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Abstract: We discuss operators of the form 

 

𝑇𝑓(𝑥) = 𝜓(𝑥)∫ 𝑓(𝛾𝑡(𝑥))𝐾(𝑡)𝑑𝑡, 
 

where 𝜓(𝑥) ∈ 𝐶𝑐
∞(ℝ𝑛), 𝛾𝑡(𝑥) is a real analytic function of (𝑡, 𝑥) mapping from a 

neighborhood of (0,0) ∈ ℝ𝑁 × ℝ𝑛 into ℝ𝑛
 satisfying 𝛾0(𝑥) ≡ 𝑥, and 𝐾(𝑡) is a product kernel 

with small support in ℝ𝑁
. The celebrated work of Christ, Nagel, Stein, and Wainger studied such 

operators with smooth 𝛾𝑡(𝑥), in the special case when 𝐾(𝑡) is a Calderón-Zygmund kernel. 

Street and Stein generalized their work to (for instance) the product kernel case, and gave 

sufficient conditions for the 𝐿𝑝 boundedness of such operators for all such kernels 𝐾. In this talk, 

we will state that when 𝛾𝑡(𝑥) is real analytic, the Stein-Street condition is also necessary, and 

will also use several simple examples and graphs to illustrate this necessary and sufficient 

condition and explain the main ideas of the proof methods. 
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