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A Mathematical Analysis of a Collision Phenomenon
and Its Problem

Kenji SETO and Taijiro NONAKA

BERBCA»—AORMEEL L THRY, #IICoRkmrndEzE Lz L &R,
BB FEXOMIE TN TS, BIELELEOERZRDIYEREL LT, HE 1, &
vy, #2EE, BREICLERMICL IATRIAbOE TS, i, RIS, 0O
HOMER*HRTS. :

0 [FL®IC

ZIORXTIE, BEBEMI, thORKHHERE L L & DR K HEAOLE THTT
5. BEBridEeT L, 1RKOMMEE LTHS.

— L LT, WHEOBSE s, Bl t 2BV, BOLBMREIHED f(s,t) DABERT
Blx, BMUESHVORT Uy Nz X —U i, TORICEITIENME V(s,t) &L

-
U=—f(st)V(s,t) (0.1)

TEZ NG, ZORRE, RUCLDINOEBEMENTIHEAKLEE, TOEEHEZDHR, &HRE
1o & BERORHICE LT, BS TR, I TOERIE, WEmekrbReLE, 14 s
TRISEBEXTELIZIAR. IOLEE, 7 f(s,t) DFDE s EFHS % Dirac 07 VY
A AWTEIEHL,

f(s,t) — [/f(s',t)ds’] 8(s — sg) (0.2)

LEEELTLLVNESS. i, BRI IRECENY 2 H - THEATENE 1A so
RSB ETLHD. UT, TIIERAD f(s,t) O s WY, Thbb, Bl ¢
BIERT 2 0% F(t) &<
Kbiz, DO, Bt o, —BCLTREISbOLEXDL, MENICLT Y ER
LT, HF{) %,
F@-ﬂ{/FWW@&U—m) (0.3)
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tohipks: REL¥HRER
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# A O\ G- b BRI

EBLIELHINDETHAD. TIT, h F(t) ORMEEDIL, BEBIEXONDHETH
D, TRhELE L, ¢BTECTEE, RFUrvylazrx¥—U i3,
U=-I,6(s—s0)6(t —10)V(s,t) (0.4)

LEbEhD. BUEBILELIONDI N L, 11, REDHBEELL L ZOEHROEL AP
DHEEEX-HOTHY, L, REGOER m, BEEE vy, REEE v, KE-T
I, = —AP =m(vp —v;) THEROND. ZDLI, TAZEEEZANTRELEIEICE.
T, TXAX—2BRATEROLZCRFTE LN TE, A, RYIOHEBBREMSTS
ERTES. LivL, Thiz—HEoBELTHY, bbiA, BEOHBTIIE > EAR->TH
RV ZOAIZOWTH, ZORIOK% THERT 5.

1 KA REXDEA

FRAOEA, BL, RPOHEERIE, BEE U OMBRE LA LZATEORIC! &
BB a2 e s, ZOATHEORILERET2E7bH D0, TXTORBEERETTI
Eh Bl N o

ITi, BERREME-AOBMEELEZDLOT, LT, Young £ E ARG, BE
p BOMBERILHLAADZ L, WEK A, WE2KE—AV ] b, HSLILT—E
BEELHLOETS.

BENAWL EOBEOTHIZF T, s WiE s, EHLTVDIELE, Lt Rs XBVT
FUMAENABEY 0(s,t) &L, FEMCEELE RE) MEANAELE §(s,t) £T5.
bL, HMIEREZIRVEX, 0=¢ THBHM, ZITEHHEREZRY ANLDDT—HKIC
0#¢ THD.

HABEME V(s,t) £T5&, Zhé § OBk,

V(s,t) = /08 sin @ ds. (1.1)

