za v ikk EOBKE
BICE > THIEBH§ 52 LW TEDL, ZOFETIE, BHAMICE SN
LHBROHBIIEE,LOTNETH ), E—LBOHEWEED+oBEER
CED/) ZEHFTED, T/, MBRETOBEICHTT HEAMEICEN
TWh, b2, BAEERTIRINMER T T2 L., HREER
TRRINRED O TREETHZ L B FEH) LT B,

F 7o, BERMEE Y AW BSHEOBREES L R EE L RRE
FOBTEORET 5, 2B, FEAERKEMERE T OB K—
BICFER T 5 2 L IZHETH LD T, LTOEI2EHILEITHICB
THNTE % ZamtCabR %, 8 328Tid, 3 K2 BRBEFOmmTE
ZDOWTHBRBE, 7, RREBRSHRERNOEEREICOWTEHRS
5o BIIEMBLIUEIAFTIE, BEEMBET & L TCORFHERK
B L UIEREERBROBITEIC OV TR LBA-B3 ) 4 3 5 fiTid, &
7 7 AN EO B FRE Y AT 5 B EF O RS £ LR
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FEIZDOWTHRARBB & 3.6 #iTld, EREATY MOMMES X U8
SMHRE & W BERE O BREEIC OV TR B B7-10 ) & 3 75T,
RETDE B 2 B E T ORI OV TR 586,

3.2 3 REBREFHRICSHT 3 EENER OB

3.2.1 #¥E

FEEERBREMBEREFIIRE, 3RTCBELETHLOTHY, [
BETHORHEHIHARLTHL 2T 51213, 3 RTTHENMPLETH S,
ETAT, HIRTIE. (1) ZL DRIEHEFOEREEIIFERTHY, T
7on ZOVERDPESTHAH I L. (i) FHEERREHERRETIZ. SHE
FRFE 2 HWT2 2 RIEEF VI X BIEUBR L ATbhTna S
&y (i) 3 RILETFT N BIEMRTS 53546, stEEFHLICKEC RS
&, REOHEBT, 3RTUFTIE. HE VTR T NI THS,
Ll REACEIE ) MERETFIE. S48 L. AENL 3 Kook
2HETHICEDLTHA I, £ T, KETIE, AH T —EELUIE N
72 3 RO FEF OREFHTEICOVWTEET 51,

Feit & Flech i, FFT-BPM % HBWTHEB L UIEEHOF ¥ 2
BN O % B IR BT L C AL LxL ., FFT-BPM
[Zid, 31 EITIRARH V7 ) V7 BRI AR H 5, FEE
FHEFEBRPONEPEHCERLRITIEE2EZL L, ORI,
PRYBLNDDTH D, $72, MATNIXTT HERETTH L7201,
ZHRBERE DS BV AICIE, STEEDNSE 5,

AETIE, BEHIITT 5 IEEOAFEE LIV F % T
A5 LTI, FEHREN TR 5 EEa HERICEET 5
FE2RET LB, Bonl-EMs NIV T - 2y sEResr 5
7 2OV VEERRWTERIEL ZEDTE L, T, HEH
I3 L TERFOBEF R TH LB, ERS HFERNTEEN S
HEICE TSI EDNTE S, RFETIE, HAMICE N AHED/M

13 AT EMET P G0 5 ERAEENL . — AR~ 2 FVIEBE LCID 3RS
VBN DB, L LS, BARITKT IEHROEAH, HHFIHT 5 ERRD
ALY b/ E L BHBEICHT 2RO, BEHTHT HROLBIE Y b+

BINECGHEFHEEDONMBRETFIZ. AV T —EEMSTIC L > CTEA ENEO R ES
852 L TE B2,
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BIEEEELOTETH ), ¥ —ARORCEE D +ORER (YD
CEDTE D, L7, HEFNIH L TEFOBEDS—HRTH HHE1TI3,
BRIBHT 24T ) LED 2 . BENIIBERL LD TEL:0, 5tE
B TE 5,

3.2.2 3 XcHBEFTHEEMT 5K

3RTEBREFHE A D T — MR 2% 2 FENEHT 2HZIOW
TEET L, TOLE, AW T =W Y(x,y,2) BRROEFHHEATEH R
5N,
2 Y | o oo
Viv+ ﬁ + kgn“yY =0 (321)
ZIT, YV, =1i,0/0x+i,0/0y THY. ko FEZERICBI ZEHTH
%o n(z,y,z) WEIRTHY, —BWICIE 2,y BLT : OFHTH B,
T2 BREMFIIXRATEZON S,

@b:@ﬁ, n'Vz/,»:igﬁ ﬁ’gaﬁigko)iﬁﬁb:gv\f
=0 . EERE L DOBERIZBWT
n-Vi =0 . BHHEELDOBERIIBAWT

(3.2.2)

CIT, n BEFISGLTRENEHRERS MV Thb, T2, BTRT &
) CARE TR BATEORA L. EEks L THHEED - #ICFATTH
¥ h,

ST, BEOBEIWE n \ITEWVELZ D OB ng ZEO T

Y(z,y,2) = ¢(x,y,2) exp(—jkonoz) (3.2.3)

EBLTLITT B ng 1 BIZIE, BIRERE 7213 BMRMOSEITER, F03%
DFEHEIFERIT L WO, K (3.2.3) 23 (3.2.1) KRAL TRAEES,

0%¢ 9¢

Vig+ 53— 2kono5-+ k3(n* —nd)p =0 (3.2.4)
F72. B22)Dn VY ERDEHTk B,
n-Vi = n- (vtwwzg—lf)

0% (’3.2.5)
= n- {Vt¢+ %, <3_z —jk0n0¢> } exp(—jkonoz)
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BT, +z FANEEET AEE ORI ONWTEET LI LIZTH L,
+z FENEHEST A EENT LT (2, y, 2) D 2 EHEIZSEE ISR
THHDOT, K (3.24) BLUK (3.2.5) ICBWTROELPHALT 5,

9? 0
) o9 <K 2kong 6¢ (3.2.6a)
I—— < konold| (3.2.6D)

3 (3.2.6a) DB ER (3.2.4) ITHAT 5 & KEIHEN (3.2.1) 12RK
EEBENS, ,

)
— j2kgmo ;’ V24 E2(n? - n2)o =0 (3.2.7)

T/, X (3.25) BLURK (3.2.6b) L DEREM (3.2.2) ITXkN AP
N5,

o=8% n-(Vp)=8Ek - BEHRCERLOEFRIIBNT
6=0 - EEEEE OBFITBNT
n-(Vi¢)=0 - -BHELOHEFIIBNT
(3.2.8)

B, K (3.28) DHMEEL DBERICBIT AEREMGTEICHIZY, B
B - BCTFATTH Y. (n-i,) =0 THHI L EFHW,

3.2.3 HL X KICEDITERIE

% (3.2.8) TIREND ¢ DEREMHEEB LTI LVF VETHNS
BRI (7213, EABED ua(z,9),(n=1,2,--- ,N) EROFERSF
HERBRETHDIDET S,

=% BB LR OERIIBWT
Up =0 o EEEE L OEFITBNT
EIEEED » BICFATTHHDT, EHREMH (3.2.9) e T 5K
U, EEBEZEI > TCEHIBERT LD TESL, FVVF L ED
FRHEIES Ty up ZR(32.7) IR E, » 8UCEE A FH L CEEST
BERKER B,

/{—j2k0nog—f + E3(n? 0)¢} U dS +/ V2 SuwdS =0 (3.2.10)

(3.2.9)
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F72, K (3.2.10) DEBE 2B AOFERLFBEAL, 512, ER
&Mt (3.2.8) BLU(3.29) VD &

[(V20)unds = = [(V16) (Viun)aS + § u{no- (Vi9)}dl
= — [(Vi0)- (Vauw)ds
(3.2.11)
Elho 2Ty ng 3EFUTLTIAN S BAERARS PV ThHb, Lo
T, K(3.210) L VR EBS,

/{—ﬂ%m%%w+%ﬁﬁ—n@@w—{Vﬂﬂ(Vmw%dS=0

: (3.2.12)
ST, dla,y,2) & folz) ZREMREE LT, EBEEE u.(z,y) 2H
CWTRATERFRTAHIEIZT 5,

N
¢(;1:,y,z) = an(z)un(x,y) (3213)
n=1
& (3.2.13) 23 (3.2.12) IfEA L. KA %85,
> {satomon B2 b1} =0 (3214)
n=1 “

; for n=12---,N
ZZT,

P

Uppt = /un(r,y)un:(x,y)d:ﬁdy

 baw(2) = /[kg{nQ(a:,y, 2) — n3}ua (z, y)un (T, y) (3.2.15)

\ ~{Viun(z,y)} - {Viuw(z,y)}dzdy

Thb, B 1 BEMEDHER (3.214) iE. b B° 2 ODERTH LA
I VT 2y IER TV - 2N Y EEOBRIRE., by B
: DEETRVHEICL, BEENLZBRECL > TR EFTES, K
(3.2.14) 2L T LICL o T fo(2) KDL, LIzHo>T, ¢(z,y,2) &
HALIENTED,
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3.2.4 [@)Y ﬁﬁﬁﬁﬁ‘t@ﬁfﬁﬁ#/ﬁ
FIRET 1 B HER (3.2.14) 2R TET LR L % B,

~i2kna AN EED 4 B m () = (0) (3.2.16)
T, [A] BLU[B] 3K (3.2.15) ITRT apw BLL by 2 ERL
TAMFIEFTINTH Y {F(2)} 1 ¢ DRFRE f.(z) ZERLT S
FINZ PV TH D, K (3.2.16) DIEFEEZES Z &3 —RH9ICIIRET
oD, BEMITK (3.2.16) 2B L IBEHTH D, E8T 54X
:=0%5 =L 2HvMXEICOEIL. ENENOR/RNIEIZOW TV
VI IERIT VY - 2Oy B EOEBMS RO MIER
EEREAT I I v,

3.2.4.1 FERIFE

() W - 7y 2k

RO HEROBEBEL LTEICAVLREVY T - 7y §EICOw
TBR%, R (3.216) IC4RDONVVY - v ¥ ERBAL, XR%1E5

cul

{F(20+AZ)} {F(Z(])} + ({F1}+2{F2} +2{F3}+ {F4}) 3217)
ZIZT, Az B NXBOXERTH S, T2,
{F1} = [C(z0){F(20)}Az

{Fo} = [C(z0 + Az/2)[{{F(20)} + {F1}/2}Az

(3.2.18)
{F3} =[C(z0 + Az/2)[{{F(20)} + {F2}/2}Az
{Fi} =[C(20 + Az)[{{F(20)} + {F5}} Az
@%b‘wqu%ﬁ@%%énémﬁﬁﬂfﬁéo
[C(z)] = - [A] '[B(2)] (3.2.19)
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X (3.2.17) 13 2 = 2 ICBITBWE) {F(2)} ZHVT, =2+ Az ITB
VTBIEE) {F(z+ Az)} 25X 5B TH S, K (3.2.17) ¥ BR. £
INXFICHEAT 5 Z L2 LD ATmDEE) {F(0)} ZHWT0<2<L
B BIE (F(2)) 2RDZIEDTE D, N (3.217) I IBRHTH
D, BHERECHYALREFT-FOBID R TEIV, T2, BRH
IEONAEERRLYEIRT A 2 L2 L > TREMER OB F 2 HEMIC
MRS HIENTE S,

(ii) 75 >7 - ZaWJ Uik

Rz, BOFRRNOBREE LTEIHWShE 2S5V - 2a)
V AEIZDWTIRR S, K (3.2.16) ZHUNXM 2 = 20 5 2 = 2+ Az
I TS L. BRESBRICEENS [B){F(2)} z—REETELT %
CEIZED, XXEEL,

