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Appendix. In this appendix we present the proof of Theorem 4.1. The proof is based on 
estimating the right-hand side of the variation of constants formula (2.9) for solutions of 
(2.5), using the analyticity (4.2) of E(t) together with certain bounds for the nonlinearity 
+(u), and the a priori bound (2.8) for the H' norm of u. We begin with the required 
bounds for +(u). 

Lemma A.1. Assume that u,v e H1 with Jul,, Ivjl < R. Then there is a constant 
C = C(R) such that, under the appropriate regularity assumptions for w and z, we have 

(Al1) q$'(u)wlo < C |WI1, 
(A.2) q+(u) - (v)o < Cju - VIl, 

(A.3) jq(u)lo < C, 

(A.4) jAP(q$(u)w)lo < C (jwj3 + lui31wil), 

(A.5) IAP(q(u) - q(v))Io < C (iU - v13 + (iu13 + iv13)iu - v11), 

(A.6) JAPq(u)lo < C JU13, 

(A.7) q$"(u)wzlo < C |WI1 iZii, 

(A.8) IAP(IJ"(u)wz)Io < C (IwlI 1Z13 + IW13IZIl + IU131WIl iZii), 

(A.9) IAP( [q'(u) - q'(v)]w)Io < C (|w~I1u - V13 + 1w131u - v1i 

+ (1u13 + 1vI3)lWIllu - Vii). 

Proof. We only demonstrate (A.8) from which (A.9) readily follows. The bound (A.4) is 
proved in a similar way, and (A.5), (A.6) then follow. The same is true of (A.1)-(A.3) and 
(A.7). We present the proof for the case d = 3; the case d < 2 is analogous. 

For the proof of (A.8) we first note that 

||A(fg)||L2 < |Af JiL6HY 11IL3 + 2flVf JL6i JIVYiL3 + IlfJIL6HA IYH1L3.- 
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