UTF, Bt BLOES s KBTIHNE, TORAFTROTI LT .
BAREIHYDZRF—IT

s 2
T:%muf=%m4/(mwmﬂ  AEORERT AR —
0

Uy = LEI42,  BOEMCLBTIAY¥—, ¢, i

2
Up= ;GAY,  v=0-4, I ETIC & BT R % b (1.2)
Us = pAg/ cosfds, BEHZRNLF—, g (XEIEE
0

(Az—hj@—mﬁw—&ﬂ/smwa WEICL BT RAX—, [, TN
0 J

1 (BEBEMIMBEICHLTEE,? (1), (2)) EFEAFLEMRLE, 2002, 2003



EERSOUEL ZOBE 119

THEZbND.
IIT, BOEE&% [ & L& E&D Lagrangian L %,
L
[::/ (T—Ul—Uz—Us—U4)d3 (13)
0
EE#HEL, Z® Lagrangian b ERTES _
I:/ﬁdt (1.4)
5. JIT, 0 BMMERELT, I OEFRLDL,
0L -
850

mH

L L
- [/ pAVy (s, t)ds’] cosf + [/ pgAds’] sin@ + I, 8(t — to)6(so — s) cos b
_GA@B-¢) =0 (L5)

/D, ZIIZ, B(sg—s) X, step BEETHD.

COROEIEBII, BE s LV LCHIHMHNRTIBEBEHOBMICEELESTHY, B
QIHBRFALLES s LV LCHIEBHBZITIENOMICEERRI THD. £k, 3K
BiL, s M sy LV/hEVWEE, TREY LD sg RICERELIHENLXITHHOMIIERR
A ThB. LENR-T, ZORIFINLDAEE, Rs KBWT, LD TIZHIEHHN
FrkXiETiigheofnEtaThHsrZ LETRT.

*7=, 5
YA ~0
5¢(S>t)' B
b
[EId)s]s +GAB —¢)=0 (1.6)

2E5. i, B8 ds BoFE—A N Elp, OEVBHENZR->T0DIEERT.
(1.1) 2%
V, =sin (1.7)
BN, UTFTREHELEE T, sind =0, cosf =1 &F5. ¥£7-, ZZFETH,
E, G, p, A, I SORFREITH SKFERELHFOBETHRADIXTH DA, UTTH, hb
BRI T_T—EEEEDIbDELTHD.
ZosERLT, HEER (1.5) (1.6) i

L
—pA / Vio(s' )ds’ + pgA(L — )V, — GA(V — @) + Imb(t — to)8(50 —5) =0 (L.8)

BEO
Elpss + GA(V, — ¢) =0 (1.9)
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# F & 6B b BT
Ly, ¥fzhb2Rrofre bl
L
-pA/ Vie(s',8)ds’ + pgA(L — s)Vs + El¢ss + I, 6(t — t)6(so — s) = 0 (1.10)

LI 5.
(1.8) 85 ¢ Zk (1.9) KHRALE LIMATHE, BAMER V FoorEs

pA ( GAaZ) Vie = —ElVe5 — PQA ( GA62) [( - S)Vs]s

+ I (1 - aﬁa?) 5(t —to)d(s — sp) (1.11)

218, FRRC, (1.9) 26 V, #R 2EMS L (1.10) KAATBEE ¢ DHOFER

A EI —EI¢ A (L 1 82 + 1,.6(t —t5)8

14 G_A ¢tt“ ssss — P9 ( “S) —G—A ¢ . m ( - 0) S(S”SO)
(1.12)

/D, ZIZT, THIEBOBSEEOETERLTETILILTS.

ToFBRIC, EREBEAMLES. £, (L1) b5 bR DM, BHEEMZH

RHLOE LT,
V(0,t)=0 (1.13)

ETB. E T, BEBIIEDIARIR>TWT, KEOEE LW b0 LT B,
#(0,¢) =0 (1.14)
LB,
B EETE, BFE— A RN, EVEADEHBRE o ERD I END,
¢s(L,t) =0 (1.15)
EY, 510, HFEA(1.10) Ts=L LEL L&
¢ss(L, t)=0 (1.16)

LB Thil, BB R THREMRANLRNI L EEKRTS.
VHSHEOF I, FHEIEEHANIFERICEHIE L W&V &
V(s,0) =0, #(5,0) =0 (1.17)
‘/t(S,O) = 0: ¢t(310) =0 (118)

EFIT 5.
2 HEADORE

RIS CEWEFRERRAOMEELE XD, LT T, HEORVIRE, T2bb, HEK (1.8)
(1.10) IZBWT I, ZELEETRTHRW, FRESOHERUHOWTEOEREKEZRD D.
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9, BAFROBEFEEEERDAIHIL, ZOFEXOARETE w DEESHHSTTEERY
HLT

