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1. INTRODUCTION

A method consecutive iterations is used by definition of

boundary conditions on bodies in the scattering problem. if on

the surface of the shell the oscillating velocity is given, it is

necessary to know the preassure too for solving the integral

Heimgoitz's equation. The method is effective when the shell may

be split on pieces which are parts of canonical bodies. The angle
dependence of the scattering amplitude for garmonical wave is

obtained. The method has features like Schwarzshild's method.

The angle dependence of the input- of the butt—ends of the shell
is calculated. Minimums of backscattering indicatris and small

incident wave angles are analysed. The method permits to obtaine

information of geometrical and elastic parameters of the scat-
terer.

2. ITERATIONAL METHOD

Let us consider a plane sound wave incidence on shell. which
consists of elastic cylindrical part and two absolutely solid
hemospherical ends:

Pf“: = A,‘ ex? [1 (kg:z+Kay + K3 7Cyl

( A, - amplitude of the incidence wave; [9,: [kfil’flkfig Ksa c.-
uave number in surrounding media; 99 -frequence in rad.;

Go - sound s eed in media; K; = “.608 (gm) : it; = D ;
Ha =~uo$iv¢91h¢ ; 9,)“- the sliding angle of incident wave).
Besides rectangular coordinate sistem we introduce a cylindrical

and spherical sistem too.
Let us split the diffraction problem on two stages. The

first- diffraction of absolutely solid body. The second - dif-

fraction with taking into account the elasticity of the shell. We

shall use the iterational method“ for the diffraction problem on

the absolutely solid body. The Sence of the method is following:

let us consider three bodies: the sphere 9‘ = S,‘ + 54‘, the
sphere S = S‘z" 1- s: and the infinite cylinder c. = C.+C‘+C‘2.
0n the sur ace of the cylinder CL the normal velosity V2(%3

is given. When the other bodies are absent:1fii(g)¢o ,1Q‘cg) =0.
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‘V'ét (2) =0 . 0n the surfaces $1 and .9; normal
velocities ‘V‘s‘g(ei\*o and 112.4- (9'1)#0 , 73‘1(9.,)= V}:- (9,) = 0
are given too. Let us difine these velocities in such way. that

produced by St , St and c the full iield satisfies to
the condition of absolut hardness of the surfaces su‘ , 531.
C2. . If these velocities are found the diffraction problem on
absolutely hard shell will be solved. .

3 The zero-approuch we.will take in form: 1ft. = ' in: lc. ;'

Tst a — “N‘s; ; 1}“ 3-141.“ ‘54, where View. - is the
incident wave velocity. ‘ 1

The next step is the calculation of the velocity 1fbg'sf
produced by the cylinder Co ‘.on the surface ‘ . Adding

to 1’53 the quantity — V2. 4% _we obtain a new distribution
of velocity on ,53‘ which produces a correction to the velocity

1f}: on the surface of the cylinder in its turn. Changing the

sign of this correction we radiate" by this velocity on ‘

again and so on. This procedure is useful in the case when the

sphere AP; is absent and we have a hemiinfinite cylinder. When
the shell is limited, the iterational procedure is analogical to

the described above with taking into account the mutual influence

of the spheres ‘9; and SE . For this method it is essential

that the bodies ;§‘ , SR and C have canonical surfaces,
which leads to devide the variables when solving the Helmgoitz

equation. This lterational procedure is like the Schwarzshild's

method for two bodies.
Let us define the direct and inverse Fourier-transform as

following: sea .bx +~o

53m: Arie‘ §(x):ix ;' fix): fethcfatflkl
-90

Let the pressure PM“; (slit?) produced by cylinder have

the form ( a. g (k°l_ y‘a)i/z ) 3

BO

Eafgflfmz MM; lethal-I (“(azslAmfl!) sz, _ u,
MID . ‘9‘ m

Because both the incident field and shell have a plane of

s mmetry we have in this expantion only termswith Q95 (“\V).
1i 5.. (2:) - Hamel-function of number m . A... (If!) -
the corresponding Fourier-amplitude. For the term of number "L
of the normal part of the velosity on the surface of cylinder we

obtain i to:

'V' m‘ = (26:93: feth‘EHr) ’& AM (15):”;
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H2) (IR)- the derivative of Hankel—function with respect to its

argument, e — the medium density. The cylinder impedance we

define as [ l ] :

  

m (13

2" (M P“ “‘3 (“’3’ H“ (‘R‘= a. n

1.4 * v“: (m (am Hi? (as)
It is easy to obtain an expression for A” (We) in (l) :

t M

A (it) = (Wm M (m
“‘ (av-RX HEP/(‘11)

hill

Let us find the velocity whsit (91) produced by cylinder co

on the surface S“ . Using (1) and (3) we obtain:

«.1 ‘ "We: H“"(z§>) w.

