HOKKAIDO UNIVERSITY

Title 14, BRREICE T2 RFOEORMERD T XL F—REDINZ
Author (s) Ha¥, $8=; TAZIME, Kyozi
Citation JLEERF IR LA IR E, 25, 259-298
Issue Date 1971-03-25
DOI https://doi.org/10.14943/gbhu. 25. 259
Doc URL https://hdl. handle.net/2115/14003
Type departmental bulletin paper
File Information 25 p259-298. pdf

kaido
wo¥ U"/Ls

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




14. BHERITBY 5 K OB OmEHK O
TR F —REOWNFE

H#& X & =
(e R BN mR Y EE R E)
— A 45 4 10 AT —

1. BHGOZRILF—

1.1Y BOFosl Bk i, YEROB=3 L ¥ —OWMmIAhck > Thdhitt
FLYECTHBE IR BB L OFFICE L,

NACX 5> THRERDAFCL2HEED D, 1 2IPENOSHERABHINDZ LI
Lo THELDNFTHD, BEL L LT5E, ZOBCHEORMEETIERT S K 1~
7 P ETH - T, body force T B, i 1 DIXPEAERE I bR 5 HOLHTH
b, OB, HENOUBEEUEIRE)AVAELD, CoRIAVT RT VY LE
DT, APV ATVIAEEITNRE, ANV ADI L% surface traction, B, BHKE
EFRTHIELH D,

BRI body force 12 X o Tl 3B HE, BE~2 bt A% s & L, /Y
dr L35&, HHLTOWAHEBELEC VTR

ds
SPK-fa—t—dT. (L.1.1)

FREL, _ZPARZ ARSI PAORABEERERL T3S,
—75, BB surface traction & & » Tl 3 B4, LitoGfBErTELE
ZoWnC,

§v.2.qa. (1.1.2)
W, BNgE<2 b dAVCEERBEMX7 Pk v L L, ThIREZTAMO 2250
HB7 A% A B0 nst5E,
U =W+ a+¥,n, dA=ydA. (1.1.3)

L, U iy R ECEEGEHCFEAT 2R P AZBERLTCT, Zhbii~<z b
EVC‘Z&%O
L1y rrhl, ¥ dA=%dA DT, LLYIXKRDOTELSEBEXE L NS,

1) Lovg, A. E. H.; Mathematical Theory of Elasticity, Cambridge, (1934), 93-95.
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w-‘;j-dA=§w,-%%dA=§y-<w-%§—>dA. (1.1. 4)

Lnbic, HEES EGBES BRI 27 v AORBEOERY X i, —Ho~
7+ FIZBIL

§ﬁdA=Sl7-f‘dr;ﬁ=uof. (1.1.5)

ST, VM e LTRbR TV S,

PV,
08
f=11f.W (1.1.6)
Erihi, L4 E (LS 25
0s 0s 08 08
§u-3da~(r-(v-3)ac= [ wy e St ae. 17

iR, BAERERCEAA L > ThIRABAFEOH/IMLL LY L 1. 1.7 &b

oW,
ot

:S&K+wum+@hm}35dm (1.1.8)

o
EC ALY DL F=aaF —HCINZ bhb L, YkoEE =5 ¥ — st
b, BEFEINOEE = 2 0 F — oMk

o7 1 0 [0s 0s d%s 0s .
7Eﬂ:§&ng<5fhﬁﬁdf=§pﬁ?ﬂﬁzdr (1.1.9)

THBH, Lndic, EEHHERY

0%s
pWZpK_J_V.z]f : (01.1.10)
NE 2 H5hTh5DT,
AL =S(w-f7).‘;—‘:df (1.1.11)

Ed L, 118~ 1.11) 2k

oW, T oV
5t~ or Tar (1.1.12)

FROEDOE2FHIMEOEMC LD AT VY v A - =5 A F ~ OHEATERINORIN%
FHRL T 5,
12 SFHHTE, S—A0BRE ARIV pbd5s, AVAT LArVvAv O LDH

2) FEEFEZB; SRS P AT, 3%, (1948), 164-166.
3) LOVE; Wi, 85.
PR, diiH, 379-392.
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Rk
¥ =2V-sE+2u0, EV=VF (1.2.1)
DT,
. ds
v.r. —a—=)l7 8—=— "t (I7 8)+2uD-V - at (1.2.2)

LT, HARE (x, ¥, 2) O3EHEOHEM~7 vA &L T, k&THE,

. .o .8 3
s=is+js,+ks;, V:zﬂ—{—]—a-y——l-kgz—, 20 =Vs+sl (1.2.3)
e DT,
_ 05 _ 95 _ 0% _ 98, 05
Coa=Z Ow=, Pu=F . Pp="("+5",
_ 0s, | 0Osy 651 .
Ou=gitgrs Pu=gitg (1.2. 4)
ERL &,
20 = 20 Doy +3j Py + ke D) + Gk + ki) Do+ i+ k) O+ (@i +Ji) Doy . (1. 2.5)
@z,
. P P o\ . 3 P P
2@“7:l<2d)u7x”+@xyﬁ+@xz_a;>+1<@yz‘a?+2®m/ a +@_/za >
FH(Ong 00420, )
ox oy 0z
T HHEBEERET,
3 00,, 00, arp" 2D, 30,
2¢Va—t_z<<pm Oer 10,200 10, >+(z>_1,z +0., 25
40, % _ 9 g Lor o2 L 02402402,
xy at 8t xx vy 2z 2 vz 2z zy .
WDz, L2DRKDOTELFEHBND,
v.p. %8 _ 9 {2 (780 + 1 (@2 + D%, +O2) + (@;z+¢x+q>1>} (1.2.6)
(1.1.11) & (1.2.6) ¢ R BRB &
v 7. 02, + 02, + 02 D, + D2+
F:'( 8P+ p(0%.+ 04+ P2)+ ( et OL+DL,) (1.2.7)

ThHoTY, THEIER=FAF-BFEEEHIRT5,
AT, LLND~1LLI) %5 bR, TR L,

-

2 {Wc (body force)+ Wo(surface traction)} = 2rev.

4) LOVE; Wi, 102.
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@ % 1=, body force K HfEEL BT
0 0s
o (T+V)=§¥->--dA (1.2.8)

ThoT, FRAOETLIL dA THENCHEAZ B L THEKHIZEAA D=2 L ¥ -8 L
Zis&hb, T5H&, (1L1.6)D FIXHBEANASL = I L F ~FROEHEE~N27 b L LRI
Do BHI= 3 AF —KBIVEF VY 2 -2 F2AF -~ DEBEEESY wun IO Wpor &T5 &,

T=kamdf s V:S'I«Upotd‘l’ (12 9)
ThoT, L28) KDL BEEZLRSY,

%%waf+wmﬂdr=§ﬁdA. (1.2.10)

WIEHE A OFRITBRAEBCTENR 2 HACERT AR EEL D, =FLF¥-FERX
=30 F~MEBED 1 AHEOFEEL Wi, Bpes BLOFe & T5 &, (1.2.10) O

(wkin'i‘wpot) %gdr = (LT)kln+ wpot) A"dd—:: N

—%, 1.2.10) DAL oA THDH, DRI,
(Byint+ )i£=f (1.2.11)
kin pot dt z . . Lo
139 wkic, LLID) & (LLYDKES &,
'V=Sw3der=§WU&dA—S&V-Wdr. (1.3.1)
Lanic, L2.70)ekus
Wpot = ¥.v.s 4 ¢:2z:z, ng’
I BT B ERRTH B,
— Rz, f(x]-)=zj: 25 DBAL 015 (xs)0x;=2 Zj] x; I DT,

flestozy) = 3 (@ptbasf = 2 25+ 2 (025042 T (025) 25 = flag) +f bzg)+of (z,)
(1.3.2)
TEC, HRGEE L TR AW TEGE 5 OFAE 0 &L, BEREMLETIES
ELXFKbEhB,

Wpot (8- 38) = Wpot (8) + Wpot (08) + 8 wpot (8) . (1.3.3)

5) LovE; Wi, 177-178.
6) Love, #iHH, 171-173.
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Labic, ERINEROBZ T, d¥/ds=07cnC, (1.3.1) £ (1.3.3) &mb
V(s+ds)—V(s) = V(38)+§ Z[f-és-dA—SBs-V-llfdr . (1.3.4)

L%, body force 23 C s 3P EEGEEHL CnbE, (LL10)kkL b F-¥(s)=0
BOT, L3 YOEIDEIFIOTHS, Ti, s b st+ds MAKMHEWL T 2L, B
DOHE—MEIC X D, FHRM A ETix ds=0 Thib e bia, Wwiic, FLOHE2ERL0TH
. =7, V() 1L (L2 NIBAbh s & & 00F KB+ 2 H KRR /ADT, HCEDHETH %,
R, L3 ko ELMEN%,

Vis+ds)>V(s). (1.3.5)

ZORL, BHIC L BEF vV v =3 ¥ — 12RO R/INC /e 5, 2 L 2B
LT3,

14 =FA¥—-WHBEORABEILLLE)LELZLATHIDT, ZORDEIDHFSEE
%, bW (L2 1N)ERATE L, FARCEF 2= L F-—MEBOREBEEIROZ L Kb
Xhb:

_ {z(as/at) Ves+2p a>-(as/at)} . (1.4.1)

B, HABE (x, 2) AL, TOBM N7 b AR i R8I0k, s DRSY 8 B
J:OSSS &?hof’

s=istks;, V =1id/ox+kd/oz (1.4.2)
1z DT,
as, a51 9s3 a33
Vs = Ly + ki e ik ——= oz +kk—==>
o — i O ik O g aass +kk 2o (1.4.3)

pxic, (L.2.3) 2B Lkenb L4 2 L4 DKRATE L, =31 F-RBEEE<Y
PAD 2 BLU 2 BSRERERROT LS EDEND

Ja=Fi=—(T00s/0t+¥..05/01),
e Folom— (U000 4+, 05,)01) (1. 4. 4)
¥, = A(0s,/0x+0s5/02)+ 2005, /0x , Voo = Vo = p(0s3/0x+0s,/02) ,
V¥, = A(05:/0x+0853/02)+ 21 s5/02 .