Vs, t) = LA(w, s)T(w,t), o(s,t) = ®(w, s)T(w,t) (2.1)
EEESBET D, 2, FEEES T(w,t) X, B0,
T(w,t) = e** (2.2)

EERLTBL.
UTF, ZOEESBEERANT, A, & BTN HBRAEZEAT LN, ZORICEHDEK
FTEELTEI ). £F, B& s #ERTLLT,
z=s/L (2.3)

ETB. i, BMORTEFO1EOER T %

T = 5

L
g

BLY, 2EOERTES u, v %

_[pgAL? _ |pygL
n= EI s vV = G (25)

LEELTHS, BER T BE L bWk E BTS¢k & 20z V2 TH -k bOT

hE. E, WmEER v i BPEEAR, SEEEARCHETSLOT, ThE,

FRoTE, MART S ERDTRERRSNS. |
CREFER (1.9) BLO (1.10) IERTS &,

Ve + g2 By — 8) = 0 (2.6)

BID .
(urw)z/ A(z')dz' + p*(1 = 2)Ap + Pz =0 (2.7)

285,
(2.6) & (27) 1B A, ZIEEL, 1HEITHE, R

(urw)?A = [(1 —z)(u? - u262)<1>]m + Boen (2.8)

2B5. £, COREPLI LEMSLTNSL (26) EBU A, 2HETLL & OHDHEE
F3
(1~ PO (rw)® + [(1 - 2) (1 = 1?02) 8|+ Baraa =0 (2.9)

T

NEHND.
FREC, (2.6) & (2.7) &b B, BWELEREED, TORXMEL & £RD, (2.6) 11t
ATBE, A W& HRR

—(u? = V232 (Tw)?A + (p® — v202)[(1 - :1:)Am]I + Apzrz =0 (2.10)

121



122

# B & E-BH O T

255, bbaAIbLORE (1.11) (1.12) 1 HEHEELS 2L L TE 5.
TITiE, ERRUNSLVERLFEELTND & OFNLENTVWI S, (1.14) 56 (1.16)

ETOEMEIEL & TROT L
®(0) =0, (2.11)

$,(1)=0, D.,(1)=0 (2.12)

L85,
b9 12ODEETHD (1.13) 122V TiE, A OFHFIZR>TVWHDT, (2.8) REAWTZ
hz & ORMFICERLTRERbn. BRI,

(pTw)?A(0) = p2®4(0) + 28,5 (0) + (1 — %) P20e(0) =0 (2.13)

EipB. (2.8) MHEREEZ & FETFIDIC —p28(0) A< A, ZORIT (2.11) DFRMAICE-
TRINDZEICHEET 3.

SRLOREORICFER (2.9) 2 DI THE, NI ES S TIED & D 2Rk
BARPERSELRVWESI THS., ZZTCRIOFEXNELBRBEERAOHETHES I LIZLLD.

[e o]

&(z) = Ci(l-g)* (2.14)

k=0
LBE, (29) IKIAAT S LR C OBIER

(k+4)(k + 3)(k + 2)(k + 1) Crya — v2(k + 3)(k + 2)*(k + 1) Ciy3
' b (rrw)(k+2)(k + 1) Crya + p2(k+ 2)(k + 1) Cry1 — (u1w)? Cr =0,
k=0,1,2, -
(2.15)
%1B5. ZOXNE, Cy, Ci, Cy C3 DABEMHFEL LT, ADTTD Cp ZFREMIC
RETE 5.
ZITEREME (212) 2 ERTHE, Ihb4EOTHEDS L,

Cl - Cz =0 (2.16)

ThRIFNER bRV, D G, C3 HBETHI,

Co=1, C3=0 (2.17)
LMo TR E

Co =0, Cz=1 (2.18)
ELELOD2oDRENRHVES. UT, (2.17) ORFINLRDE &(z) % F(z), (2.18) ©
RFMLRDELOE Gz) ERTILETD. —BD &(z) RID2°0 F(z), G(z) ®

BE#ETHY,
®(z) = A F(z) + B G(z) (2.19)



