== LAY i3
I -
o3 4 ACTA  ACUSTICA 1980 4 8 A

RS A& EixigRmEREE (1)

x & X

(R EBEEFRRRT)

ARSI TS A IR B i e FRR R R 5 i, BEZ RER AN SR L (FRi i
I\ Ls (R IGHE )A— T HIRINBBEE L L. BT WIRAG ARG S B AT T 5.

AXMBEGBRROAREHERFEERER L W AFR. ZREERRGRTRAHEE
LRI U MEEUD, MR G I RRMF BN SRR ES A, SChitETECREGET
LB L NSRS RN I, | I M1, , XB L7 FURKE «20, mEMIF RS LR
W) I3y ~r7 /2 1A, 18~ O 22 TR BN ) JT5 ~r 7" (W BITRB IO ) > I~ (R 29291
i),

MBS ET TR L eI E R U THR, R B 2 5 & A A,

A S JHHT X PR )7 1k, THA A s i a1 R BREs vk, FRIAdE A R I
20 BN IO SR R e S X SR A

— . BRARJZ AP S AN A

P 1 2 ) T

c,—az z;, <<z <<z (1.1)
€ 0 <2< 2
K a = (e — c3)/hys B by, by s A=EA
EREEE, a > 0 BRAIERRERE, « <0 N
BRER., AXEEFRBRKEGET EEZ (c =
c3) IS, S ET FEN A E LR H#ER.
TERRZE i, FRER AT 4T NS, S — AR H
WAKTIRASA6,, BEEFEEREZMELT
REZIAHZ R B RFERHEANT

C3 EzézéH
e‘(z) =

A 6, TCHIEBERNAREE (SRAH.) 5
Al Fam BTHTE, N2 A RENSKEH. AT

WE IR AR — R AR AL TR R AR N o] A 254, st E &S A, I1E
ﬁf‘g 6, A

* 1978 42 11 F 21 HU ).



3 3 RA: AR I RIS R T 23R EE (1) 211

cos™! 3 2>
0, = (1.2)

cos'— g << 0

2lalh
, o \/ — = (1.3)

K o AN T LT ERED 1500 K.
BRAs R TR A BRI SN ITALR, P 2 R 3 B T @ > 0, BRAEIE 3 I PKIE
RISETEBE. I ) BIsR HOR SR S SR SO

6, —R&AR/IN, B fy

8_,'-'” 93(!)
¥
L NN~ ___l.”;
ke
___________ _l_.._
Ay
. |
a(z) _ C(z)
[~ F—— F
B2 EIRFREHE-ABFEEN BTE B3 EREERE T EEERNEITR
1. g—KEL

A 2, KRR T2
r == h,cot B, + h;cot % (6, + 65) + hscot 6

1.4
cos 6, _ cos 8, (15
€3 o (2]
ﬁ»’]\ﬁﬁﬁ{uiﬁ%:
N hy 2h, é
’—61+61+63+63} (15)

— g6
HRR (1.4) B (1.5) TRAEF=He KA, FAER B TR BT By, 0k, TATIEE 2 iR 4 4D BfE
Y a =0 NN EFKEEEN F WERE, HEEMR o, wJLIEH, X4 0, BN, 6 b
R, 0; W16, tHIT 60 F—RKHZEME, X4 0 B/NEHE T HARRE 6, I, 6 ;1KT 6, &
E/NT 6, UETE, WNBERER 2 2 3 hi/KEER BRI, Hifi 6,504 A6/H.
BATRILL 0 = 0, A5 R, FFIEG TR 0; F1 6, L {UE: %4 60> 0, i, %
6 —6, __ 6, _6;—0 3]
o 1T nT g Tl W

)
6 = (1 _—31 6’ 8 ] 1.6
= ( ) =1, (1.6)

#(1.6) AN (1.5) K& 2% 6, Tl 85 BYE R, F3:

