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1. Wave Force Computation for Structures of Large Diameter,
Isolated in the Offshore

Yoshimi GODA*
Tomotsuka YOSHIMURA**

®

Synopsis

The previous paper (Vol. 10, No. 2) has introduced the solution of wave diffraction and reflection
by a vertical, elliptical cylinder with experimental confirmation on the wave height distributions
around several insular breakwaters. The solution is applied in the present paper for computation
of wave forces acting upon elliptical cylinders.

The computation is made in the ranges of the elliptical slender ratio of 0 to 1.0, the diameter-
to-wavelength ratio of 0 to 8.0, and the angle of wave approach of 0° to 90°. The wave forces
in the directions of long and short axes are converted -and shown in the form of virtual mass
coefficients with the reference volume of a circular cylinder the diameter of which is approximately
equal to the apparent width of elliptical cylinder observed from the direction of wave approach.

The computation is next made for the wave pressure distributions along insluar breakwaters
which are realized by reducing the short diameter of ellipsis to zero. In comparison with the
pressure of standing waves acting upon the infinitely-long breakwater, the wave pressure along an
insular breakwater increases by the amount of about 80 per cent at the distance of about 0.2 time
the wavelength from the breakwater tip at certain angles of wave approach.

The wave pressure along an insular breakwater is also computed for irregular waves with
frequency spectra. The spectra of wave pressures are obtained and the one-third maximum am-
plitudes are calculated. The result shows that the largest value of the wave pressures along the
breakwater may amount to about 1.5 times the standing wave pressures on the infinitely-long
breakwater even when the wave irregularity is taken into consideration.

The computation is further made for the wave force exerted upon a vessel moored tight at
offshore dolphins and the forces transmitted to the dolphins through the vessel, which is considered
to be one of major design forces for offshore dolphins. The geometry of vessel is approximated
with the elliptical cylinder having the same width-to-length ratio. The computation with directional
wave spectra shows that a tanker of 200,000 D.W.T. can exert the force of about 1,400tons at the
one-third maximum amplitude to each breasting dolphin when the tanker is exposed to the incident
waves of Hy3=1.0m and Ti3=10sec from the broadside.

* Chief of the Wave Laboratory, Hydraulics Division
** Member of the Wave Laboratory, Hydraulics Division
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LTRd BB,
— ¥Rt EHCHBEBEEIX t2=1y=0 £ LT
R:(0, 0, n)=§i 8:55(0,0)cos or.dode (73)
ERB, ZOR(I)REERTHE,
Sm&@qnmwapﬂiMmmw(m
L%, iz aS(0) KHELVHL
si0)=\" (o, 0)a0 (75)
27, FBE S TRbTL
scn=\"_ss, ora0 (76)
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FTHRE-ENAF

EB 5T, —KTLARYZ FARZRITTARY b ARER
0 OV TRA LD DTHB T L¥br S,

(2) HO—RFTARTZ ML
BO—WRILARY + LORKHAETIZ2WV T
Neumann RB3FEANTRE L TUUNg, L OMEHICI -
THEL2DARYI FLOEBRRRINTWDIThED, T
TR, ZORRI P ADBIZOWTGERS,

(i) Neumann QAR } A

Neumann |3 573Z:EL IR O—IE—IK D% ’]~‘(sec)
Ve H(m), Bafz V(m/sec) 2 LT, HIT? %t
(TIVY 2R LT 7 m » F LESE, 2hboH0a
F&ARa3,

HjT?=0.219exp{—2.438(TJV)2}  (77)

TEbINBH T EEEMLA, 2L, AN T i3ils»

SIUoEMTH D, oR(77)HBEI L 2l EoRK(E
CIRESE LW EERT,

Hmax=const-
max 22V

g7T? gT \? '
Zonl-(25)} o
Zkdic, EHLCBEMARYVOEO=F AL ¥ — LIEH
DRER»PLRDX S BFDARY b ALERDTWS,
—c L e [T\

