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g@ Ray perturbation theory

Differential ray equation:

Ansatz:
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Equations for ray trajectory variations:
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;’*@% In-plane travel time bias:
' Internal gravity waves
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f@% Horizontal refraction due to solitons
v of internal gravity waves

Geometry of the 1995 SWARM Experiment

J. Apel et al., IEEE J. Ocean. Eng., 22(3), pp. 465- 499, (1997)
M. Badiey, Y. Mu, J. Lynch, J. Apel, and S. Wolf, IEEE J. Ocean.
Eng., 27(1), pp- 117-129 (2002)
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fw"% Horizontal refraction due to solitons

of internal gravity waves
Evolution and propagation of the internal solitary
waves at conditions of SWARM experiment
(z=20m, h1=20m, h =60 m; no=5m)
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Acoustic frequency wander due to an

IW soliton
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fw*% Envelope of frequency fluctuations

i% 4 (r=13.5km,z, =2z, =20 m, ¢ =0°)
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e
gf@% Envelope of frequency fluctuations

(r=13.5km,z,=z,=20m, ¢ = 90°)
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f@"% Horizontal refraction due to an IW soliton:
azimuthal angles

Bearing perturbations
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gf@% Horizontal refraction due to solitons

3
3

W@/ of internal gravity waves: travel time bias

Travel Time Bias for Various Source and Receiver Depths
Range = 13.5 km; Ocean Depth = 80 m; Az. Angle =9f
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| Horizontal refraction in deep water
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Geometry of the 1987 Reciprocal Transmission Experiment (RTE)
(B. Dushaw, P. Worcester, B. Cornuelle, and B. Howe, JASA, 93(1), pp. 255-275 (1993))
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Travel Time Bias (ms)

Travel Time Bias (ms)

Travel Time Bias (ms)
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{ Horizontal refraction in deep water
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fw’% Fluctuations of the horizontal refraction angle
for the canonical sound speed profile
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gfw% Fluctuations of the horizontal refraction angle

%@% @fg under conditions of the RTE87 experiment
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f@% Acoustic frequency wander

* A for the canonical sound speed profile
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Acoustic frequency wander

Y under conditions of the RTE87 experiment
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gfw% Ray grazing angle fluctuations

g, >~ 4 for canonical sound speed profile
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g@ Travel time bias: ray path variation
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f@w a0 3
] : Travel time bias: horizontal refraction
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Travel-Time Statistics for Waves
Scattered at a Rough Surface

Small-scale roughness
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74 w%% Travel-Time Statistics for Waves
A Scattered at a Large-Scale Rough Surface
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100 m, ,and 400 m, z, =z,=1000 m)
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Travel-Time Statistics for Waves
Scattered at a Small-Scale Rough Surface
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Travel-time Fréchet kernel
(“Banana-doughnut theory”)

Definition:

5T(rR,rS):jKﬁ(r;r

Computation:
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137, 805-815 (1999)
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