61=




212 il o = # 1980 4

2
5+ 852 Do (1.7)

20*
% (hy + hy/2)/H = by, (hs + by/2)/H = by, BJRE 6, = 6:0,/20%, &5 = b,0;/26%, s
ESIR

elg(l_ﬁ@)a

20 6=>06, (1.8)
N 5,6, o
93=(1 5 62)
WO <6, N, &LANAR:
6, & 2 6 6 <86,
65 A=«9,, (1.9)
iH%S R B R X R R A
6, 2= (1 + —bjﬁi’) 0
2 6
6=>6, (1.10)
5,63
93:(1 ?62)6
6, =6,
h  6<6, (1.11)
6;= 26
H
2. BEBL
ZH 3, HA—NEEKTEER A 7, WAL 6, R
2 (hg cot0; + 2tan 93) =7 (1.12)
HON A g
hs 4 Cag =T g Tag 4 @k (1.13)
0, a 2 €3 €3
hcs
4 i S 7 > 4\/{—; (114
Ja 45 XUk
L FaY _ ahs
6; C3 + ‘\/(4@) C3
ra ra\? ah;
9(2’=?€—3-—- (?;3) ~ (1.15)
hacs
£ ;=4 _&_3 (1.16)
I E AR

ﬂﬁ; J
6, =0 = 2.0 (1.17)



3 SARN: BSESRETREERRWEEEE (1) 213

. IR 5 B

e BT ERZR M0 LR , ISIRIRSR TS (HB 50— KRR T k. 2
BIFILI8 () RSB AR 8: |
5G) = 26w, 3 3 e OO 1, (0) e~ ErE) 2.1)

Horh 03, Osns Outs, Or ZFERIZIR Im 222 3 HIE 1 OB A, f B fie BAEREEdH
E3ZR1AHE 1 ZE3WAB/LAERET, LA SRR R TR XCW, #yigmEpe

+ cos 3 + cosB,,, )2
b r,l@r;/@ﬁsﬂ sin 0y > T ?"mlafm/agm| sin 63, ( )
A '
ry = (2.!I + l)[b;cot 93; =+ }11 cot ((911 + 83;)/2) + hl cot 91;] W
T'm = (2m + 1)[}’3 cot Bim + hZ cot ((elm + 830:)/2) + hl cot Blm]
Or, [ h h(1 + ¢,sinB3/c3sinBy) |, kA sinB]
- = (2] 4+ 1 3 + 2 1 3/ L3 il 4 1“1 3l \ 2.3
06y ( ) sin’0s, 1 — cos(6y + 6y) c3sin’dy; @3)
or,,

56, =(2m+1)[

hscssin Oy,  hy(1 + c3sin 6,/ ¢, sin 63,) hy
¢, sin%63,, 1 — cos(6,,, + 63,.) sin? 6,,,,]‘

y =l +1) [ hs +ilnmf?ﬁ+_f’x_]
¢3sin Oy a ¢3(1 + sinBy,) ¢, sinfy

hs 1 (1 + sin6s,) hy ]

—¥— 4+ —In - "
c3sin 6 a  ¢3(1 + sin8,, ¢y sin Gy,
3 3m 1 L

(2.4)

z,,,=(2m+1)[

Pztgi‘mﬁ,}irpﬂgey\ 6301\ ell\elm FEEEfﬁ Ty =TI, ﬁ] t.l +tm =1, %j‘?&ﬁﬁ{] hlﬁlm

RIFTIEE], BAXRREAER. K, AT BT R BB 4 z;az,.,-—-—;—, ry St r,=

.;_ ct=r, Wi r/2l + 1 Hlr/2m + 1| BF LHhpy 7, BB EWHE—LFHEROBUREL DR

B3
o[t (5 8o

i - 8o

046,
6y = (h,/H)B,

63 F1 0, A R FERS, DU I m AR 1. Krh 6, 70 6,,, BIRATX1108:

H 1
N ct(+2)

0, 22 sin

4H?