=j2kono[A{{F (20 + A2)} — {F(20)}}
+ [B(zo + Az){F(z0 + 2Az)} + [B(zo)]{F(zo)}Az — (0} (3.2.20)

3 (3.2.20) & DE#V. 1 X4 (3.2.21) 21" 5,

[[A] + ji[B(Zo + AZ)]] {F(z+ A2)}
Homg N (3.2.21)
T (Blo)]| {F ()}

3 (3.2.21) ZFENWT, 2 = 2 IKBITBHWEE) {F(2)} D 2= 20+ Az I
BT BWE) {F(z+ Az)} ZROBZEDTE B,

= |41 -

3.2.4.2 [EIEEE

3\ (3.2.16) IZBWT [B] #° z DBEBTHEVIBEITIE, {F(2)) 2 EE
BICRD B LHFTET, KR TERI N5,

{F(2)} = [X][S(){T} (3.2.22)
ZZT, [X] BLT[S(2)] ERATRENBATHIDOEHERIE
[BI{X.} = MAH X} (3.2.23)
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YN TELND N BOERME N, BLIUBEARS MV {X,) HWT
BEIND, Thbb, [X’] cﬁum‘a MVA{X,} &0 FIE T BEHRT
FITH Y. [S(2)] z) RXARG & T HEITHITH B,
F7-. (T} i*ﬂﬁ\ﬂé”‘kﬁklo’cdﬁeénéﬂ%ﬂﬁﬂf\ﬁ FVTH B, KA
FINRZ PV T} iZ, X (3.2.22) ICHIEIGH {F(2: =0)} = {F} 2 EAT
5T EIZE DR EBATRDOLN G,

{Fo} = [X{T} (3.2.24)

3.2.5 ABRB|FRAICL S BUEMREM

EEBE u,(2,y) & LTEAREZRETHW LN BTN 2 KR
BERAVLOFRIEETH L, AFTIE. ZARERO—KIREHK
rHWTEEBRBEEBE L T 5,

BABIE LTiE, X (3.2.15) (TRT by ¥z ODBETIE R\, T40b
BLIRITE 0 A% : O T WE LT, M3.2.1 {ORTEHER n, DK
HIZERIT 2B ny @ 2 DOWATRIETE T ¥ A VEREK * F7- A
BAERREE BT, 2 o0EREMICBI AEBREOBRFLHL T

FFBEOWNHELERB L Cx =0 MICHBEZEET S, HZeh
DWEE N &L, BIEFITCHEVE/35 A—%13, a = 3.54\, b=a/4,
¢c=a/4\ ny = 1.5\ ny = 1.5/1.01 &§ 5, IEPDOEREFKIZHE—F v £ )V
BRBEOEARE — N 2 AGSE7256 ORMREERE - (O 58K BRNIC
B BBNGAOENEK 3.2.1 lIIRT . TOBNFERIT, BAEKED
RIERDEHFE—F LBE—F L DEIERDOED L RO 72FEEREDT 330
THHZEIZEIL—HE LTS,

ETAT, 7VARNVELIIED L FFT-BPM % W@ Tix, ¥
VTNV RO EEEEL DD TOREL EBLEFDHL, T T,
FFT-BPM (2L o CX 3.2.1 OFAEAESER LT T A HELE X TA
X9, Fr RNVERED ¢ FRIDEZ b=0.885\ DMIIZ, 7Y 7
AIEZ < ED b/(050/n) = SELUEE B LIZTER YV, BARAIC, K
i, 4 BOE R R Lo T 2T TB Y 4B LOFIR R LA T
EICHELHEIT RV, DX )T, AFFEL. FFT-BPM TIIELY ik
AT LHFEETH o —ARBOREEDBER COHH) L 45T
&5,
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Z=300\

B 3.2.1: EATIEET ¥ A VERERIC BT HEBORKE

3.2.6 #E

3 RTCHEBERETHICBT 2B EWERROBNTEL LT, FLvdx s
FCED EBITERRE Lz, RBFEIE, AT 2 EEHOERENE:
ALV FVER OGS 2 2 212k Y, KBRS
TOEMASHRRICERT 2 HETH B, BONTEHRS RN >
o ERIT VY ZaN VESERHOWTERNIRL LS
TE b, Tz, BEAMICH L CEFOBREF—HTHHEEICIE, 20
RO HTRERIEEN L FEICL > TR D TE 5,

AFFFEL, FHEICE SNDEHEOBBIMERLOTETHY), ¥—
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I U CETFOREN R TH L5 I12IE, BRBITEATHILENR L, &
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3.3.1: EFMEREKAY H\v/- TE-TM €— F £fags

3.3 EFMHEFIRICH T DKM DR

3.3.1 %=

BEAFMERFIIERESIRE T VI ET S EONMReETF & L
TEETHH WO SRERNKEOFBREREMEE LTL CHVS
N5 LiNbO3 13, REMICERAFELFD . EREITT 2 BEDOASTA
REIEFHIRIZL o T, FEERTF VI NVOIETARS b, TE,
T™ TREMICEEVFEL D, T X ) LR FHERKIZBIT 24
EYDfEMNTEE L C. Thylen 5000 {3, FFT-BPM D3RR 4T > T\ 5,
LA L7256, FFT-BPM (Zid. 3.1 BiCl_7z% 27 ) v 7 SRR
T HHIELEDD 5, |

AETIZ, BAEEREICBIT AEBEREERO T L VX Vikic#D
TR R IRET BB, AFHEI, AT BB OEELEE L
WEVERRCTET 52 L1230, ke HARICT 5%
WA HRERICERT 2/ ETH D, BONTEMFFRENINV T - 7y
FERI TGV Z AN VEERRHCGRANIEL e TE S, &
DHETIR, AL SNAHEOMBIMEEIrOTETHY, ¥—
ATRDOPRVIEEN D T REER IR T LHTE B,
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3.3.2 EAFMEFIREEHRT 2 KE

3.3.1 W TRT 2 RICRFHERE (0/0y = 0) %IKENDS = HHE
WY BBRIIOVTEERET 5, BRHOFERT VNV i3 (33.1) T
52605508 T 5,

ez Coy 0
E==c0|€yr €y O (3.3.1)

0 0 &,

CoLE, ROFTERFERE LTRK (3.3.2) KLY 5,

8°E, O’E, eyCyz Eye O,
v ko( — fuy )E = —jkoZo=*= v 0 (3.3.2a)

0 o €ua Eoe 07
0 (10H\, 0 (LB by k0 (e
Z (Err 0z ) tor Ox (Tz or ) + kOHy - ZO az <5x:cE> (332b)

ZZT, E, H, BENFNERD y HFAKG. BHRO y FEKSTH
bo T, kg BLV Z) BENFNEZFICBIT HEEEB X KRE 1 >~
=¥V ATHbB, : MITFATRIEE L IRE L OBRIIBT BREH
IXRATEZON S,

E, = &, H, = &kt :

OE, 1 9H, (3.3.3)
Y — R, = JEfE

or €2z 81:

KIZ\ 2 NI HEFBEROBALH, = HENIxT b BRHEFDOEALIC
EARTHGER D TH D L LT, XRUTRTABIBILY 5D ET 5,

ag:m:/az 32Hy/6z2

) 1/0 (3.3.4)
‘a(gwy/gwr)/az IaEy/az
<
5zy/5m E,
7 (3.3.4) DIEPE (3.3.2b) 1A L. XX2 B 5,

1 a2Hy a 1 aHy 9 ko ‘S:L‘y aE )
Eoe 072 5;(;;“5;) koHy = —j5 —5~ (3.3.2¢)
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ST, BEOBIHRIEVELZFOE M ng XEDT
Ey(z,z) = ¢(x, 2) exp(—jkongz)
Hy(.‘lf, 2) = ’I,D(.’L', 'Z) eXP(—jkOHOZ)

EBLTEITT B, K (3.35) 2R (3.3.2a) BLU(3.3.20) IALAL TR
AefBb,

(3.3.5)

P .. ¢ 2, 0%, EayEyn €y
1 (0% ) o (1 oy ;2 13360
L (Y O s\ O (1 0Y 2. __No"0 Eay
Exe (8z2 J2konoy kOnOﬁ) T oz <Ezz 33:) +hov = Zy sm¢
(3.3.60)

TZT, 4z HINERT S EEICOVTERT A LT B L, ¢(a, 2)
BLU y(z,2) O 2 BEHEIIFETRRLHTH 5O TRRITR T LSS
EAVA N

9? o
'5';22 < 2kgng a—fl '
- o (3.3.7)
w << 2]90710 -5-2—
X (3.3.7) DEPEK (3.3.6) ISHA LT
, op 0% Eruur v
—]2]6‘0’”05; + ‘3‘:;2"*’]03 (syy - &ixy - ng) ¢ = —kgnoZ i (338(1)
ik L0% O (L OV e MY Knogs
]2k0n0€u P +—a—5 (522 8x)+ko ( — Y= Ze €m¢ (3.3.8b)
235, $72, X (3.3.5) & WEE & BE & OBEFICBIT H5EREM (3.3.3)
X
¢ = 1EHx, ¥ =
0 ., 10y ., (3.3.9)
g = s
Eh 5,
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3.3.3 HLIX U EICLBERAE

3 (3.3.9) TREND ¢ BIUW ¢y OEREBGL2ERBLTHTLLF Y
ETHWSEER u,(2),(n=1,2,---,N) & LTIIEE L HE L D5
RIZBWCHEB E 2 5B RAW5,

ST o BLT Y % f.(2) BT g,.(2) 2 EFNETNRERBGREE LT,
BB uo(z) ZHOTRATRAFR TSI LIZT 5,

N
$a,2) = Y fal2)un(2)
" (3.3.10)
Y(x,2) = D gn(2)un(2)

i
-

n

HLVFVEOFEIHE> T, R (3.3.8) 12 uy(z) FL, z 1Z2WVT
AT 5. SHIT, BREM (3.3.9) BLUERFRK (3.3.10) 2HWT
KRxH5,

N d
—72kgng Z % /unun:dx
n=1 '~

N
2.  Exyfye o o du, duy d 3311
+ng1fn/{k0 (cyy . ”0) Untlnt = ——=— } z  (3.3.11a)

xrx

N =
+ Z gn/kgnoZO:ﬁunun: dx =10

n=1 T
N
d 1
—j2k0n0 Z _gn_ / ———unun,da:
o dz S e

N 2 d ,
+Zgn/{k§ (1 - —@) s — St } dr  (3.3.11b)
n=] .

ez €., dr dx

N 2,
k No €x
+5 fo | X2y de =0

7; ZO Erx
for =12, N

3 (3.3.11) 24THIERTET &
. A 0](dFfdz) [B C](F 0
_ﬂk"""[o A’]{dGidz}_F[C" B']{G}:{o} (3.3.12)
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b, TTT, (Al [B(2)] BLU [C(2)] rt33w)LTTam
buw (2) BEL i (2) ZBRETHAHHIEFTFHICTH Y L [A'(2)]. [B(2)]
BIUC() 1 Fd,(2)s Uu(2) BETC,(2) BERLTAENXND
ﬁ%ﬁﬁﬁﬂfbéoit{F(HklU{Ga}uﬁu)BiW%@)
CERELETBIIRI P NTH D,

( a,,,,l: = /un(x)un:(:r)dr
b (2) = ] {kg (Ey'y(l',z) — 6wy(i’z()iyz()x’z) — n%) Un (T ) s (2)
dun( ) dugy (x >}d13

dzx dz

cnnt(2) = kjnoZy /iii zun(x)un:(x)dl
a (z)= /ﬁgun(az)un:(x)dx
2

-

1 duy(z)duy(z)
€..(x,2) dz dzx de

king [ czy(z,2)

doi(z)= Z /5m(x,z)u"($)u"1($)d$

\ .

