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STUDIES ON THE MECHANISM OF WAVE DAMPING
DUE TO BOTTOM FRICTION

—IN THE CASE OF LAMINAR BOUNDARY LAYER—

By Yuichi IWAGAKI, Yoshito TSUCHIYA, Masayuki SAKAI
and Huoxiong CHEN

Synopsis

This paper presents part of results of basic studies on the wave damping due to
bottom friction which have been performed for several years at the Ujigawa Hydraulic
Laboratory. The investigation on damping characteristics of oscillatory waves was made by
means of direct measurement of instantaneous shearing stresses exerted on smooth bottom due to
waves and by the observations of wave amplitude attenuation with distance. On the other hand,
in a theoretical approach the effect of convective terms involved in the basic equations of laminar
boundary layers developing both on the bottom and the side walls of a wave channel resulting
from wave motion, is considered on the basis of an approximate solution of the equations which
was derived by the authors with the aid of the perturbation method. The theoretical results are
compared with the experimental results and the linearized theory on the laminar boundary layer

growth and wave damping.
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KT e=0 DEFAIL Eagleson OFERE—FH L, ¢ FBKRICHZEZE (dimensionless decay modulus) & LA
TWBH, chEa d—ofto&B%, 1961FICEED 1 ABRD T2,
EEDIZI, WRBEHC K ZERBANMb 2 &, (38) Kofbbig,

d(c,EB)__ = =
LC“:,}—):-—(EbeJrZEfwh)

= —EppBL41/) oeerereeeerneeinen e (41
ZROBONERE SR, ¢ i, v i3 BN RTHEA SN S, LT, IEmEmHEoREEIch &5
CEBWEERY ¢ &3, (39) RicHh LicEEREOBFRRIZ, 2E¥DLHicik s,
H=Hpexp(—¢€p+wx/L),
€ps=472/BL)Y(14+1/) /(sinh2kh + 2kh) }
e, ERE 40) RELBRLT, & & g EOBRRKRIE, 2F0kSikdboban s,
€= {1],/(1_;_‘;,)} €hgp %% T et e s st en (43)
LIzd8sT, KBIKE 5T €w B5KRZE S &, EXOBREROTHEOHREARE U IEHERDAIZL
BEEBER ¢ ZENTICENTE 2, UEOBRICEBNT, B RESEITIIE, MO ¥
—RBEREZBRUIBAD 6 KB X THFEMRUFADOHREIDRLORE B ENTFHRINSG,
c. BRMBEERRHSEAERFHSELIVREREEEOBR
C 2 TR, BHORRER ORI, S HiEE &1 2 WEEERRK & AR U ERER R Ok 5h 3
EHEEERN Cr s XUHEREER o LORBIC VTGRS,
Wk, BB X 2 EBREOMRICE N TS, FRM DX SIC Bretschneider3? & 2EH L i OBE
IS et 2B
Tb=Pfub2 .................................................................................... (44)
EROT, BEERRBOHEESTTLON TS, 22, fRODWIHBIREEERTHD, T u i

— 9 —
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WERET D 5K SN BMIROKRT-OMBINS TH - T, Bl UICHIET 260 THS, (4) oD
EHEDORD ONBIBLT xF— Ep’ (1,

Efa':(4/37f)PfUO3 ........................................................................ (45)
L1z, LichioT, (30) RICBOTITMMC =0 & LfUmMHIcd E LT ALvE—E (45)
REEZELOEBOT, HREBRER S I8 2 >F¥DOBESZ 5N 5,

F= (B T /8) Rygr=1/2 wevvvererseeiniiiiitiiiiiiit i (46)
LizhoT, (22) REEREORENS, f& C ODMFEELT, REAMZ SN 5D,
F=(BR2/B41/ 2 )Cp worvvrrerernmsnnmininitininiit i 47

Fro, (40) AT e=0 LLABBRBIT 46) KeEho, JBAMT & & fDOMEBERDD L, 2ED
KT8 5,

F=(3/32m)e;( H/L)~1 {sinhkh(sinh2kh 4+ 28R)} ++oeoevvereesinniinninini, (48)
Eoic, (45) ROPLT A F—IZb EDEHRROREZRH S &,
H/Ho=1—(8/311/ T )fesRep! 2( /L) +reervrevveriimiiiiiiiiiiiiiiiininnn, (49)