Wiz,
vy = (G20}, v (e, h=oju,, Ek=ofu, (1.4.5)

CRE, PHERBIVUSHEOEMETF VY 4L
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D(z,2,8)=¢(x,2) " BLO Ulz,z,0)= ¢z, 2) e (1. 4.6)
THAL,

5= 0)ox+aV oz, 3= 00)6x—oV /o (1.4.7)
& B,

P24-h) ¢ =0 X0 (F24+E) ¢ =0 (1.4.8)

Thhug, K=0 78508 R 1L10)A sk - Tz hb,
Lasic, L4.5) kX uf

zzwawa} : (1.4.9)

THO, 1.4.6~1.4.8) ikt
35,/02 +8s5y/0% = V2P = — h2Petor |
@2, (L4 DA PV ADERPIBEMET v v L EZBWT, RO ELEDLEINS:

Vow _ 6 9% v
e {th_kz) ¢+2<8x2 + 0x oz >}ei g

wzz wzz — (2 aZ¢ _62—(/) 629[) > eimt R
“

dxdz 0x* ' 02

o
Pee {m—mg2( S5 ) . 4o

I ETHEETANER, 1449 0F LR TRV EMDORS FREMET v v LIZBL
T2RAXTHY, ULHLEEROCEL Tt RGO chro L Thb, iz, 1.4.4
DEMDOBSF FIXEMAET v+ LXTh D ORI DL EHAB L T iEiebia,

Z2T, 1L4.6)D @ BLU Y ORFEERY T Fh

O*(z, 2,8) = ¢*(x, 2) e ™ 5 L O U*(z, 2, 1) = o*(z, 2) e~ * (1.4.11)
ETBL,
Re @ = (1/2) (@ +D¥)
DT,
ONe D)ot = Ned /ot = ({0/2) (P —O*).
F 7,

(ReOF = (1/4) (97 e+ 29 §* + ¥2e2)
DT, 1B 2n/w OO FHEEYFEHTS L,
[@wﬂ

@2z,

1/2) ¢ 6* .

mean
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[(ERe 7. <‘.Re 951 )Lea‘n = Wt st U = L [< % 9 ){(w— £2) g+
S B2 oo 2 2]

oxt  oxo0z 0z 0x 0z
053 _i_w * o _ia)/,t{a_¢_a¢>
L R
(o DB DT T (0T 00, P 7, )
oxoz  ox* 02? oz ox dxdz o0x? 02*

a2 (42)

X<2jﬁ§i__m¢* W¢*>_<3¢*4_3¢*>(2 ¢ 9% 3%0

0x 02 ox? + 0z? ox dxdz  o0x% ' 022

[(‘Requz) (me 9ss )]m Y L [(ai—%) {<2h2 ) ¢+

{2 ) (22 e 25
—F, BEUAELIILYOEH =L F—1%, 1.1L.YKXDH e
3oy ] a9
(TR

(2], 3 5 % = (22
©t ) Jmean 2 0t 0t 2 <az ox )\ oz oz )

¥, BUEEIEVOBEWBCLIIETF vy v A =3 AF %, L2702k

GV 2 5 ds, 53\ P 3sy | 053\
3 (’78)+”{<a >+<az>+2<az+ax
_ 0s; |, 0sy 053 asl) 0s, Os3
- [ (6:1: t az) +ok {<W+~5; %%z oz (L. 4.14)

asl 053 1 /0s, | s3\/[ s} 353>~h_4
fre( i+ 5 L= G+ NG+ 55) = 7 ee

ds, 1/3ds; 05, <GS3 ast )
L{me< a + z )} ]mean ( + Z) ax + az

9 az n az¢ az¢ ><2 az¢* 82</J* _ ang*)

dxdz ' 92 0xP 0x oz 02* ox? )’
ds3 ds, 0sf | sy Osf

e @ﬂmean (3:&: oz + dz Ox >
i) b 4 o) ><62¢* 0% >+<62¢ o2 )(8295* o} )}

0x 0z 0z 0x oz 022 0xoz )\ ox° 0x oz

2
)
1%

[ ds
L(ERQ -a_

2. BBREICHTSTERO RS
BARAEC T EO P ESLO S BoAEEY ¢ &L, BAECEBLSAO P
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BIOSHEORMEBEREFTh T a IO B ET5H, KT, HHERACEBT 2EMRT VY ¢
A @D P—P, P-S, SOP X S-S RHEBEREFRFNA B, CEIUD L35L7,
A=D=—{p-er-1eas)[{E-epraeag),
B =~ (a/p) C = 4t (B~ ) [{(f*— &7+ 420} @11
ThoT, THLDOEIIROBEGEMNRSS .
A2—BC=1. (2.1.9)
Wb, PEROBLAET v v L
Di(x, 2, t) = 9y, 2) € Pi(x, ) = e7t0= ) (2.1.3)

NEHEET2=0CAHTI L, E21IRECRIRTHBEIEL, ROZEEPEFR LIV SV

WEARHT%
o]
X
/‘#i/\ 95[
\’b[
P, N, p
Z
$21 A TEEE O F
Fig. 2.1. Reflections of plane waves.
D,(x,2,t) =D;(z=0) Ae™** B LV ¥, (x,2,t)=D,(z =0) Be ¥, 2.1.4)
-,

Doz, 2, t) = $u(z, 2) €5 bi(2, 2) = A(§) e &),
Vilx, 2, t) = u(x, 2) €5 ¢u(x, 2) = B(§) e 5=+ (2.1.5)
R L, CLABIVERLED ¢, b1 5 & Uik Th F R~ sty ORHSHER
1.4.8) %3, Lard, ChoixAHERE 2=01Ck T, ROFERAFAEEIHL D
V=", =0. 2.1.6)
ST, Al b BE) bFEHOBEE, i S FIV ¢ ORWBERBAI KO L (Kb
ha:
$7 = fEEmD G = A(E) TR g = B(E) Xt 2.1.7)
EROER B XL OREGRIC 2400, TOEEThLORIPHEER L 2R UT 5
fedTH B, L,

7) BEkET; RE#SCET 5 ray theory oA @), #E, 11 (1958), 151-152.
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SEEPE R L Tt E=¢. (2.1.8)
W2, OB, oTRTOBCOWTYL ' OFE|IZTHRAAV, 22T, FHE
BLAOHEDFEEICHT D, BT, QLD ELEbLI,
Edme,

B = dulz, D +dilz2), §=di(z,2) 2.1.9
EaE, 2L9%(L412)CRATS L,

[@te Vo) (e 05J00) | = (o) (6@t 00+ Boul {ioa— 1) 01+ 61— 267807}
+{g @i +on+891}{0ar— ) G 902280 |,

Ot 7. @edsyon)], | =~ (o) {al—gn+egs) {oza (g1 —pn—(52—5 91
+o gr—en+ 91} 28ap—p0— -2 01}],

[Oe v @easyon)] . = (oma) {0etpo+ B} {27 (97— 97— (57— 7 07}
+Hewrron+por 20— -2 0.},

[ vy Beosyn) | =— (0w {a@—so+204 {€7—p @1+ o0+ 20867
+w@r—gn+eor{E—p gt o0+ 26804

KiC, ChbOatERERY L4DITRATI L, = F—HREEOKS O 1 B 2r/o
DREIDOFFEILRD T E T8 :

Fo = o/ {2ac (¢ +8)— (- 1)=& (20— O} (6,65 + 1 9T)
+{o8p (€ +8)— e (p7— &) & (=21} gu gt
—{pae (481 +£ Q=R +E Ra*— O} (e b7+ 6160)
—{paa—268 — ) o+ 91)+ B (00— 265~ 1) B+ 41 97
+{a(2ss' B (=) i+ (26— 48 4u(9T — 97} |
— (om0 {258 @+ @) +a(p7 &7+ (F =)} (Bugt— 4. 60)
~{oze B+ 82—+ (-} g9

+

oz (@ — @)= a(pr— &)+ (=23 (967 — pugD)
+He@r-er—g@—a){p0r+en—G+90 97}

+2(—¢ ){aﬁ’(¢¢—¢z) =B eui—9) . 2.1.10)
ERod, 668, 6107 35 X g HRBUCHEOWHIL, FTRERAS PE, K& P¥E
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BIVORHSEDO=xALF - HEEETHD. ThOKFEL, hoEHR RO SO -

CTFER L TAE =3 A F-HEFEELERL T3,
218 D& HHOT, T, 21100 f 3KkOZT LSBT S :

P OBHEE,
R, 2) = = (o al2) {97 — 91 67— (Bla) 191}
G905 =1, Sipf =A%, ¢ugf=B. 2.1.11)
L»mdic, 2.1.1) & 2.1.2) 0B8Rz X »
2.1.12)

P9+ (Bla) 1 ¢F = A*—~BC=1= ¢, 97 .
P2z, fo=0TH-T, CLIZDJFAHPEDO=FLF-—BEED z B7 iR P K

BICRH SEO=ALF -HEBED : AR EL{ BEINRD I LEE®RL TV 3,
we, 2.1.8)% (2.1.10) D f TR AT B &,
7ol 2) = (2 B G 6T+ 16T+ b $1)425 (e K2) A cos (2a)

-Ha+ﬁﬂge—ﬁ@a—ﬁ§3coﬁa+ﬁpv4a—m{%L+ﬂ@a+ﬁﬁABcoﬂa—mz]
2.1.13)

Wz, FHICX - THEUL @1k, z WFTC, 2 FRACEEBCZEL+ 58

Br245, o

L, B22[RIRERTWAIEL, B
LRICIEDSFHE % % %, x CEELH% 58
BT H=FA¥-HEYIAETD &,

S¢¢¢:dz==KZ§,
\ZV
#22@ Bon R0 FEE D KA

Fig. 2.2. Reflections of plane waves

(002 az - aeap,
having finite breadths.

