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Relationship between singular points of the acoustic field in the ideal shallow

waveguide and source depth

WANG Zexi LI Jian ZHANG Zhen GU Mingyu

(College of Internet of Things Engineering, Hohai University, Changzhou 213002, China)

Abstract: In order to make better use of the source information contained in the singular points, the
relationship between the singular points of different adjacent mode groups in the far field and the depth of
the source in the ideal shallow waveguide is studied. This article derives the position of singular points of the
typical shallow waveguide source acoustic field. The distribution of singular points is analyzed by simulation,
and the results show that the larger the order and order difference of adjacent mode groups, the more complex
the distribution of singular points. The further research found that there is a relationship between the depth of
the first group of the adjacent mode groups and the depth of the source, based on the correspondence between
the singular points and the acoustic field, and on the premise of obtaining an accurate modes distribution, the
source depth can be obtained through the depth of the first group of singular points of the two adjacent mode
groups, it is also possible to invert the source depth through the first group of singular points. It provides an
idea about obtaining the depth of the source in the shallow waveguide.

Keywords: Adjacent mode group; Singular points; Depth of source; Inverse operation; Inversion

2022-05-20 Yt fi; 2022-11-07 &/

K AL AR E 5 T S S0 S S0 H (6142215200102), H K @ ARFAIE SR H (12274113)
Ve R FFT (1998 ), B, BitiE A, WL 74, MR 7. KR5S E 0.
Til{5/E# E-mail: jian263@sina.com



108 /éﬂ}%'?

2023 1 A

it

0 35l

Waterhouse") - 1985 4Exf /K T RE B iHEAT T
MR, FER R R AT T RS, fa tH e =
MR IT A A e RUAEAE, K 223 i 1R A 7t
Bk, 2 )5 Skelton?! FFJ& 1 V-1 i N 5 K Hh ik
BRIE A1 7 5256, IE B AR S R 450 0 Pa, 5 RUAR A
WP 3R LT 0 m /s Mannl3 3l i ) UAEIE 7
IR T A R R R AU — NI B . Chien
26 1) 3@ L Bl 2y J R AR I 2k 5 R G Uk g s
Yy & e R I R AT N HEAT e i, A i Ab
JAYAP P PREREIE 0 m/s” FFERE 48 H: TR
SPYS IR RN S AR AL 22 N A B I /2 o B R s
A8 A, 2001 4, Eliseevnin 25 5 W 57 7 v i A8
BTN T AR B AT S RUR S D, T8
T 7 ) AR A ORT B0 AR PG B DU R T
ThERFUARFE . 2008 45, 7K N 77 57 5 4 B IEAS I 21 161,
Shchurov!™ - 2019 4F 3 3o A I A7 5 A5 0 52 56 1F 1
T A oA, IF HoR e 2 BEE I AR AE AR, 3K
A SN AR SRR A 58 A 1) AE BRI

AR CAE 2 R AL R A L, 38 I B4 i AN [
SN A AU A ATRE, PR S AR IR EE AT
&, B 70 e e SRR A IR FE I T e A SCE
BENEWT: (1) #:F A AR IT g A R A
REM AT (2) I &8 BEA 2H (Adjacent mode
group, AMG) FIBY 4. B 22 5 %3 57 500 A0 2 [a) 1 5%
o, AR R AL E S IR Z AR R
L, AMG 2 1 TR A AT A LA AT
HA IR U AMG B8RS B 4L B 2
& AMG MRS e 2.

1 FRRAMNETHE

2001 4, Eliseevnin 2 PIHF 57 T W MEIBRE S
R S AR E DR, #ES T A IRAL TR
MRS T WA Mim s & 7 S AL E . RSOk
DA (1 15 450, B393R T A R 7 0 AR 1 I
Wt e m AL E . AT AT, BRI K %
) [E 4, 41 T AR AR 2R B /KPRl EE BS R, 3 B
NIRTE 2z, NFIRNRIEZHEE . BIRALT (0, Zo)
bR, 9% 3 (K 75 37 3 R A B AT RN N

Vo.2m | 2 T mi
p<_J4>lzzl\/§COS(blZO)

el [y
x cos (bz) exp [j (§ R — wt)], (1)

Horp, Vo REFEIRIRIE, H NP SIRIE , & A1 by 73 590
f%lﬁjlﬁ*ﬁ’]m?/&%%ﬂﬁﬁ/ﬁ% w R FE

EH A 3 35 R A AT A5 0% T s AR
PP ve=2 v )
WU 7~ 3 R A P P 35 Th 2 A% R Tl R
(Tr) = 3Re (PV3), 3)
(72) = gRe(PVY). (4)
XA (3) A (4) BAT I, B2 IS

A g B A28 B 7K PR LR B0 A~ 38 T e 1)
BIRE:
(R/B) (Jr)
= cos? (1 Zp) cos® (by2) + cos® (b, Zp) cos? (byz)
+ (2 + a) cos (b Zy) cos (bgZy) cos (bz)

