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● The last case to consider here is that of a (non-
analytic) delta-function potential at x = 0:

  

                                                                          

4.4 Delta-Function Potential
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If the actual potential well has strength -a, the SE 
reads 

● The delta-function potential well supports both 
bound (E < 0) and scattering (E > 0) states

For bound states when x < 0:

where the solution is
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Correspondingly, in the other half of the plane

From the previous examples we have learned that

                                        

  

  

The frst BC is easily satisfed with F = B
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Bound state wave function for E < 0
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The contradiction here is that the delta-function 
potential does not enter the result. To examine this 
we must look at the derivative at x  = 0: 

L.h.s. term gives the jump in the derivative as

and due to the delta function
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 Here  

and thus 

  

 

Normalization gives
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Thus the main result is that the delta-function 
potential can support one and only one bound state
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For the scattering states E > 0

and the general solution for x < 0 is

and for x > 0

● Continuity requires that F + G = A + B and
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which gives the jump

● Because the plane waves are not normalizable in free 
space, these equations don't have unique solutions

● We have to assume a wave coming from a given 
direction, e.g. from left to right
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Assuming G = 0 gives B and F as a function of A
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These can now be used to refne the 
corresponding reflection and 
transmission coefficients R + T = 1:
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