§¢z¢7dz=321vr§.
Lbic, 145D BIVEXEIRER PHERIVC SEOTIBEAMOBER LERL
TWHDT, PEBIVCSEOAHARZ TR LTh 0, X060, &35,

E=hsinl,=Fksinl;, a=hcosl,, B=kcosls (2.1.14)
LAhiedhb, WL, B21RE2ERT5 &,
B/a = tan 6 ,/tan 0, = MS/MP . (2.1.15)
W, (2.1.12) & Ffg
(2.1.16)

[esrae(g.tae =P = 4512
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BONKCEOFEEE T, B21IHCALRhAZEL, 2 DRERACTHRET L LEAD
WOFB L AEENLENDLZ ENTED, ZOBFL
[z = @nerer2 {g godtdz+ | sidz+(g, z"dz} (2.1.17)

ThoT, @LIGICE D, AMPED z HAAD =¥ —FBIL RS PR L O S
WO & HE~D =5 ¥ R RE SRS,

Ladic, QLI)OERIX 2 KL bRDT, 2.1.16) % 2.1.17) 1 2 DL AL BT
MFRETH D, THE, THBLILZ=AAF-RBEEED 2 RO 0T LD, LOFE
WE = M S AT, = A F —HEIL 05 b0 L ERLRE,

SDX SR, (2.1.12) & (2.1.16) L1z kb, AHPEO=2AF¥ —HBEBILTNTR
BEP W LS S WO= A AKX —HEICRESND, LisoT, oW, kiiigr—v-
W, CHLBNERGO=FAF ~HEE PEAMEIR> Tl
2.2 AHEAS P 4TI T, SV 4 BRI,

Go= B gy = C(g) et gy = D(E) eter, @.2.1)
(v @easion ] . = (@ut)[{e6:-Bioi—en) {2ar—r0 97 228 (02— o)}
+Hegr—pwri-enf{ea - gir2sp—o)],
(e @eason| | = (wut)]{—asire@er gl {2easi+En—en gr+om)
+{—wpire i+ on) ptag - E—) Wit i} ).
[ewa) Oeasyon] | = (@ua)[{s— b~ pal{ 28w si—(F2—e2 1+4D)
+Hegr—pwi—en){—2eati— (-8 (4t 00} ],
[Rewa@easion ] —=—ma)]{—api+eetgo}{—62—e7 gt
—22 (= g0+ { gt Wi oD { (=) gi—288(ge— 90} .
pziz, 2.1.10)0fb i, RACEETS :
Fo= o[ {288 €+ &)= 2 (87— €78 (= O} (e g+ 91 9)
+{zaa’ (€ +8)— 8@ — )= 2 — 1)} u 7
—{2BF € +E)+£ (P87 +8 (B8} (Ge g+ 19
—{a(288' = 87 fulgi + 91+ ol (268 — B+ &9 9T o+ )
—{BsE =20+ k) (¢ 90 87+ B (228 — 207+ B) 42(01 41} |,
Fo=— (o) {268 (B4 B)+ BB 80+ B (P — 8} (Be i =1 9)
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{228 @+ )+ a B+ (-] g7
—{288 (6~ p— 87—+ B (=} (9s 5T — 1 97)
+Hewr-ey-eE - {9t s1—puor+on)
+2( =8 {Blp— g0 97 —aB gt — 9 | (2.2.2)
ABHB Y SV B OBEIL, BIXERTH, a EH —da i) 5B, OB, 2.1.1)
DFNTOREFHAERBIC 5, PRI,
tan ¥ (§) = 44582/ — £ 2.2.3)
ERCE, CLY)RKROZELSENND:
A=, C=|Cle 5 |C] = {455/(F— ) cos Y . (2.2.4)
THE, C2NRBROTELEDLD:
= et | § = |CletemiaYn) | g = gmilémthz2r-n) (2.2.5)
T, a REROBETIL,
0¢.)ox = — iad,, 0pFoz = ia’ $F
THote, THERL, a BEH —id 0BAI
00,0z = — &g, , 0¢f[dz =— &' ¢} .
BRI, a PEEOHEICIE, 22200k d LrxThLh —ia & LICEIRZD
NETH D, bz,
Fo=— (op )| {268 BB B89+ (B =) (edT— 1 91)
—ifose (W —a)-a (g7 - ¢+ & (- 2)) .97
—{2se (B p— B~ &)+ B (F— )] (Gt — $197)
+{e 67— )= 8B} (9ei— 197+ 91 91 — 6141
+20(& = &) {61 — fu §1)+ 8B (G145 — 997 | 2.2.6)
FEEOCHEL, 218 % 2.2.60) tfiAToL, KOBEREES:
L= (0p B2 (e — o), Pt = agi =1 2.2.7)

bL, a DALY, BLEMTHS LTHE, 22600 L LhThEh —iB L il
LCBEERR DNETH D, THE, (Qudi—dudl) DHREL 0%,

3. HARALHKIIE—-LORS

3.1 HEIIEEFRIATWABETEL, z=EH FHOY + ~ITHEEL &, 1§22 OR
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TR LI ASPFEE O RS+ ~TIROEP NS, 18 2a O — 203K D, bbb
Ay REBBTHECEFRENEBI ADT, €~ 0B X THEERD, ©—20ME LD
BWORBIZ—F T\, Lal, SCTRE—-20BEAFLIANBOTIRRL, €—24%
BO=FALXF~HBEXRDIONBMTHS, @2, EREOTLELC—a%FEI LI,

Fot-dic, 2=E@EET

o] o’ R

IO for |2/|>a k 1 . > X

) = [ 1 f , | 7 =

or —a<z'<a ; P A
E
(3.1.1) : )I/ // ,; beam

Y NS

T HBREERL, THEOAGHTFEE O AR \ VL S X

Bow & &L A screen
(1] >
. 1 (e ///)///;)lane wave
LA S—

SO =5 | Fa)ee-eor d !
(3.1.2) p 2a

Bl Y~ HOBRUCHB SR DA BI1E venTfilise-soBR
Fig. 3.1. Construction of the beam

e —~23kon{EHLINEY: by the screen.

polz,2) = |7 S@eseerge
(3.1.3)

ZORDSE R al TEEHLD L, B
R O, E) b RSN HHEEI L5,
St, 811w B LARATSE, 2=E

—> (7/s) ${¢)

o
i
~
'
e
L
o

£, !
$(8) = sin {(g— 0 a} /s e~} %328 SO 0 % it
- (3.1. 4) Fig. 3.2. Variation of S(§).

P, BI2RKRINTWBIEL, SE I =5 THBK a/z i), 16§ XX
St BRONTORESL,
30 QLIYOAHFEPA B L) O L& —ainBh &, 215 ORFFEE ST

NETRRDT L EE— A0S

oo

@i(z, 2) =S S(&) A (&) e-tCea+aEran) ge

—o0

oz, 2)=|"_ 5@ Bl etemrem ge (3.1.5

IHIR, (3.1.4) B X ¥ (3.1.5) oILEHE FEHIL

8) BREKHOVSKIKH, L. M.; Waves in Layered Media, Academic Press, (1960), 100~122.
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%

silen) = s@yewsvEdy,

$ile,2) = S@A@) eI,

gz =" _S@) BEy eIy 3.10
P2,

.97 (oeam) = {”_S(6) S(&) 41 (plane wave) di'as

e EOBEADD, T SRER, =3 AF-HEEECELTL, koo & BEERKT
5

F(beam) — SS“’ S(8) SV Flplane wave) d&'de . (3.1.7)
D2z, 211000 F % (3.1.7) OBES BB RAT S &,

Pz, 2+ beam) = — (o D{ L@, 21+ L, )+ L, 2)+ Lz, 2)+ Llz, 9+ I, 2)
(3.1.8)

Liz2) =(["_s@ s a@r-erra @-ertoe ara)pgrazas,
L= [[7_s@5@) [alpr-e+a (- r2ee @rar)pusrazae,
Lo, =—([7_s@s@ s+ -y @+ guraza.
Lo =" se (e’{ (37— &) —a (=) + 268 (a— )} (gt~ g7) A2,
Iy(x,2) = ﬂ S SE) {E(ﬁ"" &) =& (= )] e+ 19— 9o T — g AT,
hiw =) =2(["_s@sE@e—a {ap@igr—pign+ gt —gon} azas.

LnBdic, L8 oFBESBERCE TR TWATMAT vy v ML TXTRAEED L O
DT, HBRFRE exp {(§—&) x+ild’—a) E} #HETH &, 2=0 Tix
p:pi =1, Sidf=AE AE), ¢gFf=BEBE), ¢:97—¢:07=A@E)—-A(¢),
D5 dF = BE)EB(E) A(E), ¢:dité,¢f = BE)»LBE)AE).
7o, B L) DWHESBIK SE) LV SE)V X BLYKALhB L, & DI TLA
KERMEERFOZ LA TER,
P2, EELR Y THTETRTOBE Y &METT— 5~ &L, -6 T -5
O2FPYLEFBCHEHYERT S L, BEUTERBOHICROFKRITETS
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I]_ (1:, 0) == 2k2a(§0) I(x, O) 5
IZ (.ZL', 0) = 2k20(50) A2 (EO) I(x, O) ’
I;(z,0) = — 28 3(&)) B*(§0) I(x, 0),

L(z,0) = — [ (¢/a) W —da®) 0A/08)|,_ 9Tz, 0)f0,

Is(z, 0) = — (k*+42¢3) [(1+A) 0B/0c—B3A/d 5]:;5 0(z, 0)/oz2,
Iz, 0= — 2[ pBo{a 1~ A)} /g — a1~ 4) 2(8BY0E |, #I(x, 0)f0a*;

1,0 = [|7 5 5) et -mere-0=aerae. 8.1.9)

b,
121, 0)f62%] = (& — EFI1(, 0)] =~ (4£P I (x, 0)] L 81 (z, 0)|
DT, I, I LU L, I, [ i3BHThIWEEL b3, P21, BO3EXYHERTS
&, B LK EL B

Folz,0: beam) = — (wp/4) {11 (, 0)+ L (z, 0)+ L, 0)} . (3.1. 10)
Lad, L, I, LcBEL Tk, FEEOHE® (2.1.12) & R,

—{Iz(x,0)+13(r,0)}=2k2a(50) I(x,O)[Az-i—(ﬁ/a)Bz] —L(z,0). (3.1.11)

2=

ZhEBLINIZRATSE, £=07%0DT, z=0f* I HCEEHCTRETS AL P KO
E~ D= R A F—BRTNTRAPEERS SEOE—20=F £ —HELEHF I h
2HDLHERINB,

wiZ, 2.1.10) D fu % (3.1.7) OWEA B RAT 5 &,

Fule, = beam) = (wu4){ Lz, 2+ Lz, 2+ I, 9+ L2 2+ Lz, 2+ Lz, )
(3.1.12)
FRo I, LBIOCLIFTRFRPEOAHE —A, PERIOCS EORE Y — A5t
GL, In X Lz bOFHBIZ L - THEULETH D, Slolll, £ il & oK
B EEBTTF—5—BHL, f-& ¥ ¢—5H D1 R EOBEYEET S &, 4Ei13, (2.1.13)
S%&?E%ﬁkt%@%ﬁlﬂKﬁkLt@&ﬁE%%Kkéo?%&,BJJ@KO
WTh, FREOHED (2.1.17) L A ER N ELh 5,
3.2 AHE—anPRETHALSTSVET, o E<hDBEE, 2.2.2) % B.1.7) KA
T5E, BLYIKDISKELS:

Folz, 2 : beam) = — (wp/4) {11 (@, 2)+ Lz, 2)+ L (2, 2)+ L (z, 2)+ Iz, 2)+ I(z, z)} :
(3.2.1)
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L(z,2) = SS: SR {ﬁ(ﬁ'2—5'2>+ﬁ' (B —g) 1258 (5+B)| gyt d d

