Quiz 3 Your Name:

20 minutes; Az and Ap; Phys 139A, UC Santa Cruz, Spring 2008

1. Consider a wave function

P(x) = Althg(z) + ¢g(x — L)]

where ¢y (x) = W exp(—%) is a normalized gaussian wave function with the following

well-known properties: () =0, Az =0, =0, (p) =0, and Ap = 0, = % We consider

the case L > o, which means that the wave function overlap between 14(x) and ¢4(z — L)
is exponentially small. Therefore, we can make an extremely accurate approximation (let us
call this a “no interference approximation” or “NIA” in short)

wg(x)éwg(x — L) and yg(z — L)Owg(x) ~0

where O = 2" or p”, and n is a small integer (say 0,1,2 just to be concrete). Using this
approximation, answer the following questions for ¥ (x), to leading order in o /L.

(a) [5 points] Show that the NIA means that (O) ~ |A|? [(O)g,o + (O>9,L} where (O) =
25 dzp(@)* Ov(@), (O) g0 = 75, dathy(x)* Otyy(w), and (O) g, = [, darpg(z—L)* Otg(a—
L).

(b) |5 points| Assume that A is a positive real number. What is its value?

(c) |7 points| Find (z), Az, (p), Ap, and AzAp.

(d) [3 points] Answer questions (b,c) for ¢(z) = A [thg(x + L) + ¢pg(x) + 1pg(x — L)] with the
same condition L >> o and with the same type of NIA: f(x)Og(x) =~ 0 where f(z),g(x)
are any two of ¥g(x + L), ¢(x),1¢(x — L) and O is as defined above.



