Quantum Mechanics A PHY-319 Problems 2

Issue: Tuesday 1% January 2012 Hand-in: 16:00 Thursday 26January 2012
Hand-In question& and2.

Please post your solutions in the box outside thigobr departmental offices

QUESTION 1.

For an infinite square well potential € 0 in the range—% < X s%) the normalised

even parity energy eigenstates are:

-iEt
W (x,t)= \/%co{%xje " for —% < x< %with n=135..

=0 elsewhere
a) By substituting into the Time-Dependent SchrgdmEquation (TDSE) inside
the well, obtain the energy eigenvalkg, for which W, (x,t) is a solution.

b) The particle in the well is in eigenstatbn(x,t). Obtain the probability of

finding it in the ranged < xs% . What does the probability of finding it in thisnge

tend to for largen?
e) Sketch the probability densiw'l(x,t)f for the statesm = 1, 3 and 5. Also in
your sketch, indicate what the probability densiguld look like for largen.

f) Calculate the momentum uncertainfyp, given thatP = —ihai.
X

(n-1)

Some useful matheos’ 6 = %(1+ cos26) and sin(%j =(-1)2 for n odd

QUESTION 2.
The organic molecule hexatriene has the form shaviigure 1 (below).
Six of the electrons (thea electrons) are shared between the 6 carbon atbegsare
“delocalised”, i.e. free to move along the backbaiethe molecule. Model the
potential that confines them to the molecule asdariensional square well of width L
=0.72nm
a) Find the values of the first 4 energy levelsVh
b) Assuming each level can accommodate 2 electfdns,to the Pauli exclusion
principle) in the ground state of the molecule lihgest three levels are filled but the
rest are empty.

Suppose the molecule is exposed to electromagraatiation of just the right
wavelength to excite an electron from the n = 3he n = 4 level. What is this
wavelength (in nm)? Compare your result with thpezimentally measured valie=

258nm. \ \ \
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0.72nm Fig.1: Hexatriene



Exercise Class Questions.
1) Further revision exercises in the use of complaxbers:

a) prove that for A, B complexAB* +BA* = 2ReA* B= 2ReB* A

b)Write down the complex conjugaté*, and the mod-squareq,LP|2, of the
following wave functions (all symbols excepfare real unless otherwise stated):

i) Ww(x) = Ay, (x) + By, (x), with A, B complex andy, X Yeal.
iEgt =

i) W(xt)=¢, (e * +y,(xX)e ", with ¢, (x) real.

2) Given that:
—iE,t
W (x,t)= Nsin(nTﬂxje " forO<x<L withn= 123..
=0 elsewhere

Calculate the probability density of the statechion:
1
W(xt)= ﬁ{%(x,t) + W, (x t)

Is this a stationary state?

3) The normalised ground state wavefunction forsihgle harmonic oscillator can
be written as:

—iEqt -t

W(xt)=g(x)e * with ¢(x) given byy(x) :(Ej4e 2
T

a) Calculate the positional uncertaifiy.

b) Given thatP = —ihai, calculate the momentum uncertaip .

X
¢) What is the uncertainty produpAx ?

Some more useful maths:

_]ie—ch dx = \/g Txe’cX2 dx = % T x2e % dx = % C—Z