BERHZOBHE L 2 DFRE

EETDH. EBIL, (211) OBERFGEBTIOIE, 2ECHIDDHREUIANE LT, A B
DB EEDZDT
&(z) = G(0)F(z) - F(0)G()  (2:20)

LEG B,
Bi%IC, 0 EBAREM (213) KRALT,
(u7w)2A(0) = G(0) (12 P2 (0) + 12 Faa (0) + (1= 1) Fraa(0)]

- F(0) [;ﬂGm(O) PO+ (1 :)Gm(o)] ~0 (2.21)

Lied. ZhERBETEOOERERILITOHFEEST, FERCETh2BHARDE v %
BHHOOEREIBERELD. ZOFRAND, BERNZEREBED v OfFN (ELLE
Tw OER), 2250/°FA—=F pu v KEFELEETREINS. '

UTF, “OBAFBEw 20h8VWErb w; (i=1,2,3, ---) @3z &icLLd. #hicst
LT, BEEHOS L, d(w,z) EET.

3 EREBOEXME

EAEE RS2V 2 OAEDK w, o &, FRLICEELTHER (29) 2%kt 2o
DI B(w, 1), B(W',z) 2EXD. UF, LEMHILOLD '

¢ = d(w,z), @' =P, z) (3.1)

D& HEYT. T, HERBBLDOIDHSEDR K(w,z) %
K(w,z) = (1-z)(p* - v?02)® + ®qs (3.2)

rEHL, UF, 1) LALLIIC

K = K(w,z), K' =K, z) (3.3)
LET
IRERNT (2.8) (29) & -
(pTw)’A = K, (3.4)
—(pu? = V23 (Tw)*® + K, = 0 (3.5)

LEXELTHL.
FRER (3.5) AV EARBIKKROR

9. (WKK, - w?K'K,)

= (W —W?) K. K, + (Tww')z[K (p? -0 - K- (p® - u263)<1>] (3.6)

NIEATX 3. AUO2EBIXZ K OEH (3.2) #AV25 & L0 ELEH,
8, (WK K., — w?K'K,) = (w* — w?) K. K, — (urww')?0, (29, - ®'%,) (3.7)
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e B & BB P FIE

LY, &6, 34) #AWT K, # A TRbT &
9. (KA — K'A) = (u1)*(w? — w)AA" - 5, (29, — '®,) (3.8)
Lies.
TI¥ETH w, w PEEETHILRLEPPDLLIRITAINTho. ZIT, w, ' B
BEETHEIEAZEZLY. 7, &, & » (2.11) (2.12) OFMHE LT HOLLELS.
N, 38)RE20H»b1FTHITIHEL, K1) =0ITEEBLT,

(2 )
E725.

EiT, TIT2o0ARBR w, o PEEESFERX (2.21) 2HiTHRLERE w;, w,
LR IoROEREFEaL Y, BEBEKOEXMENTS. RILERELXLD L&, 7
Tz w =w; EBE, FOBRT, w—ow OBREED. ZOFR, BEHLRERNK
K (wi,0)
2(pr)w

/1 Aws, 2)A(wj, z)dr = [8 Aw, )]w:wiéi,j (3.10)
]

2185,
- o T, BEEE Aw,z) BERTHEETDE, BURR,

= 2(pr)2w; ' e,
; K(w;,0) [B“’A(w’o)]w:w‘, Awi, ) Awi, x )=46(z—1z) (3.11)

BESTS. £12, 2ORXTz 219 EBVTHS, o' T, z o1 ETHENTD. ZD¢L
&, (3.4) »HLEINBEHK

! ' ' _ K(wi:z)
/x Aw;,z')de’ = — (urws)? (3.12)
*FALT,
> 2A (w;, o) K (wi, )
=6(zo — 3.13
;MK%,WAWQ] (=0 ~ =) (3.13)
L%,

SR BOR (3.11) (3.12) (3.13) O EOHEITHE .

