















Scratch stuff

I will try to give a hokey proof right here. Certainly for a particular , we know that

	rYm(,)  = am(,)  + bm(,) 	

I could compute a and b by doing the gradient, but let's not bother.  Then we know that

	rxYm(,)  = - bm(,)  + am(,) 	

We solve to get  [ where cm(,)  am(,)2  + bm(,)2] 

	  = - (am(,)/cm(,)) rYm(,) + (bm(,)/cm(,))  rxYm(,)	
	  =   (bm(,)/cm(,))rYm(,) + (am(,)/cm(,))  rxYm(,)	

Rewrite as

	  = - a'm(,) rYm(,) + b'm(,)  rxYm(,)	
	  =   b'm(,) rYm(,) + a'm(,)  rxYm(,)	

Notice that the above is true for each m except when =0 which we don't include in things normally.  Now, the most general vector function can be written:

	A(,) = e(,)  + f(,)  + g(,) 			

where all functions are dimensionless and do not include any r factors. At this point, we could expand each of the three scalar functions onto the Ym like this

		e(,) =  em Ym(,)		em =  d Ym*(,) e(,)	

Thus, 

	A(,) =  em Ym(,)  + fm Ym(,)  +gm Ym(,) 

Now comes the trick. We can use the expressions shown above for  and with each partial wave, sort of custom to that partial wave.  Then we have:

	A(,) =  em Ym(,)  + fm Ym(,) { - a'm(,)rYm(,) + b'm(,)rxYm(,) } 
				           +gm Ym(,) {   b'm(,)rYm(,) + a'm(,)rxYm(,) }

Now just group the two vector quantities together to get

	A(,) =  em Ym(,)  + Ym(,) { - fm  a'm(,)   + gm b'm(,) }     rYm(,) 
				              Ym(,){    fm  b'm(,)   + gm a'm(,) }   rxYm(,)

Rewrite as, 

	A(,) =  em Ym(,)  + Ym(,) { cm(,) }     rYm(,) 
				              Ym(,){ dm(,) }   rxYm(,)

Now expand each of these c and d coefficients onto the Ym(,), 

	A(,) =  em Ym(,)  + Ym(,) {  C'm' Y'm' (,)}     rYm(,) 
				              Ym(,){  D'm' Y'm' (,)}   rxYm(,)
		
And after all this work, we arrive at a big "so what!" The coefficients of the basis functions are now functions of  and , but that is not what we want to be claiming. 

So we now have shown that

	A(,) =  em 
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