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~ Question 1. Heisenberg
. <" Formulate the 1
b. Assume that a p

'S uncertainty principle ( Vi 0
els:enberg uncertainty principle (ve il
article of mass m propagates in the potential

U(r) = _E:_’

estimate the ground state energy Z; as well as the|averaged kinetic and
energies in this state.

Hint. To simplify calculations one can choose units # =m=e=1, but the final
shpuld be presented in conventional units. If you would struggle with algebra, keep.
mind that up to a numerical factor the dependence of the energy on Z, i, e and m ¢;
be recovered from simple dimensional analyses.

Where 7>0 s positive constmﬁ?}[ge). Using Hejsenberg’s uncertainty_
y

Question 2. Quantum oscillator (Marks 35).
Consider the conventional quantum oscillator- described by the Hamiltonian

4 “2 D7) A i)
H=-f;+mw2x, 2= Ui )

a. Verify that the wave function

2
P (x) =—n1,iﬁe!<p (—:?), b={Jh/mo, 3)
= S_.L-hp . ﬂ |
satisfies the stationary Schrodinger equation[?jilnd the corresponding ener
that this wave function describes the ground state energy. Here and below it ma

converient to choose units # = w = m = 1 for intermediate calculations. oo
b. Consider a slightly modified 3D harmonic oscillator described by the Hamiltonian
- A 1 A 2 A ot
Hsp = =~ p* +=—12 + Vp, — Fy, @)

where 1 is the radius vector and

) = —ihV is the corresponding momentum
A

. Find the energy spectrum of Hjp, (all energy |
icitly the wave function of the ground state.

V,F are real-valued cons
[In addition, present ex

5 O

StHvrr\L\ ;

Question 3. Semiclassical approximation (Marks 35).
a. Consider the Hamiltonian

Hi= 2 4y S
om Pl

and assume that Ufx) is a sufficiently
approximation, write down the wave funct