4 MHERE

Do, EFRFER (L11) KE-T, ZoFEXOSHERBEZAE. (2.3) (2.4) (2.5) &
AT, ZoFBRRXz28EKrxikT s,
(p?-v*0H) 1V, = —Vwm-(/f—x/za:)[(l—z)Vz]m+LTo(,u2—V282)5(t——t0)5(x—x0) (4.1)

IIT, BEORTEFEOLIEOER © &

Im

—_— = L 4.2
B P = pgA (4.2)

T0 =



HEBAZOBH L £ OHRE

LEZELE. 28, ZOHERIE, Green OFRBATHY, ThafE Z &1L, Green BH%a K
DHFENELD. T TORES ZIUIE ).
COFRXEML DI, B V(z,t) %, BEEHK A(w;,z) T

V(z,t) = Li Aw;, )T (w;, t) (4.3)

i=1

LERT 5. EAEKISER (210) ¥EETOT, IRk (41) IKRATS L,
7 2(32 + W) T (w;, ) Aw;, ) = 100(t — to)d(z — o) (4.4)

TIT, B, (p? - v20?) AL ZOBMER, UTIREBLNBMES, TRTOE
fFEmMl T ELVWETHD I LICE-T, EHfLand.

TITEDLID, FHLD §(z — zo) I (3.11) DEMEORE A, BEHRBEHKOMIMELAVS
&, T(wi,t) B3 258K

27op2w; A (w;, To)
K(w;,0)[8,A(w,0)]

(67 + w})T(wi, t) = 8(t — to) (4.5)

w155, ZOFERTHEICAT, PIEH T(w,0) =0, Tiy(w;,0)=0 ZH~yHAR

. 21 A(wi, o)

T8 = R Pub w0, o Tl ) o
L7cd3o T, BEAIRARIL,
V(z,t) =L i 270" A(wi, 70) A, 2) sin [wi(t - to)]e(t - t0) (4.7)

K(w;,0) [8WA(w, O)]w=w;

5.
BHMEN Ve, t) PRESTZOT, KEADBE ¢(z,t) 22FDLHIIRDD. £7F, (4.3)
(2.6) (4.5) 7, V, BLW, V, &KRDD.

Vi(z,t) = ZA wi, )T (ws, t) = Z (Wi, ) = (V1) @ue(wi, )] T (wi, 1) (4.8)

i=1 i=1
Vo) = LY 852 [ - (j‘g)‘[;’i((‘;;})z B = to) - 2T, t)] (49)

(4.9) X% z KOVWTHSTHE, (3.12) b,

1 ' ;& K(wi,z) 270 p*wiA (Wi, To) — ) — WP T (w:
L Vi (z',t)/L dz’ = —l; VL [K(wi’o) Boi(@.0)], 6(t = t0) —w; T (wi,t)
. (4.10)

=w;

Lled s, (3.13) KEFAT L L, ZoOXT,

o0

/ V(e /L dz' = (ui)2 [rou®8(zo — )8(t — to) + 3 K(wi, m)T(wi, )] (4.11)

T

i=1
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B OB - P R
foic, (1.8) & BRTAL LI,
—(vr)? /1 Vi@, 8)/L da' +12(1 = 2)V, =V, + ¢ + 1o0%8(t — t0)0(wo — ) =0 (4.12)
EREL, AU, (48) (411) ERATEE, K(w,z) OEE (3.2) 2RV, o(z,t) #

[e'e)

2 27ou? ; w;
$(z,t) =Y P(wi, z)T(wi,t) = Z 1?(2)# (ﬁ E;“’Axg’:pé)]“z) sin [w;(t —t0)]8(t — to) (4.13)

i=1

EREB. (4.11) & (4.12) KEEND O(zo — 2)6(t ~ to) PEILHIEL F v EATH. bo

&b, TOFITD T LT (2.1) ROHONHFEESNTWD I ETRH DA, T TTRTH
FERL, RESTWBZEEENID.

TZETORERIT, EEM, BEMO 1R (so,tg) TREIAHLDOELTROTEE., ZIT,

EHRAFMAICHZERMPICLDH LTV IBEOMERD TR, (41) X, REVED §

T08(x — 20)d(t — to) —  f(z,t) / f(a' t)o(z — z)8(t — t') da'dt’ (4.14)

LEREONFHE f CEXBID. ZOBEBRI (zo,to) % (¢,1) 12, 10 % f(a,t)dz'dt!
WWEEBMZATERGDLYE D, 2FVMYTHILIIR2DDT, BERIT

V{z,t) = LZ whg)uaA(Aw(: 7] / / f(z' 1) Aw;, ') sin [wi(t — t')]dz’dt’