1+ == U—m)U +m+1)
c°t

0.>6, (255)

6, < 0, (2.6)




214 . os o2 1 1980 4F

4H . 1)
o1
0, o sin~! te 2 (2.7)
1——-(z—~m)(z+m+1)

%5’[‘3_:(:(21)'43% e~BRIFRy) BILALER A P, % 1 Fiim E{J?t*ﬂgaﬂ:l 0<<6;<6,f]0<6;, <
6. AEW. B (2.1) F (2.6) ARIVETREIRBMBRENITFHRR R, #ifn, XRIE LR
B RN B (2.2) 4L A fu 22 —1/17,(07,/063)6,] = (—1/7,)(06,/0r,)(86x/
00,)(1/6y) > e 6, = (21 + DH/r,, MAER I A 00,/0r, 2= — (21 + DH/ri = —6,/7:5
|

+ 1.6 693:
- . . 2.8
G o (2.8)
RIFEA
1 6 661 ’
oL, On 00, 2.8
15 726, 06, ( )

TR (2.1) SRFUE A3 ¢ Fim BRI, R PR O ALER (B I § 30 0 — [r1an (6./
)1/H, BAEFIEEUT, BRKENKEC L. ZREXN 6,,0, KTHR/NT 6,, 5
S AR URARR, XB5 % 0~ [7tan(6,/2)1/H Rilrtan(6,/2)1/H — [rtan(6./2)1/H B
BRIy, PiBrh 005/06, 1 06,,/00, HIFEKRIy:

2
%g[1~(—"’—1 . Qﬂ)] 6,> 0,

00, 2 6
e (b9
|14 (L. %) 6, >0 2.9
06, 2 & ? (2.9)
il 065,/06, = (h,/H)*(6,/6,) 6,<6,
06,,./06,, = h/H 6,, <6, (2.10)

T (2.10) KNFIAT 065/06, = (864/06,,)(86,,/06,) , RUHLIT§HERE ifi A K 865/00,=
(e3sin6y)/ (¢ sin 03) 22 6,,/6;. X (2.9) Fi (2.10) w1 6, 716, VLB A 20H/r F1 2mH/», ¥
(2.5)5 (2.6), (2.9), (2.10) BRAA (2.1) K (2.8), (2.8") BHHGHH HE (o, =
posin 6y)) B IR TR A 38 JEE 4 «

13 () 2= (clr/2) poppe” ¥7SHTH, (2.11)
X,
r Oy 7]
2 H"“" 6, 96y 2 ((A“"F =9, 44
+ A L ~2018,; 4 ~ 2 — 2
a1 & gu 6, 06, Oudl = rz[gﬂ ¢ %, Ll
r el' R— t—
= byrQ 202
[T e U () bfﬂ)d;]g;\/ﬁ[q,( hix,)
fanZ2 r SE2? 406,72\ 0 | H

X, -; 1 by x &
— 2\/ ;H,, f"ﬁ—xp] + 3@?:.8’ ? { e Xp — e7¥e + pr[E.-(-Xp) - E.-(—X,)l}
(2.12)




3 3 RAE: SR EITEREREEREE (1) 215

T 22 r Be
2 ("7 40k 2 797 _aom 2.0 2 —
E—zs 2 e r . .‘?_‘fl_lfzdm +_2_ H ; e m +-i’-'—H28 (5 "-:3); dm
r*Jg r6, r? %tan_g 8H"m

1 o by x _
;"'zgs,,,-z(l“" Y+ 5 \/QH lazzc’ 114 (& — )X, [0V X.)