Wz, 2) =—

{‘3 ﬁ’z /—/2 +‘B/ ﬁ2_$2)+255,(.8+ﬁ'}¢1 df/df,

sy

(a,2) = S S @ fa(Er =+ ol (B— 24268 (el hrgrai st

o2 =" s@sepE-e9-E-or2e - -pgn s,
o2 =(["_s@se|eer—en-eE—) gt +noi—gigr—pin deae,
1w =2({" 5@V € —8 {wplge—p) g7+ab gulg7 - g1} derde

ZITh, EERR Y OB E SHEBETT -5 BT L, R, B.L9~B.1L1)
PrERENB LR S,

ABE— AN SVET, Lard h<E<kTHoH L, BIXERTH D2 a LB —ia 1Tz
5, TOBHT, 226 % BLNERATS L, G2 OATVDOZFRIIKRDOX 5D

L(z,2) = SS:S@ g >{ (B =)+ () + 263 6+ ) e gt 8
o == ({7 s@se|pE—e+ o E-oroe o p) prarac,
SS 8 5@ [a(pr— - (-4 268 @ —) gtz
14(x,z>=jj S@) {Bt—en—5 (=268 (B— B} (et — . ) dE'de,
Lz, %) = SS 8 SE {(7— 87— (P~ (Pugt—4u 97 + i 9T —pug1) dEdE
Lz =2il[”_s@s@@-o{wpw—eogrrapair-gnlacds. 6.2

Sleteth, §% &b St TT - - RBETS L,
BB* =)+ (B — )+ 258 B+ ) ~ 2065,
G(BP ==& (- 4268 (6 8) = — @O ) 4]

=%

Bl am— B (F—e- 2688~ )~ 28 -] . 3.2.3
PRI,

Yo =0Y(&)/0¢, (3.2.4)

1,0 = {[7 s sy e -prec-omazas (3.2.5)

ks, B2D)DHUDHDDATIRDO ELEHLERD
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I, (x, 0) = 2k%B(%0) I (x, 0),

Lz, 0) = —2&2B(&) I(x—2Y, 0) = — [ (x—2Y,0),

M@@:—BHMW+MQWQﬁHwJ%mmL

Mx®=—%wm@tm%mwy]w@—mﬁwx. (3.2.6)

g %b:-"

(B - (P~ — O k4280,

Gt =i+t~ ~ 2 cos’ Y (0/08) {4BE/(5'— ) | (/&) TN,

&B(Pe@f — o p1)+af (S S — $1 ¢7)

~ Zi[(&lCI) (0/9¢) (8 sin Y)— B sin Y (9/4) (&ICI)]f e O=TEN

W2, 3.2.1) 0FADOED 2H L T,

I;(z,0), Iz, 0)ccd?l(x—Y],0)0z%.

(3.2.7)

Wz, Lt L &—Swpl+rorestl, Iy & ik (=R icthfilds, Ladic,
Fh &L SHIAEVWDT, Lisli® L & LWCHLTERTRE B20IIKkozEBEE

2bhb:

ﬁ@m;mmm=—@mmwupm+5@xwuunm+a@mﬁ. (3.2.8)

LROBHDOZEL R E LT EE3 3RO LD, ZORTIL 2 BEOERE
hT5EBHEOERM T3, RESVE—a Litz=0 KB TALH SV E—anb
x I 2Y 12 Fhe, Losl, L & L OREGBCHEL TH 3237520 T, £~ A0

BT
L+T,=L+I,=0.
IRHWRL, ASE— A0 (A, B) 31
Tt
L+1,%0
DT, L+ 1L, X5 L+ L i &b - T, ik
LT f(x,0: beam) =0 OLBEARHEHINB LD
LBEbn%,
Edoz LK, - 2O fE Tl L+,
0 Ti7ew s, ZOEEX AfEs BAET
BEHELCWB0T, L+tLx zic2onT Axnb

9) BREKHOVSKIKH, L. M., #ifti, 113.

energy flux density

$3.3F HaXF<sF5 SV
SR 5
Fig. 3.3. Total reflection of SV beam
on the free surface.
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B+2Y) # e THE, FOBRIL0OARD, Tibb, R AX-HEBE TR T,
=HEAF~FRECEITRE, -2 L TUL BIC

S %(z,0: beam)dz =0 (3.2.9)

THoT, AFHE—2D=FAF-—HEBIZLTRNTEHE - 202 EHFEIRD,

4. FEBEHO2 3OHEOKA
41 SFFHkoEHHER T
vp={r2mie}”, v =(uere
&k %, body force #EHRT 5 &,
0%8/082 = VAPV +s—vIP XV X8. (4.1.1)
HEERRICER a0 ¥ARERELL
h=ofvy, k=ofv, 4 (4.1.2)
ERE, GLD)RKDOZEL 55,
§=—h"2V.-s+k2F XV Xs. (4.1.3)
COROWIZ divel BB WL rot=F X e BAEEY 2T &,
(P24r2F 8 =0 L P2+ 7 X8=0. (4.1.4)
W2, (4.1.3) %k ,
(F2+k5) =0 (4.1.5)
IRBTD~ by ORES HTERROEE LR, ThirEYCHliGhbeuIlv., £0

Bz, SIRILOEED LCERATHEI B RET DL, SBEEER 2 LK, 4.1.5
B—RRTROBOE#HS FERNCSTBR S,

L) =28 1p) % gm0 -0. (4.1.6)
P OBEIT
L{¢) = d*¢pldz*+ k¢ s p=0,q=F,

Mg oEea, 4.2.3) 00 k<

L(¢) = d*¢/d=2"+(1/z) (df/dz)+ (1 —v¥=2?) ¢ S p=llz,

q=1-—2¥2". 4.1.7)
(4.1.6) Im B\ T,

10) ki@ zny; BH, 34, 137.
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p=%(1nf)=%% ' (4.1.8)
L3l L,

L)~ (F9E ) +ay
EE»rh D,

4. 1.6) I BT v & v & BFETRERDT,

4(y,, ?/2)5’!/1_62%‘—?/2 623;1 (4.1.9)
HEBEL THD, Ay, y) BHFRFTEA L) =0 Off y1 35 L O v, © Wronskian & ¥R T

W5, W

NI M ESRT Y OFEBRE T THIUE yo=ath DT, AW, U)=01275%,
CHIERL, o1 & 1 DFANEZE dYLu)>x0 THH T, 1 & U XAV THS &
Zhhb,

NBICT % QL) DTN AL T 5L,

dd d* d? d d
D T 7 <P7?~+qyz>+yz<P—d%+qyl> :

Wz, 4.1.8)E%HT,

dd d

Ind=— gpdz =—In f+constant,
T,

4= constant-?(lg . (4.1.10)

MEEOHAIL(4.1.7) L (41.8) Lhb
f=rconstant-z
DT, 4 1L10)KDO T L85,
4y, y;) = constant-(1/z) . (4.1.11)
—%, BEEOBEIE, A1.6)E QLT ExERBTHE, ~vir LB HY(z) & H?(2)
EERIWCH Y Lg)=0 O L E2 5 LR TED, WzIT, ALINK XD

(2) ¢Y) X
4(Hp, HP) = Hp S e %— = constant——-. (4.1.12)

11) MoORSE, P. M. and H. FESHBACH; Methods of Theoretical Physics, MCGRAW-HILL, (1953),
524-525.
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Lndic, 2 AR EWHERD
HY (2) —— (2/m2)2 gte—tn(ut1/2)/2 |

H® (2) — (2/nz)/2gte+ix(:+1/D/2

Bz, 2 AEBDTRETHT,
A(HY, H?)— 4f(ziz) . (4.1.13)
FIT, (41.12) & (41.13) 2 & HlT 5 &, (4.1.12) O constant 13 4/(xi) Tl b
R EAbnBY,
4.2 BRIEFE»OEHINDIEEE 2 5121k, FNEEE T, 0, 2) »8AT 5 LHFRETH
B, ZOWEK, H2HD SPEOLEE s,=¢explivt) 2T 5L, ¢ DFBAIL(ALE) TS,
2 FEANIZERD B SRR S Hawwi

d 1 o 1 o2
2 _ . — e —_————
F—VV—3r2+r 3r+r2 00?

(4.2.1)
DT, ¢=0,N g0 LB &, G1DITKDOD &L EFHEVHEACHEI NS,

7t & r dd
¢1 dr? ¢1 dr

+

Pz,

2 2
Py = e | %_7‘{’714_% ‘Sﬁl +<k2_%> G =0. 4.2.2)

I, z=kr B L, 4.2.2) D 2RT Ny 2L DG HER

2. 1 2
cfi;bzl +1 zfisil +<1_%> ¢ =0 (4.2.3)

B, Ny OB HFRRNCHL TItE 2 BOBEIAHEIR TV, BBEERI I
AV LB HP(R), HPR) ¥ ES L BER L v, 2 8AEWE, GL12)OTFTTRED
&<,
H® (kr) et oc ghlotn) | @ (ky) giot oc gitot=kn)
FERER r HA~OEERS X CH#TEYELTALTH S,
SRIRES DR IR BPIL 7 FENDOETE THHENE DT, ZOBKIL(4.2.3)0
WEE LT =aHPR) »8MAT5, 72L&,
5, = et g HP (kr) e . (4.2.4)
BhL 5; B 2 FEDORILST, 0 FANLELERBEIL v=0 THDHX&KDT, (4.2.4
BEIbRROZEL D,

12) MORSE and FESHBACH; fijH, 623-624.
13) MORSE and FESHBACH; ®iHi, 624.
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sy = e n HP (kr). (4.2.5)

T, 4250 L EMHENSFHOKAECS 21 2BEG2 WO ok, ~vrall
B HP kr) E7013 HP (kr) 2P EE»LERT L2 FRALER 85, ZOFBIT Lams 1T
Lo TS Tilobhie s, H®IC7s- THED ik

r= (.’IIZ—I-yZ)l/Z , ‘3 — (k2_52)1/2
R L

H (r) = [ etiewsan

—oco

d: 1™ s d
= H@@ﬂ=;{ ezmww7§ (4.2.6)

—oo

7 HBtREY LaMB X 0 L —BEFEMCER L, ZOBGRRL, Chisd LU FEHOER &
BOBEROESHGEYB A RBEEETHLT L bbb, ORI ITZ DY
HERDRGRERV, Lad, ORI I ROGVERES ORBEL UL ERbR, 22
TiL, STRATTON® LKA FEIC L D, L 0EBPCR LN S~ v 7 VBB OB ERD

H®(z) = TIT_S ¢t cos $+i(5-5/2) b . —%<¢<r: ,

B
HSZ) (Z) — LS ez’z cos ¢ +4v($—x/2) d¢ . L<¢<27‘L’ , (4 2. 7)
T Je 2
MWHHBLT, @26)IHETHI LA L ’ |
5, 2.7 0KRSKE B I C g4l Kimr 27 { |
!
T3, A [ i
| {2}
- K l H |
Il:S ettearn) 45 | Il
- 1 Y 1 .”! 1 IZ"T
BT, (6 8) ERITIR [
. | |
E=+ksin?7, P=rFcosT (4. 2.8) | [
B C |
ERE, (z,y) ERTIE ;
I ¢ plane ;
|

x=rsinf, y=rcosd 4.2.9) |
B41E ~vrrBK HV (), HP?(2)
BNy w1 J(e) oo K

Ex+pPy=rkrcos(r—0). Fig. 4.1. The path of integration for
Bessel functions.

