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2. Experimental Study of Wind Waves on Water Currents (1st Report)

Hajime KATO*
Kikno SANQ**

Synopsis

Using the usual capacitance wave gauges, the measurements have been made of the wind waves generated
on opposing water currenls in a wind wave channel which is equipped with a water circulation system. The
working section of the channel is 28.5m long and the velocity distributions in water at the windward end
could not be made uniform. Consequently, the waves were not very uniform in the lateral direction and
we used the mean spectra obtained from three lateral points at each fetch, which enabled us to do oniy
somewhat rougl analyses. Since what computed directly were the apparent wave spectra, it was necessary
to transform them into the true spectra to find the growth rate for each wavenumber component. For this
purpose, we caleulated the phase velocities of waves on linear drift currents existing only in the surface
layer. By combining them with uniform opposing currents, obtained were the theoretical wave velocities to
the first order approximation for the velocity distributions in our experiments. With the resulting refation
between apparent and true frequency and also using the velocity data [rom measurements, the true spectra
were estimated [rom the apparent spectra by neglecting the angular spreading of waves. The obtained true
spectra seemed to be reliable for the low frequency part, although they revealed some inconsistency at the
high frequency part, which was probably attributed to the neglect of the velocity fuctuations in the surface
layer as well as the small errors in the velocity measurements.

The dominant wave’s lengths for each feich were estimated from the peak {requencies of true spectra
and it was found that the wave lengths were much larger in the cases with opposing currents than those
without current. However, their growth rates with increasing fetch were not very different between the two
cuses. The only difference was that the considerable waves already existed at the windward end of the
channel in the cases with opposing currents. Hiy evaluated from the total power of the spectra were also
larger with opposing currents than without current, but their growth rates with the increasing fetch were
conversely smaller in the former cases than the latter ones.

* Chief, Storm Surge and Tsunami Laboratory, Hydraulics Division.
*#*  Member of Hydraulics Laboratory, Hydraulics Division.



E =]
- o ¥ T PP FILEIZLIIIT 63
2 %ﬁmg ................................................................................................................................. 63
b B | T D LT P TP 63
B o e D IRTITITEPTRPIO 64
R O 1ty 2 S P TPy G5
oA BTG e er e G5
T b 13 o T P P P P PRTI 66
3.1 HEALD DL creoverorerrrrrrenirais e ies et e e 66
(i) REESMCIT B
(I1 ) BT T g BT -« e e v e ee e e me e et n oo Lo
3.2 ALY b AZEHLD TR B OIS e
(1) Bt ok e ool
(1) A b b o e
O v P
4.1 B3 ojdr~y
A2 B D A bl ettt e L e L s
4.3 RO OBEE QL e
R GO 79
m ﬁ ................................................................................................................................. 80
T S U OO OO 80
T == T I PP 20
1 R R R R P T P LT PR PPT PP ERTRETREPPS 82



B @ O FLIE I 2T DIERTIZE (1)

1. E=xHE

L%, BEoOTHOLLTHAV S TH#E SMB ke
PNJ il b o T8RRI W T S, H3Eo Miles %
DO X B I OFRGEIMIC BT h, KhRih o
B HO L OTMBERHEE T,

—75, FEMOWTE, b LR EEFmMOMimsH 5 L,
FCHGER BT o W HRE 3 Clhhvwk it
BATHL L Rin Y, HEiERE ORI TFO
E<hArk, FLTilifomE B2RCHFMCES 2k
AR LM B it i B 205, MRV S0 A
FEORMTHH L BL I MONTVWEL I THEY,
DHENOBE T, Flidk s =K oNwHi gk ¥
PEBLERIDEMTELE AR AbOT IR
<, HE XD 1 2Bl EAE VIR ORE TS, O
A - SRR OFMIENS IR i R e T B,

ZO X S TifpEe R NS T ko Rd: - FRgx)
BRETHEZEREECHD LEDNAEhOLSLE
OO, chETREASEIhTVLERNES
T D, o Francis & Dudgeon (1967) vk, ZZidE
BooWiciBERRAANE §F 12.7cm, % 50.lcm,
£¥ 9.15m) T, MR s XU moihod
% L 2 ORI OEREITRV, KOS Bk - 2 F
M X - TR OMkE s e ke, RUREL 7 - o
ORI, WEE SRR AhOvE
& kb bRk E L, emilichEd o e ®