-0 (WVX,)] (213)
Rt X, = (rO/H)6 X. = (GO/HO 0 = 2/ %) | emiys
E(—0) = — | (™ /y)dy
S5 T BTN RA R ANB BT, ERBHOERE, + > H/(06), RATMARK
B, 364 OV (h/H) X,) = 1, e=0/m%p = 0, BB MR

crq’ﬂu;, xhy e "

135(‘) = 89262 ?W g{’ =0 (214)

X 2= MR BB I, AR
+ o~ C‘fli),#b::‘bl e~ 2r S 0 2‘141
IHORES T 6, (2.14)

ﬁﬁl&&%: 246, 16, B/NT 6, N, 6y = 0,5 0y == (}ls/H)en Oim 22 6y 5 Ozm (;’3/
H)em:! 6631/663 = h3/H3 65mf69m = (691m/663m)(663m/88m) e= (63m/61m)(863m/66m) = ('h?-/
H)zgm/eﬁ *H)ﬁﬁ:

r e .
~ i ﬁ.mn_fﬁ ;13 ZHJ - _ }?3 -
S5 = ?‘ZL H 7 ¢ 200,131 —W [1—e %1+ X,)] (2.15)
2 hy 1 (592 2mH hs
Ty = ”;“zﬁep gu " 70 gy = 06 [1— e (1 + X,)] (2.16)
- BrAER T (2.14) A0 (2.147) BERRY:

13(e) 2 (cropshl/ Q63) (™% /1) 6,0 (2.17)
p i) 15(2) = (crdpush3/ 060 (e™ % /7%) 6,50 (217)

(2.17) ®1(2.17") Kb » T RAERL WA GRERH, WA S BET LEN , ZEBRERE
BABARBTEREANNAEXR, XEBAN, RAENBRE EHASTESHEACE
T H K 6,. :
EEFR M ERREMR (2.14), (2.14) F1.(2.17) (2 17) RERT 6, = 0, r >
H/(063) HitEot, R s, B A —X (2.11), S2pr b, [ 6 B/ T 1 BHEL AR

HERARY E(— 1) = exp(— 2) 2 (—Dk — D1/z*F1 @ v/ x 21 — exp(—x) Z

(—1)kr(/(+%)/ b TR 6, % 0, 7 > H/COB) 1, (2.12) F(213) REH =T

5% —UELL R 28, (2.11) sNELAEMK (2.14), (2.14) . 55b, B ARRERRIE UK,
BIZE(2.14),(2.14), QA7) 27V B R A BIRUA T [1—exp (— 2 X,/ H) IO 5X,/H)



216 fid & 2 iR 1980 £

Q)"'('\/};IX;,/H)‘ [1— (1 + Xp)exp(—"Xp)]z‘ [1— (l + X,)cxp(—“Xp)]z, i =] ﬁﬂ: 4
6,—> 0 B r < H/(06Y), Hifi X,—0 I, &RE—0, WIREMBESH (2.12) F1 (2.13)
KIS kg, WY E(—X,) f1 0(WX,) BI/NEREFAN E(—X,) = C+hX, +

i(—l)t X5/k1k C AT, O(V X, ) = 2exp(—X,) i kx50 /(2k+ 111 /A 7 L
k=1 k=0

B S5 — [1— exp(—X)1/(20r2), Th—> (W XV 7 /(2// 0HFr ), (2.11D)RBIL KIS
E4EROLI 1]/ (33) ). EES (1.8) 1 (1.10) R, ATAEFTSIER T, E ARER
B9 BURAET 6, 1 63 BITERITF S, 34 X, — 0 I, & 6, 1 65 (TI—0, [Rifi fa Bk R 45 5
HIBLEIBI SR ML R :

7 LEFHERERIE T AN SR BB 2N E G EEREE [H() (EREE T . L
) I4(r) (ERBE & TFUOR 150 I3(+) %

If5(r) = 13(r) = 2THe " = (1/06,) (e /r?) (2.18)
In(r) 2= 15(r) = 2Tqe™ == (243/0%63) (™ /%) (2.18")
5.102 103 2 5 10! 2
T | LI I | A 1 1 | L [ i 1 T
-, 0=4.25 * 1
N TlOdB

