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! 2
x=x 4 |20 cos -A ]e""’" ki- '2""0/ [Eacos DNkt =D mx l] di-20%me” 2™ sin r20k-20mx
o [ a cos (Dk1-DBmxy) sin (ki-max) +mke o sin o/ X = g, + 206 ™0 cos (ma- Dkts sin (kt=Dmy,)
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2
y=y - [20 cos (Dt Amxol] e~ cos(kt-mx,) ~ —;—m [20 cos /AM—Amxo/] e~ 42 o?m (e ™0 _eTE ™) cos 12Dkt -20mx,) y =y —2ae™ sin (mx,~Onsin (k- D mryr-2 o’m e”¥™ snf (k- A, )

P _ . 2 [ ~20my -Zmyn]
Lgy+2ga0°m|e -e s [241-2
ifj:g;;, v2gatm (628 _e =By cos (2 Nkr~2Ama,) f %" =9 © Ama!
I P k _-my . m -zamy . _ .
P = [ca cos [ Dkt- Dmx ’]E € sin (kt - mx) + g a*k - e sinf2 Akr- 2Amz) . Eﬁ’ p « 2 GE &=™ o fmx - ki) costht ~ Dmx) - otk e~%0™ in r24r- 20 mx)
\m ‘z:
7 - ~20my B
u = [20cos (Dkr - Dmx }] ke ™ cos (kt - mx)- 4 aZm DkEP™ cos 12 Dkr -2 D é‘ E—} v = 2 ak e=™ cos (mx— Dkticos tht— Dmx) + 4 atm Dke cos (2 kt -2 DN mx)
on . .
2am g‘ M v = - 2ake ™ sin (mx—Dkt)cos (kt-Dmx) + 4 atm Dk e sin (2 k- 2D mx)
v o= [2 0 cos Dkt - Omx )]1 &~ sin (kt—mx)-aa?m DkE ™ sin (2 0kt--20mx) o M
Q . - . - -
. o ,T,: ~gy+2gae™™ sinimx- Aki) sin (i - Dmx)-2ga‘me 20 Gio? (k1= D) 4 2 ga*m (620 e B™) cos (2 k-2 mx)
. .
-/’f:g;ug[?o cos (Dkr- Dmx /] e™™ cos //(f-mx/~-;-g [2a<:os /L\k/—Amxa/] me ?™ - 2ga*m -%—k e 24" cos (2Dk1-2Amx)
HOULE REGULIERE EN PROFONDEUR QUELCONQUE CLAPOTIS REGULIER EN PROFONDEUR QUELCONQUE
(Formules données & titre de comparaison.) (Formules données A tilre de comparaison.)
’ ) () " chmih-y,) e SN2MX, [y ch2m th-y,) L
. . chmith—y,) . _ e sin (2 kt-2mx,) _ 3 ch2m /h-)g,)] - mk ch2m/h—)g,// 24, i 5 X =Xk 20 ———=2 €05 /MX sin k! — a*tm T [sm !+ Ry e { 3cos 2kr 4 1h mh)
x = k0 —E R S0 (k=) = 0T T o o R A i 7 ~ shma m s
SRR
pa 5 - - . cos 2m 2
shm(h-y) ,  sh2m(h-y) 3 cos/24/-2mx,) C/S g Y =yo— Zai‘ﬂh—)l/ sin mx, sk~ ofm w [sm'k/ + —Tb——s ;" {3cos 2 k7 -+ R mnl]
y =y - —;h—ﬁa—cos (ki—mx,) — a°m pp s LR e s A = shmh . sh™mh 4sh m
eS|
‘ o h/m €os 2/M4, 2 .2 . [chm 2chm(h-y,)
h shm ch my, 2chmih-y)|  2chmih-y) o Mn P shmy ¥+ gatm oo hm (2 h- )[———,———"- + 4 s /(l’]+4|hmnshm/2n- )[1-3sm H-l+3cos 2mx, cos2k/[-ﬁ-z°———-——"—
%:g};+gaﬁ7—%};}’- cos /kl—m;;,)+ga’mm,;)-';’7 ‘3cos/2k! ~-2mx,) [sh’m; - o/ | 4. o (] } 3 A P 9% +2g0 shm(tchmh sinmx, SIN ga'm S stmh chm 2] v s % | o Shemii chmh
k - - -
P =-a— M’l_“_ sin (ki -mx) — 3 g’/(_____l_‘:hz’””" ) sin (2 k1 -2mx} ¢ = 20—’—‘- M sinMmx  cos kt—3a% c_hEIn_//l_l{ cos 2mx sin 2 K/
m  shmh 8 sh¥mh n m  shmh 4 si'mh
. m
- . - = hm th-yl -
v = ak —‘i‘g%%}i cos (kt-mx) + %—a’m/rg‘_;‘mT/:-!—}- cos (24!~ mx) 'é [% v =20k E—;WL cos mx  €os /r/+30’mlr£2hﬁ:"%ﬂ sin 2mx  sin 24/
=
QD
v = ak Sh':/mh; / sin (kt-mx) + —%-a’ Ki:%,/fl) sin {2kl-2mx) a [.g v =-2ak i'l_”%'ﬂ. sin /mx COs A/ + 3a’mlr5_2h_2r;7_/Z‘Z./ cos2mx sin 24/
S S hm, sh™m
o s
Q
p 2~ chmih-yl 3 ch2mih-y) A7 [cos/2kf-2mx) _ 4 1 1 1 © (h-y) cos? &t ne mih-y)
2z . Rl A8 - + =2 gg? . L R Xogafm JUSLO L, P _ chm (h-y, ~od ___.__[ “y) _.] g, chemin-y; ) 2
» gy+go —om cos (ki-mx) + 7 ga mthmh [ pre ys 3] [ e mh 3] +gom h mh FEA 3 | gy+2g90 R snmx skl —gam —m gy ch2m (h-y) -+ cos 2mx -\ | +3go'm S oI A chmh cos 2 mx cos 2 At -+ 2 ga*mh mh cos 2kt
HOULE REGULIERE EN PROFONDEUR INFINIE : CLAPOTIS REGULIER EN PROFONDEUR INTINTIE
(Formules données & titre de comparaison.) : (Formules données a titre de comparaison.)
%)
. - / 1] % x = x,+2ae"™ cos mx, sinkt
X = x + o0& ™ sin (kt—mx) + mk e'zm"’/a'd/ 2 & :
-
~ Y=y —20e™ sinmx sinkr— 2 a'm e~ 2™ sin?
Y g —ae™ cos M/_mxa}__a_;ﬂ o= 2% 8 :‘2 ) A m o sin? k/
2., g - £ o+ 2gatm [1- e cos 240
P h 0 o m
O A
¢o-0X oo s tkr-my) ' ) b en
- ‘ v Pe20= "™ sn mxocos 4
m !
- -my - \
v=ak e cos (kl-mx) "E %\ . v =20k e™ cos mr cos k
Zo3 '
= k -my - O M
v = gke sin [kt -mx) 2 5 v=2ake ™ sin mx coskt
14 -my 4 2 -2my @) A
= = +90 - - = ga P .
p= 9r+9oe™ cos tht=mx)= 5 g o’me 8 -f-,=9y+2gae"'"sm mx cos k-2 go®m e 2™ si’kt 4 2 ga*m (1 -6 2™ jcos 241
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chm(h-y,)