-
—

HEHELTWA,

bbbk, hob s k& ORE oI ORE
BEBERhOLWEELE FSERI »ETREBE, K
BEE DO WERIRARITE W, BEEEmORnS
B5EEORMOERETIL 7. CDIHE, itho=
Vb e e b dE D TR T, Sakifo /o
W MO & CERES RO o—fEdhE Y 4k
, thPBSHiER b EHLCRERAERREHC L X
5CH D, EoBEmAEcBE LicildEie X o
CIHE 2 720 T, f5N Bl LOHo- 7 —2~R7
PAEREHOASLY PARERERIEREST, ZOkDi
LR TR EE T 2 R D o f, ST D O
& pFT—E ik L OBIER KL TAT, #ikiy
KEERVWAWATRSESLE LALHHH, LHLLOR
P DIt E K h OB LE5ThY, Th
FTDE ZATHOSEHEOREIC DN 2
OREEH DRI, oL NERTRTBIEE
F e - I E DB A DOEE SV ST s e d
T, FRBEELSTUTRRET S,

2. EEBEE

2.1 EEEKH

HEE YO XM EIFARRE N - TR o fes 2O
OB -1 Y T, FER 180em, W3
130 e OIEH— T, BREFHERY = » F)1285m
b, WTO T 80em & RE(RHNWIFZ 2D,

WIND BLOWER

IMLET OF WIND
f . B WAVE MAKER
4T Fo [ Beo 8
I e —}
} e Tt F 1 J
—I200~-——-—-600-—1 900 : 900 % 900——.?——900-——-7300
-1 FEi/KEREE  (Bise: cm)



I i

BTty s, Mo X5l EfoR T 18m
av sy~ P THER 5.0m ETHEkEh, B
DT EEFE A7 v L AL FOS X b in B iR
BB, WEAD R Lo T oK a5 D T
2m EREXHTED, £ RECRE 50 LW o ire
— & =TI XN 5 7 - R IMA T Tl Ok FLEES
b B, HITEEFR, MEf, =4 = 2 TcERSh,
—ERAHEIESF AR b o TR AT ORI X b Ak L
THACFICE D R EN S, FERS T X b R mE
~ # —OEfEFREE 2 I AN S, © ORI
NARFEER g a A —g—L oy E—~jck Olrpm,
ETCEPLFAROIRSE,

KEED 3 5D, D, @OIFF I ARBEHRAE < OIL-IL
BB AT VLV ARTEEPADR, TOTIRES
100em, % 130em, {EX 125cm OBEEKEOFR o # A
POV TnS, @OMG I vy Y~ OKEEZE
B0cm, {#& 30em OESED, Fr~#HkHOW
D hAOTLE B oE 00mm O34 TS, Forfih
TEARBEMDOELAED X S KK FEREESh Ty
Do LA TOERIHHEECE 2 TVWBEA, 2347
DR P v A 0oBRic k- TE D, KEBRHE A
TV AL FOMENE - TARBA~HA DTS, Bl
©,@,00#K y ¥ AR LCODEAEIE 300mm @34 F
X THryy (30kW) 2E-1 oX 35 ilixh, K
FUHRZ LB LR X - TRBNEHEhELEL LN
BRI TS, homEoUhEz LHloF
vk, FOATFTE DI i 7 OB L - CFift 9,

2.2 2RFr—x

RO T, RKix@OWS 4 BRI A D DO
GBS X SRS, $EAROE 50em Tk
P B &M Oih 2 4 U8, £ Ll EmmaE
T $H 5 & & ORIE & i TTOME 21T - 7,
FWRZE, Y IRAIMLCLES (kBINoKiTRE
LRI T 50T, KB ERINOEEINIEL 5
ECHTE 15~20 SHE ET L, iR RR RSG5
TAKBIC e 5 2T 20 S E LR L 25 T4 ROl
SRR L, ZhHoliER, H-1 @ A,BCD o
WA CFiR o fe SEERS — 2 X LT, Feh GO oF
By —A L & LCAn 7 gl Uk ko Bs,
BLOr 20 E Lo E ¥ emiaig o)k
FIERS XA TEEDRIGED 2 2DV
Moo, C e LW oRnEiE i 55 U = EmE
Wik, —A 1T 285emfsec, —A I T

