
F AD A073 215 PENNSYLVANIA STATE UNIV UNIVERSITY PARK APPLIED RESt——ETC F/G 20/1 1
BACKSCATTERING FROM AN ABSORBENT SPHERE.(U) T
JUL 79 6 C LAUCHLE N000213—79 C—6083

UNCLASSIFIED ARL/PSU/TM—79—131 NL

~:tfl END

0-79
~Dc

II



I .0 ~~ ~
28 {~I25

_ _ _ _  ~~ 
~~~

I.’ llIll~0

(~lll.8

11111’ ~ IIUI~ uIii~•~
M~CI~OC()F’Y R~ S(ll U I ION I 1S1 CHART

I I~ N~ AUk I Al l  (li r ‘Ni ~illI I~ l~~’ A



• ..— ,——-—,———- -~~.-~-~~~. — 
- - ~,

L~VEL(
BACKSCATTERING FROM AN ABSORBENT SPHERE

G. C. Lauchie

I 

- — V. —-..-

:~~ 
:~~ :

—~ 

.. ~ V-_ i

~~~ Technical Memorandum
File No. TM 79—131
10 Jul y 1979 ~ 

—
~~~~

--
~~

- -_ - -

Contract No. N00024—79—C—6043

Copy No._____

I Q The Pennsylvania State University

~ C.~.) APPLIED RE SEARCH LABORATORY
I Post Office Box 30
~ — State College , PA 16801

I 
NAVY DEPARTMENT

• NAVAL SEA SYSTEMS COMMAND

f . .
~~ Approved for Public Release

Distribution Unlimited

-j • 79 08 27 097



UNCLASS IFIED - -

SECURITY CLASSIFICAT ION OF THIS PAGE (lTh.n Dat a Enl.r.d)

~~~~~~ 
WIIUEkI1

~
A
~~~

lI
~
LI ~~~~~~ READ INSTRUCTION S

J~ lIJIS I UU~~.UM ~~~~~~~~~~~~~~~~~~~ BEFOR E COMPLET ING FORM
I- REPORT NUMB ER • 2. GOVT ACCESSIO !~~~~

F
~~

ID 

TM 79-131 / c~ ~~~~~~~~~ r~~~ r
4. TITLE (~~ d SubtStS.) ~~~~~~~~~~~ *EPORT ê ø*~~OO GO~ LMLO

( (~ I j~1CKSCATTERING FROM AN ABSORBENT / Technical Memorandum

~ ~~P RE 6. PERFORMING ORG. REPORT NUMBER
-

~~~~~ 

-

7. AUTHON(.) S. CONTRACT OR GRANT NUMBER(s)

C ./Lauc~~~~
/ 

c:iIE ‘I ~#~
4 7 9

~Ej !~J’
S. PERFORMING ORGANIZATION NAME AND ADDRESS • 10. P~ OGRAN ELEMENT. PROJECT . TASK

/ AREA & WORK UNIT NUMBERS
Applied Research Laboratory
P.O . Box 30
State College, PA 16801 1

I I . CONTROLLING OFFICE NAME AND ADDRESS -~~~~-“ ~~~~~~~~

WaSh n g n  03 ~~~~~ I3
~~~~~

MaER OF!~!.j

14. MONITORING AGENCY NAME & AODRESS(U dSU. ,.nI from ConUoUffi4 0111G.) 15. SECURITY CLASS. (of thIs report)

~ 
UNCLASSIFIED

/ a... I IS..

16. DISTRIBUTION STATEMENT (of this R p orI)

Approved for Public Release. Distribution Unlimited .
Per NAVSEA — AUgUSt 16, 1979.

17. DISTRIBuTION STATEMENT (.1 the abstract .nt•r.d in Block 20, II dS f l.rent from Report)

— _‘- -——.-— -~- .*.. -~ —

~~~~~~~~~~~~~~~~~~~~~~~~ L
Is. SUPPL EMENTARY NOT 

- • - ~• 4._....___ .--.

IS. KEY WOR DS (Contlnu. on ,,v.rs, aid. Ii n.c..aaty and id.ntlly by block mmtber)

backscatter
absorbent 4
sphere ‘~~ -~~~~~

a ~~ ABSTRACT (Conffitu . an rev•rs• aid. IS n.c...asy and 1d.niUy by block numb.?)

This letter presents a series of curves for the backscattering cro4s section
of an absorbent sphere. The surface of the sphere is assumed to b~ one of
local reaction of point .impedance, z, or of specific admittance, B. The
normalized backscattering cross section is given as a function of ka ranging
from 0.2 to 21 and for ~~ ranging from 0 to infinity. 

c~~~~ck • •
~~~ 3~j~JQ7 ~~~~~

DO ~~IS 1473 EDITION OF I NOV 65 IS OBSOLETE UNCLASSIFIED
V 

SECURITY CLASSIFICATION OF THIS PAGE (WPtan DMa Ent. r~~



-----V.-— ,-— •--
~~~~~~~~~~~ 

_-

- •~~~~~

- - - . ~~~~~~~~~ 
. . • . .

I

Subject:  Backscattering From An Absorbent Sphere

References : See page 8.