Il

- 2u2®(w;, x / /
t i, T I\t T t
;K%,mAwo f(@', £) 8 (wi,a") sin [wi(t - )] da'dt
(4.15)

LB B, TIT, (4.14) OBEXHEING LT, H6E%K f i
/ f(z,t)dzdt = 1 (4.16)

LHEEBILERTWARTHIER B 220,

5 IRILF—FE

(1.2) KIZTBWT, FNEFNOBEMEEHZV DI FIALF—ER LI, TDOH, HRIZLD
IRINF—HRBRV DO AFEOZRINALX—IZONWT, FOKRF E

L L
E= / (T +Uy +Us + Us)ds — / pgAsds (5.1)
0 0

MEIRDENEFHELTHD. 2L, AUO2HEEE, =RXAFXF—2RHEHEL LT, ¥k
LIFETAMNB=ANF—OH 25K ZEEE%RT S, Jhud, BREMIC,

L
= |
0

%pAVt2 + %Elcﬁf + %G’A(Vs —$)? - pAg/ (1- cosB’)ds'} ds (5.2)
0




HEBAROPHE L 20HE
ERBEROHE - ZORE 11

LY, ZOWRESOPOFBOEL, BFEET,
1—cosf ~ %9'2 = %VS’Q (5.3)
LY, ZORBOETESIEFOEEEXTSH L,

L
E=-: / [pAv;? + EI$? + GA(V, — $)? — pAg(L — s)vf]ds (5.4)
2 0

LETB.

IOZFRNFX— E I, #EE%, BEICEFELEVD—EBEIZZR>TWAIETTHE. ZOEE
Bl oo, BEH ¢ 2, EZERER to 2O EMR/NEE € SR LIS to+e LD BREW, T
bbb, t>tg+e EFHLTEIALVIERTHD. ZOEETIE, (1.8)~(1.12) IL&END
I, BB TRTEHES L. T2T, (5.4) BB THI LT,

dE L
== / [pszvu + Elpybsr + GAV, — ¢)(Ver — 1) — pAg(L — s)VsVst] ds  (5.5)
0
ZIT, (1.10) 2 s THAH LK

pAVy + pgA[(L — s)Vs], + El¢ees =0 (5.6)
L 19) #MVBE, (5.5) 1%

dE L
®.. _pgA/O V(L - V], + Vel L = )V, }ds
L

L
— EI/O [Vt¢sss + Vst¢ss] ds + EI/O [d’sd’st + ¢55¢t]ds (5.7)

CORRETRTOELHS TET,

dE L
S = [~ pgAViL = Vi — ElViue + EIbu6] (5.8)
INGOEE, BEREME (1.13)~(1.16) It &> T, T_THX,
dE
— =0 (5.9)

REBHEND. DD, (5.4) CERESNBIAIAX— B ABEICKL2VEREOT, L0
BER T RA L o Th &L,

T T, WHEER, Thbb, t=ty+e, TRMLHIELILTHE, M (A7) (413) PO
sin(wie) HY O EBARSNEDT, BAH (5.4) DO b, ¢, ¢s, Ve FELHEETSTHR, S
DIV, 2GLEBT=XLX—DEDKEKRD. DFV, HREKT, TOHEHRENSEEIIELL
TVWBR, FEERCEAR>TVARNEND ZEThHB. LENST,

L
=2 " 6510
2 0
DI, (47) (3.11) b,
Vi(z,to + €) LZ 21w A (Wi, o) Alws, 2) _ L70 5z — ) (5.11)

K (w;,0)[0.A(w, O)]
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# 7 & G-BH 4 T

LRBDT, THIAX—R (5.10) IAAAT S &,

_ pAL37¢ _ pAL*7 I,?
=55 / 6(z — z0)%dz = %Aoém) 2pAL(m (5.12)

Lo T, ERKIZE-TLEI. T, TEEICLIIERY 1 fICEPIRL-DICRIDD
@&%i%na

mIBK % BT 5 H %
ZITINERD bIC, ERARERIC M L (4.15) ROBRF AN LIcLE .
LOEE, EAEER

2wt Aw;, T
Vi(z,t) —_—LZ w“o){; A((w 0) / / f(@',t)A(w;, ') cos [wi(t —t')]dz'dt’