Mins: (’0 = 3119‘ RS? (£28) 7“ WM“ ) +
ti: 3 ‘i: m w (to)

+cos 91 (Le. a .(L'aiflgu (f3 112‘.“l (ngit‘) ,

where i-‘nRCOs 91. :Js Esme: ; 7r é OgsT/a. .
The velocity Tgf",'g (9:) produced by cylinder C's on the

surface 3‘“ has the‘form: -

.. “° in HWaér) “‘
V2.9“: (0:) = slaGZ-( ie iW-fi“ (hawk!) +

' ‘° We (:1: )stz) m
+Cos 91( Le 1g“ I. (5)

manganese-5L :3: Rsiu 62 g o s 92 £372, _ _
The velocities (A) and (5) have peculiarities~& (2225". On“)

by 94 —’ '17 and 8; -~ 0 >. These peculiarities are being

square integrated and do not influate on the essence of the

method. 1
The field of the spare S, let us introduce in form:

P (2.9, ’19): if if‘ilmz Phices enJa‘JL-Cosim (6,
ago m=o ' ' ’

fi

cs
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' 1 (it
where fiffla)=(T/(2k.!3)4HM$‘;‘L spherical Hankel—functton ;
P..." (cos 0‘) - LeJandre-polynom. (1)

Using the ortogonality of LeJandre polinoms for Jaw.“ we

1 :obta n w

«Lannie-mi] h 9 ‘. 9 info
PH“: 2 Iowan)” [V-Sfes) PEUSQS L)§k .1ng _—"l(.Ker/(lag) . (7)

 

wA
The velocity Vs‘flc. ('2) produced by the sphere S: on the

surface C. has the form:

«A ‘ °° g‘“’(k.2) m
vs‘fpfizi = Shh 9‘( ‘2‘,l(k°R“ R‘K(GDS 91)- fan“ ) .-

_ ethaegcue‘ (2 fi‘fi‘flm) PM; (MOD “‘ )
_(i<.83 m —'g'@gl('y,m PM.“ ‘

l
where PW. (“5 5L) — the derivative of the LeJandre polinom with
respect to argument; 2*: R/sin. 0‘ ; 01 = (net: (R/z )
For the second sphere we obtain:

‘1!“ ilk): Sin 9‘.t i “(a Pkwfiofi 9013M.“ ) ..

use“ h °
. I

_ ‘5“sz “592. £9003) Pinto (“F90 F4“ ) .

(KgR) "go fifltll(k;ku " lulu]

where 2::R/Slh a; ;ez=$’/z+q1¢'f° 3 z = L‘ z

Analogical formulae may be obtained for the mutual influence
of the spheres. For the initial distribution of the normal
velocity on the surfaces of cylinder and spheres we take the
incident velocity with inverse sign:

ETIF 45.: (Bic:~(iw5xffiqoewiimmah J: (wail) ita 3

11;}.qu - (00‘s: (i ufiS‘A. et.(kal.¢°s 94) (“Wish 1‘

‘ (J~«("ahih°0(ikg use) + J; (vaunted. ( la 5:“ 9.)) 3

v3: ‘92.)“ ' [92) ‘5: a (Sagas-‘3“, (0‘6". exp {l (kchoSOJ dial. I

* (Mia? Mtflhme.) + J,1(I(,R::.o‘). (139,-. 9‘3) , -
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where 5,: 2. , E.=Fg'5_.'...=1.
Using the formulae (1) . (3) and (6) , (7) , for the far

field we obtain:m .k a (n w
° i

Pup <. 3 [e ‘ Wad +

( 434): “43" do 2 H33 I (3R\ 3
“ (

as (0

+( p (men-Ff: HZ MP~.£‘°“’="FE:)}S’m 353” ("~le “-" mo Rfi"’(vokik
Ila.where gaa'z1 sin 04 ,Z=‘C‘ cos 0,. : '3‘: (Tf-i-Lz- abacus 9‘) _