D& DL D,

3. EEEBRKCALSLIVEERRZFICETSEER

(1) EmERLHORE

JIET DRI 1 A SR BN ik & LT, BIREAMOLG, To=n(ou/82).-0 OEFERAILT,
FHAME ORIED SIEMIT 70 DA RW S HIRE, FOIEEHETHENET 5 FiEEMd 208, E
DO FERIEOETHOBNCIZ K OWHITSADH 20T, ZONETEHBEOHIEAFEMT 2 LIZLT,
T ABUEL 72,

a. AEEFEOHM

Fig. 3 51 ¥ Photo. 1 [TFEERICH L AIWERRTH - T, ®— 4 bEHE KRR B LT shear plate
EXENZERD 3 DOFEBDIP S - T D,

[~ MomentMeter
~ISmm

6mm| LOOmm
i

g — .
- GmmSwportnngRod)

l_ B=50mm .
2500mm
Fig. 3 Schematic diagram of shear meter. Photo. 1 A view of shear and wave meters used.

(1) Wave meter, (2) Moment meter, (3) Shear plate

z 1z Eagleson 2SI b DEIEREAER—TH 203, WIIKV-HOBRIEIZFM  (portal-type) D4 —
SEMNZOIKILT, FHESRUS— VAN LImE— X v MEER LT &, 203 AX6in T
EXp51/4in, & 202 1/Binmdk Ex { THLY shear plate &N DIZR L, FHLIIBABT 2L
EMCT/RNEL shear plate i 52 WML TN S, COHBEBOEMIZ, HERNWIHESHATHS
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%3, shear plate IZIERT 288 %, TRABLTE— AV FHITER, COABUTr —Yitk 5, TOT
A EUTERMICHIESN, <rvEEA vy VallHEEINBE I T3, £— 4 v FEHIEA 1,000
greem FTOE— A v P BAETEET, BEE(LICHT 5E21319°C~54°COBIPATLI0BLIN TS %,
Bk, XRRFEIEZIROE Iy —V FETHENT 3,

37, REOBNF L ERFOREURE & UTRITHICR~N, $ZBICEBOKT TORBSEEH
ELCHEFRE ORIES K UMMHO TN AR U7#ER, shear plate 3 LUXROEBABHHBLOIES
LT B EMEFT LN &b T,

DT, shear plate DPEFFDALEDEF D S DFINDEE, shear plate D TFDZET X DEE, shear
plate &JEM & DS % DELE, shear plate DE X OF %, shear plate DK X X DEEB LU shear plate
DIROHE %, i 50cm, X 65cm, & X75m DOHRERKMZEFH L THEEBINICHEN I, CnbD#MIZD
WTH, ZCTREREBT S, Chick->THIHLC &id, @ shear plate BERL D EHF~NTH B L,
plate fIIICHE < ALK 5T, BEBEHNBKE S REONIN, THNTIhBAKR, 520 Z0RE
JEFE T, @shear plate DTFDZEG & 4h PR EVIZE, BEEHOERBIZ/NS LY, EREIGE
DL H B, @shear plate LJEH & DRI & 4b NS WOIF EEREI/NE RO ERMAICGESL, @
shear plate DEX Ji, FHINTHNZE, EBRMEIZ/NX L, HEREIGE-SL, @shear plate DRI %E
PLLTREZENESKL, pOXEOERAR THIT, EREIZ/NS KB OERMEICHE S, ©shear
plate DIF6 DEBIIZ LA LRV, bAEBFT VIS T Y — FEOREE S ¥ 2EENRALN 3,

