Graduate Preliminary Examination, Friday, January 11, 2013 - Part II 2

Section C. Quantum Mechanics

1. A guantum particle moves in one dimension with energy as a function of wavenumber
E(k). Its momentum is p = fik and is conserved. At time ¢t = 0 the wavefunction ¢(z,t = 0)
of this particle is a minimum-uncertainty wavepacket centered at the origin (x = 0) in real
space and with average momentum (p);—g = fiky. Assume that the initial uncertainty in the
position 4/{z2?);_¢ = o is large but finite, so the uncertainty in the momentum is small but
nonzero. Thus approximate F{k) by its Taylor expansion about kq keeping terms only to
order (k — kg)?. :

(a) In terms of the given parameters; E(ky); and %‘% and ‘fT‘? evaluated at k = kg, obtain the
normalized wavefunction ¢{z,¢) at nonzero times t. Do not make any assumption about the
dispersion relation E{k) other than that its first and second derivatives exist and are finite
at ko.

(b) Calculate the expectation values: (z)¢, (), ((:r - () at nonzero times ¢,
iIf you get bogged down: first do this problem assuming % = 0 before letting it be
nonzero.|
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