(5.13)
LB DT, HABEEK fz,t) &, BRI ¢t 2, KM [to,t)] TOAEEZEOLOLL, =
FNFX—% AL LMt 2BHREEZEDO t = (31 &L, o, KM [to,tl] MU NXE T,
wmmh— N1 eHpEDBOLEETD. 2L, BEEDOK 311) I2L-T, w; @
fas &,
L %,
W@M:7/f@ﬂﬂ (5.14)
. T to
k7B, bz, TIT, )
Py =L [ fz, ) (5.15)
70 to
LEZLTRBE (4.16) 5,
1
/‘FuMzzl (5.16)
0

LRBOT, oEBIESnE Fz) #FVT, (5.14) i1,
L1 -
m@¢n=;§F@) (5.17)

&ibéhé.&m,:@K%wlmnﬁlﬁék,él*wﬁwE&i

— pAL3T§ /1 ) _ / 2
E.~————2T4 A F*(z)dz = 2 AL F*(z)dz (5.18)

Lhn, BEAME LN, L, TOMEIIBREE F ORICEKELTRES Z LIS,
Thbh, BERUYPEEICL-T, BHTIRAF—E, WL, O2FKLHIL, £2HE
pAL IZWFlIT 3. ZZTC, HREKTHD F(z) 13 (5.16) L 2 KHBLENTVDDT,
FO2R-OBNEIL, Fz) 7 6-BEOLEIZ, BROERKIZRY, RIELPIRDITE, £
DN EL 2B, DEY, RUABEESEEREN > TVWBIEEEX TR NXF—F/NEL,
18l EhTB13E, KEL DI EBDLMS.

T TORE, ERICZREENY 2T T, TRAF—OREBERS Z LT L, T
DL x, BEIOFIT S BENLLDOThH-ThhEbR. L, Zo#i, BEOFIZEN



HERAZOHHE L £ ORE

DEFIET, EH%E 6 BEEIC LRSI, 2L I I TOREIZCORNLDICR -
TLEI ZLEENTHS. Thbb, ZOBAE, GEICHEMNI»E0T, EBT XL F—
ba&%f,@H%@%@é#x*w%-%%@L@Hnﬂtgtw.it,wm)ﬁmﬁw
T, o OFMITTETY, cosfw;(t —¢')] 21 LIFHRERLBRDIDIC, w; OFTENRL
H72E, bL, HEEBITLIZE LTHEERRRBOIZR>TLEI THA D,

6 HbhHhYIZ

CORY T, BEREDIMOTRIDIESEE LEAOREEY, BEME | KOWME L
LTI ZEIE»T, BENRBHEAERLE. 22T, HEOKIZ, REDNHLZTEH
A Ex b boL LTI LS, REDNOEFHTAAFE—E, b UHZER 1 AT 6
BIZRZDETHE, ERREARD, ZTHEET 2B REKE VD, WHhIEFRHADL O
KESBRINERSR2NWEWIEBRERIZRo7-. Z0kH 3z bid, FRLTOWR2-T-
Eiz, BARLDThoT. Th, BZ5H<, EBCEEDH LB S < D 1 KT
BRODELTRIEFAEEORMBEEZ DD, b L, BCES 2 3 KT AR
THEARBIZZ SEARLRNTHSH. (5.11) RTRLIEE 10, BREESEEAT 6 Bk
Bot b LTh, ERICH, TORGTEHROEET 6 BEICRS DI THRVDETHS. =
D& R, SRR THY, KEDHRIOT—< & LTHRLTEL.