Fig. 4 i3 shear plate DEXDEELF~bDD1H|T, £X15cm, (3. 5cmDRKEZIDR TV VAR

2
-2 o GO
10 3—2—0Opt9
8 > » =O— 1@
o 8Pl T 11
49 }
“To max e 031 INe reo )+
{ar/cnf) e -(\l\e de(\ocx\/c*‘/
2l - T=1.ec h=29cm|
\ ® L~ Thickness of Piate
16° ® | mm
8 Z
O 0.5 mm
6 14 ® 02 mm
4 ; Dimensions of Piate
. 15x3.5¢cm
2 :
!
o 1 2 3 4 5 6 17 8 9
Her

Fig. 4 Effect of thickness of ‘shear plate on experimental results_for_bottom stress,

% shear plate & LTHW, EX%E 1, 0.5 BXU0.2mmiC L TR - ERERARLABDTH B, Hit
TR RERIG S Tomax %, EREENCIEEHEE - THODLTH 3, MrhoBERHIRT (18) KT
£=0 LLBAD Tomax PEFERLTNE, COHA, EX£0.2mme LTh, HBERMEIIERME
O 2EEREN, LHLIES, AR L AHERIELSH O LK S, ERERENICKITETIEHRIIE
DEBIFILALEBRINI BELTINDT, COBHROEDLITELONS, THbE, VEDE
£, shear plate ®FHDOERIIL, FIBLCHRFOEMEDOESEE T 2IBEITEN DT, shear plate
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ZIERT A2 E LT, BEALSADH, foEZIEEHAEICL 5T shear plate DOFHICIERT 57,
shear plate DOJF O DFESHILEEE & - THBT 22 LICKB{RBHEES, shear plate OTFTDEF ZND
FHkDEH T 5 &k D shear plate B XIS, REBMHNTVEILHEELONE, CDXHLHE
B 5, £9 shear plate DT QWS & NOFIKDES % 1L 57w, Fig. JICRUI K S KBS EWICR
3mmDEEIED, % IKBEANT plate DHhRPITHEM IS Lic LT, T/, shear plate DIF%E
NELF5E, plate ORFUTEEE LY — N FEOEENRS SN2 EAMNS LD T, Fig. 3 IURLICL
3ic, plate DIZFTRAEZLEDDFBLHITL, »POEELICY—n FVEORRRSAHILT, v—wv
FEOEEHIL B~ shear plate 1T KK Hic L, £ LT, #5F) shear plate & U TR X8 lem,
i 5cm, EX0.2mmD R 7 v L AARE Ui,

b. £ B /A &

KR 7 DU & KEZEl Table 1 IR EB D TH - T, Table 1 (1) 1X'644FEIZT 5 v ¥ » —HIEH
BE, @ EF6HEIC T 5y 2 —HERBEERALT, FRULIGADLDTH 5, EHRDEERIG DR
Eit, BS2VIRKEEA—EE LT X, HEBDR Fo—J 482, BL4DEBIONTITE 1, K

Table 1 Characteristics of waves and water depths used in the measurement
of bottom shearing stress.

(1) Experiment made in 1964 (2) Experiment made in 1965
Water Wave Wave Water Wave Wave
depth h (em) period T (sec) height H(em) depth h (em) period T (sec) height H (em)
| o |

8.2~29.3 0.8 0.63~3.64 7.0 ©0.99~1.50 0.26~0. 31

10.0 0.99~1.49 0.21~0.95

9.0~34.3 0.9 0.48~3. 64 150 | 0.95~25 0.30~3.49

9.0~29.0 1.10 0.77~3.75 2.0 | 0.88~3.0 0.61~6. 45

25.0 1.01~2.0 4,67~6.84

11.0~34.1 1.30 0.65~3.03 30.0 1.01~2.58 0.81~10.0

E&ld, Ji Reynolds 3 R MNTEAMEFDREVBEABICNIVEADHERBAONEXHILEYS
LEbig, FIRLAEEEEICE XIZTERUEDESL IRFT 200, EHIEBHICELLEE, &
DEBEBOR P -7 B TEBLETRELFE2E DL L, BB, HETERERAAESTEHEOTRY
EEA v vyoiliERiIYE, gheids s -1,

c. ERERLIER

BB L7c X 51, shear plate iZflj < A\ F’ (3EEHEH OBERE S & ENARDEEIC K - T plate DO~
TERAT 2ENZBLCRBERHID 3 >OHDRICE LNEEZL 5NS, Lo L, shear plate DFDZES &
i3, KBAEBLCEIZE ST, 2 TOKDEHIEDSNTNEZDT, plate IRBEENIBEHHED
MEEETHY, CCTROEBIBBALNDIE LTEAARICLZNDAEEZ KT EEL, Fi
AR U 7o RO RIZER TE 25D & LT, MBEROER TERESRI T2 LicT 3,