S(T)=Cig5 2 e~ (5] ] @9
Tz EERARS P ACET &, T=1/f, dT=—df|f?
ThHHr1H

ScN=Cig; B rem|~ (555} (@0

25,

Neumann BRZDARZ PARZER L YBREESD
F—a2 B35 t+o5Thl, TRRET EORBPLES» DR
Ry gk B Ekir 1) DR AR EEZO
PDTHBLdprbb Y, BTOAOBEEL b zD R
7 b AESED XL—FT 5,

(ii) Bretschneider @ x =% } A®

Bretschneider 133445 < @ D EIRIED & I OFEHRY
WAL, HE, HEES Rayleigh 5352225
Bli, FOER» ORAMOHERSHMERDO L S>CE X
7o
ra’rrt

)
Z T, tr EAMOEKRTET, =TT &3, &
ZL, T aAROTHETHS,

RENHND a1 BEE L AMOERERTHRET,

(81)

p(rr)=rarrrd exp(—

Ar=a1tr? (82)

ThB, 2T, i BEEOEKTRT, M=L/L T
BB, =L, LI3EEOTHETH .

A2 EmoTsEe L, BEO®EKTE (o % (o=
HH:LTE525L, (BOBEEARS P ALETRTO
lg #=3EL, O~ DEDFTRTD 2r LT 24—
A2rf2 X 2c+42)2 DD (x? OMERBZLLE -
ThRd OB, FFERNITIE

' Sc,1(1)=§:CH“P(CH, wdie  (83)

LB, 22T, p(Ca ) BREASMHEKT
p(a, A)=p () pa, (Ln) (84)
THb, £EL, b (la) i3 i RELLED (g OFF
BEEEKTHB, (84 ER(BI)ITAALT,
Scu(=p U\ Cad o1, GVl (89)
Lin, R(E)OHDOMGEL Lahi, EB%E, ulm
PEBERESY b, (B=10 ThBLEETH R
Tty =Ki(Cm ) (86)

tEbTZERTEDS, &I, K1 % (A, {a) OFFEM
BT 2RAWCEDbLT, ZOBERE p(A)dir=p(tr)dTr
DOEFRERWT, R(B)ZEEL T, FDOARS A%
AYIARZ PATRTERDX DTS,

3.434(H)[1—-7+0.9277 (TYT)]*
140.27373

X %exp{—O.G?S(—%Y} (87)

Si(T)=

7L, F(82)D a1 1x Rayleight SfHDREN S a1=
0.927 L LTHE2LNR TS, .
RE@NDARY b ix, f=1T ThH35»5, @AEAK
ST [T AL TRET D iR B,

i || SNdr=T ensxse, AE)LAW
LT

o annf A\ (1A=1+0.9277(T )12
Sc(f)—0.430(gj'~z) { o A }

x g3 f-Sexp[—0.675(T )] - (8®)
DX 5 IEDD, Bretchneider 2FZ ORT 7 ik

B35 () 0OFEZBRVWAERBAEARS P LrOo—fE
THHELTVEY, ThickdE, R(BB)iX




HwRCIL LAEXIBEDRECBENORE

S:( f)=0.430(;%)gg’ -5 exp[—0.645(T £)4]
(89)
&z En_

(iii) Pierson-Moskowitz @ x =7 } A9 -

Pierson &+ Moskowitz {ZE % 10.29 m/sec 5>5 20.58
m/sec 1) HEOBHES S THFRELABED R RS
FADBERDTEY, TOBERDOIS KE X TV
%,

Si(o)do=(mg?/a%)exp{—B(ao/0)'}da (90)

2T, I ay, Bi, 00 BEHEAAE XL —FTBHXS
DT, a1=8.1x1073, 1=0.74, oo=V/g LT\
%, T THEE ViEERCHE S BE T, BEET
DORBIXE LSS 19.5m Th B,

(3) BOZRTARY ML

BEOZRTA RS b Si(f, 6) BSEEED ORI
Si(f) LHMfA 0 DHOBEK h(6) wHEETE B LEE
T5hbIE,

S:(f, O=S:(f)h(6) (91)
a&5oﬁwmfﬁer5K

scn=|"_scts, 0)a0 (92)

