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INTRODUCTION

It is assumed that the reader ”~s familiar with the Lloyd mirror
effect (Reference 1). When this ef~ept takes place a single source

~~~~~~~~ _ can be replaced by a dipole source . ‘~Utn this study, a transient signal
~~~ source is considered. The energy spectrum of the received pulse is

c~ta1ned. The equations for the filtered, integrated energy versua
angle of arrival are also given. N

AN~ALYSIS 
-

Consider an impulsive source and the geometry as given in
Figure 1. .

/ Li
C_) 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
:~ ,/ i, ‘~~~~~~

J Approved fo~ public release;
L ~ 1trthuUon Unlimited

~OO~:H~! (‘14~
~~~~ Sponsoring Activity: Office of Naval Research
~~~~ Name of Program Manag er: Dr. J.B. Her aey, Code 102—OS ONR

NUSL Principal Investigator: R. W. Hasse/R.L. Martin
Title of Proleot: Long Range Acoustic Transmission Fbcperiments

for Surveij3lance Systems ojpprnen~. - —~~~

— ~~1 N J I T N \ -~~~~L~~~~~~~
( 

~~~-

~ c.r This umont s Bubj t t o ep ial e ort o roll d
eec r smi 1 to eign V rnme or r t$Oo n one y • do ni it pr r val ofo w Lond Lab etory, aval. Un ater Systems inter ,

_ _ _  ~~~~ ~~~~-
~ 
i;— 

— 

~~~~~~~~~ 

- 

~ ~~~~ 
*



NUSL Tech Memo
2211—186—70

_ _  

H
SIUISITIOI/*UIUJILITT ~ iiS

~~~ va i~~ Vum~

Figure l

The received pulse is — 

, where is due to the
direct arrival and — ~(&-r)is due to the surface reflected arrival.
? is the difference in travel time between the two paths. By

definition, the impulse response of this system is
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-1’ )  (1)

The transfer function of the system is

fi~~ = I — expC_j~.rrcdi~) (2)

Let us now consider an arbitrary pulse at the source given by Z’~~i)and
let )(~) be its spectrum. Let and be the received waveform
and spectrum, respectively . For a linear system,

~~~~~~~~~~ (~~)

and the received energy spectrum is .

~~ Y1~) ~ 
w~) /#~) Y6)X~’D~)
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where ~~represents the complex conjugate operator.

EXAMPLE
Let )~ expC—c~&) . The time history of an explosive source is

sometimes represented by this type of exponential pulse. Then
yin- _L__—

Then substituting from equations (5) and (2) into equation (4) , we
obtain

e~ec*~~~ç~ ))C/_ e ciL~~~~))J

~ (6)

From the geometry in Figure 1, if,i.-.)J~ and r~>d,~ , then

“-C.
where C.. is the velocity of sound . For the far field, this may be
approximated further by

i’~~~ ~~d5 c.o-~ (~)
C

RECEIVES
Let the receiver hav e a flat pass band froin~~ to d~ . That is,

H,~( f l —  ~~ ~f, ~~ ~

The energy output of this receiver is

E - .  ~f~ -(f) JJ~ (8)

Substituting equati on (6) into (8), we obtain

~~~~~~~~~~~~~~~ (
~

)

For a given and J~. , we can numerically integrate equation (9) to
obtain the ener gy output for given (3 . We can then plot the energy
output versus 0 . Nuinerica]. ..Integ rat ions of this type were made in
the P ARK A (Refer ence 2) study .
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For a sharp pulse , ~ is large. If the frequencieS~ and k in
equation (9) are small, such that Q>?.~,r.f , then the ~ irf term
in the denominator of equation (9) may be eliminated .
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