The scattering amplitude is:
fin

v» ‘ ~
's = P (91,?153/(A.‘“S.°(QXP [‘k'24§/2L)) .

mac -
Let us define R5 ‘ 20 2°; . The integration in (8) was
produced by means of Stacionary phase method for large “of;
in the case rn = 0 this integral may be easy calculated. Thus,
the contribution in the scattering amplitude tram cylindrical
part of the body is equal:

 

( ED “~(y 9)

-2‘ V cos ‘ '
g =T—\:)——— o I. {-‘ME} I

s 0 sm 6: mo Hgi (koksiu oi) ,

it is necessary to take into account the eigenfunctions-of
the shell, when considering the diffraction on the elastic shell.
These eigenfunctions depend on the boundary conditions. Let us
suppose for the simplicity the conditions of hinges. 0n the ends
of the shell the hinges are leaned on two absolutely solid hemi—
spheres. In this case when H! = a. I. we have such end
conditions: a my (

‘5 I)
W3(¥)=Q; e02: =0 '

which means that the normal displacements and the Bending moments
are equal to zero. we use the equations of movement of thin
cylindrical shell in form:

L‘s; (in) =’ 8:3]; (PKMJZJ‘KR) + P‘“‘l(23‘R}) ’ .(9)
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where [.;3 -matrix of selfconjugated differential operators;
; — Kronecer's symbol; 7*:(1-93J/24 ; E , v — Joung's

mo ulus and Poisson's coefficient of the material of the shell
correspondingly.

The solution of the system (9) we construct in the following
form:

193(3'3) = E, Surf’maranw)

“Ito—z (3.1!): Pg; :Z=°W;TPS;M(Kr3)S:u ’ (lo)

1"]; (2.?) = i Z Wylie (HP!) Cos-(W1?) .
p=o h-o

Because Phat is event function of f, Pun] is event. too:

P (z'tf'R) = Z z .Phkcu'u (up?)cas(“'7f)’
lh‘ Pia 1:6 “tr.

PM (2.19.123 = P}; Maj more) as M),
where ’4: =WP

It is easy to obtain an expression 'for mechanical impedance
2;? by elastic vibrations of shell [ 1 1 :

“P = _ 69M lAchP’ )2‘, “R2 Tu.” :

1AM: Je'l [LEW '. IAQFL'LL'L- L21;-
For the solution of the problem it is necessary to define 'V‘ 1""
through . ' 7"

"e Tm“; Pi! =16: 2;” ; H.3‘=n7z:5 ;
E? “5 5»! F 33432.55 .

w up w, ml; Mp ., 1.,
Pm *Pm “‘9; *P“ ="("C.J* - “5 W335”:

(ll)

 

Ih‘
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9“? T” - 'where a and g - amplitudes of pressure and veloc1ty
which are additions because of the elasticity of the shell;.P “+

and 'V;‘“? - amplitudes of pressure and velocity on the sur ace
of cylinder due to the influence of the hemispheres.

Finally we obtain:

“‘P “'1’ "- u- "'

T “P: - V “P Z." - Eh] _ (PW p‘ 1,5“ ’62": ( 12:

a “K Zvympi" Z ( z?” + in?

  

The full vibrating velocity in the scattering wave:

“a; =' VuP~-V‘sml‘.+ Twp:hc a ,

Uh} huh

where Zinc and 25...] we take in arm (2).
When calculating impedance ;?,.J we take into account

thatpthe shell is limited [ 2 ] . The impedance of limited shell

Ea :L‘l‘ 9 15: i
_ t»:

“3° k 1‘ r m{NJ ) -71 21"“)F{L},k,L)P(VrI(-k)IL)Jk,
«as

where :(k ~ml -40: w):

F'(kkL)-_1. (‘2 P ‘1)+(e' P nH ‘2; :(kr-ky {(kPw)

The proposed iteration procedure is effective in calculation.
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