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Abstract

For aj, bj ≥ 1, j = 1, 2, · · · , d, we prove that the operator Kf(x) =
∫
Rd

+
k(x, y)f(y)dy

maps Lp(Rd
+) into itself for p = 1 + 1

r
, where r = a1

b1
= · · · = ad

bd
, and the kernel k(x, y) =

ϕ(x, y)eig(x,y), ϕ(x, y) satisfies for |x− y| > 0

|∂α
x ∂β

y ϕ(x, y)| ≤ Cαβ|x− y|−|α|−|β|,∀α, β ∈ Nd, N = {0, 1, · · · }.

(e.g. ϕ(x, y) = |x− y|iτ , τ real) and the phase g(x, y) = xa · yb = xa1
1 yb1

1 + · · ·xad
d ybd

d .
We also obtain Lp(Rd

+) mapping properties for the operators with more general real-
valued phases

g(x, y) = xa · yb + µ1̄(x)µ1̄(y)Φ(xa, yb),

where

|∂α
x ∂β

y Φ(x, y)| ≤ Cαβ for x, y ≥ 1̄,∀α, β ∈ Nd,
d∑

j=1

(αj + βj) ≥ 1,

but in case aj ≥ bj for j = 1, · · · , d, we need to assume that b1 · b2 · · · bd > 1. Also we set
µ1̄(x) = µ1(x1) · · ·µ1(xd) with µ1(t) = 1 for t ≥ 2, µ1(t) = 0 for 0 ≤ t ≤ 1, 0 ≤ µ1(t) ≤
1 and µ1(t) ∈ C∞(R+). Examples of Φ′s are log(

∑d
j=1 xj +yj) or (

∑d
j=1 xj +yj)

l, 0 ≤ l ≤ 1.
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