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Abstract

For the multidimensional nonlinear wave equations the characteristic Cauchy and

Darboux problems are considered in the conical domains. Depending on the exponent

of nonlinearity and on the space dimension of the equation, the problem of the ex-

istence and nonexistence of global solutions of the characteristic Cauchy or Darboux

problem is investigated. The question of the local solvability of these problems is also

considered.
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Let us consider a nonlinear wave equation of the type

¤u :=
∂2u

∂t2
−∆ u = λµ(u) + F, (1)

where µ is the given nonlinear function, µ(0) = 0, F is the given and
u is an unknown real functions; λ 6= 0 is the given real constant, ∆ =
n∑

i=1

∂2

∂x2
i
, n ≥ 2.

For (1) we consider the Cauchy characteristic problem on finding in a
truncated light cone of the future DT : |x| < t < T, x = (x1, ..., xn), T =
const > 0, a solution u(x, t) of that equation by the boundary condition

u|ST
= f, (2)
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where f is the given real function on the characteristic cone surface ST :
t = |x| , t ≤ T . When considering the case T = +∞ we assume that
D∞ : t > |x|.

For (1) we also consider the Darboux problem on finding in a half of a
truncated light cone D+

T = DT ∩{xn > 0} a solution u(x, t) of that equation
under the boundary conditions

∂u

∂xn

∣∣∣∣
S0

T

= 0, u|S+
T

= g, (2+)

where S0
T = ∂D+

T ∩ {xn = 0} and g is a given real function on S+
T =

ST ∩ {xn ≥ 0}.
Note that the question on the existence or nonexistence of a global

solution of the Cauchy problem for semilinear equation of type (1) with
initial conditions u|t=0 = u0,

∂u
∂t

∣∣
t=0

= u1 has been studied in [1]-[12].
Below we consider the cases when in equation (1)

µ(u) = |u|α , α = const > 0 (3)

or
µ(u) = |u|α sign u, α = const > 0, α 6= 1. (4)

As for characteristic Cauchy and Darboux problems in a linear case,
that is, when the right-hand side of (1) does not involve the nonlinear sum-
mand λµ(u), these problems are, as it is known, formulated correctly, and
the global solvability takes place in the corresponding spaces of functions
[13]-[21].

We have showed, that under certain conditions on the degree of nonlin-
earity and the functions F and f, g these problems have or have not global
solutions, though nevertheless these problems always are locally solvable
[22]-[23].

Before introducing the definition of a weak generalized solution of prob-
lem (1), (2) in case T = ∞ note that, if u ∈ C2

(
D∞

)
is a classical solution

of problem (1), (2), then multiplying both parts of equation (1) by an ar-

bitrary function ϕ ∈ C1
(
D∞

)
, finite on variable r =

(
t2 + |x|2

) 1
2 , that is,

equal to zero of sufficient large r, after integration by parts we obtain
∫

∂D∞

∂u

∂N
ϕds−

∫

D∞

utϕtdxdt +
∫

D∞

∇xu∇xϕdxdt

= λ

∫

D∞

µ(u)ϕdxdt +
∫

D∞

Fϕdxdt, (5)
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where ∂
∂N = ν0

∂
∂t −

n∑
i=1

νi
∂

∂xi
is the derivative with respect to the conormal,

ν = (ν1, ..., νn, ν0) is the unit vector of the outer normal to S∞ = ∂D∞ :
t = |x| , ∇x =

(
∂

∂x1
, ..., ∂

∂xn

)
.

Taking into account that S∞ : t = |x| is the characteristic manifold on
which ∂

∂N is the interior differential operator and by virtue of (2) equality
(5) takes the form

−
∫

D∞

utϕtdxdt +
∫

D∞

∇xu∇xϕdxdt

= λ

∫

D∞

µ(u)ϕdxdt +
∫

D∞

Fϕdxdt−
∫

∂D∞

∂f

∂N
ϕds. (6)

Equality (6) can be set as a base of definition for a weak generalized
solution of problem (1), (2).

Definition 1. Let F ∈ L̃2,loc(D∞) and f ∈ W̃ 1
2,loc (∂D∞). A function u ∈

L̃α,loc (D∞) ∩ W̃ 1
2,loc (D∞) is called a weak generalized solution of problem

(1), (2) in domain D∞, if for any function ϕ ∈ C1
(
D∞

)
, finite on variable

r =
(
t2 + |x|2

) 1
2 , the integral equality (6) is fulfilled. Such solution we

shall call also a global solution of problem (1), (2) in domain D∞.
Here the space L̃2,loc (D∞) (W̃2,loc (∂D∞)) consists of functions F (f),

which restriction on set Dτ = D∞ ∩ {t < τ} (Sτ = ∂D∞ ∩ {t < τ}) for any
τ > 0 belongs to the space L2(Dτ )(W 1

2 (Sτ )). The spaces L̃α,loc (D∞) and
W̃ 1

2,loc (D∞) are similarly defined (here W 1
2 (Ω) is known Sobolev space).