h - PeETRAKE

#4914 .0cmfsec “Tdh -7z, L D EHOF 3.75m 5
vV — PG RET HIER S OBRIT T, K
BEECTE A BRI T LIL A T v B 7o DA TR ER K
HEDY52.0em L o Tl D, £ Dk DETOTH
HEOH L D v B hE s T 5,
Bidirkbhbh R C ORI eI - Ty o g &
ORIRS B b, FRBOEIEEE rpm 200 2 rpm 300
Liz 2 DO AR DWW CERE T o 70, ROWHO
b Tem AT O A BTt 54« O} 4 ORI,
ikE, rpm200 ok %1y V=5.06mfsee, pm 300 Dk E
i P=8.2mfsec T B, bhubhuid KR & 5 O
< L rpm400 (7=10.8myfsec) DL ptAdods, #—
AT CHEBEREAE L THIENLELWOT, &
FOvEe: ko 2 20w r~A 1, LIEflLabEi
Frdr—ARDWTHEBE Tk, EBILEDRD
z, BORWEEDr —2 1k IOt isit 54500
A E, AIFREF X 3he REkvikigco
pm 200 35 X OF 300 ©4-E TOROIE b b il
3 ien

A S TORENH O B 4, AR
FRBED 59 1W0em PIATE IR E, £ g dokim &
FHe bR EN Bem BT IGEQZHEIE L A
v, Nz 0 EoRECHhy, AT
HATD 2 v b oA = A i s Tt Uit - KT
Lo oSy, Ale s B, ChlllkiidTig
L, CHATHRELIAYTRTERLARETHRLTY
B, CHEBT By —2 L DWED rpm 200 35 T8 300
TOY b~ LB RaE i oWEfRE B-2 wiRd,

100G

..

o

SO0+ CASE= 1

|
)
‘/} .
— SECTION € Y aem 300 -
I e

800 : 7

v R4
700
Miac

°9
600 ‘I’ |

?yM APM 200 ——

o
500
el
/
400 [N JO S

| 2 3 5 110

Zem

E-2 RGO @(r—-21, CLli)

20 30 50



AL RO BIL 50T OFEITE (1)

—fHEIR DT A~ 8 L LT (= VY ropa, Tor KR
WA, par BHDWE) HfDH DI, # 4 Ok
SO ONE Ik} ke HCirdTh s E¥, [F
W EA B rpm 200 CIE 2,5 26.1cmfsee, rpm 300
T wp=43.8emfsec & b x SR 55, TIEEOER
O EHTEDIC £T7% { BVRELTE. wThice
X RGO, Hho i\ i ol 2w [
PR BTk uy EHEVEDRWITTH S,

2.3 R=wEFk

D PSE A RO R AR c s vt o 72
ZOREIR AR C.8mm OB T, YL R
b -Tvd, WEi»SOHNBIERF 1 P 4AF
—# 1 a— & (DATAC-2000) Bk » CFA V2 AR
YL, At=1/30 Eicix 115 THEAT — kL,
TFEEEEE - CUE OFETT ~ARS b ARER
B, FHEEM A=1155, N=3920 ¥7-13 4000,
7Y =75 T, HhET 105 RETEs, o T
LIie b QRAMTIOD ALY AT, Chedhlic
HTHRALHRTHD ALY F AdRdE s b v,
ASEOEE, FLC OISO L (I=0 & X
&y WTFi] o Tl BfE~ 50cm @l (I=—50) 35
Ui~ 50em Db (I=450) @ 34CHlEL, Fh#
NEBTORL7 b b,

BOMOMGEIRTRE Y e RS G (FrF DR
15mm) &—ffidh—F b5y PA g 7 e 25 5]
(F£ 20mm) Zfilivs, LD N snmzhy v a—Th
Bl o T oo, ZORHEFIOENHIT T B HE
b, KB CRELIC D T o1 b, (RIS LT
WA, EEIRC A WT S TN R SE R T - Tk
Vo SRS AR 2 £ B, 15, 25, 35, 4bem D%
IEECASELEZ Woem 23 il L e as, rpm 300 ©
BT ESP R DA EL R D, Wit K S Sem
DIESTREON THECRERKEL, e L7 10
ELPE5HE0dY, £OMEMIZSLFHRTcRVE
ANBED. LB s bem Tl 7 e <7 il
LLRMEOEATLHEERE LR, Bem TRED
BEIELAETVWROLELNS,