KA I i 1 o A I 11
5102 103 2 5 107 .2
t (ms)

A4 BSBsERE (2.1)—Q.7) BEIF RS R (2.14) RApra At

A 4 dpmE T A B RS, R SR (2.)—(2.7) BUE T B augs R (E S Rk (2.14)
AT NEIRHR(ER). HHEBEAN 0 =425, H= 60X, 0. = ¢, = 30° f115°, h,=40
Ko by =106, h=104, v =10 R, c =15 K/Z®, =0, 10logpu, = —28, c; =
1.488 K/ %#, ¢, = 1.493 BF,fla =5+ 107%, 0, = 8.12 X 1072 = 4.7°, HEEH, £
WHER T, AR (2.14) 3ENRELSN 2 4 1.

=, MR

WA SBETERER EEN, BRERNNEREBHMOERLHEL, XERIIEETNE

* R(2.18)F2.187 ), T, M T MR 2 REY 4B BB TRAGERE LK, @ Mn—f. S04 52E 1.



3 43 R RASHRTT T R ER W e (1) 217

W5 wERmAEZEZE)REE

S0 AR, R R — e, R ERHRESIE V,6) = 299 il
K. FRERAEETREEME 5 PR, 1, m = 0 RBHER R TR 2,6 %5R L3R
HRRTA, FSSE—H, FER ABCD RE—XE, FrABERNEEY RH5k
HETE):

13(2) & (1/2)rdoppe™ DT > Ay, (3.1)
1 m
A
Ar=(1+e 2‘;'3‘9?'}]) T G0y fay + (1 A e 20 T G g i }
" (3.2)
—20.68D)  —amg 0l * —20,60) —2m0,0) *+
=(1+e 33) I famay + (1 + e 33) " 3m(2)

#HE 3R A12) A, 7, = 2l[hscot O3 + (cztanby)/al, r,, = 2m + [hscot 05, + (cstan6s,)/
al, FIHAZEBEUMNS rier,=7r=ct/2 sin6020, cosb 21, B

69D = (ra/cid) v/ Gafaedy — (ahen)

00D = (ra/4csm) x o/ (ra/4csm)? — (ahs/cs) (3.3)
Hrp (D) ®WR“4+75, 2) IN—"5, HERXBRALBRORERIRE ¢ I, I, m 05
j({ﬁ IEImax %ﬂ Mmax %J. .

Insx = muax = [(/4) v/ a/cshs]. (3.4)
A [x]. ftiTEE x PR KRR ﬁﬁ H fi = cotby/r;|0r1/06y| F f3m = cotbs,/7,, |07/
00s,| 153:

IR

AR
— YT fS‘SKZ)

651 — &

1, 691 +6
r r
a1 1001+
fomn & =

2 6 — (6912

o1 [6¥1>+ 8
33m(1) , {eg}g 2 __ gz, f’!&m(z) = '-; . él—_m (3.5)
FH 6N
8 = v/ ahy/c; = 0,4/ hs/(2hy) (3.6)

% ! = lnax H 6(13 ng) = 63 l—‘:—‘]ﬁ fl m = Mmax B_j- B(U = 9(2) = 6 (3‘1) IK;EP_XTJ ) *I-Im
HOSRRIZEREIE 7 > 4 4/ cahs/a JEAIL S 69, 69 F16D., 62 R4, At 200(hs/6x) +
cOn/al a2 r B 1 227 ab6y/2c3(6% + 65, Rxtm N TF, B3
01/060; == (70/25‘3) [(62 - 9%1)/(@1 + 92)2] s
Om/00,, 2= (ra/2¢3)[(6* — 62,,)/(63, + 62)*] (3.7)