(3.3.13)
FEERTVINVH 2 OBBTHLOTH (3.3.12) ZEEHITHEL Z LI
TELRWY, 3241 BICRLIENV VT - 29 ERe SV - =auy
VEFETRWTERMICEL I ERTE S,

3.3.4 FARBFEIC L 5 BUERET

AETIZ, ZEBH u.(z) 2ABRERETHVONIBERDO—K
FARB % 2 IV THEBL L T B8, 7-, EiarHER (3.3.12) ofEEk
ELTIE, 3241 HITRLIZVY T - 2y ¥ FEXHWTW S,

B4p1E LT, B3.3.1 IR ESLFNRICL o T 2 @AMICHE
BETVINDOIFARST TH D e,y(=¢y.) TEHRICEFAL T, TE
ET-FETME-F L 2RESELBRBL T FERELZIY LT 5,
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X 3.3.2: TE-TM &— F #1230 — F 253

oy DEFNL, - BHEIZEH A OBBERIT LI EICL T, E
AR L TIX LINDOs #4858 L | IEEBIERIS S 2 2 . 2 0/EHiEsH
id\ n(x) = ny + Ansech®(2z/h) £ § 5o 72, e,y i\ 64y = 4y0sin(az)
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ST, ey =cno= BHETHE, IBLALE-FERIIECS
Vi, ZZT, a % TEE—F & TM E—F & OEREHOEIEAT,
a=2r/A &L, &, ZIEFMICERT S LK 332 1R & ) ITidiTw
ZICE-FERZEZT, TDLE, TE €—F & TM £—F & {5l
EROEL., WEHEBOH 2% THO., B A EH 12um TH 5B, F
725 Eay DE— Tl c,0 X1FHT2DITUELEIIIER IR 15V/um TH
o COREONTHE CEBEYERTAZ LRTEETHY., ZORE
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3.3.5 &S

KETI, EHMERRICBT 5 EEEHCAROMTEE LT, FL
WE VBRICES CBIMERRE L, AFEIX, EARICHT 5 KED
BEMEFLUNVF Vv EZHWTET A2 LIC LY, EEHERZHS
BT BB RN ERT 5 HETH b, O NIEMTHEN
BV Y IER ST Yy - V) VEE R RV CERIICHE
TENTEL, SOFETIE, BHAMIZE SNAHROMBIIERE,ID
HETHY., U—AEORNEHD TORER BRI L TE S,

BARIICIE, BERFRIRICL > THFERT v VNVOIBTHBG & F
BRI ERHLCTEE—F & TM E—F L 2 BA4 S ERBREE—F
EHBEFPE Y B, FOF— FEREEZHO I L,

3.4 FERTERIRIC BT B EEMEIR DN

3.4.1 #E

FEPEE BT B IR D 2 RIEFAHENER & AW I BRSO R R T
DEB . BRTEINERIATbIL TS B2 4z Fx L a7
T % W CRAREE S 247 9 B8 2 SFRIR R (SHG ; Second Harmonic
Generation) EFORFEITER 2 D THY . EBRWHIALSEFN L 18] (2
L., BHROZHBER S 9 | Hayata b 104108 |2 L 5 TENREIAT
bhTwb,

BEES 19 13, 7 LA VIEBICET L FFT-BPM % oM L 72k
RIREL TS, FFT-BPM IZid, 3.1 HiClR~RIH 27 ¥ 7 HORERB
23T A EIREEDNH D, FDI2OIC, TOBIEOFEAEIIE L < H
BRENTWA, Tz, HEAMICKT BRI Th H720IT, {RikiERE
FEVIEAIZIE, SHEEDNS {25, Hayata b 1% | split-step AR
EREIC L ABITEZREL TWD, ZOBITED. Lok E FEk,
BRIBAT AT ) LB D S,

AT, BN HEBIOBAFEE LV F ke v L
TAHILIE Y, HEHERX LRI 5 ERHS HERNICERT S
FERRET 009, Boh - EHEAFERTEZNICEL I EFT
X5, AFETIE, BHMICL SNAHEADOHMBLEEDELTHI L
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-
E\l/
N
/é
)

TMIII

& 3.4.1: FEREREFEEZH\72SHG FF
TE, U= AROFENEEHD T BERCHOFEI 2L TE S, £
K\MTmcﬂLka%ﬁ%ﬁ5M§#&<\ﬁ%%um%%6Ck
WTE5,
3.4.2 2ROFFREEHFT 5B KR E{ZIMY 558

TCEWR BT BHED 2 KA ELER 1L, 2 RO
p" REE LI AT 2 VOFEN (3.4.1) ICL > TRBRTE 5,

Vxe——uo(?;
5 (3.4.1)
_ 9/~ NL
Vxh= at(s e+p'”)

=

T, e,h TBRBLUER. n BEEBPOERETH S, ¢ IIFE
RFVINTHY, BAEER (v,y,2) DMEFE wﬁmw B
EFATICE 5T, KX THR2 LN,
n2 0 0
:50(0 n> 0) (3.4.2)
0

2
0 n;

0‘))

ZZT, g BREZHOFERTH Y, n ZEIFFETH S,
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BT e, h HFM] ¢ ICBEL T exp(juwt) TRALT AL LT

e(r.t) = —{E (r) exp(jwt) + c.c.}
(3.4.3)
h(r,t) = E{H(T) exp(jwt) + c.c.}

BB, TIT. r BEREETH Y . o REROENCHHBOWE
LT,
RETIX, 3.4.1 1R FEEEFEWRE (0/02 = 0) 1B 5

TMKI (AEEE O) + TMIE (0) = TMERII (w=0+0)
LBy 4T OIBAEVERICOVTERYT 5, Dig. TM L. T™
B, TM R T IZBIR S 278 A (BRSR. BITE., AR, B
IiE. AL AL A (B 28 L TXRT 5,

F7-, HEOD, K (3.4.1) D 2 ROEESE pL A8
PV~ i.dg(e, +8.)° (3.4.4)

EEBTELDDET B, T TT, dag 12 ROFEEEAEAREL. 4. 1T
Z ﬁmo)ﬁﬁl‘.Ny ]‘ }l/'f\})%o
A (3.4.1)~(3.44) £, TM E I OBERIZOVTERRD KT 5,

O0E, OE,
= —jwuoH,
By r JWHo
0H, , 4
il ]weongEy (3.4.5)
H, . : oo
_a(?y = jweon’E, + jwdyELE,

K (3.45) &0, kX% ’{5
o0 (1 0H, L1 1 8%H,
az n—g 0z 2 Jy Oy?

PR R pNE A5 (3.4.4) TET H7201213, dss DB ERL TV
o CITE. TMEL I, IIIZNWTHIEFEXLZEZL TVLEDT, ZOELPEHW
B EHTE B8]

d(E.E,)
dy

(3.4.6)

1
+ k2H —jwd33—2
n;
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722U ko BZEZEFRIIBITLERTH S, 72 TMREMHIIRATER
rOnZ)o

S niaf CEE - BE R ORI BT
y v~ ‘
H,=0 O REREELOERIIBWT
3;? 0 . BEELOBRICBAT
- (3.4.7)

2T, BHEOBIRKICEWVERHOE R ng DT

H.(y,z) = ¢(y, z) exp(—jkonoy) (3.4.8)

EBLEICT B, F20 TMIEL ITIZOWTiE, TMIRIIT & DHE
ER%#BLTC, FNODIANT—DMEIEHTE L L LT,

b 9

(1,2) = &(2) exp(=1By)
Ay, 2) = (];(z ) exp(— ]ﬁy) (3.4.9)

EBLIEITT 5, K(3.48), (3.4.9) £ (3.4.6) ILRAL TRAE1R2,

1 9¢ 1 (9% 0¢ 2
% <n2 8,2) +— (8 3 JQkonoay — kigngd | + koo

= ot (B + Pdoexp{=i(F+F~konal}  (34.10)

ZIT, +y AENMET S TM L ICOWTERT L2 L IcT 5
&Ly, 2) Dy BIFEIIIFEIER P TH 5 O TR T ITASERL
T2, |

) ‘
3 (3.4.11) OEPE R (3.4.10) B LT |
a (10 10 z
2 <n—a¢> 2hum 5 (1 - %) ¢
: d
= f_ﬁ%ﬁ__i_z ¢exp{ j(ﬁ-}-ﬁ kono)y} (3.4.12)
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85, 72, R (3.4.8) L VERGMH (3.4.7) 13
1 06y

¢ = Bk, ﬁé—:: JE B LBEEOBERIZBWT
6=0 o EREEE OBRIZBWT
2 _0 . EEEEEOHERIIBNT
z | (3.4.13)

%5,

3.4.3 HLix EklicLBERE

R (3.4.13) TREND ¢ OEREMHEZELTHLF VETHY
BB ua(z), (n = 1,2,---,N) i3, ROBREHZHET2 0L
T 5o

uy, = 1 REEBEEDREFIZBNT
Uup =0 RSB L OBERIC BT

HUNWF P FEOFFEIE > T, EABM ua(z) 2R (3.4.12) ITFL. 2
WZOWTREGTHERA L kb,

2

106 o ng 9 (1o¢
/{—ijonon—zgg + kg (1 — n2> gb} UprdZ +/{Bz n% 3 Uprdz

(3.4.14)

z

= 3+ ) ( | 2826500z ) exp(~i(F + A= banol} (3439

n:
F7-, R (3.4.15) (TR 2 A TGRS L. 3610, FRSEMH (3.4.13)
BLU(3.4.14) VB L

0 (1 0¢ _ 1 0¢ duy 1 ¢
/{3_2'(;128_,2_)}%"& - _/ng 0z dz dz+z ngaz“"’
1 8¢dun:
- _/5352 dz dz
(3.4.16)

b, LoT, R (3415 LW XRXN%2BES,

, 1 9¢ ) n3 1 06 duy
/{—]2k0n0ﬁ—a—§unl + kO (1 ) ¢un: 287 da dz

z
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—<B+B>(/ w33¢¢un1da)exp{—3(ﬂ+ﬂ konoly}  (3.4.17)

KT, oy, 2) % fuly) ZREEAREE LT, ZERK u.(z) ZRAWVT
AR CERFRTAHILITT 5,

N
= Z_:l Fa(y)un(2) (3.4.18)

% (3.4.18) 25 (3.417) IALA L, KXE1E%,

4.1
Z { J2konoannr a + bnnrfn(y)} = Cn exp(—J7Y) (3.4.19)
n=1

ZZ T,

4
App "‘/ Z un
n2

) b ( é) dz(/Z) dugz( )}dz (3.4.20)

~(F+ B) [ 2R Jun(2)
| 7 =8+ 38— kono

Thhbo 7 (3.4.19) DEN 1 BEMSHERNZHES I LITLY fuly) °
kOO, LizdioT, ¢y, 2) EHBIEHTE S,

3.4.4 FRREBMHHEADBUEMRE
FEFSGET. 1 B 2R (3.4.19) 2T TET Lk 2 b,
~hono AT L B PW) = (Chexpl—im) (3420

ZZT, [4] BIU[B] 13K (3.4.20) IZRY apw BEL by ZFERET
LRHEFTHITHY ., {C} BLU {F(y)} i ¢, BIT ¢ DRI
fuly) BERETHHIRS PV TH 5B, K (3.4.21) DFRIEEBITKD 5
TEFTET, XX THEZLNE,

{F(y)} = {D} exp(—jvy) + [XIS(»){T} (3.4.22)
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ZZ T, KX (3.4.22) DALE 1 HILFERREMS HERN (3.4.21) DFHR
THY. {D} BRREBATRDOOLNDFIRS PV TH S,

[[B] - 2kony[A]}{D} = {C} (3.4.23)

Tz, K (3.4.22) OHDEE 2 HITERG HEX (3.4.21) DAL%E {0} &
BOIFREO—METH Y [X] BET[S(y)] 12 3.242HITRLAH
BIZL o TRDBIENTED, {T) BRI L > THRESNDE
HNRZ M VTHY, R (3.4.22) 1TSS {F(y=0)} = {0} 2#HT 5
CEZE YR EBATRDOLN S,

