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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
Helmgoltz'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 Schuarzshild'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:

Pane = ILEXPUUQZ Wat! H430]

( A, - amplitude of the incidence wave; k.={k.;k,;kfi HBO/C.-
uave number in surrounding media; a: -frequence in rad.:
CL. - sound speed in media: Ki =k° Cos (9kg) ; K1 :0 ;
K5 =-u,s:“(e;“}; 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 uith taking into account the elasticity of the shell. He
shall use the iterational method for the diffraction problem on
the absolutely solid body. The sence of the met ad is following:
let us consider three bodies: the sphere S; = If 4. S"- , the
sphere ,5" a S“- + S“ and the infinite cylinder C at. #- C‘+C,_ .
On the surface of the cylinder C the normal veiosity v:(2)
is given. when the other bodies are absent: 'VE.(';)¢° ,v-c‘(!,=°'
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V2,. (2) = O . 0n the surfaces S; and 5", normal
velocities WA; (90* o and ‘ijqedgo ,‘V‘sl (an: Th; (9,.) = o
are given too. Let us difine t ese velocitl s in such way. that
produced by S‘ , Si and C the full field satisfies to
the condition of absolut hardness of the surfaces S“ , S': .
C. . If these velocities are found the diffraction problem an
absolutely hard'shell will be solved. o

. The zero-approuch we.will take in form: 1/2" “‘1’?“ id. ;v“: -.--.—'\(‘;hL {g I- ; V's-IL =- a.“ ig‘i. . where 1/2.“, - is the
incxdent wave velocity. ‘

The next step is the calculation of the velocity Va,“
produced by the cylinder Co on the surface ‘1‘ . Adding
to Val. the quantity—V}: g“ we obtain a new distribution
of velocity on S"- which prc'vduces a correction to the velocity
'V'c: on the surface of the cylinder in its turn. Changing the
sign of this correction we radiate by this velocity on 5'“
again and so on. This procedure is useful in the case when the
sphere St 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 .5", and (5'1, . For this method it is essential
that the bodies 5'. , St and C have canonical surfaces.
which leads to devide the variables when solving the Helmgoltz
equation. This iterational procedure is like the Schwarzshild‘s
method for two bodies. ' '

Let us define the direct and inverse Fourier-transform as
following: .0 “(I

Whit;e finch 3§Cr)=_1.e ‘=E(k)4k.
Let the pressure P1“! (gl’zi produced by cylinder have

the form( a = ( k} —. EEZ)‘/Z ):

Pw(g,z‘?)=v§°cos(w:)ie izHiikwsfiAha’ixJke» m

Because both the incident field and shell have a plane of
syménetr we have in this expantion only terms with 005 MY) .
H...“ aRS’E - Hamel-function of number M . A... he} -
the corresponding Fourier-amplitude. For the term of number m.
of the normal part of the velosity on the surface of cylinder we
obtain : a | I

Vi = (m .3“ Se‘ ‘in’emaAktmna
-96
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I
HE“ (*R\- the derivative of Hankel-function with respect to its
argument. J3. — the medium density. The cylinder impedance we
define as [ l l :

9,2; (m (ammo HS‘M?)

  

2' “(1(3): ——h—— : I (2)
1-4 1r,“,0“) (ask) Hf.“ (BER)

It is easy to obtain an expression for A... in (l) :

’ : . "‘ 1:Atom = (“m “A” “ .
(22R) HEWCwRi

MA
Let us find the reinfity Tong} (94) produced by cylinder co
on the surface ,S" . Using (1) and (3) we obtain:
M I i ? Hui/(*9) n.V“: ((9.)= M413 am Tm (kiiJka) +

the (th)HS‘(oe§) In A4co594(_£‘e ———2Hg‘qamv (ngkg) ‘I (n

wherez=RCDS°L : §=Rfla94;fir‘éG4SW/2. ,
The velocity V335“ (9,) produced by cylinder C. on the

surface S“ has the form:
" N : (1|,

refiners; ( fehzfl wajaeieika‘y

Ia.

.-- a m Hfit’cam
‘° xii-zap HEW?) n

‘40: Oz (.1? WW‘JUQJQ). (5)

whereg-‘RC‘KOU'L ; §:95:“92: 0‘92 ‘F/Z' . I
The \‘eloclties (4) and (5) have peculiarities~&(ae Shem“)

by 94. “b V? and 9: *9 0 . These peculiarities are being
square integrated and do not infiuate on the essence of the
method. 1

The field of the spere £1 let us introduce in form:
69 h

(4! (tiP (new) = Z R“ M2: PM(c°:9.\-fi..u.‘~c°s (mam
5: _° Mao .
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‘1
where £9 (ke2)=(7r/(Z‘C‘33qtHit/éhfl- spherical Hankel—t’unction ;
Pu.“ (c6564.) - Lejandre-polynom. (‘4

Using the ortogonality of Lejandre polinoms for P,“ we
obtain:

(il‘ (2h*1)[(h-M\ .I]

“I” 2. [Dwell]
ML

The velocity 1131‘,“ (1) produced by the sphere 5‘ 4 on the
surface Cg ' has the form:

'6

“‘1 ‘ E“ I (’0') ' (ll

1:352) = 9m 0,, (“go PN‘ICeS 9‘) .F k.“ ) _

“so «so. “ eE“(Ie:eoPt.’.(cose.x w
_ (Fix) “my.” " he)‘

I
where Plum (“5 on - the derivative of the Lejandre polinom with
respect to argument: '2: =9 /Su‘u 91 z 9‘ :a‘zc‘tj (R /'3
For the second sphere we obtain:

mi | In asuqh?) (a)

Vgg‘cfmsmez (mRammed. PM ) ..

