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|. A neutral pion whose kinetic enérgy is equal to its rest energy decays into twa
gammg-ray photons in flight. Find the angle between these two gamma-ray phﬂmﬂﬂ
that are produced if their energies are the same. (Hint: Use the relativistic expression
for the kinetic energy to find the mementum of the pion.) (20%})

2. Consider the quantum mechanics of a particle with mass m moving in the following
one-dimensional potetitial

o when x=0
Fix}=30 when D<x=sd
Fo when x>d

(&) What i3 the {unnormalized) wave function for 0 < x < d if the particie ha# an
energy £ < Fy? (5%)

{b) What i3 the {unnormalized) wave function for x > d if the particie has an energy
£ < Vy? (5%)

(¢} Derive the equation satisfied by the energy eigenvalues of the bound states. [10%)

3. Consider the quanturm mechanics of 8 particle with mass m moving in the following
one-dimensicnal trangular potential

—kX when x=0
Fix)=
fox when x>0
Estimate the ground state energy with the following steps.

(a) Let (-d, d) be the range of the space where the electron moves. Estimate the kinetic
entrgy of the particle with the yncertainty principle. (5%)

(b} Write down the total energy of the particle, which is the sum of the kinetic energy
and potential energy. {5%)

(c) Minimize the totat energy with respect to d. What is the ground state energy? (10%)
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4 qualitative plot
{a), Consider a particle moves i 4 potential well V{x), where

I when x>1 /7
Fie}=d0 whenLig=xn>.1i2 ¥, = 30

W, when x<-1L/2

Plot qualitatively the wave functioh corregponding to the second energy fevel in the
potential well. Note carefully the sumber and the relative position {with respect 1o the
origin} of the nodes, as well as the slope of the wave function at x =47 /2. (5%)

(b). As in (a), since the potential within the well vanishes, the wave function within the
well may be written as sinuspidal functions, i.e., sin or cos. One ¢an therefore 1alk
Aol e wandlength b of die et Rancion o e we, Comopase frst tne guplifatives
plot you draw for the second energy level in (a) with that of the second energy level in
an infinjte wefl of well width L; find the lower limit of A for the second energy ievel.
Secondly, while still satisfying the véquired slope 8t x = £ /2 increase ) as much as
possible in your qualitative plot to find the upper limit of % for the second energy level
From these, find the upper and lower bound of this second energy level (8%

(¢} Consider now the potential well as shown in the following figure, Plot gualitatively
the wave function corresponding to the fifth energy level in this potential well. Note
carefully the number as well ag the spacing of the nodes, and the amplitude of the wave

function. {(7%)
Vex)

5. One-sided simple harmonic oscillator