[XK{T} = —{D} (3.4.24)

BRI, kong =3+ 3 £ A X iTny ZBREE (3.4.21)~R (3.4.24) 12
BIFD 4 3BE LD, RKETE kgng=8+8 b LI ng B1BA
T, BERT 1T > T b,

PLEDARECIRET 2TETH b, RFETIE, #AME R EE
AT B WENDRFEE TV IVF VEFHCCAET 52 LIC XY, K
B ARER A HE M 2 R R y O 1 BEERGARERICERT AL v
IFEERNTVW S, 2Oy IZOWTOFEMSHENIZEENITHE S
LATE B,

3.4.5 FREBEFAICL 2BUEREM

AREITIE, R u,.(2) EARERETHOWOLNIBERDO K
RBAE % v CRERL L T B8l

BB E LCid, EEEZEODTWLF o Ly a7t W TiE
ABE HAT ) 5 2 BFERE (SHG) £F 2B BT 5, Eirer vz
3.4.1 TR T, X 3.4.1 1. z-cut LiNbO; EAR (BEE 2) 17T b &K
BUZ X o TES t OBBOER Y (HE 1) 2 BH L EREEREF LT
Hbe 2 <0 DPERTHHLETHE, 2 >0 DLINDO; L DREITKELRA
79 TIROBAFTEBLDTE, 2 <0 DEKPICRBERRIIITILE A LR
NHIBZWEEZONLDT, 2 =0 IIREERXBET L, T2, 2=T
ARAEBER (A I3 EREE) 2 ET S, TIC, T L, AT
O<y< L) ICBWTEBRN : >T KHFELZWEEZ N L H4E
HiebbDETH, SHG ZFDOHBAITIE, 342THTRLIZTM K, 11
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% ¢=¢.F=f0=0. - ELTERELL, IMKII 2 HE 25
W (SHIK) & LT FZIT IV, 72720, K (344)IZBWVT e, =0
b Eb, R (3.4.20) IR ¢, DEBDEIZFTITR 5, T2,
KETTIE, kong =28 £ 25X )T ng B EATEEEZITo T3,

FRNTRE R D, 52 BN (SH ) DESES PH(y) BLUF =
Ly a7 0y(y) M L7z, SHIEDERES PSH(y) 13, 3 (3.4.5)s
(3.4.8)s (3.4.9), (3.4.18), (3.4.20) &V

T
PSH(y) = /0 E.H*dz

T ds3 ~\ ..
_ /0 (konoa;—w—:z?’-‘?(p?)d;dz

weon:f

N

) N N . 1 .
- %{MZLEanWVMw+5%%MKUum}
* 1 t *
= 2 {m{ POV ANF @)} + 5O} P W)}
(3.4.25)
Elp by ST« BEERRELLZEZRL t BEET LI LEE
To F72. Zy BEEHOEE AV E—F VA TH 5,
RIT, Fo Ly a7 0,(y) EKDLFEZRY . Ho(y,2) & 2 12
WTT— YT, hu(y,a) %185,

he(y,0) = [ Ha(y, 2) exp(jaz)dz (3.4.26)
ZDEE, | huly,a) | DEIES a(y) = agly) CELFET L,
ao(y) = kn(Bo(y)) sin Oo(y) (3.4.27)

RN TTF 2 LY T 78 b(y) BKRDONL, 72721 n(8(y)) 13, LiNbOs
DERFHEER LT

T22My2
n(8(y)) = g (3.4.28)
( \/n§2 cos? O(y) + n2ysin® 8(y)

L b

BUEARAT (V7289 A= 8 % 341 1R T

[3.4.2 121, t = 0.4(um)s T = 30(um) & LT, B 1 % 20 5341,
B 2 % 580 I L 72 & X0 SH EDIERORT RZROTIN y 1S3 LT
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% 3.4.1: 70 b YR LiNDO3 ERFROEERBITICH 8T A—%
| | Bk | 5 2 B |

TR X =0.84(um) | A = 0.42(um)
RS g = 2.25 n, = 2.41
(BHE 1) fi.; = 2.30 n, = 2.49
JEHTER flye = 2.25 Ny = 2.41
(B 2) o = 2.17 n,s = 2.30

B 10(mW/um)

IR AFLREL | dys = 3.6 x 1022(MKS HAL)

M—zﬂn
e oo OO O ——
- 150
100
50
0 10 75 30

z (um)

3.4.2: SHIRDOWFIEK (|H,|?) 545
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150-&@

—
~<

0 1 1 L
0 02 04 0.6 0.8 1.0

z (um)

3.4.3: BIEEREWICBIT 5 SH IROMFERE (|H,|?) 56

10A(= 4.2(um)) BTTRLTW5, K3.4.2 Tid, SH IR HEEERKRAB
ST ZDFEED L ERFANEBETIN, BEEL T BEFIE RER
TWh, T2, M34313, M3.42 OBEEEBAEZILKL2b 0T
b, M3.4.3120%, EFEREAND SH BT L 255 L
TV BT L RENT NS,

3.4.4 1213, {SIREERE v & SHIEDERES P (y)[mW/um] B &
OF = L 2T H 6y(y)[degree] & DEIRZRY . SHIKDERES PH
NS BHERERRD EL 2D 5 ITITERIICEML TOLBEFH S, &
FERIRIR N B L 2 OIRETERE L SH EFLANVF —FZ 2TV
WO ERE S SH FAD LR F — AT oI, SH IEFERF~&
BET SN TOLBETFRELCEETE S, /2, Fo by a7, i, B
B STIEIT—ETH B,

3.4.5 ICHEERKOBEE t &£ SHEOEREN P BIUF =
LVya7f 6, LOBBRERT, ST, PSE BXU 6 13 L = 84(um)
B BETH S, H3.45 RFOBMIT, BREOERER 7 25K
7eF a7 THSL M, BRERFECL o TRDF L O
7H(OTRY, ) Eid X {—FHLTw5B, F72, PH 2%t = 0.4(um)
TRARERLZ LI, EREI LLI—FHLTBY, 20LEDF =
LY a7#5%18.1° ThhHZ &b, FEEE (16.2°) LIFIZT—HL T 5,
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15
L]
=5 —_—
~ Q
Z 1k 2
=10 e
o 3
'O e
X S
= 05
(/5]
[aW

1 .
U 100 700

Y/A

X 3.4.4; {EHEEESE S SHIEOERBNBITF o Ly a7 AL ORER

25

20F

PSH (x10°% mW/ um)
6o (degree)

0
0.3 04 05 06
t (um)

B 3.4.5: HEERBKOBEE L SHEOERBENBLTFoLvaT/aL
DR
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LA L%, M3.441RT P OFtEEREDS PSH JMEiREE
BELICHBILTHEMTSEIKEL T, L=60mn) &L TERKEE SH
BLOEENE ¢ 23ATHE. L=84(um) ICBIT S PSH OfEH
1.31 x 107 8(mW/um) Th Y, EREDED 10(mW/um) TH5BZ
Enb ‘

n = 1.31x 1075 x (6000/84)/10
= 1.5x107°

Eleh, TR, EBE (n=1.0x1072) LIZKEL BLR TS, &
DT L, KETTH/S BT VA2 RILET N TH Y FEERIT 3 RITH)
ZEARWHPLETH 5 F v ANVERBETITbh ot Bbh bt , £
D7z%, FEE 193] OFEETNHR % HAEMIFHE§ 5 72901213, 3 RICHEMNT
AT OVENH L EBbh b,

(3.4.29)

3.4.6 #E

TEIREE BT IR D 2 JIEEAHEA R 2§ 5 5k & LT,
VN F VR W R RE Uz, ARF I, AT 5K
BOMEME T LV D ERBEWTUET A LIk b, e %
WA B EMS HENICER T 2 HETH L, BoONTEWSH
BRIIEENICES 2L TE 5,

AFETE, AL ONAHROMBEEEDEE T5IEPT
&, E—AROBVEE D TOBERCIVFE) e TE L, T/,
RN U TBERIBT 24T ) LB 2 (. BENICBZEL I LT
&5h,

BARMIZIZ, F = L > a 7 G AW TRARES 217 9 658 2 =il
B (SHG) FFZH) LT, EBARK L E 2 RO EOKRTLHL H
L7z,

1ZnS-ZnO HEER K COFEERIT Tk, n=1.0x10"° TH %,

69



3.5 EFREREFRFPICH T BIKEEMEIRDOREART

3.5.1 #%8

i, K7 7 A7 BOALEED STERBER F DO EERAIBFFEIL ICH
RBFFEANERIIT b TS B0 N S5 DFRFIIFT 7 A /3
BMOIAE NG 720 BT L ?(590)’6\ O 0 LT
WEORRENFE TN T A 109-112] | Feit & Fleck i3 FFT-BPM % Sl
PRSI R L7z Q9L - F 7~ Gonthier & 11U B X TF Yamauchi
5 12 |3 FDM-BPM Z#ixdEERICER L Twb, LeLed S, &
NOHETE, ¥ 7 7 AEROERNS X T REICHBRYES 5,

AETIE, BxTRREIEEF I B BRI R OBEE LT,
HUVIVHR BEICED CBITERIRET 588, KGR, AT 5
BREIOKEEZ ULV F U ERHCWTRET LI L 2L, EEHER
PHEA T B EHSHRENCERT L /HETH S, BoONEMS
FRRXRBV T - 298 ERerS vy - Zaly vESERHWTERRY
KR ZENTEL, KFETIE, EAMICE bNLEHHOMBIIERE
PORETH Y, BENOBFESHEIENBHETH D, T2, E—4
TROFEEE D T RBER IR T TE S,

3.5.2 WTAEIRSE T 5T 5 K8

3.5.1 VR T & ) i REIEE TR E A H T —HIR Hsiti
HINMEWRT ABRICOWTELE T 5, OEHEzT - dhe U, PR
BR(r,0,2) THWAZ EITT B, MERHTHLI LD, § HE~D
WENDAFMEIL exp(juh), (v =0,1,2,---: 0< 0 < 27) EREND, T
DEE, AHT—IE U(r,0,2) & ¥(r,0,2) = (r,z)exp(jrb) LB &,
Y IROBEENHERZHT,

2y 10y 1?2 O
o oy eVt en
T, ko WEZERIZBITDEE. n(r,2) IEIFETH Y, — BT
r BLU  OBKTH B, Tz, BREHIIN(3.22) THXLND, &K
HiCIRET ABTEDER L. EEiER L UHBEIL - 8T TH S
bDLT B, Bz, MEEHRE r =0 1I2BWT ¢ 345K 0 DTS

+ kin%yp =0 (3.5.1)
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WOT, r=0 BT BEREM L L TREAPKILT 50,

. (3.5.2)
%:0 v =0 DE
r

X 3.5.1: #xfhMEE L FOMBERT
EC, BEOBHE n(r,2) IOEWVEXREOER ng ZEDT

¥ = ¢(r, z) exp(—jkonoz) (3.5.3)

EBLZ LT D, K(353) 2R (351) ITRATHERK LR D,
P 1006 2 ?¢ 0¢
Gy 7“_2¢ + 72 ]2k0n0$ + kg(nQ —n3)p =0 (3.5.4)
72, R(322) D n-Vy ZRDLH Tk B,

_ Loy oY
n-Vy = n-(zrg—i—zza’z)

.00 . (09

(3.5.5)
= n- {zr— +1, (——— — jk0n0¢) } exp(—jkongz)

or Jz

X (3.5.5) ZEEZHTZD, (n-4y) =0 THALIEEHV, ¥T, 42
HENEHS DB OWTERET LI LICT AL, +2 HENMEHKT 5
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BN LTI o(r, 2) @ = IREIZIER IR TH 5D T, R (3.5.4)
BLUK (3.5.5) IZBWTROBEBDBILT 5,