Al B Bem B h X b EORMD & << T,

# KT LD B A~ D% ER A O E R D v e
HSvARYE L 2 ARSH D, bivbh iUl Twns
ficdan Lk (5)81), 2z vrBikho
WG E DI ODIc MO X 3 ME R b THD TS
72,

WEHE & WD H LD o b T o & X553 L <l
AL, =A@ rpm 300 & L CRE QAR & iz
HD SN Tz, HORAS AR DI
i, COLSAREANBIUTOT OUNL TomEoNE
SEEMCET 558N D, ZRIZEWAS VAL
L, ENE-ST 7 ¢ TR Smm BEO £ <& {/E-
THEE L, TR L TR OTIE 2 60 cm (W TH
OV EREERLSENEA T v 77 g FCMES
o TP L, LeLaas o dlakeils s, &m
EHE AN, TEAL 2~3mm g T
il Lick & kb, KMOIHROHHEAS K
E{IBXITHDT, DFCR T 7 4 VEEX
Imm LUFCEE 5~Tmm OB B L CEEL
b DOFIEL, TORTHEOTEER D2 STk
MDFHEHE Lic, FRRET OFGEOTE X Ko
ZLEW~ e b, 4EEERELR Y Fnr=s
VYLt A TSR 1002 =4 LC, F—
ARIFEATHEL & O DWW TR 20 D, KkigETo
KR iE k7,

2.4 FUESTR

AERRIC AN - T, IO R T AR P B i
CLTARRREDA, DET T R - AR (>0)
OHEBLEME Vel DIERE I Tz, ZOkD
S XD ATROMAR, o~ koI
WESKER LSS, B el Ah T F47
AT D FR LR ot SR EAN I
Poledd, PRVELAOREENE - (TR0 &
), 2FCANTOHMEN-CH5 L, HH-1 kR
T XSRS TR - AR (1<0) olikifh
BRI, EheMEcoBmREomE ik i,
B—n B E DRI b at, MR DL
o b RTHUEERD 0, ELOERFopN
HESTBHZEHNET ORiER 0em B TrIhiEE
SUHE R ED), ¥ CEANTES T3
ZrELi, Ll bEowink AT Gih
TR s AhsbiFicivsinl, %
X Ty < SBTE TPl AN TR
DA E A G CORESAITIELAEE L LS o,
EHEdASMETDRliOz vt r—LiabE b,
T nDOFHE R AFUC Wi is PR iR e 4
ElDEBEIT o7, 2O X 5 MBS ORE—ihd
EERME B XEEIRRVE TR S, ST e
CT5LEB, oF —20IURWETHRI LT,



pi S R LN

ro ko nEBREEHbRCTBAMLHEOTE, &
br— o, AW s SR ORER A R LT
g sme Lemd, -2 I 0ABC D Ezon
T4z e L, tom 200 3 X oF rpm 300 T H O R HE
1~12 &, i —AUD B,C, Db OR{{H 18~
21 RRiFELCH S, Eho 5, 15, 25, 35, 45 O
AR ENATD B ORE (em) 28y, &R
DHFNEOVTH L L, DECHARNME2BCTHED
—{FCka, Cl, BAErbb 2R TS LY
M o T EREE L X, W-WimNcod
O RERE L k5 T O b, Lrbi,
SR C IR I M A8 T Z iR o8, M Y,
L TGRSR & WIREIE EaR TR ot — R
HEMERLTED, TREFE-§ OFr—2, I, B
A, pm 300 OIGiRbRErEbhCws, Zhit
B oER TR POEBELLREL LD, Thi
HGRONS WV E & 2L EIRE S - T, APH Mo
SiE—BRie T 5O TR v s B s, Sk
OENEMET D Z B TERERNTAS LHEWT
HAH9,

= 0 cm
CASE - T
110
RPM 200
20
:
130
6o 140
o
e 50
24 26 28 30

U cmsec

M-3 (a) $AIEEEATE (7 — A 1, pm 200)

0 cm
CASE — [
10
RPM 300
20
Z
130
140
o
24 26 28 30 %o

U cm sec

E-8 (b) GAWSHGESAT (5 ~A 1, rpm 300

AR 7R U o i & — MR R L CiflsE L b e
5, fakieT 1=—50, I=0 (i), [=+50 O 35T
DB B L, FRegr — %, LN OHEE MO
RS e b wich DRE-2 a, b, ¢, d AT, HRIEN
M i b —Ein D S 0o%E, B XOUKAERS bam @

