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ABSTRACT

This paper is in two parts. In tﬁe firsﬁ part we discuss a simple
method of correcting the parabolic aﬁprﬁiiﬁgﬁinn (PA), and demonstfate how
this corrected parabélic approximation (CPA) is an improvement on the PA by
comparing the.respective results to a normal mode (z) example.rlThe improve~
ment is most marked in the phase results. In the §econd part of the paper
ﬁe use this CPA to propagate an écouscic field through a sound speed'structﬁre
generated by mesoscale variatioﬁ in the ocean using data described in a
separate paper to this conference by Drs. J. Dugan and W. Emery. A numerical

statistical experiment on this data is described and its results compared to

other work.

1.. A correction to the Paraﬁolic ApproximationT 

The parabo}ic approximation (PA) me;hod has been shoun to be an effective
me;hod of compufing‘acoustic fieldsin regions where the sound sﬁeed is a
function of both range.and,depth. Recent analytic results using the PA

enable one to construct exact solutions to the Helmholtz equation wvia con-

(1)

» and to exactly relate the solutions of the

(2)

Helmholtz and paiabolic equations by means of an integral transform ~“.

formal mapping techniques

The results (for cylindrical coordinates) can be stated quite simply as
follows. Given that ¥ is a solution of the Helmholtz equation
2 2
(v + k" K(r,2)]¥ =0, (1)
where k=m/co, w is the frequency, cois h reference sound speed, and
K=[c°/c (r,z)}2 with c(r,z) the range- and depth-dependent sound speed.

Given that p satisfies the parabolic partial differential equation



2k p top, * E@E-1) p=0, - (2)

then ¥ and p can be exactly related using the integral transform
¥ (r,z) = Aj?(t,:;v) R(r,t,z)expl (ik/2¢) (2)] £ de , 3)
where R satisfies Zhe différéntial equation listed in Ref. 2, Eq. (9),
and A is a constant. The fransform has'a_étationary phase point at t=r
and the resulting stacibnary phase evaluation of the inﬁegral yields a

correction to the parabolic approximation (CPA) given hy
1/2
CPA(r,z) [:(r z) - (irlzk)p :] (kr)

The PA result follows by’ dropping the p term In Eq. (4). Comparison

exp(ikr) (4)

with an exact normal mode (NM) example( ) using the error function
J ' ol
- , 2)1/2
E(r) = _i__ ‘FN.M(I,Z:S) . q’(r’zj)
J EE , . - 3
j=1' ‘FNM(r'zj) )

where ¥ 1s either the PA or CPA yields the result shown in the figure.
The CPA is shown to give a marked improvement in the phase results.

Amplitude and dB error results show similar improvement.

2. Propagation through mesoscale variation in the ocean

The above method has been used to treat acoustic prqpagation through
an analytic model of an eddy(a), with the'pésitionAof the source relative
to the eddy causing transmission loss changes up to 20 dB. Here we discuss
the use of the CPA to propagate an acoustic field througﬁ a sound-sﬁeed
structure generated by mesoscale variation in the ocean using data described

in a separate paper to this conference by Drs. J. Dugan and W. Emery. The

data contains considerable variation in the sound speed with range. A singlev

track of the data is about 2500 km long, with a sound speed profile roughly
every 25 km. A single realization of the CPA is defilned as propagation at 50
" Hz through 250 km of this data using a Gaussian inicial field and a shallow

‘source. The initial range of the incident field is assumed to be a random




variable distributed uniformly between 0 and 2250. A total of 100 realiza— -

tions define the ensemble. The resultiag brobability distribution funection.
(PDF) and.variance of intensity are graphed as a function of range and
depth. Prelimiﬁary results indiéate that the PDF apéears to be Rayleigh
and that it saturates qulckly in range with a variance approaching 6 dB.

The mean changea strongly with position in the field. The results will be

(5)

discussed in_the light of work done by Dyer and Shepard and others,
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