&0 96 o
8z2 < Qkono E (3.0.6&)
0o
2| < konol9| (3.5.6b)

i (3.5.6a) DI E N (3.5.4) ITHEA LT, KEIHER (3.5.1) 3%k
o En s,

P 10 2, d ‘ "

0_1(;? + ;E - 1:—2¢7 - j2k0n0£ +k3(n? —ng*)p =0 (3.5.7)
T2, K (3.53). (3.5.5) BLU (3.5.6b) L WEREM (322) BIV
(3.5.2) iR LEPI N5,

6 = 8, gﬁ? CEEE R S B OBRIC BT

p=0 - EFELOBRIIBNT, r=0BVT(w>1) (358)

g—f =0---BHELDERIIBNT, r=01BWVWT(vr=0)

LB, R (3.5.8) DHMEE L DBFRITBIT ABALMGLELTHI-) HE
B - ST TH Y, (n-i.) =0 THHILEHV,

3.5.3 AHLIFEICLEBTERE

2 (3.5.8) TIREND ¢ DERFHEERBLTA VIV F Y ETHWS
R ua(r),(n=1,2,-- -, N) iZROFERFHEHET L dDET 5,
u, = B - BHEEE L DBRIZBNT
=0 - EREE L DEF BT, r=0lB0T(w>1)
EEBEL » BITHATTH LD T, EHREM (3.59) ZWRET S r DAD
FIEBIHE u, (r) EABRERE - TEHITHRT A LB TEL, &
LVEF VEOFEIHES T, up(r) 23N (3.5.7) ICFEL, - BIICEELTF
L CEES TS5 ERXNEL D,

193¢ v? o 00 o 5 ¢ .
/{;a_r — r_2¢ — ]2k0n0—a—; + kg(n® — ng)d p uprdr + / W’un:rd? =0
(3.5.10)

3.5.9)
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F72. R (3.5.10) OB 2 HERGES L. S 61T, FEHREH (3.5.8)
BLU(35.9) zHWE L

9 ,
g (fun rdr = /gf <Un' + let",) dr + Z l-‘-‘-un:’l’
96 o (3.5.11)
b, LoT, R (3.5.10) LW AkREBS,
— 9k 9¢ 202 2 _ v _ 0¢ duy _
/{ ]Zkongg—gun/ + k3(n® — ng)ouy r—z—qbun: 5 dr rdr =0
(3.5.12)

BT, ¢(r,2) & fulz) TREREE LT, BEBEH u.(r) ZHWT
RN TRERAFRTHZ LT 5,

¢(r,z) = an Un (3.5.13)

R (3.5.13) 3 (3.5.12) IKALA L, XX%"2

é{—ﬂkonoam'(ﬁ;—? + bnn'(z)fn(z)} =0 (3.5.14)
for  n'=1,2,--,N
ZZ T,
(G = / (Yt ()
bu(2) = [[R40202) = n}un(Pum(r) (3.5.15)
L) - P D),

Thb, 3\ (3.5.14) DEV 1 FEEMIFHENL, 3241 HITRLZIV Y
e o FERIT VI - ZaNy VIEEOBKRBEEHCTEIZL
DBTED, R (35.14) ¥ I EITE Y f.(2) RO LI, LI=dsoT,
&(r,z) MBI LB TE S,



3.5.4 ARBFEICK 2 HEREM

R v, (r) & LTI, ARERETHW O NS BTN 2 2 KK
YRAVLOSRLIBMETH L0, LAl S, K (3.5.15) [ZRT buw
DHERESBEUC r OFHBEIEINTBY ., ARERETHWLRS
MERO—KIGIRBEE Ni(r), (i = 1,2) 2FDF FHWTEREBEI A
L725E2i3, R (3.5.15) OREGEHEILEMIC R 5, £ T, KE T,
FJEBIR v, (r) ZRNITRTHREHE BV THER L T2, |

—Ni(r) (3.5.16)
T,y —KRFEREEE Ni(r) 251 L% % r BBEETH 5, R (3.5.16)
WORT RS VS Z &I X DR (3.5.15) DRESEHE 2 BATHI2AT
HTEHTE S,

(1) EZRICH T IEESY 27 2 E— LOEHK

I3, KAHEOZUHZRILT 572012, BEZRFICBITAEKRTY
VT v E—A TN OIEBRICOWTEET L, R 7 ¥ — A,
=0 B CTEERESHLELIZE—AT 2 AMNELRD, +2 BN
TEHELDET L, Tl2. WPNDARY b A X% Wy &Th, DL X,
: W EOROEIIARNTEZ ON S,

()l =

72720 20 =koWE/2 THY . [Y(z=0)P =1 & L7

K 3.52F, kg=15. Wy =1 & LZBEDBITERTH S, ERRIT.
Ar=0.1, Az=0.00 & L72BE., BERIE. Ar =02, Az=01& L7
BAETHAE, TIT. Ar BEXT Az ZFNFN r FINOHEREES &
U 2 HANOZIAIBTH b, FBE, N (3.5.17) IR LB E X <
—HELTBY, Ar BIT Az 2BELBITREZ L ICE o T, KENEIRORE
FEHLPICTESLZ LITRENT,

™
=3\

2 (3.5.17)
<0

-+

>
A~

(i) 7 7 1 15DF — I SEIC BV B ILBHEHE

RiZ, B3.5.3 @W?ﬁb:ﬁT%7 7 £ ISD T — I SEREERS B
ZOWTHRT 5o BIRERT L, 7 BOBNEEER T 25HET
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19T sl

z2/2¢
X 3.5.2: ZAFY L7 v E— 200 EOROEAL

o TIT, BIMEER T 37— 1NOADUKT 7 A48 (2 7% a) IC
v=0DRERE-F 2 ASF LGB, HOET7 7485 (a7#&b)
WCHHENE B E DAL T 7 43D v =0 OBRABEKRE—F & OIHE
LB LIZEoTROTVD, 2B, BIEFBITICHW/ST X—513
koa = 20,01 = 1.01,n0 = 1.0 ThH b, M3.53 I ABTIHT 7430
THZ b/a=1/2,2/3,3/2,2 £ L7ZBHEITONWT, 73K [/a 2 F1L
SEIHEDEIEER T OFALOBTF 2T, X 3.5.3 IRTHBITRE
R, bfa B’ 2/3 BLU3/2 THAEREICIE, ENEERIF—E
TIEEACEIFEL 2D, bla 251/2 BLU 2 DBFAICIE, BHEER
ZT7 —SRICE o THLAELT S5 2 & d%hh 5,

3.5.5 &5

32ENIR L 3 REEBEEFOHRTD, K7 7 413D & 5 L mlEE
e A AR R TIE., SRR AE L C, SHEE R KR
B L 723 R AT S BECH S o AFI T, EERETHICS
VA IREMEIRAR O L LT, FLF RS BN Ev g
L7726

AJTiEEE . OESFREIC R L CEA RIS B IR OB
B VIVFEVERRWCLET S Z LI LY., BEEER S HEHRICT
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1 s ot T e = he = o —— —
,,:L/Zc'_'.'--——--—_-_.“""
213 7
4 -
e o
T 09 b~ .
0.9 / ,/ r 1
’
P
-
"’
" Tha= 12
0.8 +
10 20
1/a

X 3.5.3: &7 7 A3D T —EBIZ BV B EIEERFE

T ABEMSHRERICERT 5 HETH 5, BONERSHERIIV Y
T IERIT Y 2N VEFEEEHOCTERNIEL ZEXIT
&b, AFETIZ, MAIZE SN AEEOBBIREEIOTETH Y,
E— AEOHRCEE D T RBERCBVIFE) S e05T& b, T2, FF
BENOBEAMEICENFETH S, BARWITIE, K7 7 43D F =%
BT HBEIMEFULHES L. KHFEOERMEEZR L7,

3.6 MEEEREHY IIC BT B IEENEI OB

3.6.1 =

ERPSHAS ) EOFHEIE. KT 7 A EOEERE B D A H TRk
DFH 7 b I LEME MR P ORI FT T2 B b % s Ol 2 47
) ETEETH ), EERIIIZ & AT ICHERIWIZE IER AT T
5[95],[113]—[117] o

Heibrum & M4 i, #i25) MOBIHRG M+ FAEER ERFEE
Y ITL o T, IO ERE ST, EoM < R EREEDOBITRS A (LR
THEVWH)FEILL o T, — KA ) FOBAT 24T o T b, Baets
(115 33 X OF Okamoto » 116 {x| Heibrum D JF5iEZ FFT-BPM 2 @A
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Ng¢

Ns

B4 3.6.1: EiREEHIAT Y A8

BT EIZE o T, — R R S FREREOBEETRE B L U
SEE IR —RE R Y SR O £ 24T > TWwb,, FFT-BPM (2
12, 3.1 ECHRARY VT Y VT EOBRICTT AHIEEND S,

LI AT, EEEMLY BELEIT A EENT. REWICHETR %
tEoTWb, 20X RikE)E AR EER CHERITS 5 7L L
T, Saijonmaa 5 9% (ZBRENTKF 5 FHxT L TRIEIR SN 5 E
AEMERCLZLICL > THETEZBET A HELREL TS, L
2 UAAS | RN F DY BRSBTS 5, ”

AEiCid, #HATY I U CEALHIIS S HEBIOBFEE L v
FUERAVCLET L2 LIk, EEHERZEBOGHSHTH
BHIA ) HEANDOERD HERICERT 5 HELRET 5. KGR,
PR EERE R TR S N7z S 0 SBOW BN H R & EER AT § 575k
Thb, KFETIE, WAV I L CEALZFICE bNLHRORE
ZEEPOTETH Y, E—ABORCEEH THBERCIYHE) 2
ENTE D, T72, BEHEERE ) kg2 A ROBTEIR TLE Y 5720
(2. EEMEE T RO BEHEOBREETRET 5,
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3.6.2 MISERH V) 5K EHT B IEED

. 3.6.1 (IR EHEEHATY 2 A H 5 — kMR A 45 HEIANMER
THHRIIOWTEET L, HREER (r,0,2) THVWAE, AW T—
B y(r,0,z) IRROEEHEREFHET 5,

2
Y, (Vo) + 12 gg‘i SRR =0 - (36.1)
STV BIUV,- A RERETRN ’
v =i, 439
or © 7oz (3.6.2)
v, A—l—a—(rA)+aAz
t r Or 0z

Thhbo ko ZEZHRIIBITLEHRTHY, i, BELT i, 3 r FRABLT
z FIEROBARZ bWV TH DL, 720 n(r,8,2) ZBIFERTHY ., —&KH
it r, 0 BLU : OBBTH B, T2, BREFIEIR (3.22) THR DL
N5, BITRT &) ICAE CRET 2TEOEH L, BEiEB X UH
HEEL 0 BIICTATCTH B T 5,

T, R i) HOFHW i PLRIGEWELZ bOoERE L.
s=RO EBWTK (3.6.1) *EHERT LA E L 5,

V.- (V) +-%2-%f + k2n%p =0 (3.6.3)
RKIZ, BHOBEHE n \EEER S DOEH ny ZEDT
¥(r,s,2) = @(r, s, z) exp(—jkonos) (3.6.4)
LBzt m“%o & (3.6.4) 23X (3.6.3) ILRAA L TRA% B S,

2
¢ 9¢ k2n? ) +k2n’p=0 (3.6.5)

- (Vo) + 5 (32 J2konoz - —
F7z. fc(322)0>n (V) 1ERD & H I 5B,

o (raral?)
(7w +475)
&

= n- t’l/"+7's

= n-

1O+ ts— (— - ]k0n0¢> } exp(—jkonos) -
(3.6.6)
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BT, +s HANEHET AEHOAIIOWTEET LI LIZT B L,
+s FANERET BEIIHAT L Tid o(r, s, 2) D s BAFHEIZFERE ITBR R0
T%%Gf\%ﬁKﬁTﬁﬁﬁ&iT%o