Definition 2. Let F ∈ L2(DT ) and f ∈ W 1
2 (ST ). A function u ∈

Lα(DT )∩W 1
2 (DT ) is called a weak generalized solution of problem (1), (2)

in domain DT , if for any function ϕ ∈ C1
(
DT

)
such that ϕ|t=T = 0 the

integral equality

−
∫

DT

utϕtdxdt +
∫

DT

∇xu∇xϕdxdt

= λ

∫

DT

µ(u)ϕdxdt +
∫

DT

Fϕdxdt−
∫

ST

∂f

∂N
ϕds (7)

is fulfilled.
Theorem 1. Let

F ∈ L̃2,loc (D∞) , λF |D∞ ≥ 0 (8)
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and

f ∈ W̃ 1
2,loc(∂D∞), λf |∂D∞ ≥ 0, λ

∂f

∂r

∣∣∣∣
∂D∞

≥ 0. (9)

Then if µ(u) = |u|α and

1 < α ≤ n + 1
n− 1

, (10)

then there does not exist a weak generalized solution u ∈ L̃α,loc (D∞) ∩
W̃ 1

2,loc (D∞) of problem (1), (2) in domain D∞ (which is nontrivial in case
F = 0 and f = 0).

Below, in remarks 1-3, for simplicity we assume that λ > 0.
Remark 1. In case 0 < α < 1 and µ(u) = |u|α problem (1), (2) may have

more than one global solution. For example, for F = 0 and f = 0 conditions
(8) and (9) are fulfilled, but problem (1), (2) may, besides a trivial solution,
have an infinite set of global independent solutions uσ(x, t) ∈ L̃1

2,loc(D∞)∪
W̃ 1

2,loc(D∞), depending on parameter σ ≥ 0, and given by the formula

uσ(x, t) =





β
[
(t− σ)2 − |x|2

] 1
1−α

, t > σ + |x| ,
0, |x| ≤ t ≤ σ + |x| ,

where β = λ
1

1−α

[
4α

(1−α)2
+ 2(n+1)

1−α

]− 1
1−α .

Remark 2. The conclusion of Theorem 1 fails to be valid if α > n+1
n−1 and

the second of conditions (9), i.e. condition f |∂D∞ ≥ 0 is violated. Indeed,
function

u(x, t) = −ε(1 + t2 − |x|2) 1
1−α , ε = const > 0,

is the global classical, and hence, generalized solution of problem (1), (2)
for f = −ε

( ∂f
∂r

∣∣∣
∂D∞

= 0
)

and F = [2εn+1
α−1 − 4ε α

(α−1)2
t2−|x|2

1+t2−|x|2 − λεα](1 +

t2 − |x|2) α
1−α , where, as it can be easily verified, F |D∞ ≥ 0 if α > n+1

n−1

and 0 < ε ≤ { 2
λ [

n+1− 2α
α−1

α−1 ]} 1
α−1 . Note that inequality n + 1 − 2α

α−1 > 0 is
equivalent to inequality α > n+1

n−1 .
Remark 3. The conclusion of Theorem 1 also fails to be valid if only

the third of conditions (9), i.e. condition ∂f
∂r

∣∣∣
∂D∞

≥ 0 is violated. Indeed,

function
u(x, t) = β[(t + 1)2 − |x|2] 1

1−α ,

where β = λ
1

1−α [ 4α
(1−α)2

+ 2(n+1)
1−α ]

1
1−α , is the global classical solution of prob-

lem (1), (2) for F = 0 and f = u|∂D∞ = β[(t + 1)2 − t2]
1

1−α > 0.
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Now consider question about local solvability of problem (1), (2) in case
of homogeneous boundary condition (2).

Theorem 2. Let µ(u) = |u|α, λ 6= 0, or µ(u) = |u|αsign u but λ > 0.
If f = 0, F ∈ L̃2,loc(D∞) and 1 < α < n+1

n−1 , then there exists the positive
number T0 = T0(F ) such that for T < T0 problem (1), (2) in domain DT

has at least one weak generalized solution u ∈ Lα(DT ) ∪W 1
2 (DT ).

The estimate of number T0 = T0(F ), which is presented in Theorem 2,
is given.

