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Summary

A detailed analysis is shown of the acoustic energy and power outputs of a point (monopole) source continu-
ously moving along a forward path in several cases. These pertain to sources that have unsteady speeds or source
strengths f lifetimes governed by various specific laws. These could be rigonometric, exponential, hyperbolic-
tangent, error-function or combinations of these. The angular, frequency and joint angolar and frequency distri-
butions of the radiated power and / or energy, as well as the total radiated energy, are analytically determined in
all cases by spatial, temporal or spectral technigques, thus illustrating their use and derivations. Comparisons are
made of the various outputs in the analyzed cases, which sometimes maybe realizable in practice and resemble
analogous results in classical electrodynamics.

PACS no. 43.20.Bi, 43.20.Px, 43.20.Rz, 43.28.Hr

1. Introduction

We study several cases in which monopole acoustic
sources undergoing various motions radiate energy by
virtue of either time variations in their velocity profiles or
by the unsteady nature of their source strengths. The first
situation analyzed (case 1) deals with a forward moving
source with a variable velocity, which starts from infinity,
slows down to zero, and then reverses its motion return-
ing to infinity with a velocity profile of the hyperbolic-
tangent type. The radiated energy and its angular distribu-
tion are then found and compared 1o that emitted when the
same source now travels with constant speed but reverses
its direction over a finite time-interval (=7, ¢), while its
velocity profile obeys a sinusoidal law during that finite
interval. This latter case was studied in our earlier work
[1]. Additional analysis and comparisons are made of an
analogous type of accelerated monopole source having a
velocity profile that obeys an error-function law (case 2).
These sudies lead next to a situation in which a monopole
travels with a lifetime (or strength) controlled by a gaus-
sianly decaying law, and simultaneously oscillates har-
monically (case 3). This case is later reduced o simpler
ones in which the strength amplitude is Gaussian or the
lifetime harmonic. In all cases, both the angular distribu-
tion of the radiated energy as well as the total radiated en-
ergy are obtained. To illustrate alternative methods of solu-
tion, the case of a harmonically oscillating source-strength
is also analyzed in the spectral domain. A general for-
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mulation is presented which is then particularized to the
source with harmonically oscillating lifetime. The results
for the angular distribution of the radiated energy and for
the total radiated energy are determined and compared to
those emerging from the immediately preceding approach.
One final case deals with decelerating monopole sources
(case 4a). For an exponentially decelerating source, the
expressions for the total radiated energy and its angu-
lar distribution are found and compared to the analogous
ones when the source velocity profile is of the hyperbolic-
tangent type (case 4b). This latter decelerating rate seems
to emit larger amounts of radiated energy than the expo-
nential rate. The analysis is completed by studying the
amounis of energy radiated during each half of the source
path {case 4c). It appears that more energy is radiated dur-
ing the first half of the trajectory, since it is then that there
15 a stronger deceleration. We note that most results for ra-
diated energies in these cases contain a term of the form
(1/M)In[i1+ M) /(1 — M)], which indirectly shows their
connection to typical Bremsstrahlung (i.e., breaking radi-
ation) results in Beta decay processes [2a].

2. Preliminary analytical background

Some of the analysis presented here follows the material in
[1]. Some necessary additional background follows. The
angular distribution P{#, 1) of the instantaneously radiated
power is [3.4]

. ;]J 0(F.1) Q(7.7) (1)

-5"(:"—r+ ? - fF—F‘])dFdﬁ'd:’.

g75