ThHH00, H(0) RO X 5 EEHLHR LAY ER
5TV,

Si h(6)do=1 (93)

BEOZRILARS b Se(f, 0) & LTREBNOHE
E, —BR IO XS EHHEBRAVLRTV S,

Cote LI R 7 VA FHIC X 5 EEIER» B, —KIT
A7 b S (f) & LTtk Neumann QA7 b LR
BO)Z{RELT, h(0) ZRDXSITKDTWB,

%[l+ [0.50+0.28exp(——;—g—4a4 W)]cos 26

+ [0.32 exp(——;-g-‘a”ﬂ)cos 40] }

(101<%)

=

(94)
Cote LIZEHBIEDHIE, LOMBOKEL,S cos20 @

h(6)

G 2 sked, R(94)D cos40 DIEIL h(60) HdH BW
0 DEIFLTARELEVE S KBEHE LTEA
LTw3,

* 7 Ewing! 3, 74 OHmEEE & sticpmoh® s
AEAEE L ~ESBEROBESRLAVT, KOX
S5hFD h(0) OFREEZ T3,

h(8)=A cost(6]2) (95)

22T, AR 2RI 5 dDEHEHTH S,
ShbhizonT, B f &35 2—2 s &#7 vyt
LickRickse, f=0.1Hz Tz s=15, f=0.2Hz
TR s=2 EloT, s OEBEAEBRICX > TZEILLT
Wb,

EEIPACTEPRTVWERARZ P LK X 5ED
HEFHRTIIE4AORO LOMMEDR T 5, FlxiE
Barnett12:19 }3K(95) & FH{lD

h(6)=A cost 6 <|0|s—725> (96)

"EAVWCWAL, —F, FHEWE Cote It XBR(94)%

BuvTwa,
ZDXIREDZKITA RS b AT oW TR EHE A
ZLKL, BEETOLIAR &) LAEBRDLNT
WAV,

(4) HECRBVLWBIEDZRTARY ML
BROERS XUMRECERT 5 RHRAE N O Eic
RVBEOZRANRY e LT, R(91) & MR
WML FmAOMEORTH S LIRET 5. £ L
T, WO—WIT A7 v S(f) LLTRR (89) @
Bretschneider ® A7 + L
) s expl 0675 (97)
ZRAV, Fasioik A0) & LTiRO) xR T
5RDOA(B) A5,

S((f)=0.430( d

285(s1)8 k3
=———"—cos¥0 (s=1, 2-:.) (|0]<—
h(ﬂ){ @s)tn ( 2)
7
=0 (lﬂl>;)
(98)

R OHMEERTLE-28 0X 53, ZOH
b, 52 —-2 s BPRELBBIZONTHEHD AL R
NEFLTCL B, T, s—oo TREBSZEIZELAD,
—FHBDIRIEN D,

R (97),(98) £ X 5T, AVBEDOZRITTARZ b



£HER
hie)
sS4
/3L,
20\
//2 ‘%\ he) (25(),2 cof’e

.
ya %
4 %
4 )
p .
I .
R
] D
i
/

-60° -30° O 30° . 60°  40°

(¢]
E-28 FmaEk h(0) o5k
Se(f, 0) BRDX SRS,

_ 215(51)2
(=043 o

-90°

() or-

x exp[—0.675(T f)y~+]cosis <|0|g

Se(f, 0)

ISIE
S—

E

=0 Qm>

(99)
L zzT, B 5300 T aEREOWS Hi 8 XOREAN
Tis EROBRITE > TV,
H=0.625H,3,

4.2 BRIZRY FLBS

() REDL > B—2D VX ARLEFHRELTE L,
z () OEHCHEERE% Re(t) @ Fourier £z X » T,
() DARY P Sz(f) KDDL LHBTES, i,
Sz(f) @i Fourier ZEI X » T Ra(te) 3T
5, ZDX 5T Re(te) & Sz(f) & Fourier pair {27 »
TWa, T&bb,

T=0.9Ty3 (100)

