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Abstract 
   This paper deals with the blow-up set of a semilinear heat equation 

defined on a ball, with nonlinear boundary condition, where the reaction 

term and the boundary term are powers of exponential types. In [9], under 

some restricted assumption, it has been proved that, in case of, the 

nonlinear terms are of exponential types without powers, the blow-up 

occurs only on the boundary. Our aim is to extend that result, for some 

regains of the powers those appear on the reaction and boundary terms.     

1 Introduction  
In this paper, we consider the initial –boundary problem: 

……..(1) 

where   ,  is a ball in ,  is the outward 

normal,  is nonnegative symmetric, nondecreasing, smooth function 

satisfies the conditions  

………………………(2) 

…. (3) 

where  
  It is known that, the existence and uniqueness of  local classical solutions 

to this problem are guaranteed by the standard theory see [9],[5]. On the 

other hand, the nontrivial solutions of this problem blow-up in finite time 

and the blow-up set contains , and that due to comparison principle,[7], 

and the known blow-up results of problem where  (see[2]). 

In [9], it has been proved that, the lower blow-up rate is obtained as follows 

…….(4) 
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where  

while the upper blow-up rate estimate takes the from  

…….(5) 

Moreover, for the special case, where  and under some 

restricted assumptions on , it was shown that blow-up occurs only on the 

boundary.  

In this paper, we shall extend some of these results showing that  

the blow-up occurs only on the boundary, where  

 and for some values of  

2 Preliminaries  
In the rest of paper, we denote for simplicity    

The following lemma which has been proved in [9], shows some 

properties of the classical solutions to problem (1). 

Lemma 2.1. Let u be a classical solution to problem (1), where  

satisfies the assumptions (2),(3). Then  

1- , radial in , 
2- in  

3-  in . 

3 Blow-up Set  
In this section, we shall prove that, the blow-up of problem (1) 

occurs only on the boundary, with restricted assumptions on   and  

Theorem 3.1. Suppose that u is a classical solution to following 

Problem:  

 
where     

Then for any  and for some values of  such that 

……….(7) 

There exists a positive constant  such that,  

    for   

Proof 
Let  , r=|x|,  

in  
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where  

A direct calculation shows that  

 

 
. 

Thus  

 

 
              

  

 
Provided  ,   and 

……..(8) 

where  

So,              

Moreover,  

,…(9) 

 

Provided ,  

 Or  

From condition (8), we have 

 
which leads to (9) is satisfied if  
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and 

….(10) 

Provided  ,  

Thus, (9) and (10) can be satisfied when the following condition is held 

 
From above and comparison principle [7], we obtain 

   
Thus  

 for   

From above theorem and the upper blow-up rate estimate (5), which 

has been shown in [9], we conclude that, for   and  

satisfies (7), the blow-up of problem (1) occurs only on the boundary.  
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