W E, shear plate DEEK %L A, E&Ed EThid, plate IKfEAT 248 01E (18) Rk b,

ToA= ”'zk T {sin(E—7) —cos(E—7)} vroeermmrvmveiii (50)

&b obhbdh, EHARKEZHIE

AP _ pgk HAd
orx 2coshkh

L1257 5, shear plate ITfER S 2 B Y O OKFHFDERINEELIZ
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F:F'/A:_I/WszHsin@_T+g) ....................................... (52)
i,
C=pkcB/2sinhkh, D=pghd /2coshkh,
e=tan"1{14+(D/C)}, D/C=28d }
tHob3hz, Lzd->T, EBICHES NS shear plate DEAEEL DICERT 3KEH F OFX
M8 Fmax &, ROED ET BRBBHOBAM Tomax EOBMRT (50) K& (52) K&V, >F¥DLSic
35,
2
romex= [ 1 ggaye)
ERXEM, Table1(1) OERFETHE L ISEREBEL TRDY Tomax %, KEAWE/ T A— 52—
EUT Tomax/pgH & h/Lo EDBFETTay b Lichods Fig. § Th s, R, K818 2EEZHA

xi07?
3.0 T
l .
I
X I ;
\ [® 7-085sec(t=6.5%)
\ @ T =095sec(t«10%)
20\ |0 T-I,Isec(hlo:c)
S N \ 1© T 1.3sec (t=10c)
Zom
FoR N \ & ] ]
N T
10 é\%i Ly e
a Nd)\ .'m\
a1
. | L
02 06 10 1.4 18 22 26xi10™"

Fig. 5 Comparisons between theoretical curves and experimental results of
maximum bottom shearing stress with correction.

‘ B [:] T 1 |
8pls ! | i
6 |
4 N T ‘ T
oL = 4 L e
> . k! y . J . —g ' .
& i 52
= . do
16 . ‘ - ;
gl E=x(H/L)/sinhkh T T 1]
6l O 1x13~4xi3 e SR I
D 4 ~ 7 I . -9
4iHe 7 ~ 10 Hi-H O Authors(1965) ‘w@l =
HHO 10 — i3 t1 o Authors (1964 ) SRR A
o el ~1s ° Eagleson ik ] S\
I
L I AT
1¢* ! | L]

Fig. 6 Relation between average friction coefficient C; and Reynolds number Rer.
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EEOL LI OREMAERL, AHOSAREUEGOSNERDESEARYT, HOMGEMERICL L
DK Tomax DEREERTH D, X651, FBLIBERE Cr KT 2 RRTHERMRE LKL b DY
Fig. 6 Th-T, HPoEEHRE (22 ROBFEAERLTV S, ChoDERPLHOHRE ST, ERIER
BREETo I —HLTED, coc&il, FRBAOXELRFT L BRHE,I OO INE LA
ThH->TABLLSEROEEATIZOMREITHEBETELEEZ 6N b, MRCIZFEFHC Eagleson
ORUIESER AR LI, FEHELDERELD bIZ2hICKENT &b, b, Chid Eagleson MM L
shear plate DA EIWEF LD DI DI EMITKE L TEL, TDRDICEEICHE < BB LN D158
XENERD, ZOMENEN TR kb0 EBbh3, 5k, FESORRELFICK 53
RBOBWRD SER~DOERICHET % Collins ORAEH2 Kk > TRELICEC A, THBHREBRAET
BEEEZTELODIRNT EMbhotc, UL, TEERFEEEAELL, Rr OREVHADOH
EARBIIICS Db 5T, BHESOEBRICET S Rr OEESOEFVEXINMETTSH T, BERABORE
W SERADBBICONTRPESH T, ARITESIZAER Rr OEBANRE L THEBRAEEDT
WS LENH B,
(2) EeHEOEER
a. EREELIERSE
EEICHO IO, EEks JOBEHHT (1) OEEEREHIOMEICE L THWADERLT, %
BT O 7o Dk & JKZET Table 2 ICRTEB D TH D, Table 1 (1) [T 64EIC, (2) 13 65FEDEERICH N