Re(e)=\"_Se(fexpiznf)ds
- (101)
Se(N=|"_Re(eyexp(—iznf wydz

ERB, 2T, w RTFHLOMRTH 5,

BE XUHEMAEHRCEH<ENT 2. BXK 3. Tk
DRESETRCEREKOE Thd bR TWBDT,
EHERTRTEREKE LTRIES .. BHROERML,

JCEERD AR P MIZECARBEBENROE -~ SEL Z
Z¥ 5,

BRZEHEOBCHERKIR (102) T5Ex 5h 3,

b

ERE: !
Re(z)=E[x(8) - z*(t+10)] (102)
X, Ex [ ] NOMREHE, * ENESMEEEREET
R

() DISERK y@)
y(@)=1 (=)
TEz26Nn5% 2 &, y(t) OECHBEREK Ry(n) 2

Ry(1)=CnRy"(7t)+ Cpa Rz 1 (T4)+ - - -
+ C1Rz(7¢)

DX 5 Re(7e) DB TERDbEIND LIFET B &, y(0)
DARY b AL

Sy(f)=Cn[Sz()]¥*7+ Cn1 [Sz ()] ¥*n-D 4 ...
+CiS=(f) ' (105)

Lind, 2T, [Sz()]1* 1k Sz(f) @ Convolution
LLT, ROX S TEHEXN S,

(103)

(104)

Se(#=|"_su@Su(r—wan  (06)
zh X b, Convolution [Sz(f)]**» 11

(Sa(nn=(”_ [SaeoresennS.(f—cide:
(107)

TE5 2 bh, Rz(m) & [Sz(f)]1**» yx Fourier pair |z
Ko TWBID,

Wiz, RADDEDO—2L LT, y(&) R z@) Lk

BtR0 D BHEEE 2 B,
v@O)=2(t) 2 ¢:(f)
ZoEE y() OECHEBERI
Ry(@)=E[{z() L 42N} - (@ (t+7) Z ¢e())*]
=El% ¢:(f Yoz () x*(E+70)]
=2 4i(NMNE2 @) 2t +7)]
=2 $:(£)¢5*(F)Ra(zy)

LB, EHERAB)EHANWT ¥y DR27 AEk
DB E

(108)

(109)

Sv(f)=iZ];»¢i(f)¢j*(f)Sz(f)

LB, 2T ZJ Gu(f)¢i(f) BFEERE & T T
5,
Wiz, X (108) KW TEABEEIERM ¢ 2 Thl,

(110)

®




HhICHL L EAE B S B OFE

AREOOHRBTHIETHE, .
y(¢, 0)=Z.} ¢i(f, Dz, 6) (111)

LB, 2T, 0 #ERKELT y(, 0) DRI L
kDB E
Sy(f, 0)=§ Gi(f, 0)p*(f, )Sz(f, 6) (112)

LT, @ y(@t) DAY A Sy(f, 0) 1k 6 Fm
P ODORRAEEE 22, 0) DRICXDARZ P ALTH
5, ZZT, z(t, 0) HBIKT, v, 0) BEILX > TEL
50 (3R XONDOHBFRDRE) THBEHEXD
mHIE, 0—46/2 X 6+40[2 FIDEMH» L BT K »
THELBNDRRY + LI
Sy(f, 0)40=§ di(f, 0)¢s*(f, 0)Sz(f, 6)40
(113)

tLtExbh, 2he —1 5 ¥ TR ThED
5W5EMPSOEHEC L > THEL ZHORAFEHARY
FABKRD X SICKE B,

Sw(f)=8ixs,,(f, 0)do
=§_S;¢i(f, 0)gs*(f,0)S=(f,0)do (114)

4.3 FTHREURDOREE

(1) BEOEENT

T T TR, FAHREKIC X - TEL 2R OFEE
G ERBEEOBEESM» LREL, ZOHENOHER
Kb, TORDI, ETEEOHERLSMHERDS,
?ﬁﬁomﬁiﬁ@) 4 ‘Dtﬁj{ﬁﬁ Cmax % C1=Cmax/‘/§
DEFRTECERT DL, OOERFMIROL STk
615)0

p(Cl)=-‘/;Tn [e exp{—(1/2(L18/e3} +(1—eB)/20y
x exp{—(1/2){:%) Sc_l vI=e3pe e“l/”lﬁdl] (115)

