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c is sound speed at source

r is horizontal range from caustic to field points
X is horizontal range from source to caustic point
t is time

T is travel time along range to the caustic point

Y  is the curvature of the (x,a) plot at the caustic point, i.e. it is
/i azx \
\ aa2

This expression holds for sonar frecuencics from a few hundred Hertz upwards.

CONCLUSICLZ AND RECOM ENDATIONS

e The theory presented here gives a simple and plausible account of the
structure of the field near a caustic, based upon a vz1ii solution of the wave
equation,

7« The vhenomenon is escentially one of eccherent interference between two
rays, one computel normally, the other, which has alrezdy touched the caustic,
being phase-inverted,

e A simple and practiiczl transition formu.a for the field, requiring little
extra computation beyond that used for conventional ray=-tracing, gives results
which are similar to those observed in practice,

9. The field 2t the caustic itself is very small, The peak of the focussing
region oceurs at a short disiance beyond the caustic (typically 100 m,,

1C. For band-limited signals there is an inherent fine structure, of spacing
typically a few tens of metres horizontally, znd a few metres vertically., It
is suggesteu that this, and not complexities in sound speed profile, is the
mz jor source of f'ield structure near the caustic,

11. The 'iajulse technique' on which the study is based is simple to understand
in physical terms, is easy to apply to complex signals, and involves only simple
mathematical functions,

12. The result is an extremely general one, its form being inlependent of the
detailed structure of the medium and the method of formation of the caustic.,

13. The method is essentially a 'high-frecuency"’ solution, and therefore
complements Fourier-type analyses which are biassed to low frequencies. Over
mucn of the frequency band of interest in the sonar world the impulse solution
is valid,

14. It is recommended that a crucial experimental test of the theory be made,

using a vertical string of hydrophones to study the depth-depencent fine
structure of the field near a convergence zone,
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53. We may usefully consider the mean square pressure at any point (the
conventional 'intensity'). This is

2 cot © wsin a (2:')3/2
0 L 2 o
I = <p> = « 4 sin eee (15)
xvV2yr 3Cs Yy

and has the form shown in Figure 5.

54. The transport intensity is zero at the caustic itself (2s is true for all

types of source). It consists of a series of peaks, of which the first is the

largest. The positions/of these peaks are given, to sufficient accuracy, by
2

)3

w gin @ (er

setting o = (2n + 1) % , where n is an integer. This gives =
3.V
s
cot Oo
series of ranges r_, the corresponding peak values of I being s=————— ,
" V2
x an

55« The dotted line in Figure 5 represents, schematiczlly, the dispersive

field that has so far been neglected. We assume that the frequency is high enough
for the asymptotic terms in w (Section II) to be small compzred with the trens-
port term A . This implies that the dispersive field is small compared to the
peaks of th interference pattern in the transport field. There will also be a
dispersive field on the near side of the caustic (2 shadow region as far as this
part of the wave front is concerned), and thic will be continuous across the
caustic, as indicated. The effect of this field will be to fill in the troughs
of the interference pattern, but to leave the peaks almost unzffectied.

56. In addition there are the errors introduced by assuming that
1
6 = e = 6 and (g;x-) = (-g%) . The effects of both epproximztions are

shown graphically in Figure 6, in which the two components D, and p{ zre depicted

as vectors in amplitude/phase space. The two solid lines represent the transport
field vectors; the small circle represents tne contribution of unknown phase
arising from the dispersive term. The dotted line represents the resultant.

On the right hand side of the figure is given the vector diagram assuming that
the two vectors are each equal to the mean value. These sketches illustrate the
point made earlier; the error in magnitude is negligible except when the vectors
are nearly in anti-phase and the resultant field therefore very small, and
therefore unimportant.

57. Returning to Figure 5, a line is drawn showing the 'spherical spreading!
prediction of intensity for a unit source; defined here as 20 log x, where x is
the horigontal range. The focussing effect near the caustic is clearly shown.
The meximum excess of intensity over spherical spreading occurs at the first
peak of the interference pattern.

58, To give some feeling for the orders of megnitude involved Figure 5 is
based upon a representative situation - 2 bilinear profile resembling those
found in the major oceans. The derivation of these numerical results is given
in Appendix I. .
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