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Abstract. Solutions of initial value problems for non-linear parabolic partial differential equations may 
not exist for all time. In other words, these solutions may blow up in some sense or other. Recently in 
connection with problems for some class of non-linear parabolic equations, Kaplan [1], Ito [2] and 
Friedman [3] gave certain sufficient conditions under which the solutions blow up in a finite time. 
Although their results are not identical, we can say according to them that the solutions are apt to blow up 
when the initial values are sufficiently large. The data at which solutions can blow up is called critical 
exponents of Fujita. 
The present paper is devoted to research critical exponents of Fujita type for certain non-linear time-
fractional diffusion equations with the nonnegative initial condition. The Riemann-Liouville derivative is 
used as a fractional derivative. To prove the blow up, we use the known test function method developed 
in papers by Mitidieri and Pohozhaev [16]. 
Key words: blow-up, global weak solution, critical exponents of Fujita, time-fractional diffusion 
equation. 

 
 
Introduction 
 
In the paper [4], Fujita considered the initial 

value problem: 
 

   
   

,   for  , 0, ,

,0 0,   for  ,

p N
t

N

u u u x t R

u x a x x R

      


  
    (1) 

 
where p  is positive number,    1 Na x L R  is 

nonnegative and positive on some subset of NR  of 
positive measure and ∆ denotes the Laplacian in N 
variables.  

More precisely, he considered this problem on 
 0,NR T  for some T   . A (classical or weak 

solution) of equation on  0,NR T  for some 
T    is called a local (in time) solution. The 
supremum of all such T’s for which a solution exists 

is called the maximal time of existence, Tmax. When 
maxT    we say the solution is global. When 

maxT   , we say the solution of equation is not 
global (or the solution “blows up in finite time”.  

Let 2 / .cp N  Fujita proved the following 
assertions: 

(i) if 0 cp p   and   0a x   for some 0x , 
then the solution of problem (1) grows infinitely at 
some finite instant of time; 

(ii) if cp p , then problem has a positive 
solution for every t > 0. 

More exactly, for each 0k  , there exists a 
0   such that problem (1) has a global solution 

whenever  
2

0 k xa x e   . The number cp  is 
referred to as the critical exponent. In the critical 
case, this problem was solved in [5] for 1, 2N   
and in [6] for arbitrary N . It was shown that 
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if cp p  and then there is no nonnegative global 
solution for any nontrivial initial data. The proof 
was simplified by Weissler [7]. 

Later, Fujita [8] extended his own results to the 
more general case in which  f u  (the term 
describing the reaction) is convex and satisfies 
appropriate conditions (the main of which is the 
Osgood condition). The results obtained for problem 
(1) were generalized in [9] to the case of an initial-
boundary value problem in a cone with the term 

1px u   instead of 1pu  ; it was proved that, in this 

case, the critical exponent is equal to  2 / N . 
It was shown in [10] that the critical exponent 

for the porous medium equation is equal 
to 1 2 /m N   , where  2 /m N N   . 

The equation  
 

1 ,m p
t

su uxu t     0,   ,Nt x R   
 
with nonnegative initial data was considered in [11]. 
It was shown that the critical exponent for this 
problem is equal to 
    1 1 2 2 / 0m s s N      . 

The following parabolic equation with the 
fractional power   /2 ,0 2,     of the 
Laplace operator was studied in [12]: 

 

  /2 1 ,p
tu u u     , .Nt x R R   

 
Using Fujita’s method [4], the authors [13] 

discussed nonnegative solutions of the equation 
 

   /2 1 ,p
tu u h t u    , .Nt x R R     (2) 
 

where  h t  behaves as at 

 1,  0 1 .pN         The proof given in 
[13] is based on the reduction of Eq. (2) to an 
ordinary differential equation for the mean value of 
u  with the use of the fundamental solution 
[say,  ,  P x t ] of   /2:  /L t 

      . 
Apparently, the approach of [13] cannot be used for 
systems of two differential equations with distinct 
diffusion terms unless, for example,  ,  P x t  can 

be compared with  ,  P x t  for .   

The following spatio-temporal fractional 
equation 

 
       

   

/2 1
0

0

D , ,   for  , ,

,0 0,   for  ,

p N

N

u u h x t u x t R R

u x u x x R

  


     


  
 
where 0D

 ,  0,1   is the fractional derivative in 

the sense of Caputo,  1, 2   with nonnegative 
initial data was considered in [14]. The critical 
exponent for this problem is equal to  
 

 
 

1 1
1cp p

N
   
  

 
   

 
. 