m [1_ 3 hemih-y)
2

. : : ’ n2mh- - 12 & (ot 202 che -
Xm g [20 cos/A/c/~Am,VJ sin Ilr/-mxa/«[20c05/AA-/—Amxal] S — JS'" (2h-2ma) + W/ [Zacos{Ak/-Anu,,/J gt - g2 A (xr2at e m hIen2 Amh -y

shmh Ash"mh shfm h Zmh
2shm qushtm/l[KZ a- o) si‘Mch"m/%chZAmh
; 2Amh
hm(h-y,) 2 hemh- - 2 2
rEk - [2‘7 08 /Aff’-A””ol] ‘SS‘hm‘hyD Cos (k- m xy) = [2 acos (Ak - Am x, /] %ﬁ]’;lh—m ["% coslzpld /z,mx,,/] - ?”S,]’Zm"j' Shem(h-p)cos (2 Dkt —20muy)+ 0 T4 /Z«Ea?ch mh)sh2Dm (h-y,) cos(2Akt-28mx, )
' shem sh®mh i 40k sH mh[/Ea-a"/LZAﬂ’lch'mh-mzAth
2Amh
P _ sh My, 2 msh my, chmy,  2chmih-y,) 2chmth-y,) ofma .
P =9%+g [20 cos { Akt Amxa/] Shmf e €08 Hr/—mzc,/-*a[Za cos( Nkt~ Dma, /] A x_{ 3C05/2A‘/—-2mxa/[ Wt T " ovma e Y9 Fmn SN chmi2h-y,) cos (204 -2 ma,) -
& 2 mh)sh hAm(2h-y, ) mta+za o mhjshAmy,yshlhm(2h-y, )
~got_m (u:2a c m)/ssféna)'ocn " o Cos (20 k1 - 2D mry) 4 g o thth ’ ) cos 120k - 2 Bsrny)
3 m - _2, s m, _ y
2A% sh mll[{?tx O S iy Cmh ch2Am/1] shmh chmh [120( o /———eAmh ch"mh-ch?2Am I"