Table 2 Characteristics of waves and water depths bDTH %o BAmOHEE, . 77 f

used in the experiment on wave damping. —BLEIHEEER L B4R, Fig TIOR8

(1) Experiment made in 1964 T30z, SHKATEL D bmBN- & A

Water Wave Wave Mo, ImbsNT7TmERIC, §5F54F

depth * () | perioa T ¢ | peigh H (em) KR 6REL, 77T e HOBAKE, &

10.8~24,6 0.80 1. 66~6.00 WD 9 mBt oL 5% S 1L }f’i’f
12.0~28.5 1.00 1,53~7.03 NEDT.2m CEiCE AFE LT BB,

25.9 1.10 4,50~6.85 Sﬁfz’wm‘ﬁfﬁﬁﬁ%%#m)' ﬁf

16.3~30.0 1.30 2. 40~6. 05 0)%"]1 D_tggﬁii, gfﬁﬂ,‘.}if]ﬁ] b&}gﬁﬁg

SHETEACEEERAE LI, 2L T, I
&lE, BHOLERTAEEIE > THhods
WSO LI0E %A, 2 UKD & %1320

(2) Experiment made in 1965

Xﬁﬁh(mﬂ ¥2§T<m® $3§H<mo BaFHLT, 2OREDEEE LK, @
082 T3, SRIATHEDEBDODH DG
5.6 0.80 0.099~0, 117 DU TR,ER RS E 51, 158, COERIZ
9.9 0.99~1.23 2,22 ~2.89 AR ] e PR ; -
10,0 Lo | 027 St % O— R B L A EH RIS ORIE £ [
. . 1.7 TS - To KSR X2 ]
13.6 0.85~1.53 | 0,969~1.82 RHCTTIE 5 &2, & < ICBIRRIE ’
15.0 0.94~1.85 0. 442~3.98 TKEER XU ARDEBAERET 2700
T Sl ot OB 175
. 0.87~2, 0, 497~7. 38 b. 1 2
20.6 1.15~2. 02 1.69 ~3.69 ﬁﬁﬁ%éﬁg .
23.1 1.02~2.00 2.15 ~4.50 Table 2 TR L E&MHICOWT, #EHICH
25.0 0.97~2. 01 3.55 ~7.55 e bt | 255
20.8 1. 00~2. 00 1.35 ~‘111‘2 S XUOKESINBRBALEZ THERL,
5. 1.15~2,02 0, 410~4, 10 miciks H o, VPR x4 &
40,0 1.23~1.54 | 1.71 ~6.67 RO I % _ﬁﬁ %ﬁ i
45.0 1.30~2.28 2.35 ~3.62 > TERBEARRT 5 &, EEITIZIZEEN
D L, )
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H/Hy=exp{—appp} oo+ (55) s ,
D Y6 s NN AN ,
BEHHILT 5T DR CEIC, e |
@i FIEEL X ORBEOEEL S AT RS - S-152 8334585 86
N . . g el IS L
BRERTH-T, 39 XbBLU 42) R 5 - 3-trradi-4t-F- 1] % ---Jdesn
EDOFEND, DX¥DLS b Sbah3, — s

