nruem BPH RO P s me i

.2
RN e 5305 x 2 mm_ s

1. Short questions (15%)

(a) Write down the ordet of magnitnde and unit of Planck constant, and list one
experiment to measure it.

(b) Write down the definjtion of Hermitian operators. Explain why all gquantum
mechanical nparﬂmampmdhgt&physimlmemmeﬂsmmqujmdmbe

(¢) Explain the uncertainty principle and, starting from uncertainty principle, explain
why identical partictes are indistingnishable in quantum mechanics,

2. Infinite potential well band basic concepts (20%)

0 forjx<a

w forfx>a’
Starting from time-independent Schrodinger equation, find the eigenenergies E_
andnnnnaligﬂdeig&nstatesnﬁ,{x}.

{b) Contimied to (a), supposed at =) the particte lies in a state.

¢{x,t=ﬂ)=%¢z(x}+i§¢3{x). Write down the total wavefunction, ie.,
icloding the ime dependence, of the particle at later time,

{(c) Supposed now a particle lies initially in a mixed stale described by a linear
combination of the ¢ (x} described in (a). If the particle is subject 0 some
perturbation afnd makes a transition to states with lower ensrgy by emiiting a
photon of energy 3E;, where E, is the groundsstate energy. Can one conclude
from this observation that the particle lies initially in ¢, (¥} ? Explain why.

{a) A particle of mass m moves in a infinite potential well F{g:{

3. The eigenfunction ¢(x) = ¢ x exp ( - x*) describes a state of quantum

harmonic oscillator, provided the constant ¢ is chosen appropriately.
(a) Find g and the energy of this state in terms of classical frequency of vibration

().
{b) Is this state the ground state, 1™ excited state, 2% excited state or 3™ excited

(Hint: The potential energy of a classical harmonic oscillator is (1/2m @2 ) (10°9%6)

4, The following phenomena are due to tunneling effect: (a) Field emission from
metal surface, {b) Leaky current of a parallel plate capacitor made of ideal
insulator, {c) Alpha decay, {d) Ammonia molecule inversion. Pick any one of the
above cholces and deseribe in detail how it does happen. (10%)
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5. A quantum free particle can be described by the, wavefinction TixtlAexp[1i
(¢~ 1)]. What can you say about the position of this particle? What about the
momenturn of this particle? What is the energy of this particle? How much time
is needed in order to measure the energy of this particle? (15%)

6. Consider a particle with mass = o, moving in the 3-dimensional potettial
F{F}=%kifll=%ﬁr’,whﬂekisamm

Which of the following statements are true? (}5%) (F53E)
(a) The energy eigenstates of the particle can be wmitten as R, (r)¥,, (8.4}, that is,
the radial and angular dependences can be separated, where (r,8,4) designates

the spherical coordinates,
2
(b) R, {r)satisfies the eguation —%%‘— +V(F)R, =FE K.
{c} The lowest encrgy cigenstate has a spherically symmetric distribution of

(&) H we increase the value of k, the lowest allowed energy will zlso increase.
{e) AH of the above are correct.

7. Consider the system of two idemtical, spintess, independent Fermi. particles
moving in a one~<dimensional infinite potential well, maintained at temperature T.
Let E, be the encigy levels of the well, with n = 0,12......, and B, be total
encrey of the two particles, Which of the ihﬂbvdngmmnmtsmtrue? {15%)
()

{a) Each particle has an energy which obeys the Fermi-Dirac distnibution.

(b) When T is fimite, the system may have various encrgies, with the following
probability distribution, P(E, = E) « exp{-Ek,T).

(©) AtT=0,Eu=2E,

(d) Let's ammange the various toial energies in an increasing order, that is, E; 0 < By,
wciend < Eonndented oo eeoemes T, By iy - B = Er B

(e) All of the above are cotrect.