2 2 . _
K-k2achmhch2Amih-y) Sin (2041 -2 Amsl

e
' =—[20 cos (A kr- Amx}] & thm(hy) sin (hkl-mx) - %[20 cos /Al(/-Amx/] k Ch2m iyl sin (2kt~ 2mx) + 0%

m  shmh sh? mh ahk s mh /gq_azjém—m”chzmh~ch2/lm/l
2Amh
- 2 _ 2 1.8 .
v = [20 cos/AA'l—Amx}]l(—c:Tm,%'L} cos /k/—m,r/—»% [20cos/A4’/-Amx/:, —w cos /2hkt-2mx)— af m 4 rar2afchimh) cheDmih s cos (20k1-2A myx)
s’ mh 2sh'mh [/2a—a’/“5h2A”m chmh-ch 2Amh]
. 2Amh
] th-yl) 2 - 2.2
v o= [20 cos /Ak/—Amx/] & S::’m/’ L4 sin (k! - mx ) + %- [20 cos /AA'/-Amx/] —’Ls;:]%-;’u sin (24t ~ 2mx) - 02 mk (3 + 2a7ch’ mh)shem (h-y) sin 120kt -2Amx)

z sh2 Amh

L4
2sh -m/z[/zu-a
20 mh

b’ mh-ch 2A mh ]

) chm (h-y) 3 ‘ h2 mih-y) (24- 1 z 1
"—=9)'+g[20 cos (Ak/—Amx/] OV o tht - mx )+ 2 [2 cos fAK - A ] lhmh[c’ mif-y. ——'—][°°5 2ki= 2mx) ~—J 1 [ - ] ) geee - -
4 ’ chmh q9|ca mx) | m SEmh 3 Sh? 3/ t79 20 cos (DK -Amx) | mith ma T3 907 5 05 (2D kt = 2N mx)
4
- goim . /|+2achmh/chh22%mh/ﬁ-y/ cos (2Ak-28mes
25hm/>chm/)[’2a-cz’}-S——m—ch’mfl—chZAmh
20 mp
e e : TINT TOT
CLAPOTIS IMPARIFAIT EN PROFONDEUR QUELCONQUI
hm (hey,) . sin (2mux,~20kt) |, ch2m th-y) sin (2mux,- 2 Nk1) B
=X, + 20 10 - - _ 02 o _ _ 2 .z ,, c )
o+ 20— cos (.mx‘7 Drt)sin tht=Bmuy) - a?m Eh sin® (ht- O mx,) P s [3cos/2/r/ 2Amx,) + th mlz] o m.————zsh'm/l [{o:+1} ch2Am //;—};,/—1—(E+ _—2ch’mh-> ch2mf(h y,,}]
shm (h-y) . . sh2m (h-y,) : C0s (2mux, - 2D k1) ‘ cos (2mu,~ 20kt [ B 1
= 20— sin (mx, - A k) k-0 muy)— gfm Z1ETT-Y) Zrhe- ‘0‘_[ - ? ]_ 2 %o ~ P
T shodh (mx sin /. o/ = atm — sin“(hr-Amx, )+ P 3cos (24 - 2B muxg)+ th'mb || —a%m e Ax Sh2lmih-y A o) Shemtn
S =on+290 S0 oty - Ak) sin (4t - D)+ gma? —ShT%_ chm (20-,) | LELEMRZRAM) g oyt Ny )|+ it shom (2 g, 13 st hr 3co8 (2 20K cos (2h 20 chmg, _ 2chm(h-p)
o290 Gy snims, ramat e pLrs st e 2omn 20un s (242D | 2 - ESmn] |
cos (2mux,—2 A kt) ( B 1 ) k cos (24/-20mx,) 4 ch'mh -3 :
—gma® ——+ —— | chmh-y)shmy, — Z. chAm(2h-y)shAm :l_ ma‘ o . 4 sh -
shmh [ Ak 2ckimh % Tk C %S o) -9 shimn chebmn MM Am({Z/; %7 sh Bmy,

ch2mih-ylsin (2mx- 20 k1)