ZZC, e XL DAY P S(0) DIBERTRT AT A~
2T, 0<e<l DFRILH T, KORTExL LI 3B,

___momy—ms?
€= p— (116)
L,

mo=5=§:8¢(a)d0
mg:S:a’?Sc(a)da 17

m4=S:a4S¢(a)da

TH5.
R(115)1x =0 DFE

_ _&
P(Cl)—Clexp( 2) (€120) } ws)
p(C)=0 (&1<0)

b, e=1 OB,

p(cl>=—‘,;=nexp(—%x) (119)

Lind, thuhbbird X i e=0 DAL Rayleigh
BHL, ( OBAHEIRAOHEZRIZV, L, =1
OBLE L OBKERBOELRSDOT, HAKETTDH
RAEMSEL B,

&, KEEBOREAEMN e=0 @ Rayleigh St
5 LEET B L, EEE H=2max 520 50T, R
M8) 5 (=2 L7 » TKRORBEBLN B,

S H?
C1’=T (120)

LiataT, G=H/2VD) ToHorb
p(H)dH=p(L1)dly (121)

LT, WE H OBERSHITRD X 5 /x Rayleigh 4
MxETHEDBbr b,
2H H?

P(H)=T;1:; exp(—i—?> (122)
zoR(122)» 5, FHEE H, HHEES Hp 50
1/10 k¥ Hino ORIICKOBEKRSES 5 2 & 3 8rh
60

H=0.886 VH?
Hys=1.416 VHi =1.604 (123)
Hijo=1.800 VH? =2.034

EROWEOKEEED AR b ARESIE L, R (116)
CEEXNRD €13 0.7~0.9 OEEXRTIV, L Lian
b, EHEERT v 77 R ARTEET BRY, 227 b
NOFIRIIE L A BRI, R(122), (123) BRLT 5
Z L%, BER ICEEERTHE»D LR TN,

(2) BHO®mENH

WiE A OWTIE, Fz, Fy ©R(26), (27) bbb
2B X5k, BN F LiEOKMZESHOBRD:

F=f(0)-C (124)
DHEMBAFRTTREIND, BHHEOKLZED C 1XTE Gauss



AHARZE

BACHES 25, R(124) DRI X - THE T F Ok
ZitbE7 Gauss HAHICES LR TI Vv, LT,
BEOWELSH p(H) 2HVWE0L2<{FALL5KL
T, WHOWKE F oRLMH p(F) i Z&nT
% 60 tfi L; p(H) 0)?3552%0)5%0‘1 H=2Cmax & L’C?&
BEREHRELETNED, p(F) OFETIIRHMCEL
T5 F OBKAETHS FLXDOLDDEENRET 5,
LOHERERTHE, p(F) RROLSRbINh 5,

PP =—mew[— 5] ()

F?=2i@=28:spuﬂda C (126)
Thbb, HHOEKED Rayleigh SRS,

723, HED Rayleigh SpAFiciEd> 01k, EEE2ER
T o7/ AETERLLLETHHIL2ERL, &
TOBKEE LTI [—2DERrT7 v 77 v AEP LR
DERT v 77 uAEDOMOEO»DEAED > bR
KDHD) LEHLZLELTEL,

ZoR(125), (126)5 5, EIIOWAED 1/3 FAfE
Fy, 1[10 BKIE Fipe R EH, RO XS iTkdDSN5,

Fip=1.416 JF_T:—TZ.OO\/SWSF(G)da ,
0
R et )
Fijto=1.800 VFT #2.55«/& Se(0)da

0

S (3) RHOBKE

ZO X5 i L TR, FRANIC X 53 OFEHE,
VES, Fip, Fyn BEQERP RV a0, #
M OBRISE MR OH RS NEOMBE LB T 5 =
T, BMERET 5 L13TERV, REL, UTFO
EHFETRENOR DI, BEEEHCIETS0L
LTHAD 1/3 Bkl Fin 2REfEiE Y, zhick
S THERRLEET 5, OBPAREE X530,
Fis TREXNSTHRARENE TV 5 g UE
BRKRDWS Fmax DREXTH3, LaL, Fmax it
—DODOHIHBTH > THEME LTHRETET, &K
ZOWBRHEERRE X bhBRET TH D 4y EHORA
fE2ESic N B LAL %, ZORORAME Fmax
OHEBBES, F*=Fmax/ VFT OSKTEER AWK
DLS>REbING,