HERNT, REHRIOFT R bd 5~ & BTl

VWEERLTWEZ bbb,

3. BIRAIRER

3.1 FhOHPOEOHE

TR 5 B Ok O ER R T B o il
BhOT, L CERRR LCFET sikoldie®
zho kit s,

oy & 5 ORNMRIRECHE o i, FmEEN
B ANS LI MbhE XS

cox\/(%_i__?;_;k_) tanl Bd =~ e (1)

TRbEhb, T2, ¢ WHoWEE, & Wl (=
2afL, L), T: Wik, p: KOEHE, d: Kk

¥ Q cm
CASE-T

10

RPM 200
20
Z
130
40

o
: 50
12 14 16

E-3 (¢) SAMEORDTH (7 — A, 1pm 200)

case—Ti
RPM 300

U om/sec

E-8 (d) #miissd (o — A1, rpm300)

— 66 —



Lo O W T DRSNS (1)

ThbH, FESEICOVT—HT ViTh5 L 5,
DML freotational theory 3T & T, Hidhic

Mg psdriiloh o (1) 2ECikns, L
Mo CRIEEM DWW oOE ¢ 12
=k VL e (2)

LLTHLZLRE,

Lin LIRSS, MAREEHFMcE L5220
R DA D B 1T hE, SROMR R RN P &0
NS IROBID 10k Ui BiRMIIRE & i iid i b
W (7720 TPCElTiE, Hdv o iR E O iRk FE
ENHEWLD LT D), WERM S fE Uly), o
Wi X 5 ® w, v, ELEKST Ch 5T STl
Lasdokl, v i@ FEcEmstELd5
E, SRS o o 5 it o R

A ouw , 8U 1 ap

at U&Je +”ay”" o ox’ (3)
o 1
o U T Ty 0 ()
e | dv
ety =0 (5)

P =7 TORBEMNEL, chdiieds e,

o

m-+Ué%}=v,(yz0%:T) {6}

atp .
Y =0, (=0T} (7

p+T
i, BMCoFR>28F0k3ehs,

pe=(), (y=—d) (8)
Wk DT ¥, ¥) KXo T

v W

= pE—, e (9)
LR F LR TE L, S

p=qetklz—cty (10}
OTEFEML R LTk

yf=g{,(y)gik(z—cl,) ...... (1 ]_)

OHORFFET b, (9), (D) 2 (3), (4) Ric
ALTIES 2 ETHL, X{mbhdhLo ¢
oW TORNPBR B S,

(U—Og" gy — V=0, - (12)

ok (Y Ry RonwTolgtEhTiorTs,

Fh (9), 1 ®E2 (3) K ALTHESL, (4)
RNEEWTHE, LN p 250k 5kEbEns,

P=pl(U— ' = pU N cikeD—pgy. .o (15)

@ (13) & (7) REfLAL, (8) ®afiis 2 %H
S oR0 kAT s,

U= (-0~ 901 =g+ g (y=0)
...... (14)

ERITANE (8) 1
$=0, (p=—d}) e (15)

s,

(1) ~EFHEA/MCALVTIHEE

—Hic U0 a0 (12) ROk, bARED
#&78 Uly) B onwe B RimskE o v, Ll
7B B A AR A5

v =t FELY, (16)

Do B E GO oW Hunt(1956) (o
Lo THRD BREYSH Y, TS ROEHTOHES
fidh 2.4 THRLEL S (16) ReHhiTivoT, +
DIFADPENT DTN T 4 %5, Hunt (1955) 12340
RARHZIT, (16) D41 iV BE 1Y
Aoyl & LCialeskd i,

g tanh kd ) /2 1
= - § — e e
== { k } + [1 7 kd sinh 2 fed
1
(sinhﬁﬁd + Ggai—T sinh? % dﬂdf)} R (1N

ek Th EDFmOnE, — ideh & N oikic
WET D, RN OBE&D X 5 KMIE &Iz A
hTh, TOMBRERELD (4) ABMETALD
T (17) ROW 1HATEL LT TH 58, Wes
ELUTWLHOTHMEE () WAL »C (17) NEW
FHET &

c=a—Ui[1=-Bkd)}, e (18)
ZZiT
2 P —
7 kd sinh 2 ked
(Si“hg/fd-i-GS:t“’ sinh”edﬂdt), ------ (19)
co=2 {(%—-I— %) tanh kd} 1/2' ...... (1)



g A - EITEAHE

Hunt 0 X%z OYGRONE e= U Yod o EM
L= 1 Yot 503, bhivbhOEROEE d=250
em, Uh<30.5¢emyfsec THH»P S

