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1. Introduction. The problem of conduction of heat in aniso
tropic materials have gained much interest in the recent years. These 
problems occur mainly in wood technology, soil mechanics and 
mechanics of solids of fibrous structure. 

The analytic approach of such problems and their exact solutions 
are hardly available in the present literature. Carslaw and Jaeger [l] 
have touched this topic and suggested some problems. They have dis
cussed few of them dealing with linear flow of heat in solids having 
simple laws of conductivities, i.e., K=K0 (1 +ax) : where K denotes 
the conductivity at a distance x from the original boundary and K0 

is constant. These problems are solved with the help of Laplace 
transform and other integral transforms involving modified Bessel's 
functions. 

Recently exact solutions of some problems of anisotropic solids 
[2], [3] and [4] have appeared. In solving these problems we have 
made use of Jacobi transform of two variables introduced earlier [5]. 
In these problems the law of variation of conductivity was given by 
K=K0(l-i2) where i=x, y, z. 

In this paper we shall consider linear heat flow in a finite solid 
with the above conductivity and moving in a conducting media with 
constant velocity. With the help of Jacobi polynomials, we shall find 
an exact solution of the above problem. 
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2. Formulation and Solution of Problem. We consider a 
solid rod -1 <;;x<;;l moving along the direction of its length. We 
know in ordinary case the flux vector is given by 

f = -K grad u, 

where u is temperature and is a function of the position and time. 
For one dimensional flow, the single component of the flux vector 
along any plane at a distance x from the origin is given by 

ou 
f=-K-+pcuv ax 

Here we have assumed that the solid is moving with a constant velo
city v along the direction of x-axis. Alsop is density of the solid and 
c is the specific heat (here we have taken both constants). Therefore, 
with the help of law of continuity and the fundamental laws of heat 
transfer we arrive at the following differential equation of heat 
conduction. 

(1) 

with the law of conductivity K=A(l-x 2). Q(x) is intensity of a 
continuous source of heat situated inside it. 

Let the initial temperature of the rod be given by 

u(x, O)=g(x) (2) 
The equation(!) is easily comparable with the Jacobi equation. 

d' - d 
(1-x') d; +{(~-u.)-(•+~+2)x} d~ +n(n+•+~+ l)y=O (3) 

which has Jacobi polynomials p<•· ~\x) as its solution. Hence if we 
n 

take 
•-.S ou cp 

v=-1 Q(x)=-(•+~)Ax -, where q=-
q ox A 

then the solution of (1) can be taken in the form 

"' "\:" (•,S) 
U= L., Ane-Bn'Pn' (x) 

n=O 

Substituting this in the equation (I), we get 

n B,.=q (n+a+~+1) 

(4) 

(5) 

To find the value of A,, we make use of the condition (2). This 
gives us 
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co 
"\:' (a,~) 

g(x)= L, An Pn (x) (6) 

n=O 

Multiplying both the sides of (6) by (1-x)" (l+x)P P(o, ~)(x), ,, 
integrating with respect to x from - I to I and using the orthogonal 
property, 

(1-x)" I +x)• P (x) P (x) dx=O, m;d n J
1 ( 0 (o, ~) (o., ~) 

-i m n 

=S(a, ~) m=n (7) 
n ' 

where 

8<•.~) 2"+~+! I'(n+a+ I) I'(n+~+ l) 
" n ! ("-+~+211-1-IJ I'(n+a-r~+I) 

we obtain 

where 

J
1 ~ (o, g) 

Gn = _, (1-x)" (I +x) P n ' (x) g(x) dx 

Substituting the values of A,, and Bn from (9) and (5) 
tively in ( 4), we get 

(8) 

(9) 

(10) 

respec-

u(x, t)= ! G,,( s:· ~ r' exp { ~nt (n i-a+~+ I)} p~"· ~)(x) (II) 

n=O 

This gives exact solution of the problem. To ensure the conver
gence of the infinite series on the right hand side of (11 ), we must 
have ix,~<-1. 

Special Case. Now as a special case we assume that the initial 
temperature is given by g(x)= I +x and the velocity v= I. For this 
we take cr.=i, ~=-~. 

Substituting these values in (10) and using the result [6, (p. 261)]. 

\Vhere 

[' (1-x)" (I +x)P x' /"'• ~)(x)=O for O<;.k<J.n 
J -1 n 

a, ~c k =µ. 1or =n 
n 

a,~ 2l+a+Hn I'(! +a+n) I'(! +~+n) 
µ,, = · I'(2+a+~+2n) 

(12) 
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We get G,,=11/2 for n=01 
=w/4 for n=l (13) 
=0 for n)'2 

Hence, after substituting the values of P0(~. ~) (x) and P(o., P\x)* 
' n we get from (11) 

u(x, t)=!+H2x+l) e-'"' (14) 
where q is given in (3). 

Table-1 and Figure-! describe temperature variation with respect 
to time at different points on the rod, x, u and I express the quanti
ties 2x+I, 2u(x, t)-1 and 2tjq respectively. 
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In the end I e](press my thanks to the referee for his kind sugges
tions to improve the paper. 
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