PP =i =g (PO

= (128)

BRI

z iz q(F®) ik h ol Ao RS AT, R (125)
DEBSHIC X > TRD X S IKkdD b5,

R(128), (129)%MAV5 &, Fmax OMFHE (N fEfHH
ELBERR DR L & EOFHIE) 2, KO XS KEE
*h35 18), 19)°

—a—— =3 — r
Fo= VBN + ]
=0.708F} s{ ‘\/lnN—I-—-‘t——I (130)
’ / 2vVInN

g, 7 47 —%=0.5772..- ’

U Lgasts, N B % S REE ) ELTEONS
Frmax OFITH, (130)0 Fmax X D bk & ZHEIE
LHEENTVS, LEMoT, HEHEL LC Frnax %
AvsorfEEflcss, ELbRL5, £2T, BE
L7 (Fmax)s Z LEID BEBHERT 3R (BREB) L #
L, 0% 0.05550ix0.1BELTB ER8E
2bh5, N & p 52T Fnax ZED B ITIE, RO
X5y,

fERER g 1%, Fnax>Fmax), OBRAREERTDH S
25, RAW)DOMBILL T, KOXSIKEHEXNS,

=17 pHE AR g (PR
=l—exp[Ng(F¥)] (%L N»1) (131) -
L7doT, R(129)D ¢(FY) 2Fvarzdicky,

T o
(Fmax)s= JF? Jm

=0.708F1/;'\/ 1n[m%] (32)
WHORKMEL 1/3 Kkl L OBfRER (130) 5 XUR
(132)CEtET 5L, £6 DX5iThks,

LAdioC, HEMORI 0N ORAMETHRE 535
AT, BB ICRRRBORBICL-TRESTH
£ 13 BKMHD 2.0~2.5 DRV 5 LEHRD 5.,

FHRAUBIENEFHOD 5 —2>DOFEFHLE LTk, B
LB RIEKRENE - BVThosR SR OALE
T L ETHB, Fhbb, WOLDL X LRI~
L, HOBROE ERMABIE T X5 W<, ThiL,
ZZTRYF» TV BOPBHMRIBOE TH 5T
ERCIFRRBOXE T, HOWTIERZ 2 TRHE




IS L EREE M@ { BN OFtE

BEX Y DLPREL, HOFTIEREI D S22/

L ARBZENFVERDND,
®-6 HWHOBAME 1/3 FKfEE OB
50% 10% 5%

OB | TFHE|ckME|£KRME|&KRIE
N Fmax (Fmax)o.s (Fmax)o.l (Fmax)o.os
50 | 1.50Fys | 1.46Fys | 1.76Fys | 1.86Fys
100 | 1.61Fys | 1.58Fys | 1.85Fis | 1.95F
200 | 1.72Fys | 1.68Fys | 1.94Fys | 2.03Fys
500 | 1.84Fy | 1.81Fys | 2.06Fys | 2.14Fys
1,000 | 1.94Fys | 1.91Fys | 2.14Fys | 2.22Fy3
2,000 | 2.02Fys | 2.00Fys | 2.22Fys | 2.30Fys
5,000 | 2.12Fys | 2.10Fys | 2.31Fys | 2.39Fys
10,000 | 2.19Fys | 2.19Fys | 2.39Fys | 2.47Fy;s

4.4 BRICEBHFTRAUEDOENKE

(1) BHBEORRIJ LML

BB < BHBEER(60) TEL BN TW5, TO
RERAB) G EETELD L,

¢n= k tanh kh

Sesn43'(0)
stmes Ne®.,(0) NefD, 5(0)sesn2()sesn+a(a)

2 Segn1’(0) Ne®
Ssn+1 Negf,),,,,(O) ntl

(0)sesn+1(77)sesn+1(a)]

(133)
EtEbEIND, R(133) 2br I HLTHADRIKKRDX
SAEBRETED.