Lkl &,

Fio, T=T+i (F 4 7 LFEH L6 &,

14) LaMs, H.; On the Propagation of Tremors over the Surface of an Elastic Solid, Phil. Trans.
Ser. A, 203 (1904), 1-42.
15) NAKANO, H.; On Rayleigh Wave, Jap. Journ. Astro. and Geophysics, 2 (1925), 1-94.
16) STRATTON, J. A.; Electromagnetic Theory, MCGRAW-HILL (1941), 361-369.
17) MORSE and FESHBACH; WijHi, 623-624.
WATSON, G. N.; Theory of Bessel Functions, CAMBRIDGE (1922), 178.
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sin7 = sin 7 cosh 7+7cos 7sinh ¥, cos? =cos ¥ coshf—isin7sinh?.
Wz, I3mp>0 T

&=o00 DKL F=x/2, T=—o0,
=—co DL F=—nf2, T=o0,

2/2— 400 7/2+0—500
Il — S eikr cos (7—6) dT — S

—n/2+4%0

eikr cos rd'f — S eikr Co8 7 d}’ R
B

—a/2H0 a0
W, (4.2.7) LHEBT DL,

I = aH (&r).
wi

—eo B

DOEHL, yoroo TRUBSELERCHE T 57201y, Im<0 Thirhilinbn, @
Z I,
&=co OFFIT T=n/24+ic0,
=— o0 DOFFITL VT=—mnf2—ioc0,

7/2+0+4¢00 32/2+ 8+ 400
]2 — e—z’kr cos rd;’ = ez'kr cos rd;’ = 5 edkr cos rd;’ .
—n/2+6—¢c0 7/2+6-50 [

P, 4.2.7) LT s,
_ I, = aHP (kr).
4.3 SHEOEMORSG %, s=¢expivt) LT 5L, ¢ 13415 %HEETS, SHEDOEE
L V-8=07eD>T, IEHT vV Ak
U =240 = p(Vs+sh)
Zitk, @2, HBMBE»OHNED =F A F - HEEER, (1.1.6) DELOFEEZE LT
=— U -(98/0t) = — p(Ps+sV)-(38/31) .
W, MEEEROERE r HGOBM~7 t A%k a, BHEOHEML~2 bk as b L,
B s=azs 13 r FRCOZELTHI0ETHLE, BRI
Vs=a,a;0s/or, sV =a;a,0s/or.
PRI,
f = — pa, a;ds/or+a,@,3s/3r) ayds/ot = — a, 12(9s/or) (s/0%) . (4.3.1)
Ladie, L4110 CHRXADO LR UHEBAR LD, s OLEFELY s+ L T5 &,
s(r 8) = ¢g(r) e = |@(r)| e e, s*(r, t) = ¢*(r) e % = |f(r)| e ) =%

7t DT,
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Res = (1/2) ¢ ()] (740t L g=e1(r)=snt) — (1/2) (54 5¥),
I Res/0t = (iw/2) [ (r) | () tor — =8 ~dat) = (jiy)2) (s— 5¥) .
ZhboffRicl v,
(0 Res/a7)+ (3 Re5/0t) = (Gw/4) (Bs/or+0s*/0r) (s— s*) .
P2, 1M 2n/o OMOFEELFATS L, A3 DIRKRDOZEL D,
F= @ (iwp]4) ($*04[9r— pag*or). (4.3.2)
.3 D)o & X FBEERT, s 280 EIC b AT S EE R e 5 &1L,
.28k y, ¢ 3RO LL{KbINS,
¢ =aH (kr).
Lndid, 74 ~vBER Y.<) #HW5 L,
H(z) = L(2)+iY.(2), HP(2)=J,(2)—iY.(2)
TH D5,
* = r {HP ()} == HP(r)

BRI, z=kr L E, U32RKRDOTELEEE X DR S,
Jr =Fa, = (irPop/4) k {H (z) dHP|dz— H{ (z) dH"|dz}.
LAadic, (4.1.12) & (4.1.13) 21T X hug,
4(Hp, HP) = HPdHP|dz— HPdH/dx = 4f(niz)
DT,
Fo=roplr. (4.3.3)
P, FEr OXARAYHES THANERS= R L F —HEIT
FoXrr = nlop (4.3.4)
TH-T, ZORIFE» CLEMRTH S,
WIZ, PPB ISV EOEMRT v v A% § I ¢ &35 &, FEEE (r,0,2) %
BT HERM s D r BIO 0 Borix

_0p 1op 13 0
TS T T %0 T 4.3.9)
THoT, ¢ BIV ¢ 2
Pr+i)$ =0, (P+E)$=0 (4.3.6)

TR TIE,. B 8 OEB R (4 1.3) R R T 5, BiE M, (4.3.6) oA

18) WATSON; FHiH, 73.
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¢ =rHPhr), ¢=rHP kr)

LTBHe,

dH® (2)/dz =— H{V(z), dHP(z)/dz=—HP(2) (4.3.7)
Ie®TY, (4.3.5) 75

s, =zhHP(hr), sp=nkHP (kr). (4.3.8)

PR OB FIC b HEITENC b AL O\ P BRD AT BB a1
s=as., V=adlor, Vs=sV =aads/or
eDT,
F= — a(A+2p)(@s,/0r) (3s,/3¢) .
L2ndic, @3.0hb 4.3.2)IF o & AR EELY 1Tk &,
(6Res,/or) (8 Res,[or) = (1w/4) (s, — 53) (3s,/d7r+85%/r) .
P2z, s O 1 B FEELYHERT S &,

<8§)€esr 83?2&,) i <s osy 6sr>
mean

at or =2 \" % T
DT,
= (iew/4) (A+4-2p2) (s} 35,/ 0r— 5, 357/0r) .
ST (4.3.8) A fRA L, 5700 (4.1.12) ® Wronskian % v 5 &, (4.3.4) & R Ioks 5
7, X 77 = R0 (A+2p) h? = 7200} ' (4.3.9)
RS S,

4.4 WHMOEFYEET S L, ¥E e OMEOHBIEHOFEIARNCL > TE 2D R
520):

{2 Tutha) + 2 LsbD N o) ) 4 2 Horlba)
o2 dealha)  Jealha) [ ddealka)  Jealka))
R IS i ELE 4.0
ST, v=Ea, x=ha ¥t z=ka L¥ &, ERD S id, (4.2.3) LBy A D
BB
d%J, 1 dJ, ? )
dzﬁz)Jr—z— dz(z>+<1—%>ﬂ(z>=o (4.4.2)

19) WATSON; HiHi, 74.
20) EWING, JARDETZKY and PRESS; Elastic Waves in Layered Media, McGRAW-HILL (1957), 264.
COBYTREADROEDOE 2HOFMK 42 N4 i Tw Db, COEPYOEETCREHD
RILDEhR, RRAEORULCHED TRESATURD : A7 Y v P HEVTW 5,
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DUFED 1 DTH o T, v ABEBOEEEDRI

J(W)<(1/3) (2238Ve r y1/3)~1 (4.4.3)
BATRERLEERTVED, DX, aro Tiobhb vroo OFAEL

lim ) =0 % X O lim dJ,()/dv = 0. (4.4.4)

Wiz, Q41 OETDE2PEEE 5 1-H5IT, adoo 2L, d.4.4)%EETHL,

(=20 %) ha) Lk |(Z) - ape) el ALk

a da

2 1ha) Lk} =227 0 ) ) age S ha) A Ra)
(4.4.5)
ﬂﬁ,
G, d (dLV ], dl
daz_da<da / da>
0T, Thr{@4DITRATDE, 2=ha ODBPEFL, E=R-EEizDT
d [dJ, aJ, 4 d ((d]y B
da(da>+ <da> tat da m%{( da) +a2J,,2}—0
BRI, Sl (444 %EETD L,
2
(%) Haf =0 Fisbt D _ i (ha). (4. 4.6)

LT, z=ka OBEIL, F=-E kDT

dd, (ka) 4 B (ka) .

FIT, ZhE@.4.6) L WA KARATASE 44Dt aro TRHLIKRDZ D,
{(kz —252)Z+4aﬂ52} J,(ha) J,(ka) =0 . (4.4.7)

FRoO~xy e BEE ORIV — v —FHOBEERTH D, Fix, Q47 E2EBLTHI -
Tk, G4 DEBEBCRI L &, FAREBRTH Y I 2 THEI Vv, T5&, 447k
i%m%ﬁw@v~V~ﬁ©%ﬁﬁﬁﬁ(ﬁﬁﬁﬁﬁ)K~ﬁ?6°

5 BHRELCHIIIEEHROKRS

5.1 HS5 1MoL, RKEE »bRHSNA P WO ¢ X HBRE 2=0 o1& M
CETDE, REPE ¢ RS ¢ beihhd, ZOBC, PRSIV S FEOEEY v,

21) WATSON; fijHs, 259.
MORSE and FESHBACH; FfijHi, 631.