Po o¢
7| < 2kono El (3.6.7a)
0
| l%' < konolg)| (3.6.7b)
3 (3.6.7a) DIEBE R (3.6.5) IBEA L. XX%25B5,
_ R20¢ R2
VV(V@y—ﬂhm%35;+k§Gﬁ—n&;)¢=0 (3.6.8)
T7z, K (3.6.6) BLU(3.6.7b) & DHERSM (3.2.2) 13k L %25,
¢ =HE, n- (Vo) =@k - BELEEEOBERIIBNT
$=0 - BEEBEE DERIZBNT
n-(V;0) =0 -  HHEEL OBERIZBNWT
(3.6.9)

2B, A (3.6.9) DEHHEEL OBEFITBIT BIEREMZ2ELITH-0., B
HEES s BCFEATTHD., (n-4,) =0 THAHI EFHNV,

3.6.3 FHLIXxLEICEBER(

N (3.6.9) TIREND ¢ 1T T ABERFMAER L THLILF VET

R % EEBEL un(r,2), (n=1,2,--- N) IZROBREBLHET S D
DETh,

u, = e BB EREEOERIIBNT

U, =0 . [EEEEE DBRIZBWT
EEEEIY s BT TATTH 5D TERSEM (3.6.10) 2L T 5 K
un(r,2) T HEREREI > CES BT LI LI TESL, LV ¥
YEDOFEIRES T, rup(r, 2) 23 (3.6.8) 2] L, s BICEELEICH
Teo THEATHEARE 25,

.. R20¢ , o R?
/{—]2]60%0’7‘—2‘8—8 -+ kg (n - ngr—z ¢} un,dS

+/{Vt (Vi) }uwdS = 0

(3.6.10)

(3.6.11)
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Tz, R (3.6.11) DEDE 2 HICH Y AOEEEEAL., 3512, BR
&Mt (3.6.9) BLU(3.6.10) HWA L

/ (Ve (Vid) umdS = / (Vid) - (Vin)dS + ]{ e {no - (Vi)}dl
= _ / V16) - (Vi )dS

» (3.6.12)

b, ZZT, dS =rdrdz THY, fdz (IERTIEIS Y BB Ui

RSO oI CThBo F12, no WENTHROBRIL TpH R &
HEBNRZ PV THbE, LoT, K(36.11) LW AxX%2HES,

/{ JZkQﬂQR; g¢un + k3 ( —nd 9> Gup — (V10) - (Vtun,)} ds =0

(3.6.13)

ST, ¢(r.s,2) & fuls) %E’gﬁgﬁﬁt LT, R u,(r,2) TN
TRATERAFRT A LIZT %, ,

O(r,s,2) = 3 fals)un(r,2) (3.6.14)

N
Z ——ijOnOa,mr ds + bnnl(S)fn(S)} =0 (3615)

Ay = —un V2 ) U (1, 2)drd2
Lo, [kg {n r.$,2) }un(f‘»Z)un'(r,Z) (3.6.16)
—{Viuu(r,2)} - {Viun(r, z)}] rdrdz

TH5bo 3 (3.6.15) DEIL 1 BEERITHIERIZ bu B7 s DEETH S
BAIIE, 3241 TBIRTNVUT - 93 FERISFV Y - Zanvy ik
EDBRIBIE. b,y B s ODEMTHEVEAIZIE, 3.24.2 BIRSEHEHR
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BILLoTHLZENTEDL, A (3.6.15) BT LITLoT f.(s)
KOO, Lo T, o(r,s,2) THILIEHNTE B,

DFTid, B3.6.2 1R » HEITIIEEST—H % 2 RITER KA
DEE(8/02 =0) IZDWTEZ D, TDE &, BRHEFIL 2 MM 25718
ATRBRT S EPTE, REITIE, TE ¥ (E,,H,, Hy) IZDOWTEZ
5ty TEIRDERD = KPS E, 13RA 223

10 (0B 1 OE,
ror \or )7 12 02
X (3.6.17) 1F3 (3.6.1) 1BV T ¢y = E, L BWIHAITE LW, T/2,

BREME LTI, K (3.22) DEEEZESEE, HHELHTEEEER
nidIwv, Zokx, K (3.6.16) 13X %5,

+ kIn’E. =0 (3.6.17)

( App! = /Eriun(r)un'(r)dr
R2 |
boa) = [ {000 = Y watrrent) (3609
duy, (1) dugy (1)
dr dr

] rdr

3.6.4 IBLMEEIC LB HEHEDRRE

BRI ) B2 (RIS B IRENS . AEBITEERE R o Tnd, &
D& S RIEE % AR AT OB Bk LT, AR 2 A G
RTINS 5 2 &2 X D BGRE R BrET 5 HERIRET 5, BiET T
SRITIBOMHE 2 IR B AT JEATER n(r, s) \CHSRHE 8(r, s)(= o(r, ) Zo
[ko) ZAMZ . n(r,s) & n(r,s) — jé(r,s) CEEEWZ LTIV, T,
o(r,s) \HEBHETHY ., Z, IEZHORKE MV E~F VA THD, BT
Tid, HEOOICHEEEE r OAOBEKTHLET 2,

X EEOAEHH N & VIE A 5 I OEBERE ro <r <719 & L.
HRE §(r) & ET LIENTONR TH 5 BPREED b oI HENE

"TM ¥ (H., Er, Eg) ISV T, 9 HRICKT BIEHRDOEALH 6 Hck§ 2
BRIROBLCHATHHER P TH DRI, TE e AR 2 L5 C& 5,
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n2

R+a

X 3.6.2: AT 7EIKHEATYE

-1 <7 <1y TEIFEBDRRLPIIRALT HBHICESD D LT 5, $8KH
&(r) DBIE LTI, KUTRTHEBIEB & U raised-cosine BIEGH %%
RBIENTED, T2, TNOLOBBIELM3.6.3 1TRT,

0 (ro<r<r)
&(r) = Dr—rl (r <7< 1)
To — Ty
(3.6.18)
0 (ro<r<mr)
6(r) = D sin? ( T—n _7£> (r1 <r <o)
Ty — T 2

CZTINTA—% r 19, D IZRD2ODEFFWRETH L HITERD
DET 5,

A (1): AL ABEHED KETHFRIT D E /- 53R T 5 EikHEE
X L CHBE RIZT I AR, Thbb, HEEIZTHIER ML
BHTHY, REIEELSHZ LWk,
B (2): v = ry ICBPNBSREESR CORGHED RETHIEAT O E 72 B3
RTHLEREEICH L TEEBLRIZT I LV hV, T4bh, HEE
BHREHEZ T ICBESIE 5,

DEIORT 2 OEFZHETHHEIMBEETHVAZ LICL Y, st
b%@loc$£%k&%ﬁ%#o&E@@ﬁﬁ%%ﬁm&%ﬁﬁﬁ?

BoFHZETEB,
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5(r) D} (b)
0 ! /

70 ™ 2

3.6.3: HERIH ((a) BB (b)raised-cosine RIBIEK)

3.6.5 AREFREIC & 2 HUERT

ARETTIZ, BEREE u.(r) 23X (3.5.16) IR T REIS 2 BV THERKL
LTwh,

Tz, AT EOEEFFE RIS AL LT, B EERT() %
RATEERLTB,

2
/E;"(r, 0)E.(r,s)dr

/ |E, (r,0)|2dr
CZT, + IERKBEL LA L EEW®T 5,
(i) 257 EEBRO—HERhH 1) &8

9, KRFEORUEERIET 572012, B 362 RTAS T #Ek
BO—HEAT Y MEEHT DB OVWTER B, HEETEICHW 28
T RAXA=F1E, V =kay/n? —nd =10\ n/ny =1.0025. R/a=10° &F
5o 0=0° HICAT TEEKD TE (REARE—F 2 AFSE-BED
o 0 13 A ERBAICBIT 2 BREESM 2N 3.6.4 ITRT, E

T(s) =

(3.6.19)
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0=0"

T

|Ezf 05

3.6.4: AT 7 EEE—REHAT Y IC B HBERBES

BUIFBMTIE Y —11 < (r — R)/a < 101 & L, BEREZMAML 2WiGHe
DRERTH L, T7o. B#E. BIEET 11 <(r—R)/a<41 & L,
25 < (r — R)/a < 41 12 D = 0.02 M 3.6.3(b) {Z7RJ raised-cosine B
BEEEP ML HEORRTH L, BEREZMNMLUZWIGED 6 = 30°
B B RGAR, BATREEO—4 (r — R)/a = 101 [ZEPNIARIEEE
PODREHEDEE 2 T TRODLZ EVTELR WV, LPLLEDS, 18
FERMUBED 11 < (r — R)/a < 25 (2B BF5H13. Morita
LDANRY b NVIEGFFRIC L TR M7 L X C—BLTBY, 8K
MWIRE V2 22X ) a7 icifo Tl 2IRENC 2L RITT Z
L 79y FHRIIBEENLEE 2 RETE LI EPHEPOLRT,

(ii) FETR 5 7 RO —HEEED ) 85

RIZ, AT ORBIFED ny =7 + o|E.)? THEXONLIEREATT
P O—RRBIAS ) RIS DIKENICOWTEET B 10, BB
WCHWBINT =i, HEE ) = 0.633(pm). a=1.0(um). 7 = 1.55,
ne = 1.545. a = 2.0 x 1072(m?/V?) &§ 5, T2, BITEEE 11 <
(r—R)/a<8L &L, 40<(r—R)/a<81 |2 D =02 DR 3.6.3(b) Il
73 raised-cosine BIDIELEZ ML TV 5, 0 = 0° TEICHER 7 7TE
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T R=1.0 (mm)
0.5 0.5 (mm)

0 5 10 15 20 25 .
Pi {mW/mm)

X 3.6.5: IR T 7 Bl —hkil 2% Y EROEIMREFE (0 = 90°)

EHRD TE AT —F 2 ASEE2BEDEMA 0 = 90° I2BIF B A
SI&E P(mW/mm) EBINEER T LOBBREHRIER 237 21—
ZELTH36.5IIRT s OMTFEREND . LA T 7T EERO—1%
S OEBEAAL v F 7 HZTLELTENTH Y, HiFE R 2 @Y IC&KEHT
HIEWLEoTLEWEENRER LI LD TEL I LD R5,

3.6.6 585

EREEEIA ) BRI BT HIREY AR DR E LT, FLVvF Uik
YO BERETIRE L2 AKEE, ML CTEA L FREIC
XY AREIOKGERE T LIVF U ERZHWCET L Z 2L Y, kE)
HRER L RBOEW A TH 5 0T ) FEAOEHSFHERICERT 5
HETH D, KFETIE, B IS L CEALFAICE SNAHED
FRBIIEESLDOWETH Y, U —ARDORWIEED T RBER B &
AT EWNTEL, EHIT, REMITHETHE 20 BB % A BOMETHEE
TIHET 27010, BT LBV REtEOBREEFIRE LS, A
HHIZIZ, AT TEERB L UIERER 7 78RR O—RRA ) EicB
VG AEEN BB OB T LB L. RFEORUMB LA R L7,
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3.7 REDAERLERETRIC S 5 EEERO
w24
3.7.1 #ES

32805 3.6 HIRL - FHERERRCRIERFOBTETIE, K
BOEHARD» S ORE BB L Tz, LA LRYS, EROMEKE
FIZBWTIRER SR> S OREFELTEY ., 2#eBEstict s
B2 FIR LEFEEDLEE R S,

