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ABSTRACT

The present paper devoted to dual integral equations involving non
stationary Heat conduction equation in the Laplace Transform for two
dimensional symmetrical under mixed discontinuous boundary
conditions acted on level surface of semi space in spherical co-ordinates we
find temperature distribution function of moving solid object along a
surface of semi space with velocity v by consideration of non-stationary
heat conduction equation and Heat source m,(r, t) inside a disc of radius c,
r < ¢, outside of disc r > ¢, a temperature function m,(r, t) is given. We use
operational calculus method and dual integral equation for the solution of

given boundary value problem.
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INTRODUCTION :

In a study of mixed
boundary value problems in
mathematical physics we come
across dual integral equation
method to solve the equation of
elliptic type in different areas of
applications such as: diffraction,
potential theory, elasticity and
steady state heat equation [6-7].
Dual integral equation method has
been developed and applied quite
successfully in various physical
and engineering problems. There
are several papers available
involving non-stationary heat
equation with application of dual
integral were published [1, 3, 4]. In
this paper we are interested to find
the solution of heat equation
related to moving solid heat object
with the use of operational calculus
method and dual integral equation.
We take a Bessi function of the first
kind of order zero and unknown
function, weight function, free term
with dependence of a Laplace
transform parameter. By using
some known discontinuous
integrals, the dual integral

equations were reduced to a
Fredholm integral equation of
second kind.

MATHEMATICAL FORMULATION
OF THE PROBLEM:

Let us consider a process of
heat body moves along x-axis
having velocity v on a semi-space z
> 0 in a Cartesian co-ordinates xyz
of a solid object, with a heat source
moves inside a disk x° + y° < ¢,
outside of disk x* + y° < ¢, a
temperature functions is given. We
have to find the temperature
distribution of this body.

Now It is required to solve a
non-stationary heat conductivity
differential equation

L. wadxT 13T
VIr————=— ,v>0 1>0,a>0
a da

(2.1)

Tadr

Where, v is Laplacian Operator
T =T (x,y, 2z XY,z Cartesian co-
ordinates

A is heat coefficient and is
independent of temperature or co-
ordinates.Now, use the
substitution T=u. exp(-wx)
where ,,_¥ equation (2.1) should

£a
be written as
1du

VZu—wiu= ——

adTt (2-2)
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u=u(x,y, 2

VPu o p spherical co-ordinates should
be written as
. i 1 9]
Vsl (r g
The initial condition is
U(@d 0 =T & 0 -T, =0
(2.3)

The boundary conditions are,

o) () g [
ar r=D_ ar r—)m_ b a¢ T30

=0 (2.4)

and under the mixed discontinuous
bounded conditions along the level
surface ® = 0.

(g—:}:—ml(r,ﬂ:}; re(lc) (2.9)

u=—m;(r.th re{0,=) (2.6)
where, m,(r,7)is heat source obey.

Newton's law of heating inside
the disc r < ¢, m,(r, 1) is a temperature
function acted outside of disc r > c. The
known functions m,(r, 1), i =1, 2 is
continuous and having limited variations
w.r.t. each of variables r and t. More ever
[4].

Due to these restrictions we apply
Laplace transform with respect to t and
Hankle transform with respect to r. Here
we assume that the functions m, (r, 7);i=
1, 2 have absolutely, continuous
derivative with respecttor.

We may use Laplace transform
from (2.2) to (2.6) such that

=0
uir, ¢, s)= IIZI wir.z.thexpli—s ) dt

A general solution of given problem may
be taken as

00

uir,z,s) = ID Gp.s)expi—gr{ps)Tg (pridp}

(2.7)
where

rip, s)= \{1}2 + {wz +s/a)

(p,s) is unknown function to be
determined.

To find unknown function A(p, s)
we use the mixed boundary conditions
(2.5) and (2.6) in the Laplace transform
image, we get the pair of dual integral
equation as

Jy Ge.o)re.s) Ty rydp=m(r.5)

re(0,0) 2.8)
Now we solve (2.7) and (2.8). For
this purpose assume function m,(r, s) as

mgr, s) = I;D Hv.s) Ty (prydp

(2.10)
where
H(p, s) is a known function.
Now, we apply the inverse Hankel
transform to (2.9), so that

L0
Hip, s)= | vpmg Jy(py)dy

Let us suppose an unknown
function L(p, s) s.t. L (p, s)—H (p, s) = G (p,
s). The unknown function L (p, s) is
determined by the dual integral equation

[ Lp.$)r(p.s)Jy(pr)d p=M (r,5)

re(0,c) (2.11)
[ L(p.s) Jy(pr)d p=0
re(0,0) (2.12)

where M(r, s) =m2(r, s) -

[ Np*+d H(ps)Jy(pryd p

d=w’+s/a
Now we use the relation

L(p,s)= j: w(t,s) \(t,p) dt

fttpl=—2sin {t Jp2 + d}
Bt +d

(2.13)
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To solve the equations (2.10) and (2.11).
We make use the discontinuous integrals [5]

; 0 ret
IETD P ng(pr) it (tfo? +d) dp=- (2.14)
(p” +d cos (1:2 —rzjd ter
1:2 —r2
(]
_[D Ji(pr)an [tafp” +d [ dp
[ —t : 2.2
smtm'{-:_i——sm [ t* —r Jd
1 fi2 _ 2 D<rat<c
= ) (2.15)

: -t
5111t«~;'fr:_1——2 rz—tzjd 0<r<t<e

tidy

Substitute (2.12) into (2.11) and use (2.13). Also put (2.12) into (2.10)
and use discontinuous integrals (2.15), we get a first kind singular
Integral equation as

r —M A (L, 8) dt

L r2 —t

) 7 2 }
A =r0d 2.16
:M{r,s)+Iﬂc st(; 23' —Sm:ﬁ Aod T E(D) 12:10)
t —r

where A (t, s) is a unknown function to be determined and X (t, s) =t u (t, s).
Now, we trend the equation (2.16) as an Abels integral equation a Fredholm
integral equation of IInd Kind in obtained with unknown function A (t, s)

-

(2.17)

l{t,s]+_[DR AEs) K (E,5,t) dt=F(t,s)

The free term and Kernel is given by

l. 2 2
F(t,s}zgir MM(%S]@ (2.18)

0
Tt [tz—yzj
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(2.19)

Kt ﬁ,s)—z dJ’t cosm smm Sﬁl(w,n'fc_iﬁ_,} .
. = )

\]E_.E—_vz =

dt o J(tz _4)

We may solve Integral equation (2.11) by successive approximation
technique expanding sinx and cosx in appropriate Maclaurins series.

Finally we can use the expression

A, &)= 21: A (6 & +exp(—ck)

T =—10

This theory can be used to solve
many problems of Mathematical physics
which involving the Heat conduction
equation. Hence we obtain the similar
results as boundary conditions acted on
level surface of semi space in cylindrical
co-ordinates.
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