 
The main goal of the present research is to 

obtain results on critical exponents for time -
fractional diffusion equation of the form 

 

   
2

1
2 ,  , 0,p

t tu D u u x t R T
x





     


    (3) 

 
with the initial condition 

 
   0,0 0u x u x                     (4) 

 
where 1

tD 
  denotes the time-derivative of arbitrary 

order  0,1  in the sense of Riemann-Liouville. 
In the case, 1   the time-fractional diffusion 

equation (3) reduces to the usual heat equation, 
which is well documented in [4].  

 
Some definitions and properties of fractional 

operators 
 
Definition 1. [15]The left and right Riemann-

Liouville fractional integrals aI  and bI  of order 
( 0),R    are given by  

 

         11 ,  , ,
t

a
a

I f t t s f s ds t a b




   
   

 
and 

 

         11 ,  , ,
b

b
t

I f t s t f s ds t a b




   
   

 



45M. Borikhanov, B.T. Torebek

International Journal of Mathematics and Physics 9, №2, 43 (2018)

respectively. Here ( )  denotes the Euler gamma 
function. 

Definition 2. [15] The left Riemann-Liouville 
fractional derivative aD

  of order ,R   
 0 1   is defined by 

 

   

       

1

1 ,  , ,
1

a a

t

a

dD f t I f t
dt

t s f s ds t a b

 






 



 

  
  

 

 
Similarly, the right Riemann-Liouville fractional 

derivative bD
  of order  ,  0 1R     is 

defined by 
 

   

       

1

1 ,  , .
1

b b

b

t

dD f t I f t
dt

s t f s ds t a b

 






 



 

  
  

 

 
Definition 3. [15] The left and the right Caputo 

fractional derivatives of order ,R    0 1   is 
defined, respectively, by 

 

   

       

1D

1 ,  , ,
1

a a

t

a

df t I f t
dt

t s f s ds t a b

 






 



 

  
  

 

 
and 

   

       

1D

1 ,  , .
1

b b

b

t

df t I f t
dt

s t f s ds t a b

 






 



  

   
  

 

 
requires    1 0, .f s L T   

Definition 4. A function 
      1 ,  : , 0,loc T Tu L x t R T       is a local 

weak solution to time-fractional diffusion equation 
on T  such that 

 

     

       

1, , D ,

, , , ,
T

T T

T xx

p
t

L u u x t x t dxdt

u x t x t dxdt u x t x t dxdt

 

 






 

 

 



 
 
where 

     

       

1

0

1
0

0

, , ,

, , ,0 ,

T

t x R

T

t
R R

L u D u x t x t dt

D u x t x t dt u x x dx
x





 

 







 


 





 
 

 
for any test function    2,1

,, x t Tx t C    defined on 
the domain T  with  , 0.x T   

Property 5. Integrating fractional integral by 
parts  

 
       1, , , , .

T T

t TI u x t f x t dxdt u x t I f x t dxdt 
 

 

 
 

Main results 
 
Multiply the time-fractional diffusion equation 

(1) by a test function  ,x t , we have 
 

   

   

   

0

2
1

2
0

0

, ,

, ,

, , .

T

t
R

T

t
R

T
p

R

u x t x t dxdt

D u x t x t dxdt
x

u x t x t dxdt















 





 

 

 

 

 
Integrating by parts the equation (3) and note 

that  , 0x T  we get 
 

   

   

   

0

0

0

, ,

,0

, , ,

T

t
R

R
T

t
R

u x t x t dxdt

u x x dx

u x t x t dxdt









  



 



 

              (5) 
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and 
 

   

   

   

   

2
1

2
0

1

0

1

0

1

0

, ,

, ,

, ,

, ,

T

t
R

T

t
R

T

t x R

T

t xx
R

D u x t x t dxdt
x

D u x t x t dt
x

D u x t x t dt

D u x t x t dxdt



































 



 



 





 

        (6) 

 
By Property 5 the last part of the (6), can be 

written as 
 

   

   

1

0

1

0

, ,

, D ,

T

t xx
R
T

T xx
R

D u x t x t dxdt

u x t x t dxdt



















 

 
 

 
Obviously, we can write the equation (3)-(4) in 

the following form 
 

     

   

   

1, , D ,

, ,

, ,

T

T

T

T xx

t

p

L u u x t x t dxdt

u x t x t dxdt

u x t x t dxdt

 














 

 









        (7) 

where 

     

       

1

0

1
0

0

, , ,

, , ,0 ,

T

t x R

T

t
R R

L u D u x t x t dt

D u x t x t dt u x x dx
x





 

 







 


 





 
 

 
 

Theorem 1. Let 1.p   If  
 

21 1 ,cp p


     

 
then problem (3) admits no global weak 
nonnegative solutions other than the trivial one. 