284 22 B S A

v &L, PR IO SEOAHAE LRHA

o s
% 0y, 0, & THIE, £ o -
AN e
sin 0,/vp = sin 040, . (5.1.1) NS Qtx,.z.)
- NI N !
Rt P W OBk 6 ORSHFIEAS P U D N NN N
Wi 40 DASHE 0, 2ELVOC, fRED —5T s - X
BE 2LBEN SRS HEEROT LT 6,\:9 $
BB, foT, R PHEOWHELE #hls P o F
LEP w¥@e+omilcis, ' Px,2)
J— E(0.,E)
—7J5, K&t SHEDHE, PMOEE LT
EM/v, = MQ/v, 5.1.2) VZ/
AHZ L E, RIS BEOEBRIRE Qlxs,z) & #5158 HEXECRTSP MR IO
. . ) S B G
AV, Q2b s B TLRERORY G LT Fig. 5. 1. Reflections of P and S waves
5He&, on the free surface.
EO/(w, cos #,) = QG/(vs cos 85), GO =EO tan 8,—QG tan 6, . (5.1.3)

Pz, 6.1L.1)EGL3)EnLET O, EHETS L,

sin? 0, = {06~ (EO vy} /(@G vyfv.f~(EO v/,

GO = (EGw/ve) sin 0 {1—(upf0, sin? 0]~ QG sin 0,(1—sin?0,) . (5.1.4)
Lasic, 6.1.4) 051580 Xy,

L (upfef sint 0, = BO* {1~ (wafo,?)} /{(QG vafosf— B vifoy T},

1-sin® 0, = QG*{(ws/ v — 1} [{QC viv.f ~(EO v/,
/¢ DT,

=GO, z=-QG, E=EO (5.1.5)
IO

a*= {(vp/vs)z—l}lﬂ, b= Evsv, (5.1.6)

ERE, B.LYND 0, RHETS L, A
—x¥al+ 23 =1. (5.1.7)
Lind, d+0P=E 7t DT, (6.1.2) THEZ bhie Qzy, 20) SiL E AR LU hOBRE %
BALTHWHR LD 52, CORMBOSED 1258 56.1 Kic 1 SR TREA TS,

22) CAGNIARD # DixX 3R ; Reflection and Refraction of Progressive Seismic Waves, MCGRAW-HILL,
FAE~ETE (1962).
HAKE; AEES 2HE0EAFHCRE IR BR YAk EBoNE, B 71—~ 7487, 53,
(1969), 1-6.
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Kz, G.LY) oW Lo 1E Q ekt 2 WEomEslL, (6.1.5~6.1.7) 1 X hiE
dzoldzzy = (blaf zofzy = — {(vp/v8)2—1}6;6/® . (5.1.8)
Laai, 6.1.3) ki
GO/QG = {(vp/vs)z— 1} tan @, .
P I,
dzo/dxy=—tan 0, . (5.1.9)
D2, QABACKITAEHEE 28D THIL THE, Tihbb, H£LSIKOBT
OM i1 Q HOBBTH 5 B OERIC—FKL T b, 2o, K4S HoKE:G.1.7)
RDONLHHBFTlgch s,
B, Wi G.1.7)oMmECHLOEE (X, Z2) TRk r > TELBRED:
X = zo— {1+ (dz/dzof} (dzoldol(d2ldad)
Z = 2o+ {1 —l—(dzo/dxo)z} / (d2zo/d) . (5.1.10)

UL»aic, (6.1.7) & (5.1.8) £ b
d?2d 2 = (b*a)2}
DT, 0L EEET DL
X—z,=(a/b2isec? O, tan 0,, Z—zo=(a/b??2}sec?O,.
P2,
(X—zo)/(Z—2) = tan b5,
6= {(X—xo)z—}-(Z—zo)Z}l/z = (a/B2P |2y sec? O, = (a/bYb sec3 0, .
Izo] sec 0 = QM = (vs/v,) OF sec 0, = b sec 8, . (5.1.11)
Li't@ O IR (5.1.7) DEHIC Y 5 TWT, ZOWMEEO Q Akt s MBLET
Hob, P2, H51IROPQOER LI O=QR 55L& 1A R RS L, WOt E
o R OB e BAEHR (evolute) 1155 5.2 MO #h#E RiR,RsRyRs D& < 715,
Uindic, K4S HOWE IR (6.1.7) 12 F77a 0T, Thidk LI OO MBI (invo-
lute) KMz T D, T5HERH S FoOREEE, £4E L TIMATRRWA, B
Menidnsg, ZOMAROFLNEIRIED R,R, Ry, - TH B,
PDEREELLZEL, AHPHEEHL TR, RAPHOEERZIEEALHTHLOLK
L, K4t SEOWEDK D M HILBEF TR,

23) MIKE: SRSy, BEF (1942), 233-234
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Vp/Vg = 1,73

b v‘\?e/
/‘/

R, Q-

it >

i M} '(3/. \\‘

o
"
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. .
‘Ms ' Ms “\Ms

Y
(TR 2

Are ek
2

z

F£5.20 WdiRoMARE KHE S WO oK
Fig. 5.2. The relation between the evolute of the hyperbola
and the wave front of reflected S wave.

5.2 FES51XNOE A»bREShZMAMELEL, (2.1.3) & 42.6)%BRL T

g-tlerralE—2l) _dai (6.2.1)

gola2) = |

B, THIIAHPHEOENGRFT v » 14 THH, LI, CILLAEBTZ L, KEPHE
BIORE SEOEMETF Vv + MIRDTELFEHINDS

4 (2 %) = gm AE) e—¢(5x+a_E+az)% & (. 2) = S“ B e.—i(ez+aE+ﬁz)% .
(6.2.2)

A (5.2.1) OFEWIL (4.2.6) L [FIz cHR (hr) Is DT, ¢ X FEEO K CABETHD,
CHIZRL, ¢ R & LEHI AR T s b,
¥, ¢ O A RBBETER Y - TR S T b, FORBIE,
Q) =—ilfz+aE+az), R= {x2+(E+z>2}”2 (5.2.3)
EBL &,
dQJde = — i{x—f(E—f-z)/a} -0

B GEELDL, Y FPALELIVFLEIRDODZ LI RDHLNS,



HEEACKTARHOROMYERO =51 ¥F—HEORE 287

£ =hz/R. _ (5.2.4)
PR, H PRy Tk
Cas=al)=h(E+2)/R, Q)=—ihR. (5.2.5)
LI, FFAHEA Y HEIBEFETRIEINQEO=3mQ¢E) I, THExbhBD
<, (6.2.3) & (5.2.5) 1Tk b

sm{4@x+aE+a@}=—hR. (5.2.6)

Wi, ZOMRE EDEE O H X
a RNEBOKL =& =hz/R, apEFOBEIL £=&=hR/z. (5.2.7)
ZhODHRT I, 228000 0 KESSR2ORT, &IL0E AITESSIRL,
E 1% oo ;b AT -SK,
3T, (6.2.3) & (5.2.5) 1 X hud,
d*Q(€,)/dE? = i(E+z2) h?ad = {hR/a?
DT, QEEFFAL-RIv &EEFETT - -RBEL, E—4&) O3FLULOBEYERT
5L,
Q@) = QU6 +{Bte — &P —(Im & +24(Im &) Bhe 6— &)} RI203)

BRI, W PRV MMEBEORIEETHIL, Im{QE)—-QEN}=0k X b
Reé—& =t Jmé (5.2.8)
THoT, ZOKETIE
Re Q(6) = — (Jm &) (Re é—&,) hR /a5 . (5.2.9)
EIAHT, (5.2.2) DG HFHEL LT T, 5.2.9) T RQEKOTHBZ &

B LwoT, .28 ARREEORTCEDH T % EThiTk b,
—, 6.2 D2 DL =&, T dQ/dEx0 e DT, Z DEANE OFIERET R

3n{QEO-QE) =0 Ficht Ime/Mes—i)=— Riz 5.2.10)

iR oS (5.2.2) OB R L3 & A LB L\,
(5.2.8) £ (6.2.10) L H < BB L, & A OWESBOEML z/4 THHORFL, & A
FHEOESBOBEFMIA TS - T, TOMEL 7/4 L HHKE L,
PEoEEFERLECL THEFIBRLERT 2 L, BRER 2 2VPS G 5.3 RickH
TRINTWHHBOS L Ieh, ZOBEGRESRCEER TOSEFEPNCIERESIE
ELR v, D2, P - B v 2 B5RBETORS®EY LS LT L, 2~ 1 0ESH
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FEILL Y, 6.22081RXIKROZELEBEELDND, e
sulz A gulz )= | A© eiterramran 45
LS [24
(5.2.11)

C o, EROBAOHERSBEBUILS BT a B T
WBRIET, #5.3X0EE J§l=c0 OTEMF LTI EX
OEDOESEIL 0 5M, FofHE, (6.2.11)1 (5.2.5),
(5.2.8) FeATHE, PB4V MEET A)a DEAL

¥530 RRETEHROEITE
Fig. 5.3. The path of the

S QORI g steepest descent.
Pus(z, 2) = (1+7) e {A (fs)/as} r e~ (R1(En* d(JM E) . (5.2.12)
L5Iig,

(=~
. N 2,2 4.
147 = 2V2et/t S e dE = a
oo

oT®, ERERRO L (FHEi S5,
bus(x, 2) == (2n)2 A (&) (hR) V2 # R/
B, WL O FTIFRERATL A Yy ABBOR U E bR Z BT 2 L,
bus(x, z) = AEs) HP (hR) (5.2.13)
LELIND I E b S, LRGN OHELIRCRIRTHHI LS, AdHA sin™! (@/R)
DR TH 5.
(5.2.13) % (4.3.6) 0% 1 KO ELIAAT 5 &, FFEEER (R, 0) s\ Tik
72+ 1) (R, 0) = = {HP GRYR} {4 0o} (5.2.14)
(5.2.13) D s 1% PP RMHERTH - T, FOWEEFIMTH B », BECE, WHHEX
(F2+h2) =0 OFITTe bR, 1L,
A(B) (hR? > d2A[d0? (5.2.15)
THIUL, Pu &i‘?&%ﬁ@iﬁ%i&ﬂiﬁ’aﬂﬁj‘ ZEMNTES,
—%, R4 P HOMBEERC L 2 HP (hR)exp (vf) Ie DT, —BHEL

$us(R, 0) = 2, a(v) HP (hR) & . (5.2.16)

ML DS E L, BEITIY, ¢ 3Ex ORBOAEBEEOERGLREC L - THATTLR
BRETHH, LnL, S TCHREERBCIIIDBADLITV,

24) BmAEK: MEEHR, SHBIE, (1943), 255-257.
25) PEIRCE, B. O.; A Short Table of Integrals, Ginn and Company, 63.
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5.3 PS FEHE ¢ iwonTit, 5.2.2) DE 2RI\ T
Q) =—itx+aE+pz) (5.3.1)
ERE, FFA KAV FEIRKRRZL - THELBRDS;

dQ/df =0 ?7’12‘9% x—EEs/as—Zfs/.@s =0.
(5.3.2)

Ldiz, G.22)%£B1L T
§o=hsinf,=tksin b, (5.3.3)

ExE, 6.15IE D E=EO x0T, §£54KTTH fé},_é\f)zo.w

INBHTEL,GID0F 2 N mIND, P, 6.3.3) 0

D& Fa-RA v PTfilebia, 22 T4.2.8),(4.2.9)

FIROE- TRHEOE, + FA-A4 v F Tl zEmo

AEL 2,2 ZHOBE L —KTH I Lobnd,
FITC, BEARDO b PQRBELLEEDEY D 7

EL, 6.3.3) % 5.3.1)ITfCAT D &, EL4AM RHER L ORHILDL
o Fig. 5. 4. Construction of the ray
gox+a,E+B,2=kPD+EO sinbscot b,). of reflected S wave ¢;.

