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1. Introduction and main results
Consider the Cauchy problem for fully nonlinear wave equations

Ou = F(u, Du, D,Du), z¢€ R? >0,

t=0: u=-¢ep(x), u =cY(x), z€ R (1)

where
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2 P
x = (x1,22), and O = Erehe 2 922 (1.2)
is the wave operator,
o o0 0 o 0
D=|(—,—,— Dy=(—,— ), 1.
(81&’8331’8:52)’ (8331 8.%‘2) ( 3)
. ¥ € C5°(R?) (1.4)
and € > 0 is a small parameter.
Let
A= (A (N),1=0, 1,2,(N;),4,7=0,1,2, i+ 5> 1). (1.5)

Suppose that in a neighbourhood of = 0, say for |X| < 1, the nonlinear term F = F(X)
in (1.1) is a sufficiently smooth function satisfying

o~

F()) = O(]A]%). (1.6)

Our aim is to study the life-span of classical solution to (1.1) for n = 2 and cubic
nonlinearity. By definition, the life-span f(é‘) = sup 7 for all 7 > 0 such that there exists
a classical solution to (1.1) on 0 < ¢ < 7. For the general nonlinear wave equations with
small initial data in the case n = 2 and cubic nonlinearity, we have the following lower
bounds of the life-span of the solutions:

(i) In the general case

T(e) > b~ ¢, (1.7)
(ii) If
93F(0,0,0) = 82 F(0,0,0) = 0, (1.8)
then
T(e) > exp(ac?), (1.9)

where a, b are positive constants independent of . For these results, T.T. Li and Y. Zhou
in [11] obtained in a direct and simple manner the above lower bounds (1.7) and (1.9) for
the general case and for the special case 9°F(0,0,0) = 0(3 = 3,4) in the case of n = 2
and the cubic nonlinearity. These estimates are both sharp, see Y. Zhou [18,17], Y. Zhou
and W. Han [19]. For other results on the life span for fully nonlinear wave equations in
two space dimensions, one can see L. Hérmander [2], M. Kovalyov [6], H. Lindblad [14],
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