Proof. The proof proceeds by contradiction. 
Suppose that u  is a nontrivial nonnegative solution 
which exists globally in time. That is u  exists in 
 *0,T  for any arbitrary * 0.T   Let ,  T R  and   be 

positive real numbers such that 2/ *0 .TR T   
Let  z  be a smooth nonincreasing function 

such that 
 

 
1  if  z 1
0  if  z 2

z


   
 

 
and  0 1.z    

The test function  ,x t  is chosen so that 
 

   

   

2/

'1 '/

' '/

D , ,

, , , .
T

T

p p p
xxTR

p p p
t

x t x t dxdt

x t x t dxdt


  

 

 










   




    (8) 

 
To estimate the right-hand side of the Definition 

4 on 2/TR  , we write  
 

   

       

2/

2/

2/

2/

1

1/ 1 1/

, D ,

, , D , ,
TR

TR

xxTR

p p
xxTR

u x t x t dxdt

u x t x t x t x t dxdt















  






 




   

   




 

Therefore, by using the   Young equality we 
have

     

         

2/

2/

2/

2/ 2/

1

'1 '/

, D , ,

, , D , , .

TR

TR TR

xxTR

pp p p
xxTR

u x t x t x t dxdt

u x t x t dxdt C x t x t dxdt







 





 

    






 


 

   

 



 
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Similarly,  
 

             
2/ 2/ 2/

' '/, , , , , , .
TR TR TR

p p p p
t tu x t x t dxdt u x t x t dxdt C x t x t dxdt

  

     

  

     

 
 

Now, taking   small enough, we obtain the estimate 
 
 

            2/

2/ 2/

' '1 '/, , D , , , .
TR TR

pp p p p
xx tTR

u x t x t dxdt C x t x t x t dxdt

 

     


 

          (9) 

 
 
We set  

 
2

2, x tx t
R




 

  
 

, 

where , .R Z   
Let us perform the change of variables 

2/ ,t R   x yR  and set 
 

     2/ 2: , 0, / ,  2 ,y R T R y          

 
  2, .y y      

 
Now, we choose   such that the right-hand 

sides of  

 

           

       

 

     

2/

2/

2/
2/ 2/

2/

'
' 11 '/ '/

'
1 '/2/ 2/ 2/ 2/

2 2/

12/ 1 ' 2 ' 2/ 1

1D , , , ,

1 1

1

TR TR

TR

p
TR

p p p p p
xx sxxTR

R

pT
p p

yy

T
p p

syy

x t x t dxdt s t x s ds x t dxdt

R R R d RdyR d
R R

R d






 







   




  



   


     


  


  


 

 



   

   


     


   


  

 



 

  

     
2/

2/

'
'/

' '/2/ 1 ' 2 ' 2/ 1 1

TR

TR

p
p p

p p pp p
T yy

dyd

R D dyd





   


  

  





    




 

  







 

 

and  
 

       
2/ 2/

' ' '/'/ 2/ ' 2/ 1, ,
TR TR

p p p pp p px t x t dxdt R dyd
 

 
        

 

       

 
 
are of the same order in R. In doing so we find   . 

Then have the estimate 
 

   
2/

'
, , ,

TR

p
u x t x t dxdt CR






                                                    (10) 
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where 

 2 21 ' 2 ' 1p p 
 

      

and 
 

        
2/

' ' '/p1D .
TR

p p p
T yyC C dyd




     

 




         

 
 
If we choose 0  , (i.e. is cp p ) and let 

R   in (10), we obtain 
 

 , 0.pu x t dxdt


               (11) 

 
This implies that 0u   a.e., which is a 

contradiction.  
In case 0  , (i.e. is cp p ) observe that the 

convergence of the integral in (10) if  
 

    2 2 2,  0, : + 2R x t R T R x t R       
 

then 

   , , 0
R

p

R
lim u x t x t dxdt




            (12) 

 
If instead of using the   Young equality, we 

rather use the Hölder inequality, then instead of 
estimate (9), we get  

 

       
2/

1/

 , , , ,
RTR

p
p p

u x t x t dxdt L u x t y dyd


   
 

 
   

 
                                  (13)  

where 

       
1 1

' 1/ '
' ''/ '/1:

p p
p pp p p p

T yyD dyd dyL d
       


 

   
          

   
       

 
 

and  
 

    2/ 2
1 ,  0, / :1 + 2 .y R T R y         

 
Using (13), we obtain via (12), after passing to 

the limit as R  ,  
 

 , 0
p

u x t dxdt


  

 
This leads to 0u   a.e. and completes the proof. 
 