> X

Labic, 6.1.2)1c kg,
QD = QM —DM =EM v,/v,—EO tan 8, sin 8, = EO sin 8, cot 8,,..
Bz, Zhbx(B3NIRATSLE,
Q&) =—ikPQ. ' (5.3.4)
THE, #FAKRA V& EBHRBETRE 6.2.8) LEBECLT,

sm{—i(sx+aE+ﬁz)} —_1P0. (5.3.5)

COMRE § OFEE OTEIL, a b B LERALE (5.3.3)D & icfliieb Y, Lad
it (G240 EL—FT 5,

THIERL, a b B LERAHIE, 63511 x=kPQ LichDT, ZOMDE K & LR
T&,

&, =kPQ/x. (5.3.6)

B, 2ROMBEREICRELC D E, S o BLRPIEAEL D AITESL, i
Bk ELID, ENEIDVLNEL DL, PRVIIPERE TR ERR D, 2=0T
00 LB L, RGO, r/2cc B, T OEL PQ/x— QM/OM = (OE v5/v,)/(OE tan 6,,)
DT, E>h, "

P, BREEIVNIWEO ¢ OFTHL, ¢ DBHEG LR, £5.3KOKEOMH
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gk

Moz Elen, THE, (6.2.11) L FAER
dé

Gl D) s, ) = [ B@)emsemmemren £ (5.3.7)

—%, (6.3.1), (6.3.3) & XV (5.1.2) ;v b
d2Q(En))de? = i(EO had+ 2k B3) = i(k/B2) {Q—M (vy/vs)? cos? Os sec? 01,-1-13"1@} .

Lanaic, (6.1.1), 6.1.6), 5.1.11) & k AuX

O©/OM = OR/OM = (a/b)? sec? O, = (vy/vs) sec? 0,—tan? §,—1

= (vy/vs) cOs? O, sect O,—1 .

Pz,
L=PQ+6=PR (5.3.8)
EBFE,
d*Q(Es)/dE® = ik LI (5.3.9)

@2, G.3.1)D QE) et FA-B AV & OFHFTT —F5 —BHL, E—E&)
DI3FLLEOHEYEHRT S L, 6.2.9) kR
Re Q(§) = — (RL/F7) (Im £ (5.3.10)
AELRD, COX3TLT, H FABEA v MMEET B al) oE gL < ibhig,
G3NIIEKD L Sl I N5 :

Sbls(x’ z) =~ (1 +Z) e-tkPQ {B (Ss)/as} S‘” e~ (FL/H(T =) d(Sm 5)
— — 2n2C(E) (RL) V2 e-stk TG -=1) (5.3.11)

EHIT, (6.2.13) AR, vy ABBOELREFAT L, 6.31)KRD L Stk
HInb:
Do, 2) > 1w C(E,) ko= FID (R L) . (5.3.12)

ERO CE) B LV O TR 0, OZOMBTH- T, H5 1 HOKDL I~
EX, O OBUPREREHL Tz, Lo SBBEGEThs, 1L 0L EHATIE, ¢ OFE
ER L OAFETH- T, 6.2.13) D ¢ (R, 0,) KRIEZ BT, ¢uslx, 2) & du(L,00) & &TeT
SENTED, LAL, O REL{E2DE, RELIKEDLLOT, ¢ OREIHIHCL
PE—EEOPE & AT,

6. RHFHOZRILF-RE

6.1 SFHFCHEOTL, =FAX-FHEOWHEHEEX, L.4ADKIH, KOTL{FELE
ha:
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=-W«%mn=—{m%maym+epowgm§. 6.1.1)

I, FAGEER (7,0 OB AR BI0 @G LT 5 L2,

a-a,=0, ara,=a, a=1, da/or=7ia/or=2~0
0a,/00 = a,, 0a,/o0 =—a, 6.1.2)

TH-T, EbIC
s=a,s+a,s,, V =adlor+(a,/r)ad/o0. (6.1.3)

PRI, e aa THETDH L,

Fom ety 5 (O (),

or ' r \af FY]
o o o G S G 4 (5,
S
2@=(Vs+sV)=2{a1a1—aaf7‘+a;a2 (SH_%%)} (a1a2+a2a1){asz 41 (3;1 —52>},

U, ,=a V.a, =2V -s+2pn0s/0r,

V,p=a;-¥-a,= 1(0s,/0r — $3fr+1r7105,/00) ,

U=y T-ay= 2V -s+2p¢7r " (s,+35,/36) .
IRBOHAEERY CLDRARAT S L,

§i+quﬁ—a4wW%%+ww%%) 6.1.4)

W, B ORFEOZ AT 50, (4.3.9) 280k &L Mg, Bz s OXiEEFE
Ka st btne, 6.LYDOELDEED L B 2r/w OROFEBHEITRDOT E kD :

oer(255%) = feren(u G-t G Ha - 3
o288 - o3 35
(%e%»(as? ) {( 052_ 952)+%<slaa—2— g‘;‘)-!——?lj(szsi*—sls;*)},
e (26 = [ (st G B e B 52

(6.1.5)
RO ReV,, I EOEAROEKRIEL Vor o % Res OBF L LTHD 2 L TH B, of
L, Re(ds/o)=0Res/ot THHZ ENOLEBINDZ L, Rel,, Ln ¥, lc L OEKIE
BIRLTH X,

2) Rz ; BTH, 217-221.
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2T,
dH{})dz = H§(z)— H{ (z)/z = H§ ) (2)+(1/z) dH{ /dz
DT, (5.2.13) % (4.3.5) IR AT B &, AW NEROBEIL
sy =nhAO)HP (hr), s, =—ar HPhr)dAldY,
st =xhAWO)HP (hr), sf=—ar\HPhr)dA/db. (6.1.6)
DX, Sl z=hr L¥ %, (4.1.12) ® Wronskian % fi~% &, (6.1.5) &R 04
WOFFIROZEFHEBEIRS

Ost 05 OSF .08,
S5 TS og ~ g e — 0o

st L 0
@ =sla—sr1—sl‘ asr‘ =— AW 4 (H{Y, H{),

1/ ost .9 42A
® =7<5‘a_502“1 asoz> = <A a6 ) 7 P, H),

ds; . 0 1 0
@ =5 Gh—st G = Lgst—sto) = 5 G~ 32)
d_A Lo 1) (2)
~ (A L)L . Hp),
* * 2
@=42§f— e s st ) =G| S 4R, HP). 617)

Linbic, @113)IEL UL, v o ARl Wronskian 2K T b3—iE e 0T,
(6.1.7) D O TINZER & 5,057/0r—stas/or & DHEFR L hr) 2 CHEF 5. D 2ic,
(hrPA%> AdPAd6?,  AdA/dG, (dA[dO} 6.1.8)
BUE, si0stfar—stas/or L (6.1.7) % #21% (6.1.5) O OB B A MRS B - L AT X B,
(6.1.8) D4fHi% (5.2.15) DEMHEEA T 5,
HLT, S0 (4.1.18) 2B, (5.2.18) & AEE O LT
Fos = @y A+ ) AX0) B2~ = @, xPw? A2 6.1.9)
Lanbic, ASfP D=5+ —HEOHEHEER (43.9) 0 LERHHRTIT,
Fine = @iz (A4 ) B2 = @y nla®r
P 217, Gl (6.1.8) B X LI,
F(reflected P)/f(incident P) = A*(@) (6.1.10)
ThoT, BHPRO=IAF RS, AMPEO= 0 F R .3.9) LR, M

FERE AL r W HEBIRTH B
6.2 (5.1.3)~(.1.6) i X huZ,

27) WATSON; &M, 74.
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2o/b = — cos Os/cos 0, xo/a = (cos? s sec? §,—1)2 6.2.1)

THoT, Lk 5. L) DBEERS DT, E & vfvy ENEEINRTDE, 2o b 20 b 0,
DHOBFTH B, ¥bic, I'=PQ k<&, E54-M5

T—x2y=L'sinl;,, z—zy=1L cosls. (6.2.2)

@2, Pl 2) SOEE xz kI i vwThd L& 0, Lol chT, L/ &6, &
BEZLRIE, b2 bEABCEEShS, Tihabb, PELEETHLDE, (4,2) B
BRofh iz, (U, 0,) BERE B 5 I LT3,

DL EOFERERIC X s, BEERERCET 2 EANL

0

a oL’ 3§ 00; 0 d oL @ 3bs 0
005

0,
Pz "z oL oz 90,0 o= oz oL T oz

LEMEA NS, LA, 622)0 L it (x,2) OO T, B L ox 2 3L oz %k
HIENTER, P2, EXORbbDIZ,

0 _ 0z 9 8z 9 0 _9x 2 0z b

TL T 9L ox oL 9z’ 96, o6, ox ' o6, oz
7’)”55:':%@‘5 &’

9 _ (092 9 0z 9 \[[ox 0z Oz oz
ox \aL’ 0, a6, oL’ )|\ @0, 3L~ oL’ 30, )

9 _(9z 0 9z 0 \[[dx az_a_xiz_>
oz a9, ol oL a4, )"

00, oL oL a6, _
P2, 2LV 2 FRIOBM <7 PARFRFRIBIV E L35 5,

. 0 8 _(dx 9z dx Oz \'f, dx .0z\ 0O . 0% dx\ 8
V:‘Ta?+ka—z_<730’sa—lj— oL am) {<" 26, > 70, )a—y+<‘5ﬁ—" oL )79?9‘} :

(6.2.3)

XHiE, 6.1.9 &+ (6.2.2) L b

0x/oL’ =sin#,, 0z/0L' = cosb;,

0x/00s = L’ cos O,+dx,/dl;, 0z/00s=— tan 0;0x/d0; . 6.2.4)
@z iz,

oxr 0 ox d 0 ox . 0dz . . 0

a_;i a_Lz7_aT:f' 6—028— = sec 0, a_ﬁx: ’ km—lﬁs— = (i sin 0,4k cos 0s) sec 033—; ,

iaa—z,——kaa—z,=icos 0s—k sin 0, . (6.2.5)

LB, £5.4K0 1 MABKINE 6 IFKZRENTWBEZEL, L 5L 0: F5F
DHEM~7 A ThFhae BLT ay b T5&,

a;=isinb0;+kcosb,, a,=icosb;,—ksind, (6.2.6)
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N

25618 Hr<srroEEEHR

Fig. 6.1. Co-ordinates transformation of unit vectors.
DT, (625) & (6.2.6) & % (6.2.3) ITRAT B &, (L}, 0s) BEEERICK T HHRL N2 F L3k D

TELEDbEND,

3, 1 9
V=gt 5ja0, 90,

Py % 6.2.7)