Kaczmarski &8990 8 X 08 Lin 501X FFT-BPM 2B L. R
PUEIZ X > TREREZ T Fo T B, T/~ JEHES M8 X FFT-BPM
CEERBRICE 5 EBREOBETEATLEIEICI T, BFELK
k2 ) Ko T b, —J, WE B8 B L U5E BT ISERTIC ALV
FUERHERLT, AMNARVY R ZEERILT A2 &4y, a5t
ErROFoTWE, L2Leds, Zope, BEBAHE L CFL—
L )y VETHW LA ZAREEOKIZN 2 BB v 508
BHY, FRERECTHCONLBITN L EERME AL LTS
B\, Tz, BREEBICHT HHEENH S,

AT, BIETE TIOR LA LV F Vikic o QREMERER O
Mrike REHEP A B2 BIBZEFICEATE 2 L) ICHIET 5, AFET
. EENXIZIZ—EAEIER T A Y A0k e L, BIEEATHERE o
THAER (KEHE) 2EHET A b0 L EZ 5, HIC, HERD S RERDS
CHEEINALZ LI RVWbDET R, ThbL, SERFHIEHTESD
DETH, ZOLE, EHETT 2HEEOMEEL T LVVX VEERH
WTHLEES 5 & &2 & o THREIHRER 2 HEF I3 5 Efn AR
T 5, T, BERE R T 5B AR T BRI TEE
XESFIC BT BHIERZRD, RiC, BEELY R T 2EMS HER
T BRI NT, BIEREZREL TA5BERE KDL LIRS,
AFETIE, AN E SN AHEOBBIMEELOTETHY , HiE
NDOBEMIENT-BITETH D, T2, E—AIRORVEED +58
BERCHVFEI Z L TE S,
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3.7.2 REPERLERFEFHEERT ZKE

y mﬁrﬁjc:ci—ﬁ& 2 RICEFB OB ET (0/0y = 0) HERH T —
B vz, z) 25 2 FANGIRT 5BRICOVWTEET L, COLE, AF
7=k zu( ) DT EEAERRARTEL LN,
o O |, 2
T 5z TRy =0 (3.7.1)
ST ko ZEZBFORBCTH Do n(r, ) IZBIETHY ., —HITIX
tBIU: 0BBTH D, To, BREMFIN (3.22) TH2LNL, &
TRT &) A CRTETEOEA L. BEiEs L CHBEEL - 3
FTHEET b
BT, WHEOBHE n IGEWELZRHOE ny ZEDT

U(x,2) = ¢1(x, z) exp(—jkonoz) + do(x, z) exp(+jkonoz) (3.7.2)

EBLIEITT R, TIT, ¢ BEU ¢ FENFN 42 FHENTHED
B (BIEER) ORIEREMSB L U —: FEEGEE) (BER) OIRIEEIR
##T, X372 2R G KRAL TR E2ES

Pp 0% Ao _
N { 61‘21 + 92 21 le‘onoﬁ_}' + kg(n® - n3)¢1}exp(—]k0n0z)
52 82 .
+ { agb; + a¢2 + QkOHO% + ko( ng)¢2} exp(+]k0n0z) =0
(3.7.3)
T, R(B22)Dn- VY ZRDEH TR 5B,
. Loy, 0
n-Vy = n'(zmax—{—zZaz)
.0 . (O )
= n- {%'-g;fl +1, <£l - Jk0n0¢1> } exp(—jkonoz)

+ n- {zra_(b?. +1, <6d) +]k0n0¢2) } exp(+jkonoz)

ox 1)
(3.7.4)
DT o#EF BV TIE, BIERIBHRE L & o THRERZBIRT 5
borEZ, M, BERIPOHERIBHRI AL Z I3 EV D LT
o Thbbt, ZEGHIERTEL DL T S, ZDL | RIEKIR
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V& oy(z,2) B L UHBRERIRIE ooz, 2) D 2 HIFHIIFER SRR TH S
Ty KRUTRTEBDBLT 5o

& 9

a‘i’ < 2kono % for  i=1,2 (3.7.5a)
99 g

aqb < kong |&i] sfor  i=1,2 (3.7.5b)

BAEWR 0 S BTN DOREE Y W L 3 ZETH L, N (3.73) BT
(3.7.52) £ U, BI#EK ¢ DWW TARDHIALT %,
2
%ﬁh‘”“mg%+*ﬁ*—n@%=ﬂ (3.7.6)
72, WD S BERNOBAVEECH DL TH L, R (3.7.3)
(3.7.52) BL U (3.7.6) &L 1, BAEW ¢ ITOWTRADHIALT 5,
9? Opo , &? .
8¢22 + j2kgng—— P +k0( — )Yy = — 85;1 exp(—j2kongz)
_j_ 2 [
" 2kong 0z | Oz2
X512, R (3.22). (3.7.4) BXU(3.75b) £V, ¢, (i =1,2) kT 5
BREMIRRE 25,

o= 00 R OBRIC BT

¢ =0 , - EERE L OBERICB T (3.7.8)

%ﬁbi —0 - HHEEE DERIIBNT
I

RB. R (3.7.8) DHEEL ORERICB ABREMLEHY, B
HEES - BICEATTH Y. (n-i.) =0 THDI L EHGT,

(3.7.7)

+ kg(n2 — n§)¢1} exp(—j2konoz)

3.7.3 HLILF L EICEZERE

A (3.7.6) BLU(3.7.7) WORTREAERD = HENIHT HEEHD
BEHETVVF D EEHCOLET 5 Z L2 X ), mRE 2 HaEoK
T 5 EHT HRERICERT 5,
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X (3.7.8) TREND ¢ BLU ¢y 12T BIERFMEEERL T, &
Lvd ETHY L EERE ua(2),(n=1,2,- -+, N) IERFUTRTER
FMEETETHODET B,

u, = 1Ekt BB EOBRIIBANT
U, =0 - BEIEBEE DEFRITBNWT
RS : BCPATTH HDT, BREM (3.7.9) 2 HET 2 LEEK
un(v) ZHEREREIHE > TEBHITBRT 5T LATE 5,
3.7.3.1 HREERER

HUVIWFVEDFEHE ST up(z) 2R (3.7.6) IZEL, z 1200
THESTAHERRE LS,

(3.7.9)

D 0%¢, ,
/{ J32kong—— 5- +A (n? n%)qﬁl}un/daz—i—/ 32 updr =0 (3.7.10)

F72, N(3.7.10) DR 2 HE IS L. S 51T, BHREM (3.7.8)
BIU(3.79) EHwLE

2 4 .
%Un’dﬂf — 8¢1 dun + Z %un
0¢; duy o

dx sfor 0=1,2
Or dzx .
b, LoT, X (3.711) L AkKXE2ES

96, 2 , 061 duy)
/{ —J2kono— 5, + k3(n? — n2)pruy — 5% da dz=0 (3.7.12)

ST dul,2) & fulz) ZRBIREE LT, BIEBE uu(x) #HWT
RACERHARRT LI LT 5,

N
o1(z,2) = D fal2)un(z) (3.7.13)
n=1 ’
X (3.7.13) 2K (3.7.12) ITARLA L. kX %B5,
n=1 ~

; for n=12-.-,N



(v
(v
o

' Appt = /un(x)un’(r)dl
D bo(z) = /Fdn 2) = 02} (2 )uw (2) (3.7.15)
du,(x) duy ()
\ T dr dx ] b

Thb, #V 1 BEMSHER (3.7.14) 28 2 &2 X Y ARERIRIE
ful2) ERODZEHTE S,
3.7.3.2 {REREMN

HUNF VEOFEIE ST, up(z) RGBT ICEL, 2 1220
TR TAERAE R D,

. tofon) 8¢y
/ {]2k0n0—5- + k3 (n? — n%)%} UprdT + / —a—,,—un,d;r
. 92
exp(—j2kongz)=— {/k2 n0)¢1un,dx+/ o1 un,da‘}
(3.7.16)

- 2k0n0

X (3.7.11) ZHWAE L, K (3.7.16) ITXX & %2 5,

0¢ 99 duw
/{]2]60710 b Uy +k0(n ~n0)¢2u" - Or dzx }d’r

- kano xp( =7 2komo= )i [/{kO(" — N1ty — %il dc;t;}dw]
(3.7.17)
RIZ po(z,2) & go(z) ZRBEREE LT, HEBK u,(z) 2HWTK
RCRAFRRTHILICT 5,

= z_:lgn(z)un(x) | (3.7.18)
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3\ (3.7.18) (B.7.17) ITAAA L. XX%EFH 5o

_t
N -~
Z ]2k0n0ann dgn(") + bnn'(z)gn(z)}

dz
. N ~ '
g o L d{ban (2) fa(2)} (3.7.19)
= o exp(—j2kongz) ngl P

: for n=12---,N

T e BEW by 13, N (3.7.15) ITRT L BY TH B, 3 (3.7.14)
RO TE D N-RIERIRIE f,.(2) ZAWTH (3.7.19) DEL 1 BEEH
SHRENEZC LT L D BERIRIR g.(2) TRODHIELDTE S,

3.7.4 HERKICHT B EHS HIEXORIERE

R EMSFER (3.7.14) 13 3241 HIRT 25V 7 - =avy v
EEQFERBEC L o TR S EHTE D, 2T, FERKEMSH
B (3.7.19) 27T V7 - =y viEE AW CHERENT 55k
WY 5,

FEFKIE. 1 RS HER (3.7.19) 24T IR TE XA E L b,

koo Al 8 4 ()6}

j o {BENFE (3720
= Shoe exp(—j2konoz) P

ZT, [A] BELU[B()] 33X (3.7.15) ITRY apw BLU by TEFRE
Téﬂﬁﬁﬁﬁﬁﬂfaﬁ D, {F(2)} BLU{G(2)} 1 ¢, DEBRE £.(2)
BIU ¢ OB g.(z) BERETAHFINI PV TH D, EET D
EXE 2 =025 2 = L 2MXEICHEIL . TR ETNOR/NXEIZD
WC2T vy - 2alVy yERERT 5. X (3.7.20) 2HUMKH 2 = 2
Bo z=z(=n+A2) TTRITHE, XKXELb,

[ {or AU | o e
- -/Zl {2kon0 exp(—j2konoz) d{IB(= )(EF(Z)}} } dz
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RN (3.7.21) OHBEABEICE T NS [B(2){G(2)) BLU [BE){F(:)}
F—REBTHEMT A2 X D RRIBLNS,

Az Az |
i+ B {660} = (4] - (Bl {G(e)
_.exp(—j2konoz2) — exp(—j2konoz1)
(2]\‘0110)3AS
X{[B(22)[{F(z2)} — [B(z1){F(21)}}
(3.7.22)
r = 5 BT BRBRERRE {G(22)} 2 =5 bl0~ = 2 I[CBIT HHTHE

(&%)Emm (F(21)} BET{F(2)} 252X (3.7.22) 2z ik,
1=z 6:&5#6?&3@.‘2&?)@5 (G(z)} 2RDBZEHNTES,

AFETIE, T, Z82TL5LKM (0 < » < L) 128 584N HE
TR (3.7.14) ZBKRHITIBN T, BiERZRD L, Ri, X (3.7.19) %
ENT, ZETLEEM(0<: <L) XBTF28EET KDL, KDb
NIHER B L OBERE R (3.7.2) ITAAT 5 T LIC L Y ERERICB
JHEEFFROLND,

3.7.5 AMRERAIC & 5 BERA

(i) BIEORL 3 2 REERENOFEEDEEAH

T, AFEORYEZREET 572012, HIFRORL 5 2 BHER
ENFEEDSEEICASTEHEE2ER 5. JENEDI n, (HE 1) & n,
(I 2) OEEEREIC, B 1 {05 FEEFSEEAS L 2HEa0ES
B % konmAz BEL nyfng ZNXF A—-F L LTEITLITRT, &
DEX, ng=(ng +n2)/2 £ LTW5B, Tz, BIEEHITREROIREERIX
BEMRLFE—THLOT, AHINTVD, KIT1LIIRTHEENLS, B
DFRSTEABER ROLNTWAE I EBbh b, ATy TRAEGED
BT (3.7.5) DEBUIF D L7z Vds, F3.7.1 [TRTEATHERD
BEUMERAT v T RAERERI AT AR T EOFA TR L RE L T
bo AT T3, BAMICEREEL DDA T v T IEAERIBICK LT
HHL. TORLEEBREET 5,
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na/ny
0.95 0.99 1.01 1.05
Exact 6.5746 | 2.5252 | 2.4752 | 5.9488
Solution x107 | x10™® | x10~% | x10~*
0.1 6.0538 | 2.5169 | 2.4669 | 5.9280
koniAz | 0.01 || 6.5744 | 2.5251 | 2.4751 | 5.9486
0.001 || 6.5746 | 2.5252 | 2.4752 | 5.9488