. . 2 8
ok chmih-y) LTI TL o5 t2me-2 ki sin 1240 20 mx) - gtp —ALBMA=3 ch2Amih-y) sin (2kt-2 D mx) - o i

sin (mx ~ Okt) cos tht - O mx)—30%k

P=2 m shmh 4sh? mh ashmh cn2 & mh mh
u= 20k —% cos (mux - Dkt)cos (ht —Amx)+ 3 o’mk % sin /2mx-: 2AKIIsin (241 -20mx)+ a’Amk% ch28m (h-y) cos (24t~ 2 A mx)—a’m _ETB!%W ch2/n th-yl cos (2 mx - ZAA/\‘//
V= ~2ak s—:% sinimx-Q ki) cos [kt - Dmx) +3 o’mk EhZZT,Hr”//:/T‘W cos(2mx-20kt)sin(2kt 20 ma)+ 020\ mk ﬁ;‘%’%;— Sh2Am (h-y) sin (2kt- 2 A ma) + o°m 2—5%5% sh2m th-ylsint2me-2 At}

—:— =gy+ Zgo%’—/ sin fmx - A kt) sin (A'/—Amx( ~-g E}% [ch? m (h-y] 4 cos (2mx - 2A/r//—1] cos? fkt =2 Amxl + 3 g o'm _T—L_Ecs’;\én”/’z(:h_n:/r cos (2mx- 2 Akt cos (24t -2 A mx) &

ch 2 Am th-yj—1
2shmh chmh

cos f2mx~2 Dkl

[ ch2Amih-y)

2
YT 1] cos 24t - 208 mx) - g o'm

2
4 ch’'mh-3
3 2m thmh K- Z,
+290m cos/2k-2Amx) +goim Zshmh o

Ak

avec :
—_ sh2Amh - 5 thmhech2Amh

¢ sh2 mh

sn (20K -208m x,)
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n chm, (h-y ) " m - 5 ch2m, (h-p) kchem, th-y )
$ Xy S DAL 1 bl x ) 2 i [ L2 /] Pw/_'_iﬂ_
PN shm h sin(h, ! ~m, x,) li:io’ T { 5 e sin(2kt-2m, x,) rZ 2, x/

(L] a g m, k, +m; K, m, ki +m, k; m -m '

v P 25hﬂ;;/l/shm,/r { ’/r: ""/'/ L ¢ch [/m, Lm,//l?-yD/]sm [//fi -@}/-/m,—m/}xo]— ———-'kl_”f/’ L [(m,»-m////r-ya}]“ln [/k vk} 1= (m, +m}xo k / A,}, ch[{m m }//)—ya/]sln [/k,r/r Jt=(m;vmy; ) J m_/‘: <k/’ B [/m,~m///h—y‘,/} sin I_(k, -k ) U, --ml-)xa]}
7 hm(h-5) LS m, 3 COs{ 24 /-2m, x,)

syp- %4, ) ok o x- = [1 2 1 %0/ 5h 2 m; h -
IR ! shm h 7 %! /Z:i N 4 sh* m, i 2 s ma hemilhy)
el -
9 g m, k-m, & b =y 1Ty i/
",g' 4 zsh”'" lllsh/n/- 7 { d k:_/,:’ <4 sh [/m,-+ my ) h-p, /] cos[//r,--k///—/m/ -m, /Xo}— ————-Lm'kk’ m sh [/m, -m; Wh -y, }] cos [/A’,i-kj/t-/mi-o-/ry}x,]+ :7’;;" Aii sh [(m,»wn//(h—){,}] cos [//rﬁk,- J-{m; -l—m/)x‘,]— — ] B,-,- sh [(m, —/Tz,«//h-)f,l]cos[{k,-—/(,//—/m,-—mj/x,,J}
] - ¢ T4 4
2. & shm, y, m, sh m, gy chay y, echm (n-)7  2chmilh-y,)
? gb*,g‘ngh———shm,hchm,h cos (4, /1-m, x,;+Z 90 —’“4 " 3cos/24 1-2m, x,,/[ Sk enm h i'“_chm',h_'

a g o, 2 2 ) ) .