—77, W G170 kD1 A Olx 2z T, 6.1.1) & (6.2.1) &b

d0,/d0, = tan Oftan ,, dzo/d0s = — tan O,dze/dbs,

dzo)dBs = E(vy)vs—vs]vy) sec’ 0, cos 0, (6.2.8)
L;bic, 6.2.2) 08 1nb

sec 0,0x/00, = PQ+sec 0,dxy/dl, .
D2z, (6.3.8) & (6.2.8) &b

sec 0,0x/00, = PQ+6 = L. (6.2.9)
@2, 6.2.9% 6.2 /AT SE,

0o ,a, 0

V=541 76,

(6.2.10)

LoES, Tbb®5.2M0 RLR, - &, BEEINTWAEAL, (6.2.10) 12875
I D I\ PEEER (L, 0,) OEA <7 b ARl b R,
6.3 (5.3.9) & (4.2.10) & % (5.2.13) & 6.1.3) £ B b, Z OB v i, Lor 53X O

00 Dl &2 xThed L, 6.312)1XROZ L BEMRS,
dys(r, 0) 2 7w 882 C(0) HP (k7). (6.3.1)
e, CO), 60) ¥EHLL,
T@)==Ce*®, I'*(0)=nCe (6.3.2)



HEHBEACLET 3 REOBEOHER O~ 3 L F—HEDOIRF 295

Lk &, @I|doy=dIr*[do 7zo-c, (6.3.1) % (4.3.5) TR AT,

—s5 = (dI[d0)r*HP (kr), —s,= TRHP (kr),

— st =(dIr*d) r HO(Er), —s§=T+*kHO(Er). (6.3.3)
Z OB,

Ves=P.sx=0

eOT, 6.1.5) 01 #HITRD I & S HMIT b :

(e yf,g( 9 Re 51) _ iop <S1 Ost S*ﬁ) ’

2 or ! or
(e %)<asm 52>= “Z"r" <5251 sisi+ s, aa? —s3 gf; > (6.3.4)

W, (6.1.5) % XU6.3.4)DEROAELOEEE 6.3.3) whATHE, G.LYITKROD
ELTtB:

ey

F-— ML a0 +@ +@)- L ale+ @+ +2@+@);  (6.3.5)

, asf  + 0 ar dr* k
@ =sg—st 5 =— T g = AWHP, HP),

as¥ s,
r_ 2 x 05
@ =5 ar  Tor

—— IT*k 4(HP, HP),

* 2
o =L (w2t 22) z(r LI ez EL o).

L aw asz_kz{ o dED . dT ()ngw}
=55 st ="z o HE atn L —ar G|

& = 1( ost % )=<dr &r*  drx dzr>Hgl>H32>

T\ T do ~dor  dp 4o =
® =L (ust—sis) =2 (r A pppp e 4L H32>H{1)> :

1 35«08\ _ [ dl* L dl\E )
@ = <52 a0 a)‘(r a1 dﬁ) HPHP -

LasBic, (6.3.2)75
dr/ds }_ﬂ(dC dk@) sire

===

dr*/do do — do ’
aryder \  _[(dC [ dkO\? ( dC dkO d*k 0O
dZF*/dﬂz}_ﬂ{"_dﬁz C<——d0 )iz 2 30 di +C——_d02 )} exiko

rdr*/dg—r+drl'ldo =— 2i(zC32kd6/dd ,
DT,

2 2
@ =~ GO {( & G )+ G o ae, E,
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H Bk
@ =— (=CRE A(HP, HP),
1 2, 2
@ = - wCr{ & (G| | A, HE)

o[ d%6 2 dC drkO\ Ek dHPHP)
2 L G A 0 0
+Z<”C>< e TC dr b )rz dEr)

@ = ©—@ HPHP[HPHP),
® = 2i(zCP [{L a:Cc _< 1 dC >Z_< dkB >2} dk® 1 dC d%6 ] HOHP®

C dot \C df do dg  C do de? P

1 dC k . dk6@ k d(HPHP
© =~ (=CF ¢ Gy AH, HP)+iteCP 7 o i)

2
@ = — 2i(=Cy dc’;f & pope (6.3.6)

r

COMTHRDEO S KEEOFCH FL- RS Vv FIERT S =5 L ¥~ FBEEE
Hb,
K, ZOETEBCEWIEROEE (r,0) xAxRDRE (L, 0) WREL, =F1F¥F—~-KE

a, fRak ay fE ey dse, S Fa B4V ERBRTLIEHESEO=FA¥F-—HE
X635 ERHEIRTRDOTELEBEahd:

Fi(refl S)=F,(xefl S; 20'+ @'+ @)+ F,(refl S; @' +®'+3®+2®'). (6.3.7)

Flinc P) = S Flincident P)+a,rd6,

ERL, 6.1.9 0L XFLTIE

Fy(refl P)~ Fy(refl P; @)= S Feeflected P; @)-a,rd0, .

DT, (61.10) & (2.1.2) &b

Flinc P)—Fu(refl P; @)= ﬂpwsg(—' BC)do,. (6.3.8)

Lamsic, (4.1.13) & (6.3.6) & v 5

FeeS; @)= Sf(@’)-a{ Ld6, = nPw3SC2 (6) db,

fedT, (6.1.9) OFF LIRS, Zhit LEEGTHs, Lad, dbs=(/B)dl, lsDT,
IVFHEVDE, FREIROTELEBEE 2LRD

FureflS; @) = nPw“S(—BC) a8, . (6.3.9)

Wiz, (6.3.8) & (6.3.9) L2 b

F(inc P)= F,(reflP; @)+ Fs(refl S; @’). (6.3.10)
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EROBDOZFLEMNEMN L P RIS KK O=FAF¥—RETHD, bLAL
DHERLUNOERBHI NS 75, 6.3.100 DX 5 i RETIR Y — v — A4 T DR
78\,

IR L, BARRENRFBELDNAOY © = 3 4 F ~ iE Fe NER I RREEIT,
(6.3.10) Db Itk KiET % -

F(inc P) = Fy(refl P; @)+Fis(refl S; @)+ F,. (6.3.11)

Lo, Z0FF2L, 6.3.10) iR E L THRILTWBDT, Fo=0 725 FEXHEL S,
KRERHFBICEBRT 5 Di3+ K - F4 v MEEORESOMICE 2D D, HEFrr —v -
BT 52 L, Tnd, 2T, Fu MERShRBAEE, 6.3.10)0:5 (6.3.11) 1Kk %
DTHRCT ROZEL DL DEERELRD

F(inc P)= Fi(refl P; @)+ Fi(refl S; @)+ Fo+Fr. (6.3.12)°
ZOXD Frilv—v—~HO=3 A F-REBXERL TS, T5&, 6.3.10)&£(6.3.12) &
b
Fu+Frp=0. (6.3.13)
Fr AV (6.1.10) 02 & EELTIE, 6.3.7 XD
F.=Fi(refl S; 20+ @)+ F,(refl S; @'+’ +36@ +2@). (6.3.14)

Lond, EROLLOELHL F(refl S; @) W LERI NS TVWOT, Fy OFTEY

R e DIXEUDOE2HTH S 5,

14. Energy Partition of Elastic Waves by
Reflection on the Free Surface

By Kyozi TaziME
(Department of Geophysics, Faculty of Science, Hokkaido University)

We are not so much familier with treatments of energy as those of displacement
and stress, though energy might be the most fundamental physical quantity. At first,
the treatment of energy is reviewed.

As is well known, energy flow of incident plane wave is throughly conserved within
P and S plane waves which were reflected from the free plane surface, being independent
of incident angle.

Because no plane wave exists in practice, the beam has been taken up which may
be considered more practical than plane wave. The present “beam” was composed by
BrREKHOVSKIKH from plane waves including all wave numbers from —oo to +oo. The
“beam” looke like, with respect to mathematical composition from plane waves, to cylin-
drical wave having no change in azimuth. Therefore the integral expression of each
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displacement potential contains some contribution from the pole which results in Rayleigh
wave. 1f the energy flow of the beam is roughly estimated in a similar manner to that
of plane wave, the incident beam can again have no excessive energy to be given to
Rayleigh wave. To tell the truth, it was assumed, in order to get rid of interferences
of various waves, that the property of the beam was kept when the above estimation
was made far deep from the free surface. However, the beam of BREKHOVSKIKH should
lose its substance, due to diffraction, at a large distance from the plane where it was
shaped. According to this effect, the above estimation has a considerable question. It
is easy to evaluate the energy flow density of interfered waves. But the estimation of
the energy flow of them is difficult, because the cross section through which they pass
is hardly decided.

At last, incident cylindrical P wave is given. Several properties of Bessel function
are reviewed. Wronskian of Hankel functions will play a grand rdle in the following
calculations. If cylindrical wave incidents upon the free plane, it must always generate
Rayleigh wave as well as reflected waves. The mathematical generation of displacement
potentials of Rayleigh wave was fully discussed by Nakano. But it may be not easy to
discuss this problem from a view point of energy conservation. Dix has described that
if the wave whose front has a finite curvature incidents upon the free plane, some energy
may flow in parallel to the free plane besides geometrically reflected waves and it must
compose Rayleigh wave. But his description is too abstract to be quantitatively understood.

The composition of cylindrical wave from plane ones is mathematically too skilful
to be understood in practice. If incident P wave is expressed by Hankel function of the
zeroth order and is a pure cylindrical wave which satisfies the wave equation, reflected
P wave is by no means simple. Reflected P wave which is a.solution of the wave equa-
tion cannot be expressed strictly with anyone of Hankel function. If it is approximated
to only one Hankel function, it cannot strictly satisfy the wave equation. However, ap-
proximation to one Hankel function may be allowable and it will satisfy approximately
the wave equation. At any rate, reflected P wave has not only the radial component
of energy flow density which is reflected geometrically but also some azimuthal ones.

On the other hand, composition of reflected S wave is more complex than that of
reflected P. The imagined source of reflected P wave was the mirror point of the origi-
nal source of incident P. But the locus of the imagined source of reflected S is one
branch of the hyperbola, as given by Cagniard. Since the front of reflected S wave is
an involute of the evolute of the hyperbola, it may be taken as the convolution of suc-
cessive arcs. Thus reflected S may be considered partly as a cylindrical wave whose
co-ordinates should be different from the original ones. Therefore displacement potential
of reflected wave is to be approximated partly, as in case of P waves, to Hankel func-
tion. Reflected S wave has considerable amounts of azimuthal component of energy flow,
besides geometrically reflected radial one. Either reflected P or reflected S wave has
azimuthal component of energy flow density which is dependent of azimuth. If these
azimuthal components are neglected in comparison with radial ones, energy flow of inci-
dent P wave must be conserved within only geometrically reflected P and S waves. No

energy can be also given to Rayleigh wave by the neglection of azimuthal components
of energy flow density.