#3.7.1: 2 EHRTC BV 5 FEBE OB TIH

n2

ii—m-2"—_7y—»z — P
d

l

X 3.7.1: AR5 TERBED AT v TIAEEEL

I kod ” Present Method Morita Suga,hara,ﬂ
5 0.131 x 107° | 0.135x 1073 | 0.14 x 10~
10 0.249 x 10~> | 0.260 x 1072 | 0.26 x 107
20 0.225 x 10> | 0.235 x 107% | 0.24 x 10-5
40 0.165 x 10~° | 0.167 x 10~°

%31&x??%ﬁ%@z?vf%$ﬁﬁ%ﬁ£ﬁé%ﬁﬁ%$
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2 P — - ——— Jd

" T

X 3.7.2: &7 7 A ND AT v TREAERER

(i) FEAZ ST WERO X7 v T RS

M3.7.1 \IRT AT TERRD AT v TTEAERIBIC OV TEET 5,
CZTyn BEPn, 3FNFhaT7BLTr 7y FORBIFETHD,
ATBER O 2 TigE 2d. WSROI TIEZ d &35, F72.
R u, (o) ZHABRERETHY S NARERO—KILREKE A
TR L TWwWaSE,

ny =101\ no=1.0 & L, AJBEFERICHENEND TE EXRE—
K (¢ = E,) BAE LEBEOBNEESL kyd 237 XA—F L LTE
3.7.2 RS, F3.7.2 1T THERIX Moritalll® B X UEE 5020 T
BRELCHLTBY, KFEOFERUDITRIN TS,

(iii) X7 7 11D RF y T HAEEL

KT, 3.5 BUR L 7- @ RO ROl L LT, K 3.7.2 ITR
THT 7 ANDAT Y TIAEFRICONWTEET L, 2IT, n B
Cny BFENFNaT7BLIT 7Y FOREIFTETHY, ASAET7 74
NOATEY 2d. BOEE7Z 7 ANNOa7E%E d £ 45, ny = 1.01.
ny =10 & L. AEFEROEMICERINIATAET 74812 v =0
DEARKRE—F 2 AS LG E DB GERE kyd /3T A—5 L LT
F373IRT, T2, £3.7.3 OFTE@BEALE UTRU A EER,
{ZR NI U CRB R EITREYEH 285 (d/2<r<d) DATA
BHEDST7 L A VERECRETT 5 & L TEITICE N RFIRE KO- D
Thb, KHECL LR EFEEALUC X AERIT L —FHLTHEY,
AHFEDRYUMEIRENT NS,
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I kod | Present Method H Plane Wave Approximation ]
10 0.262 x 1075 0.261 x 107°
20 | 0.616x10°° 0.617 x 107°
30 0.593 x 10~ 0.594 x 107°
40 [ 0.545 x 1073 0.545 x 107°

 E3.7.3 KT 7 ANDAT v TAEEIIC BT B ESHRETER

3.7.6 #S

eI B e BB R T B 2 RB RS OFEL LT, L
VR VERICED CEBITERIRE L2, AFETI, KENZIZIT—#A
Gk 2 b0 & L, BRI BIHRE & & o THRER (KEHE) 2HHEY
BhDEEZ DL, HIT, BERDIPOSHEEIFHESN L Z L3 VLD
ETh, Thbb, ZERFHIEHTELIDET S, ZOE X, BHN
AT BB O F LV v ERACTILES L 2 LIk o Tl
BARERE R 2 EMa NIRRT 5, 7., aERT T
W BEHOHER T BRIBOTEER 2RO B, KIZ, HBEEY
SRS 2 B R BRI T, BIEE R EHRE L T 2588k
BRODZEDPTE D, AFETIE, BHNANC & SN LEHEORRBIIE
BOOWETH Y, BENOBEEIEN-BIRETH S, T2, ¥—
ABOFNFEHD TOBER BT T LdsTE 5, BAMIZIE, A
STEEBEBIUNT 7 A NDRATF v TAEGROES KT EZ
TEFEAT L. AFEORLMS X CHEMMERLZ.

3.8 &S

AETIE., FEREREREREE TP AT 2 B OBEFANTE &
LT, TUNFARICETBITERREL, AFETIR, BEOE
AHEICxT L CEALR BT 2 IREBOREEL T L VR v ER W
THUHET S Z EIZX ), EEHER L RE ORI 5 Bia 5
BRUCERT 5, BONIEMIHERNEINV T - 29 d5ERs5V0 -
SaONY ViER EOBRIBEC L o TBERT A2 LD TES, &0
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FEE, ROLILREFEEEELTWE,

[1] B D(ZH TS L TEAZAHMIZE SNAESORBIMEE
HETHY, E—AEOIRNEEND TREER VIR Z LA TE B,
T7z, BIEFEFOEEISTT 2HEAMEICELTW S,

[2] EARAERTRCR SR T . HEEER TR I N7~/
BEAFHNOTEREZTAZELRLDRD) S L TE B,

T2, BAMEE 2 AW BEHEOBRFEB L RS EE L 2 5 &
) R EBEFOBITEDIRE L. E5610, 32855 3.7 B CEBMIC
BARISEEEHE C ORBEFETFTVICHEHA L. FORYEB LUH
AV HERR L7 R . AFEIIFBRE R R E T O 2 8T
ETHY ., LEELICATEREEZ O LRI N,

ETAT, 3RTCOBRFHEEHT 5 ERIEENT. —RAICIZR Y
FMVEE E LTHDE LERH L, KBEBTRELLZAS I —kEBIC
O BHTETI, BIBEFPICBIT 2 ERIEHORBEEE IEE S
NTWiv, 20728, 3 KILEBEFDONRZ b IVIEEBITEOES K
HHONTBY, HiE. FDM-BPM % W2\ DhDHEN LR ST
A0 KRECTREL-FEEZRY PVEBIFICHET A2 LT, 4
BOBALEETH L,
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F4E

S=A
(=T

ARE T, AL TEONTBREOBIERIT ) o BHITARBTIZHB
TeA 70k - IVK - RESOBBENBRFOTLIVE VEICED
CEMEFITEEIC DV R Uz BB THEONHRELPENTL LD &
I B, :

52 BT, ERRAERLT B AIEEME, BEMPIcErET 5
BRI & 5 BELRIRE S & ORI B 0 0 & B Ze R~ OB EE 4 &
DEHBGRE DEE L EUCEBREFD BT 2BREHOT LV F v ikic
BT ITERIRE L 72,

R - Bl - BRSO BRI L RZEM L o4 2 S URE L BIR
BERECHOCTHNT 23546, EEERLHZEMEORY) o AfE L 4
%o FRATIRISZ HEE ORRHE 1 7 TR O USRI & Ak oD Bl 72 AN 2R 4R &
o), PRSI EREFUCIIABEREZ A L. SABEROERR
I3 — F SRR BT 28T, RYERE 2 aUHEELE
EOWNEREILE BT AMEICXT L CERFTRETH b, KHLTIE, A
FREZRFIR SNIZHEFEBOR & T~ F BRAFR SN EROR &
T MEBOEFER ECHRERO T - FERZEAKE T2 5L
FURIZE o THRT A HELIER L, COEBRER, ROBERA
LTWh, [1] WEREIR L SRR & OBBBRACHERICL 52 L0 TE
o 2] EHERICBVWTAHAREREIC L 2 ROBFEEKE T— FEK
BRI L B RORET — F L OMICFNOGI#HITZ V. [3] REDEE
RFVINBIUBHET VNI BHETHBHEITIE. BLREFTE)
FRADHRE L BFIEH D5, [4 EHEEICBVTIE, FEbE OB



BLAERTITH A ERBEFRT T 52 LA0°TE 5,

T2, FROFEREVSL I LICL T, EREENBEEFKOE
WAL RO ZEHTEDILER LI, TOHER. AEEES R
TIEWRERZ RO LA TH V. EEEESRRE IR 2B R U=
WEBZRDOLILENTE L, T/, FEELEREIFBRBUHEET
BOEEE &4 SRR OB TR TH 5,

%3 BT, M2t MR A AES AR EOZHERETB LR
R E W — PR IR SR & VW AR BERE 5
OB ZEFOITEBRER L ko TV A FEAERBERKEF+
PIEHE T A BREEBIO T VIV F VEICED (BITERRE L7,

FEEERERSEE TR EHRT 2 BREE 2 BEFT T 556, &
ByDIEM T &I EA R F TS S IRE O L BRI L L. BESUL
12X o THBLNIZEMG R EBREN T A5 HEVPHVONS, KiF
XTI, EEIOER TR &S EA L F T S EB OGS E T LV
FUEERRVTEELT 2 HFERRFE L, BRULICX > THRLNTE
W BRIV Ty FERI TV - 2Oy YR EOBRE
B o THBERITT AL TESL, TOHEIL, ROBEYALT
Wb, [1] IREIOfEHCH T & SEA L HTICE S A ROMBIMEED
DOUETH Y, E—AEOEVEHO THBERCIYFEI L TE
5o 77, ABFEFOEEINT HEGHICENTV S, [2) BEAMEER
TR EN-REZ T Tid % <, MEEERTRR INZREIIH LT
DEHEETH 5,

T 72, RO T —/SERR M A0 I AEH T A IREN IR E BT RERE
- TBY, ARLEIESRORE ICE>NAIEERIC BT 580
BEORETHFATRERICERLHEY RITT, £ C, KL CidEEME
B AT BEHEOBRFFELRE L7, 3612, KEDEHRAMIZE
LS LD ., (ERFMP SO EEL A L) R ERETF
I BT B IEEHEROBITE D IRE L 72

Db, =470 IV - REFOBRERBEEFOF LIV F Pk
WD BB R R LTz, 72, BE K ORIBRFET NV AT,
FORUMEB X AIEORIE Y 1TV KGRI TRE L RSBk
ESEEF T AR BERITEL LTERETHL L W) HEReE
20 51, <A 270 IV - BEEHVBEY AT LAOEHERERIL,
ANBUE, &b, BREILDERL M- T-0I12, BREEBEFOR
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FEIEREZFE LB - RFT0oFBEER4BIT L 0EEZLNS,
KL THRO N R, BREERIBRTETF O - 35T A 7 A DS,
ZONIIBETZEOREBIIEZALLY) EDEML ) 22 bid, EZBOED
%V‘éf_j—ék :5"6?)50
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SRR TSER AR IERIBI SR ISR E L 2B OBY KT, T2, KB/
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e b NCHIBYE . BIBURE D o 7o KBICKZE LR 28 H R8s 1T %
Do REEFP LY, BELEE. BLUARMZEICE L THE,
HEURZ THW o KRKF BEAEHRTRE. THEIREEES. 55—
LEBER. AT BB, & O IR REEER ST
SR EBIRIEROEEEDLT,

T, AFFEICEE L, 10 ICSNESHBS ., BB TH 72548
TEBMERFE T 37 8%, TELERFETES HHESEHIT.
KRR MAEATHAT . FHMZBF 2 o IcEH—EEt (B
TEHAREBEEFHASKH). Dr. Tuptim Angkaew(BES A FEF 2510
v ayRE), B CRIEL (BUERES LM AR TIEL (3
TEEREEEFEHRAS) IS 5, |
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