Niny1 exp(f psng1)=

2 Sesnt1’(0) @
sins1 NegD;, (0) Negpr1 (0) }

. 2 S 0
Ninys exp( pinss)= Stmes ﬁ% NegP, . (0)
n+

(134)
IREBAVWTRINEEBEELDLRDOEO5 LR S,

= 2:’° tanh kh

% [ Ngniasesnis(n)sesnia(e) exp (i (pinss+7/2))
— Niny1sesnii(n)sesnii(a) exp) (i pins1)]
(135)
BHBEDARS A%k Se(f), BOZKTARZ b
ng S(f, 0 LT, KM EAVBE, BENRED
ART AL

S’(n:S:,(,. if:oswm*)sc( £, 6)d6  (136)

LLTRkDEND,
£, :‘&(136)'110)” §=o¢n¢m* ZEET5 L,

o 2
5 ¢n¢m*={3%3»mmkh}

n, 0

X E} [ Nan+3Nam3sesn+3(n) sezm+3(7)

n,m=0
x sesn43(a) sesmia(@) exp {i(Pania— Pam+3)}
— Nany3Namy15ean13(D) seam1(7) seana(a) sezmi(a)

X ewcp[ (gazm,z— Pamp1t+ )}

— Nan 11 Nam13520.41() seam+3(7) seznyi(a) seama(a)
R —
+ Nan41 Nimi15€3n41(7) seam+1(7) seznr1(a) sezmar(a)

x exp{(pami1— @am+1)} ] (137)

ERBR, n, m OxMHESDS, R (137) AR
OHROBIFEL P 4AEOEKIIML, E2HLEIH
DEBRIFE2HEEIFHELTELVE n & m ZAhh
XREBTLHELASHER LB - TEEINS, £ O

SR RO

oo 2
% gnpat= [ 290 onh kh}
n,m=0 k

x 3 . [ N3n+3Nam 13 sesn+3(7) seam2(n)
n,m=

x segnsa(a ) seam3(a) cos(Pants— P3m+3)
+2N3n13Nans15€2n43(7)seam1(7)sesna(a)seamis(a)
X sin(@an42— Pam+1)

+ Nin 41 NVsm 1 sean41(9) sezm1(9) seans1(a)

% segm1(@) cos(@an41— Pam1)] (138)

ER5,

R (136) HOEDKILA RS + v Si(f, 6) 2R (99)
TE5 x5k, R (138) EAVWTENEEDARYS + 1
Sp(f) BEtETE 3, &L, RA3B)D a £R(9)D
0 rofficiz, ASHEO=FL¥—SRIEHILTVS
FMEEFEELT 6 TEDbLALLE,

a=0o+6 (138)

DORGR»H 5,
ZDES5KLTEONABENEEDARS  VEEIK
HIZBLTO025 o ETHAL, R 127) 2BHETS
XX o THENBEED 1/3 RAEBHETE B,
(2) SHHERETOER

BEARY bk ARIHEREE, SHHREREBER



AHRE-

L 2507T, FHPANKI X 5 5ROEBEDHEI
1%, AFHESERISEERARVWIDE L, FOERE
WHEED AR Y LIFRD LS KD,

Se(n=( T dwomt)Sc()

ABWEDAR7 v S(f) ELTRAONZAVE,

—flE LT, BHROEX B »3200m, jKiE k 2310m,
AT B2 RBRANE OB REE Hys 5 4.0m, FFEko
JA#A Tis 55 10sec DB DOV TEERTH o700 A
1 HTNE a=30° 5 90° % T 15° ffiz, STELAILEER
LT 10m MR BEIRELHELT, EhEED 1/3
FKE Pys D5 fERLEOBE-29 TH5, ZOHEIC
RAHANE ORI E &R CEEE2FOAFRC L - C
£ L 2ERK DG EDHIEE b FCKVWERTRL
Th5,
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