Conclusion 
 
In this paper were studied Fujita-type critical 

exponents for certain time-fractional diffusion 
equations with the nonnegative initial condition. As 
a result, using the test function method, the critical 

exponents of Fujita were determined in the 

following form 21 1cp p


    . 

Consequently, by using the Fujita-type critical 
exponents we proved that, the problem (3) admits 
no global weak nonnegative solutions other than the 
trivial one. 

 
Acknowledgments 
 
This research is financially supported by a grant 

No. AP05131756 from the Ministry of Science and 
Education of the Republic of Kazakhstan.  

 
References 
 
1. Kaplan S. “On the growth of solutions 

quasi-linear parabolic equations.” Comm. Pure 
Appl. Math. 16 (1963): 305-330. 

 



49M. Borikhanov, B.T. Torebek

International Journal of Mathematics and Physics 9, №2, 43 (2018)

2. Ito S. “On the blowing up of solutions 
quasi-linear parabolic equations.” Bulletin of the 
Mathematical Society of Japan. 18, no. 1 (1966): 
44-47. 

3. Friedman A. “Remarks on non-linear 
parabolic equations.” Proc. of Symposia in Appl. 
Math. 17 (1965): 3-23.  

4. Fujita H. “On the blowing up of solutions of 
the Cauchy problem for 1u u ut

   .” J. Fac. 
Sci. Univ. Tokyo Sect. 13 (1966): 109–124. 

5. Hayakawa. “On Nonexistence of Global 
Solutions of Some Semilinear Parabolic Differential 
Equations.” Proc. Japan Acad. 49, no. 7 (1973). 

6. Kobayashi K., Sirao T. and Tanaka H. “On 
the growing up problem for semilinear heat 
equations.” J. Math. Soc. Japan. 29, no. 3 (1977). 

7. Weissler F.B. “Existence and non-existence 
of global solutions for a semilinear heat equation.” 
Israel J. Math. 38, no. 1-2 (1981). 

8. Fujita H. “On some nonexistence an 
nonuniqueness theorems for nonlinear a parabolic 
equations.” Proc. Symp. Pure Math. 18, part I 
(1968): 138-161. 

9. Bandle C. and Levine. “On the existence 
and nonexistence of global solutions of reaction-
diffusion equations in sectorial domains.” Trans. 
Amer. Math. Soc. 316, no. 2 (1989): 595-622. 

10.  Samarskii A., Galaktionov V., Kurdyumov, 
S., and Mikhailov A. “Blow-up in quasilinear 
parabolic equations.” Bulletin (New Series) of the 
American Mathematical Society 33, no. 4 (1996). 

11.  Qi Y.W. “The critical exponents of 
parabolic equations and blow-up in NR .” Proc. 
Roy. Soc. Edinburgh Sect. A. 128, no. 1(1998): 123-
136. 

12.  Sugitani S. “On nonexistence of global 
solutions for some nonlinear integral equations.” 
Osaka J. Math. 12 (1975): 29-40.  

13.  Guedda M. and Kirane, M. “A note on 
nonexistence of global solutions to a nonlinear 
integral equation.” Bull. of the Belgian Math. Soc. 6 
(1999): 491-497. 

14.  Kirane M., Laskri Y., Tatar N., “Critical 
exponents of Fujita type for certain evolution 
equations and systems with spatio-temporal 
fractional derivatives.” J. Math. Anal. Appl. 312 
(2005): 488–501. 

15. Kilbas A. A., Srivastava H. M. and Trujillo 
J. J.. Theory and Applications of Fractional 
Differential Equations. North-Holland Mathematics 
Studies. (2006) 69-90. 

16. Pohozaev S.I. and Mitidieri E.L. “A priori 
estimates and blow-up of solutions to nonlinear 
partial differential equations and inequalities.” Tr. 
Mat. Inst. Steklova. 269 (2010): 110–119. 

 