218 F & = 1B 1980 4

Al 10y = (ra/2c;3) - [64/(64 + 6°)], mb, = (ra/an)[Bﬁ,,,/(B + 6%)?] (3.8)
Sk By, Tl 6, 42 FUER Y 6. 6 F1 690, 62, & (3.2) th (1 + ¢ 2 ) g1 (1 + )
&TF 2, ISR, B E—REHBHAK). KA (G1), HEEE:
Iit(‘) = "fﬂf’:ﬂsf_zﬂrsa-;nT;n (3-9)
it]:p S;:'m _ g/r(;s S:p e—Qafmlc,)tx!/xi-i—ﬁi)(x/xz + él)dx
= 6 o (O _ g (97 . _h: g
ﬁ;_- i [E (2}:26") Ei (21;2 hs + 2;;16")] (3.10)

K2 E W =|"_ewGiy/y. BUBT = WL #6<0, (8 3.6 R, 0 25> Ay Al
WI<r<OH xr=06P, Y O0<x<0, N x=0P; 5 6=>0,Q2h<hy) N x =069,
THy=a/re; rp ¢ ~(Qyrale ) /EHEY) [ (42 G1) gy (3.11)

0

Hih x B XA LI 65 #1692 #5 6L F1 68, 4 x = 0Otang, (3.11) 1K

a tan™ ! Bpfg -
THy = :;35- Sa e=0yrasiné/es g, (3.12)
% g >6p El] 2}}z< ,13, ﬁ Sinz(,b = 4)2’ 1%
Tu 22 (1/2r) 2/ Qsrbs ®(8, / Qsr /b3 (3.13)

H 0<6, B 2k, > ks, (3.12) BRH

Q.ra
a —

I
THy & —= e :
3301 re 8

Qyr
er O % 2k (3.13")
Q16 ! (t - - 1) ’
\/Qs?‘}’s ? ,-\/2};2};3 an h3

4 hy—> 0 I, l‘f‘ﬁﬁ@l@’ftﬂjﬁ/\ﬂ’jk (e35 b33 e1s by €3 <)) BEER“BEERZEE”,
MNXBWRHEZLBEMNS, HHHRARTIERMA6,, TREESARNN, LREEEH
O3 FAER R 5 K M4 E RO B S Rr b , BUI (39D BB AR A 43, FHIEN o3 BITER
AR, XRREGE UM, L L, N THn MERG13)R, MEGIORFES 0:r05/2h,=
2, ERE] 24 < by, WEIH Shn T A:

St = (2/20:r")e™*{E;(2) — E;[z — (Q:r6%/h:)1}

% Eilz — (05r63/hs)] YERENRIT, K d"Ei(2)/(dz)" = exp (2) '(1 + i“*”") % 5
k=1

hy—> 0 Bl z2—co B ERSETLLA exp(z)/z, EE!HSEHE(‘?%?“ St —>[1 — exp(—'Qgrﬂ;/
}13)]/2-93?2: ﬁfﬁ’ﬁ:

—— s tan 1.,‘;
dp +e¢ ° ] o aup]
1

= Thetts
[3:(‘)—’ QJI’ 649 :‘5/2"-'- [1_3_?82 ]Q) eﬂ‘JQS

X511 (3.3) KBBS54 RAER, X B 69 RETHXEERE 6., X2ELHARH, B
B % R S B,
ANE (3.9) &, MR 0 RIEBRE SR, 4 FRFEEROESEEE, N



3 _ REX: AHLKFETHERERERESSER (1) 219

(3.9) KRR AREEHAE R FELKORREREE (N (G3.13") th e R E Y (2], (3.9)
W 38 w).
£ 0:=0, WHEIEM Shn M T3y Rk

a 2h, 6} 24,
53311 = 2rc ln(l 4+ '_') = m;ln(l + _;!;) (3.14)
Tin = "—\/ \/ 2k )tan"‘ ’\/_2_)_5_2_ (3.15)
o \/2@&3 hs
HE 1) = (A4/r)e™¥r (3.16)
— <oty ), (1 + 2’5) tan" \/—2—'33 (3.16")
4hy A/ 2hahy hs hs

