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Fourier transform of nongaussian,
(a) Calculate the momentum-space probability amplitude ¢(p) that corresponds to the position-space prob-
ability amplitude

P(z) = Ne=Mel,

Normalize the wave function first. You may use results from a previous problem set.

(b) Calculate the uncertainty in momentum Ap. Use your result from a previous problem: to  compute
the product AzAp. You may use results from a previous problem set. Does it saturate the Heisenberg
uncertainty principle?
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-
Hermitian conjugates of operators.
Recall from class that by definition the hermitian conjugate AT of an operator A satisfies

(xblATIg) = (¢l Alp)*

for any 1) and |¢). In position space, this becomes

msmon,

/_: da 9*(2) (A pos(x) = { /— ‘: o ¢ (@) (A)pos¢($)] .

where you may assume that 9(z) and ¢(z) go to zero faster than 271/ at +oo0,
(?,) Using the positi@ace representation, show that the position operator X is hermitian, i.e.,, that
Xt-—x

{b) Consider an operator D whose positidn » pace representation is the derivative operator (D)pos = d%_.

What is the posmace representation ef Dt? )
(c) Use your result in part (b) to show that the momentum operator in posmior@pace is a hermitian operator.

Operators in momentum space.
Since the momentum-space probability amplitude ¢(p) contains the same information about the quantum-
mechanical state that ¥(z) does, one may calculate all expectation values using ¢(p) rather than ¢(z),

A =@ = [ db O Dnond®)

where (A)mom is the operator corresponding to the:observable A in the momentum:space representation.
(a) Compute (X)mom-

(b) Calculate the commutator [)A{ ,15] using the momentum-space representation of the operators. Does:it
agree with the commutator calculated using the position-space representation?