Cprwl=€pi, apl=gpoeeee (56)
L1z T, EilRU7 EBRED R BV
T, ERMEICRBEREREZL &, ZOHE,S (56) RCD LSO TEEHFEER € ERHDEZENTE
B, HBDBIEHICK T €1 DEBDPLBOEDLDT, DE¥DQXIBFEEE 512, THODB, (55)
Rizkhig, HHEELZTBE2HDKE Ho 8LU H &, 202 5HOHEHE 2z 8bHNIE, 6w FRETX
305, WEDEA, 5AHHOE6 IFROWEEEL b T, TENFEL2DBEVEZINTHED
T, VEBREETE2EWRNL S, 5T LLEAE, Fig. TIBWT (S-1&£S-3), (S2£S8-4) &
XU (S-3&S-5) DABOKED IMAE, F1:6 AMTAELEAICIE, (S-1&S-4), (S-2&S-5)
BLU (S-3:S-6) LizoWT, (55) H& (56) RiCH EDNT €uw 2KWD, ZNODEHELZ S - T
FERE & Lz,

DEI, CHLTHRONLERBEREIRUEEREOERR L DHBRET AT - 2RIV TR
~&kH, (37) AT =0 & LHEHROKEEHL, (42) REEHKT 3L,

BLéEg 1 =472 {14+ (1/10)} /(Sinh2kA+2kE) «vvveeeermmiemniiiiineniiiiineaen, (57)

TZiT, yo=kB/sinh2kh LIZBZDT, HEBERICEXIZTHAKE /L B LUKEEERKEDOIREOR
h/B DEBERIAT A ENTE B,

Fig. 8 124/B%—5EIC LT, BLeyyw CBXITT /L OBRBAKREF L300 1HTH - T, HMbhodhip
RERERETH S, 2D A/B 20K OPEL TR > LEROBRD S, ZRERZ MR EE LTV B2,
BLeyw D k/L 1T X BENDAKMEBIZ AR Bl & —B LT3, UL, EREOHFEREX

Fig. 7 Stations of wave meters

100
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{ h=200¢cm [ 1]
80| ot h/L
=040 //
\ % % 80— 0 0.0985
N L 1o 0.8 | QO+~
z %0 Y ad e
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w X9 —
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-
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Fig. 8 Effect of relative depth 2/L on Fig. 9 An example of effects of side walls
wave attenuation coefficient. on wave attenuation coefficient.

DAMIICKEN, i, BUNRIBEOERTIE, BWEARIEERIFICEELNC LKLY, &df
WICKEEAPE—EE L, BEDOAEEITERETBOEDEEERIALICECA, /L DODILSIE
KHLTH, FERERICBIBTIHEAROEEBRIIIEAERNIETCENTEREDL 51,

Sz, (57) RT /L 2—FIC LT BLepw & /B OBFET~NIE, BEBREICE KT MR EE
DORhPAEBRFT 2 ENTE 3, Fig. VIERERDO 1HIZRLISDT, HPHORWEHRTHODbINS
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Emis B LT, ERERAERNICARDRELBODN TS, ZDEMIBLKE A/L DEINE
{, DOKEELKEDEEDH, h/B SRENEEBEEDLS>TH 5,

PEEBOTHS» LD IC, BEEROERICE ESNT, MECHREZEHTHRITL TS, EBRER
HRELDELLDKRENT bbb,

DE, MEOZIRAWD OZOLNERER ¢ OO THRERE BARBRE ZHELTA LS,

16’ ‘ e 16 - ‘
! It i —— T T T T TTIT
2 L o Aunors(1965) ] 81, - i " —
o | g © Authors(i964) 6r{° el Lt O Authors (1965) |
4 S e o Grosch-Lukasik ] PN DIPN g g’g‘ors“gkzgk Ll
IS ][] o potsontartin ] o Watson-Martin 1
2 Jﬂo Q- od TT{ - o © Eagleson H
€y I g o | €b d \p
8 111 B N——
i . B
6 ) \ 6 - N 5
4 P ' 4= 5 9]
d SEN ®
2 L8 q p
I ?
. I -
IOB H 10°L — TN
- 1 g —F - H
6 | 6 — TN
4 : LW all 1 1
o &
8¢ 2 ﬂ:GBlo‘ 2 4 68y 80 2 4 68 2 4 6Bl
Ex{sinhz2khn+ 24 8L (e 1) 17!
ol ) T(smhzkmzkh){l-o.|975tsimkh}
(a) By linear theory (b) By non-linear theory

Fig. 10 Comparisons between theoretical relationships and
experimental results of dimensionless decay modulus.

