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CUBIC FORMULA FOR THE NORMAL
DERIVATIVE OF A DOUBLE LAYER ACOUSTIC

POTENTIAL

Abstract

In the paper, a cubic formula is constructed for the normal derivative of a
double layer acoustic potential.

It is known that the Dirichlet and Neumann external boundary value problems
and the Helmholtz equation and others (see [1]) are reduced to a singular integral
equation dependent on the normal derivative of a double layer acoustic potential:

T (x) =
∂

∂−→n (x)




∫

S

Φk (x, y)
∂−→n (y)

· ρ(y)dSy


 , x ∈ S,

where S ⊂ R3 is Lyapunov’s surface with the exponent α, −→n (x) is the external unit

normal at the point x ∈ S, Φk (x, y) =
exp (ik |x− y|)

4π |x− y| , x 6= y, is the fundamental

solution of the Helmholtz equation, k is a wave number, Im k ≥ 0, and ρ (y) is a con-
tinuously differentiable function on S. As it is impossible to find the exact solution
to these equations, , there arises an interest to ground the collocation method for
such equations. To this end, at first it is necessary to construct the cubic formula
for the normal derivative of a double layer acoustic potential.

Introduce the sequence {h} ⊂ R of the values of discretization parameter h

tending to zero, and partition S into the elementary domains S =
N(h)⋃

l=1

Sh
l :

(1) for any l ∈ {1, 2, ..., N (h)} Sh
l is closed, and its point sets S interior with

respect to
0
S

h

l is not empty, and mes
0
S

h

l = mesSh
l , for j ∈ {1, 2, ..., N (h)}, j 6= l

0
S

h

l

⋂ 0
S

h

j = ∅;
(2) for any l ∈ {1, 2, ..., N (h)} Sh

l is a connected piece of the surface S with
continuous boundary;

(3) for any l ∈ {1, 2, ..., N (h)} Sh
l diamSh

l ≤ h;
(4) for any l ∈ {1, 2, ..., N (h)} there exists the so-called support point xl ∈

Sh
l such that :

(4.1) rl (h) ∼ Rl (h) (rl (h) ∼ Rl (h) ⇐⇒ C1 ≤ rl(h)
Rl(h) ≤ C2, where C1 and

C2 are positive constants independent of h), here rl (h) = min
x∈∂Sh

l

|x− xl| and Rl (h) =

max
x∈∂Sh

l

|x− xl|

(4.2)Rl (h) ≤ d
2 , where d is a radius of a standard sphere (see[2]);

(4.3) for any j ∈ {1, 2, ..., N (h)} rj (h) ∼ rl (h) .
Obviously r (h) ∼ R (h), where R (h) = max

l=1,N(h)
Rl (h) , r (h) = min

l=1,N(h)
rl (h) .


