
Physics 452: Homework #21 
Due Tuesday, Apr. 7, 5:00PM, 2009 

 
 
1. (Worth 1 ½ ) Check explicitly that the Volkov states 
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satisfy 
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HINT: For a pulse traveling in the z -direction,  ∇ ⋅

A = 0  and  


A ⋅ ẑ = 0 . 

For checking your derivatives: 
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where  

′A  is the derivative of  


A . 

 
 
 
2. (Worth 1 ½ )  Show that the Volkov states satisfy 
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HINT: The integration in x and y come out nicely: 
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∫ = 2πδ py − ′py( ) .  The real work is in the z-integral: 
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Note that  


A  does not depend on x  or y .  The above delta functions ensure px = ′px  and 

py = ′py , and since  

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Amazing trick: Let 
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m2c4 = E2 − c2 p2 = ′E 2 − c2 ′p 2 , since px = ′px  and py = ′py .  With this, you can show that 
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3. If 
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