8 /NTA—F pu, v IZTDOWNT

TIT, (25) RCEHENBATA—H p v

[ pgAL3 [ pgL
. EI ’ g G (40)

[ZOWNWT, TRAXF—LOBFREZBARC L TEL.

u 20T
DI, p ZEFICHTIENORIERDTRTIA—FTHD. bL, BT, OO
VBT OREETEZ B L, TMEKAOBEBEIRLIIRY, ¢=V, &2DDT, (54) D
TRLFE—T, ' ’ :
l L
E=§/ @wﬁ—m@@—@&ps (A1)
0
LB ZOROEESBEED S L, 1EBRRMTZRAY—, 2HEBZEHT=RIVF—E2RD
LTW3. ML, BARHVEERFE-ESILoTWDIY, BANKRELRD, HDHWE
EI OEN/NEL B E, HIRBZZEICL o TREDTZINF—Z2ELLLSIETD, VWDWD
NSRS LR T, ZOMENEZZEAH, #F =¥ —LEHTRLF—DORRIHEY
&HEZAT,
1 1 [
—/"Ew&m=—/,mmL—9&@ (A2)
2 0 2 0
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# = & BB b OFE

BEOEMEERD., ZOREREL D7D, ERICHEP I EEDAE ¢(s) BE I D0
EEORTIER B,
FEXK (1.10) 2°5, FHHT, HOHWEARWEE, BE ¢ 1F, HEX
El¢ss + pgA(L - 3)¢ =0 (A3)

FHET. T OFRRIEFEORT TR Lk 5 1c, WIEHO LBTHESRY R §,(L) =0 &
WIRMED L EIZ, — 1/3 Ik Bessel Bt AV TN, ZOREIE, A 2EEEHE LT,

#(5) = AVT=5TE Jajs (31 = s/1)?) (A4)

EETE. ZOREINAF—FHK (A2) KRALT, IHTHLIWVD, ERIZZOLED
e, 22T, FERX (A3) OFLIC ¢ HBITEST D L

L L
EI[¢s¢), — EI /O ¢2ds + pgA /0 (L — s)¢2ds = 0 (A5)

ERBOT, fiE (Ad) R xAF—K (A2) 2R T2HIIE, ¢0) =0, 7Y, TIHRIED
RABIZI2 2 TNBD EWV ) ZEPLET, BEMIIT,

Toays(3m) =0 (46)

Tiebb, 2u/3 % Bessel Bigk J_ /3 O KTRTWERLRY. ZOERIANI L, &b

ANEER, )
S = 1866 (A7)

Thd. p NIDEULICARDE, BRI ECEoTE=RXAF—2TFTFLS L L, REIAKE
Ly, BENSEIS. L, ETICLAERRREVZD.

v IZDWWT

SEW, v BHBICTAEHOREERDT AT AL THS. RALLIZ, YT, 2O
T ORVMERORETE XS L, KEDOEEXA ¢ IECEoLR20T, (54) DXL
¥—Ii3,

L
E= % / [GAV2 - pag(L - 5)V?]ds (A8)
0

LB, TOHESEEO 1 EBIREWELATRAF—2RDT. BAMNEW S LIFEIEIZ L
THEABEMY»TWAR, BARKR RS, HBWE, GA DEMNNEL DL, BEBOTO
FMLBMERARIL, LV ZRIAF—BWNEVWFIEBITLLI ET D, DERKNPEES.
TONENE I BHERI, BT RAX—LBEBHATIAX OBV ES ETAT,

1 [t 1t
= / GAV?ids = - / pAg(L — 5)VZids (A9)
2Jo 2 Jo

MEDERMEEL D, W, BEBOTID s TTDEIAHNTEA v OHEHEFEZEZL, €
NEY LKL L TESESY>TWHHDELT,

<s<
V. = v, for 0<s<sg (A10)
0, for sg<s<L



HERBAZROBH L £ DRE

ELTZoRERELD L,

szeg_é_ 2L

G - 2L—So (All)

%185, Zhnb, so=0, v=1T, FTrLYKNEEY, so=L, v=1+2 Tl Ex TN
ERHARIDE NI PIFBRRICKHE L TWB I ERDM D, Vo ABMIMIEE D & RIIREE
LY, CALABIMAREAIT, BRERAEZS. L, BCLZEERETHS.

IIZET, RIA—F p v EXFAX—DEDYERTEEN, ZITINLDERH LR
FIEEXBZHENERENR D ENBRTEL. EROFBREMN L&, p, v O
A, FRER (A7), (All) DEZBx 5L, BHERDE o EHKELY, ToLE, ZHEK
sin 2%, MHEBEIE sinh ICE L LT, BT REEARY, BHICRIESEAL TREETS. =
NoOBRT, BHERRS L LTEBEIND
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