Uy
ke )
& Vad <0.15,

O, QRIS EHEEL-Tw5L0 8
Hbhd, chbOROiiiTE Blkd) o 2O
Saub LHHACH 595, filanBazis Ly =001
CHIRES LT AW AR kd DT 5 B dkd T
LHkE-1OLHES, Zhhbbdrd L dREE

#&-1 Blkd) ofift

(d=50cm)

L kd B(kd)
5cm 62.8 0.00117
10 31.4 0.00234
15 20.9 0.00353
20 15.7 0.00472
30 10.5 0.00717
40 7.85 0.00971
50 6.28 0.01234
60 5.24 0.01310
80 3.93 0.02103
106 3.14 0.02755
150 2.09 0.04519
200 1.57 0.06167

OB VIR T2 L TR Blld) DI LT LR
ro, SEOFEBTHETRNR LI HEE L iRl
A¥ L<110cm BEER O T (18) Ndfid 0L

e=a-U, (20)

®

|
|
1
;
t
i
!
|
!
1
!
|
1
|
I
H

-4~ &GO LRSI

FLTEELTL Iz adbha D, iR
OB IR LT, B4 R LRt S i @
Db i, @0k 5 k—Mafie LTOnEBsEHEL S
TERWRLTwH,

(i) BT BiEE

BT i k51, SEOEHR TR X BHG6E
FORWiIT, ROEME XUE DT L < Tl 4
HME L a TS, iiho LoREECHHEE (1) @
ShLA B bl D £ DT L OMEAN OB LD E Y
TR, BEEL bR E L, 4
CikEOEWIRI B W TR E D, Lo T
Tkt B AL b LMD I DR, KL < DU OTE
(LB AR RORRPRDBEBESILTD
PECH S,

TR R S R AR AT Cls 2T, MG
OWMEZTHLELTS, Tibb, (1) ORRLER
LT, &iEosdir B oXoskisbokl, 2L
TREWT m O dh, AGE 4 % CEB TR
L, DT OESCRifiiuiS e L wiia 2w Tl
Wiz a, KhoRdAMIS yv=—d TR 0 K
A EFLOITEATHL LY, B 1 EWREED
WIED BiW--5Eg bbbl Bbh b,

4, HESAN

: (y+d1),

U(yy=— (y=—dy)

Uy)=0, (~dsy<—d)

oy, Y EST U=0 TH5,b, (12) T

S—lp=0, e (22)
FHiBERAED, LEHoC y2—-d & —d=ys-—d
1
Y4
U
— = Us - >
—0 o

E-5 Az b AEELOT D O S



o h o Rk

DENFNOMCOiFY g, ¢ ET5HE

¢n=A1sinh ky + By cosh ky, (yz=—di)
...... (23}

o= Al sinh by + Blacosh by, (—d=y=—di)
...... (24)

rirbh, zzic Ay By Al B BsEich B, ETIE
&M (18) & ¢ KHTRDHLE (24) NEx

o= Agsinh k(y+d), (—d2ys—di}-- (25)

&&LWMK&%Q:cmAg%E@(=Awmmmﬁ?

. (23) e (25) BT EFHhPROK B OfE
ﬁ:\-&?‘*ba, R BD R OWTEE p=—di 1BV TH
WHEEIRGY £ JE) b SO C IR RS BTy (R
ik Thompson (1949) & T4k 5TV ), v D
DA

fr=th, (y=—d:icCT) o (26)

P OO LN, (13) RERisT

R N e

Lirn, i L hof o b, Tl (14) NER
L TiRELR VDT,

(M_@Um—dmuﬁ(%%ﬂ

=(g+1:W¢L (y=0) e (28)

(26), (27), (28) Rz (23), (25) RAEMAATHLDF
D3RP LILD,
— Aj sinh kdy 4 Bicosh kdy = Ay sinh k(d—d1)

...... (29)
ch( A1 cosh kdi— By sinh k) + ( o )
{— Ay sinh kdyi - Bi cosh kedy)
=ckAscosh k{d—dy), - (30

o _
(tto—€)*kA1=D5; [q—iwifw—l- (—“L> (ua—c)]
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