X cos (bgz) cos [(& — &q) R], (5)
(R/B)(J-)
= \/;7&1 [bg cos (b;2) sin (by2)
— by cos (bgz) sin (by2) | sin[(& — &) R]
x cos (byZy) cos (b1 Zy) , (6)
G+¢ pwVg§ p
H =2_>_9 B= o, RAFET 5 0
o= S Ly
E(R ),/\ﬁﬁ7<JR> < Z>=O5’€5‘Rﬁ£R}FDZo
(a) B—H A7 M

AR (6) Fsin([(& —&)R] = 0, fRIRE—
MR EKTFEIER = 0 (n=1,2,---),

gl_gq
6 5 BN 37 T80 45 R BB KN, ¥ RARA &
q
= (5) 14
(R/B) (Jr)

= [cos (b Zg) cos (biz) % cos (byZo) cos (byz)]?
+ acos (b1 Zp) cos (byZp) cos (byz) cos (bgz) . (7)
N T I 5, 8 Sl 5 A AN K 5 St AT
RIE /\/\iﬁ( )Ha =0, Krfensea i,
BB R EAS
cos(bi Zo) cos(bz') + cos(byZp) cos(bgz’) =0, (8)
cos(b1 Zp) cos(bz") — cos(byZp) cos(byz') = (9)
A (8) FIAT(9) 43 A R sin[(&,—&,) R] =
H cosl(€ — €)R] = ~1 Feosl(& — €)R] = 1
(g A, ok iy AT SRS 258 — A 5 S



5542 55 1Y) FHE:

ARG T P A A S A IRR B R R 109

WIEAE AR 2. w5 i IRE Nz, Hia
cos (bjz) = cos by (2/ + Az)] (Az /& 2 Fl 2 [ Z1H,
WA — AT, KBRS A 3 (7) B AT 45 32
Az:

ol
Azx :I:6T( tan (b;zf’) tan (b;Zp)
WA RN RARFR N (R, 2 £ Az).
(b) B8 AR A
A A3 (6) H b, cos(bz) sin(byz) — by cos(byz) -
sin(b2) = 0, fR1FEE ZHAT T A MREANR 2(2
LM, AN (5) 15 2065 B 1)K -F A4 AR R,
[FIFES o = 0 AT AR
cos? (b1 Zy) + cos?(byZo) }
(24 a) cos(b Zy) cos(by Zo)
& —&

(10)

21n + arccos {
R =

(11)
Wl FACE A5 RN A (5), 5215 — 4
fliih4% AR:
cos? (b1 Zy) + cos?(byZo)
(24 ) cos(b; Zy) cos(by Zo)
& — &
B A R RN RALRR A (R £ AR, 2).
(c) B=HA R
2 A R (5) W cos(byZo) cos(bZg) = 0, fiE1T
Zy = nn/2by = nH/(2q — 1) 8. Zy = nn/2b, =
nH/(2l — 1), ¥ Zo ALK (6)FHE RO (A
2 RIWIFEW). K Zo RKAAKXG)GHH=HE
R RMEE MRz = nn/2b, = nH/ (21 — 1) 8¢
z=mnm/2b, =nH/(2¢—1).
BT RS AR (R, 2).

arccos |:

AR =

].um

2 FRAMEHENIE

ARSI P S B R T IEWOE, W fos fo 57
Sl R 7 AR R T e B A TR I U ) B AT
B fo > [ R ERBEE . BSBCE LK
TE25 Bk 32 PR IR A A L 0 2 4k, 38 32 B AR 2 93
BRI M2, W0 Pl B FIR B R A S
NARUEDT B G — Ve, A SO 5 0 B O R 1) i3k
SHEL, ARSI E 1R KR K50 Hz
VR OB AE IR SR FE 100 mAb, #5774 TR A
(1,7)-AMG (1,7 R3R 2411 AMG Pk FI ) 78
20 NI A5 K6 JE 1 P9 16D P T RR R 3 43 A7 i 1] 1 i
B R R R R BRI 0 Pa BUR ER

AL 0 m/s, LA P S MR £ K107 [ B &
PR SIS AR I 5T 5 25 P 3 AT B 9% AR T
AMG #F 5 s A REARAEKCE FIE (LB AMG #
EZSUNEE AT

x1 HEREBMESH
Table 1 Simulation of shallow ocean envi-

ronment parameters

IS ZHE
IS R 1
EasuR s SCE Tt DL A H AR
AR 150 m
LS A 2 7 ]
AT R R 0 m/s
AR EBR 2000 m/s
WAL 0~150 m
BT R 1500 m/s
TR D 2000 m/s
BB 1 g/cm?
TR T B 2 g/cm3
FilE/Pa KPR/ (mes—1)  TEHIRE/ (m-s—1)
20 20 20
40 40 40
60 60 60
g
3 80 80 80
100 100 100
120 120 120
140 140 140
0 500 1000 0 500 1000 0 500 1000
R/m R/m R/m

El1 sd =100 mH (1,7)-AMG 75 3 IRE I A5
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Table 2 Inversion parameter
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