+,§1 Z m l//«, -k kv K Jen [/m,.,.m, /Ill—ya}] cos [//r, -k )t (m, -m, /’("]_("/ﬁr"f /(j.(-k/_zjch [/”7; —my; J(h —ya/] cos [(/(Hk,-)/—(m,- +m,-}x,,] +(ki+hi ) Ay ch [/m,- +m;)lh-y }] cos [/k,--q-/ri )= (m; +”"//"’o] -(ki=k; ) By ch [{m,- -m; )(h —)g,/] cos [(/r,-«/(/)f-/m,—m,-)x,]]
Z”E: o; g 'mlki-mlkl m; k ~m 1y 4-my;

9.2 Z T F 5, sh [/m,‘ wm ) h =y, /] cos [/k, — ki) - /":'”7/1«'0] k_k_/—‘ sh [/m m, Jth -y, ] cos [{k, +A’/)/—(m,+m/}xa]+w Ay sh [/m/ +mi)th -yo)] cos [/k,«+k/ Je- (m,-v+m,-/x,]— i sh [(m,—m/ /{h-){,}]ms[/ i )=t ~ my /x]
& ok chmyth-y) _ 23 2, che2m; they) | a1 o, o N 1 ) .
P ’2'1 m; e o sin (ki /1 ~my; x) 7__21 5 o Kk W sin (2 k/-2m, x) *’g‘ /)=:' ?sm;h_m,/l /-\,v,- ch [/m,» ) h ~le sin l/lr;-u-/{,-// =1 m; 410 )xJ— B,-,» ch [{m,- -m; ////-y)] sin [//,,._/,I//., (m, -y )x]

. ch m; (h-y) LY o mek ch2m;( h-y) n it a; 0;
v = P Al £ e 2 T D . i 9 Cami ) A o I - " '
E' a, ki P . cos (A t-m; x)+ _Z 4 g cos (24 1-2m "'/*,_Z‘ E' Sohm ek (m; +m;) Ajjch [/_m,+m,/{h—y/] cos[(/r,+k,-//-/m,- 4-/77//x] (m; ~m; ) Bij ch [/m,- _m,///r-}'/] cos [/k,—k///-fm, -ITI//A]
_ 2 sha; (h-y) . 23 2z miksh2mlh-y) g, a; . ;
= ,-_;,‘71‘ ":m—z—-sm“’, f-m; X/*-i);z g; -HW,TS'T\ (2 kit-2m, &) +,Z'/§:1 m /”7:'+’"/’/Afj 5h[/’77i+m/'{f/l—}’/] sin [(47 +A',}/—{m,-+m,‘/,\’]—{m,-—m,'/B,,'Sh [(/n,- ""j”h‘y/]s'"[M;"A}‘N'/’"/‘m//"']
4 2 /f-! chm; (h~y) a 3 o k2 [che mi(h-y) 1 cos (24 /-2 /1 nogf kf
ST oo e T costhl-m; x)+ S & [ AN LR % - 9 % -7__._.1 21
P i m shm, h teva g s shZm; h 3 sk m; h 3 +/=Z| q sh™ m; h 3
S S R PR
S Tshmheam i) ch [/m,- 4"71,///7-}'/] cos [/k,--/r/}h {m; Tm/)x] + ke k, ch [(m, -m,-)/h-y}] cos [{A',.+/r///—(m,~ 4.m,)x] =( ki+k ) Ajj ch [/m; +m; l/h-y}] cos [/k, +hp - tm, m/)x]-p (k4] B,', ch [/m,- -m, //h-y}] cos [/,4‘,- ~&i) 1 =tm; ~m, /x]
1 7"

Dans ces formules.on o pose. pour simplifier

2 2 2
(K Vi ) (hivk, kivki ) - Cp (M hi—my K )(m, ~m;) ch (m, —m; }h .
A= TR G UMM ’z’ oy i avec Gy, =\ gm th fm, - m; y Ih celérile propre des ondes de groupe
wen 2] e &
Dy, if k- &
. Coy = Yo vilesse des groupes
z 2 2 ) i ¥ .
B . (h —k, )k -k k2 k) - Ogyy (m, &~y b ) (m; + ;) . chim;+ m;)h )
(7 . Y
! - k)2 [1 (C'g,// >z ] chim, — m;}h g, = V g o Ih(m; +m; )t célerite propre des dem:- ondes
L Co,ij k
Do, iy = b vk vilesse dife des den-ondes (vitesse moyenne)
m, +m

1