Abstract :  This letter presents a series of curves for  the backscattering
cross section of an absorbent sphere . The surface of the sphere
is assumed to be one of local reaction of point impedance , z ,
or of specific admittance , B. The normalized backscattering cross
section is given as a function of ka ranging from 0.2 to 21 and
for B ranging from 0 to infinity.
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INTRODUCTION

Backscattering cross section curves for hard and soft spheres may

be found in many references, e.g., Bowman, et. al. [1]. Analogous curves

for the absorbent sphere appear to be limited except for special cases

of the surface impedance (2, 3]. In this letter we consider the simple

case of a sphere whose surface is one of local reaction. That is, the

motion of the surface at a point, due to some pressure at that point, is

not coupled with the motions of other points on the surface. Many

acoustical absorbents satisfy this definition. The surface is characterized

in terms of the specific admittance, B, assumed independent of frequency.

This admittance is related to the point impedance, z, by B — pc/z, where

PC is the characteristic impedance of the acoustic medium. Numerical

results for the backacattering cross section are presented herein as a

funetion of acoustic radius, ka, and for discrete values of ~~.

ANALYSIS

Sound scattering analyses for absorbent spheres may be found in the

books by Morse and Ingard [4] and Skudrzyk [5], but neither author presents

numerical examples of their analysis. We repeat the analysis here only

for the sake of completeness.

The incident pressure due to a plane wave is given in the usual

spherical coordinate notation by:

~ 
(.. j )fl (2n+l) 1’~ (cosO) j (kr ) , (1)

n 0

where P is the Legendre polynomial and in the spherical Bessel function.

For cxp(—iwt) time dep~ndence, the scattered pressure field is of the form:

x
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~ n~O 
A P (cos8) h0~ (kr) , (2)

where is the spherical hankel function of the first kind, and

A is determined from the boundary condition at ra; namely,

~~~+ ik8p — 0  . (3)
r~aa.

Solving for A~~and making the far—field approximation:

hW (kr) ~~~~~~~~~~ i
_n—i exp(ikr)/kr , (4)

kr’°°

we find that

p —
~~ X exp(ikr) •(O)/r , (5)

where $(O) is the angle distribution function given by:

iBi (ka) + j’(ka)
•(O) — 

~ (—1) (2n+l) P (cosO) — 
n 

(J) . (6)
• C n 0  iBh (ka) + h I (ka)

The primes on the spherical, functions denote differentiation with respect

to the argument.

The backscattering cross section is a measure of the sound intensity

scattered back in the direction of the inc’dent plane wave. When nor—

malized to the intensity of the incident wave, we have

0
0 

— 2~ I~(0) I 2 J sinOdO — 4~l,(0) I 2 (7)

The relative backscattering cross section is eq. (7) normalized by the area

of the geometric shadow, na2; hence,
2

0 .1 ‘(ka) + iBj (ka)
2 Z (_ ~~)

fl (2n+l) 
~~~~~~ (1) . (8)

ira (ka) n—0 h ‘(ka)+iBh (ka)
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NTJMERICALV RESULTS

Equation (8) has been evaluated for 0.2 < ha < 21 and for a few

discrete values of B including 8 0 (z -
~~ °°) which is the rigid case,

B -
~~ ~~ (z — 0) which is the pressure release case, and B — 1 (z — pc)

which is the pc-match case. The spherical Bessel and Neumann functions

were calculated on an IBM 370 digital computer using the method of

CorSato’ and Uretsky [6]. The series of equation (8) was found to

converge in about [ka] terms when ha > iT, although six terms were used

when ha < 6, and (ka] terms when ha > 6.

Figure 1 shows the result8 of these computations for 0.2 < ha < 21,

while Figure 2 shows only the low—frequency behavior (0.2 < ha < 2.4).

We see from Figure 1 that for a large sphere (large ha), the backscattering

decreases as the specific admittance is increased from zero to one. When

• B is increased to values greater than one, the backscattering cross section V

is observed to increase. Figure 3 demonstrates this behavior for ka 21.

We note that for ha > 2, the rigid and pressure release spheres reflect

approximately equal energy.

At low values of ha (small spheres), the behavior is nearly reversed

of what occurs for large spheres. For ka ~ 0.6, the rigid sphere is the

worst reflector while the pressure release one is the best. In between,

the magnitude of the backscattering cross section increases monotonically

with 8 (Figure 3); there is no null corresponding to the case when the

characteristic impedance of the absorbent matches that of the acoustic

medium.
4

CONCLUS IONS

It has been the purpose of this letter to present a series of curves

for the backacattering cross section of absorbent spheres. In the two

limiting cases of the ideally rigid and pressure release spheres, this
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• cross section asymptotically approaches the area of the geometric shadow

when the wavelength becomes small. When the point impedance of the surface

matches the characteristic impedance of the medium, the backacattering

cross section decreases with ha by approximately a factor of four for each 
-

octave in ha (we should not assume this to be generally true for ha >21).

In general, for ha> 5, the backscattering cross section increases with j
increasing I s—li, where 0 < B < ~ °. For small spheres (ha $ 0.6), ~
increases monotonically with B. For intermediate values of ha, corresponding -

to sphere radii on the order of a wavelength, the backacattering cross

section oscillates with ha and no generalization regarding its dependence

on 5 may be made.
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