Fig. 10 13 (37),(42) BXU (43) Kb &30 T, BBFERICK 2 BA LIEHHEOEBL LR LI EE
LIZRUT, EREEIEREEIZEKLILZDDOTH-T, @IZHNE, ORBEEOEASERT, COEE, *E
BEIFIR UKD i, —EEARDEEINON DO EEZ, KELAHOS LOEBRERETELTH
Wi, TORBPSHLPIEESIC, FRMUHEOEELZ N L CRRMICABEED DR EKRET S L, HRE
13 U TRI0BRERD U, BRIIGE S C &b b, 158, KIZi2FEKEIC Grosch-Lukasik,
Watson-Martin33) 35 X t8 Eagleson & DERERAER L 725, Grosch & DEERIZMEDEZENIT LA LESE
T BT HEREORRETH 2 DIext L, Eagleson A3 TR EIG 1 OFLIERIE D%
WTEILUETH-T, SEICHPLIKDICEE S Grosch LOERMBI O MO REVEEEL S
T EBbipb,

P EOMRLS, HRHFEBKEICE T 2MEHRICE XIZIIEGREDOEE, EH L THIOREETH
5T, BEERMIFAMMBL D BIOBBREKRE N Ehbrbd, —F, BIL7: BLeyw & h/B DREFRAE
BURLU7c Fig. 9 icBWT, ERED A/B ICK 3E(LERABMRAITH B0, dL A/B~0 fhXFTHL
BASERIN SO T, EREICEST 2HEMD A/B=0 1tk 5 BLles, DEERLT LT
&5, COMEIL, —IBREDOHEDBONEARICHYLTHNEEEIONEIDT, DEIICLTAONDHE
REBREROBREIHK LD Fig. N TH 3, LHL, TOEICE-TH, BimL 7z Grosch 5D
BELEBIC, FRERERMEIDDEYL TRBABRERENVESICR T oNE, cDXSIZ, EE
BEIZET 2 ERERSERMER EERLT, HATAEHobNEEASRVED L ABREICHET EC
EBTEROY, WEEBIDEDLIICHEZ LT ENTExLE b3, T1abb, 2ORADOHE 1IZEHR
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FEBIC X 2 IR IR B Y 2B B OBEHOME TS - T, Airy OB/MRIBIHIERICK 2HDEBH,
KEMZAEHRERRE L7 & 21T Sokes W OMEREREBIL E S350, TL20HRHHLE

U7 B & ER OB ROMEA BT 5ICR 3 DT g e p——
HEMEIPEND T ETH B, cORFHIZOOTH 6 T e ——
FTTR2ICBOTHBRI-XIIZ, WHEEB S ERELEER alo— | | —<oﬁﬁ?m”-f—4
MR E I 5 EHTE BOT, SlspEmEmME | N | | ||][][® Srsmisesk T
DHRRERD TERERE B L THIVEZLT Y °TNe| | 1! |
0B, B2OMBE LT, Mk A FAEREOL 'O e
HANDEBORME TS 5T, CHET Vincentd 61— N o

Collins32 & A2 DERRRMIC DUV CTERIBE % 1T 4 !
HoTOAY, WECHARDONENE-T, FE i i
DX ST Collins DEFLKMETHITLTH, ELT l
MEICBRERE TS 508 > RN TS 2, Licts 19 >

ST, CORECH LTI, & 570 T a1 ERI o S B B Nl ol
RAAETRSNRETH D, SFIC, HIOMHE LT T T T
EZONBbOR, WHERICE 155 KERIZET 2

o 2 4 68| 2 4 680 2

SIANF—DHBBERTH-T, chiE2¥FD 2> )
sinh2kh+ 2kh

KATONETES S ZO1 M, RERIOHR Fig. 11 Comparison between theoretical relation
Kb LI I ANV F—DHBBIRTH 2, CDBIRIC and experimental results of BLe
2T, Keulegand®) (2@ DB NIT OO T ER obtained by extrapotation,
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