9:39 «so. °° g§‘(h?,)P./,.(¢of%) <2) )
(9:1!) . (:3! ram) 'F‘V‘ .

where 71: 12/2”); ; 0, =T/z+a2c1‘;(2’/.R) ; ‘1': 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 withinverse sign:

1:351), -. :3me- (turgdfloewlifilw‘é‘u $10.9», -,'
w:;°(6‘)=-IF:: (9.1) ls'1 : (:QYOS‘A. e1 (“ER 195 at) 1 he“ I

‘ (Jump; 9‘“; 9! C050,) + J; (k,R::ke.).(k,:.me.)) 3

Vs}9 (9a)=-'"‘:.:(9-lls,‘ =663.)-‘A. {if}; exp i 1(VeR9U592)"‘-*2Lll 1

l (L (mam-(a lame» + J4 (“aR*‘-9zl'("s“‘*°0) .

 

( Elvis-"(9L3Rhino-.95{m 9‘ I“ as“ ,(hR) ‘( 7,
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where E. a 2. , 5g=93=fi=m= 1.
Using the formulae (1) , (3) and (6) . (7) , for the far

field we obtain:
h a. [P‘QHE)(af)-v;ln(k

Jka +

 

°° KE‘WEJ‘) in N £371“) (a! J g,
+ (2 ££”'(e.m-k.E~.£°°‘°‘)'fi~~)+ £E‘"(v.2)-k.R*n~(m We") .(KID

. z 2 l
where §=Yg Sm 91. ; 'z n?‘ cos 9;; ‘1: = (1‘ +L -2E7‘ 059:) la .

The scattering amplitude is:
m | .

{1: ( E P (9:313) /(Ao “'f- (91‘? {Jilin} /?1 -
5:9

Let us define R5 = 20 €°3CQ The integration in (8} was
produced by means of Stationary phase method for large k3 Z; .
In the case hn = 0 this integral may be easy calculated. Thus,
the contribution in the scattering amplitude from cylindrical
part of the body is equal:

_ (-20 °‘ T13 (amen ‘ E
£3 ‘ lame, HgI/(mmo‘) ex?! “‘2 }'

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 i! = O, L we have such end
conditions:

 

2
9 (a‘hi'l(z)=o ; 37:12 )= a

which means'that the normal displacements and the bending moments
are equal to zero. Ne use the equations of reverent of th‘“
cylindrical shell in form:

We r. (a. + mm .
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where Lt; -matrix of selfconjugated differential operators;
8‘“ - Kronecer's symbol; T2=(1-v‘l/ER: E , ‘9 — Joung's
modulus and Poisson's coefficient of the material of the shell
correspondingly.

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

form: u .. h

WW:2. EM “1°sz “r W) '
x}: (29m i Z We Wis?“ W3 a

't’. P: M. (10) ’

WW 2 z w,” owns m» .
3° “:0

Because Pike :s event function of 1? , Pvt“! is event too:
an o. N ‘

Pin: (2‘1?in = z 2 Pike {mush-'1?) 1
[3:9 mo (ll)
5...

PW; (2353): Z Z share) an; (we) ,
P=° h=°

where R]: “FF /L -
h, it is easy to obtain an expression for mechanical impedance

23 by elastic vibrations ofshell [ 1 ] :

2”: - z c: as». ( 1A.“?! )
a Lo 32 liq-:1“ ’ P

nrp u. up In "‘

42* ‘L‘jl 'p 1A3“: Luz ‘ «I: In -

For the solutpion of the problem it is necessary to define

through 'V'; . 5. as tag 1,.
We use :suations: fikvévlkw 'I =15”! En}.

P?=WQ“’Z:.Q ; P.2’=n2‘"£s?fg ; _
h. MP“9 h- “P P. v. 5‘

P7111 4.9%.: *Pg P+P5F =“(v-7KJ +IV-iu:+*1’, 1' ‘FP).2!P I
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W Vb

where P: and T; - amplitudes of pressure and velocity
which are additions because of the elasticity of the shell;
and - amplitudes of pressure and velocity on the surface
of cylinder due to the influence of the hemispheres.

Finally we obtain:

la} n. K h

vwk=_ Tm? Zihl. _ TAJP _ (Pspp’w:'+Z-,./p (12)

3 In 2: P+ Zr; ( 2;, + my .

The full vibrating velocity in the scattering wave:

 

n“'P “r # mi
~V:AJl-f :--v.‘.w. _ Vs}: + 1/; 5

“P *

where Zine and Z 1.1 we take in form (2).
when calculating impedance '2 “5&4 we take into account

that the shell is limited I 2 l . The impedance of limited shell

2:31.; is: w

Z1150" = 27;.‘_£Z.,.:(”)F(”r-kul)F(l’,,(-k),L)Jk,

where "(VIVHL -i(VP+R)Lk z i (e —1) e «1)F1 [MEI-3 2i ;(RP_R) + {(kr+k) -

The proposed iteration procedure is effective in calculation.
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