R R B S EMEE R 6. (Fib) /T 6,, MZE (3.10) F1 (3.11) KB4y LR
HR%J Gcs 1&:“ (3'16’) &yj'

A= CTbh | (1 + 2”292 —1(9 \/ (3.17)
4hy ) 2hohy hs 6}

Je,H (3.13), (3.13") #1 (3.15) REBHEREEdH,WEKHBET LEN, TBEGF
BIRREE 2THu(r ) A

I;;n(?’) ‘J‘QQII "‘72 Jga 2!!2 < }53 (3.18)

_ w B :Q_;— Z 6,, - P+3) Zhg
_Jgab mcp(e T )+ i G (tan —5—3—1) 2hy > hy
(3.18")

2h, 9
% 0:=0, I5u(r) \/“;};stan - z “;."9‘3' (3.19)
Y b, — 0 IR

I;; 11(?‘) = (289/}!3?‘)9‘.‘% (3.20)

(3.20) KAMNETENR (2r6,/hs) + exp(—pr)/r?, XBE—HFRAKFEH r &, L 26,
AR AN MNRREALNEEER SEEZL, MRFE S, F—RFIEXETGE, B4
(3.20) XptREF T4 R4 R E 2 AR5 E R EEHTE. '

HEWHR, i —RELR TG ERERE 15, I RREET TENWER. &
RN EE 155, T I 15 %5, BT S0 5 B e R U AR 2, RIE A .

£ F X B

[1] RERXHEHLHETRRBRWELEE ()7, BE¥¥R, (1979), No. 2, 114—119.

[2] JL M. BRI, “2ENE DO, FRE, hiFAH 2 H K, 1960),

[3] P. G MESES,“KEFHAERM”, LM, higAGIEH KM, 1958),

[4]1 H. M. BRES, “BHRESFHE, hiER(BEHFHURE, 1959),

[5] Mackenzie, K. V., “Long-Range Bottom Reverberation”, J. 4. S. 4., 34 (1962), 62.

[6] Macpherson, J. D., “Practical Model of Shallow-water Acoustic propagation”, J. 4. §. 4., 41 (1967), 850.



2z 2 1R 1980 4E

Bt

220

CALCULATION OF SHALLOW WATER REVERBERATION
INTENSITY BASED ON RAY THEORY, PART (II)

‘Wu Cheng-yi

(Institute of Acoustics, Academia Sinica)

The method used for calculating the long range reverberation intensity in shallow
homogeneous layer had been described in part I. It will be extented to include the
inhomogeneous layer consisted of two isovelocity layers L, (near the bottom), Ls (near
the surface) and a gradient layer L. (Located between L, and Ls) in this paper.

The rays in this mixed layer may be divided into two clasdes according to whe-
ther they can penetrate through the gradient layer L.. Considering the fact that, at
long ranges, the grazing angles of all effective rays would be small, the grazing angles
needed to calculate the reverberation can be obtained approximately for both classes.
Then the bottom and the surface reverberation intensities 73, I3 and I, are
calculated amalytically, as the projector and the receiver are at thle same place in
layer Ls (the sign ‘“+’’ or ‘‘—7’" means the velocity gradient a>o0 or a<o). The
results for adequate long range show that Ii~r—772 (for the omnidirectional scat-
tering), —r™* (for the lambert’s scattering), I;~7r~* (for both scattering) and 13~
r~* (for the omnidirectional scattering).

A similar calculation can be carried out as well for the case the projector and the
recelver are at the same place in L,, and no more difficulties will exist.

Captions of figures

1. Sound speed profile.

2. Ray trace of the first kind of rays in positive gradient layer.

3. Ray trace of thie second kind of rays in positive gradient layer.

4. The numerical results from (2.1)—(2.7) and the theoretical curve from (2.14)
for omnidirectional scattering bottom.

5. Rays for surface reverberation (th: second kind).
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