In the case µ(u) = |u|αsign u and λ < 0 there is the global solvability
of problem (1), (2) in the following sense: let f = 0, then for every F ∈
L̃2,loc(D∞) and any T > 0 problem (1), (2) in domain DT has at least one
weak generalized solution u ∈ Lα(DT ) ∪W 1

2 (DT ).
However if µ(u) = |u|αsign u but λ > 0, then there exists function

F ∈ L̃2,loc(D∞) (f = 0) and the positive number T0 = T0(F ) such that for
T ≥ T0 problem (1), (2) can not have a solution in domain DT .

Analogous results for the Darboux problem (1), (2+) are valid.

References

1. K. Jorgens, Das Anfangswertproblem in Grossen fur eine Klasse nichtle-
neares Wellangleichungen. Math. Z. 77 (1966), 295-308.

2. H.A. Levin, Instability and nonexistence of global solutions to non-
linear wave equations of the form Putt = −Au+F (u). Trans. Amer.
Math. Soc. 192 (1974), 1-24.

3. F. John, Blow-up of solutions of nonlinear wave equations in three
space dimensions. Manuscripta Math. 28 (1979) No.1-3, 235-268.

4. F. John and S. Klainerman, Almost global existence to nonlinear
wave equations in three space dimensions. Comm. Pure Appl. Math.
37(1984), No. 4, 443-455.

5. T. Kato, Blow-up of solutions of some nonlinear hyperbolic equations.
Comm. Pure Appl. Math. 33(1980), No.4, 501-505.

6. W.A. Strauss, Nonlinear scattering theory of low energy. J. Funct.
Anal. 41(1981), No.1, 110-133.

7. V. Georgiev, H. Lindblad, and C. Sogge, Weighted Strichartz estimate
and global existence for semi-linear wave equation. Amer. J. Math.
119(1997), 1291-1319.

84



+ On the existence and nonexistence of ... AMIM Vol.12 No.1, 2007

8. T.G. Sideris, Nonexistence of global solutions to semilinear wave
equations in high dimensions. J. Diff. Equat. 52(1984), No.3, 378-
406.

9. L. Hormander, Lectures on nonlinear hyperbolic differential equa-
tions. Berlin etc.: Springer-Verl., 1977. (Math. and Appl.; V.26).

10. F. Merle and H. Zaag, Determination of the blow-up rate for a critical
semilinear wave equation. Math. Ann. 331(2005), No.2, 395-416.

11. E. Mitidieri and S.I. Pohozaev, A priori estimates and the absence of
solutions of nonlinear partial differential equations and inequalities.
(Russian) Tr. Mat. Inst. Steklova 234(2001), 1-384; English transl.:
Proc. Steklov Inst. Math., 2001, No.3(234), 1-362.

12. G. Todorova and E. Vitillaro, Blow-up for nonlinear dissipative wave
equations in Rn. J. Math. Anal. Appl. 303(2005), No.1, 242-257.

13. J. Hadamard, Lectures on Cauchy’s Problem on Partial Differential
Equations. New Haven, Yale University Press, 1933.

14. R. Courant, Partial differential equations. (Russian) Mir, Moscow,
1964.

15. F. Cagnac, Probleme de Cauchy sur un conoide caracteristique. Ann.
Mat. Pure Appl. (4) 104 (1975), 355-393.

16. L. Lundberg, The Klein-Gordon equation with light-cone data. Comm.
Math. Phys. 62(1978), No.2, 107-118.

17. A.V. Bitsadze, Mixed type equatios on three-dimensional domains.
(Russian) Dokl. Akad. Nauk SSSR, 143 (1962), No.5, 1017-1019.

18. A.V. Bitsadze, Some classes of partial differential equations. (Rus-
sian) Nauka, Moscow, 1981.

19. A.M. Nakhushev, A multidimensional analogy of the Darboux prob-
lem for hyperbolic equations. (Russian) Dokl. Akad. Nauk SSSR
194(1970), No. 1, 31-34.

20. A.M. Naukhushev, Equations of mathematical biology, Moscow, Higher
School, 1995.

21. T. Sh. Kalmenov, On multidimensional regular boundary value prob-
lems for the wave equation. (Russian) Izv. Akad. Nauk Kazakh.
SSR. Ser. Fiz.-Math., 1982, No. 3, 18-25.

85



AMIM Vol.12 No.1, 2007 S. Kharibegashvili +

22. S. Kharibegashvili, On the existence or the absence of global solutions
of the Cauchy characteristic problem for some nonlinear hyperbolic
equations. J. Boundary Value Problems 2005: 3 (2005), 359-376.

23. S. Kharibegashvili, On the nonexistence of global solutions of the
characteristic Cauchy problem for a nonlinear wave equation in a con-
ical domain. (English) Differential Equations, 42(2006), No.2, 279-
290. Translated from Differential’nye Uravneniya, 42(2006), No.2,
261-271.

86


