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5. A potential energy F(x,y) is as shown in Fig. B. A particle with mass m is placed in this square box potentia),
We can use », and ny as the quantum numbers of the wavefunction along x- and y-axis, We can use 2D
time-independent Schrodinger equation and Separation of variable to solve the steady state wavefunctions of
this system as well as the corresponding energy levels,

(a) (5 pts) Based on uncertainty principle, the lowest possible kinetic cnergy of this particle is

(Fill-in-the-blank problems, please just give the result)

(b) (5 pts) By solving time-independent Schrodinger equation, the general form of the steady state wavefunction
is ‘ . (Fill-in-the-blank problems, please just give the result) ’

(c) (5 pts) Base on the result from (b), we can obtain the general form of the energy of the corresponding .
wavefunction as - (Fill-in-the-blank problems, please just give the result)
(d) (5 pts) Please give anather wavefunctions which has the same kinetic energy ag (mum,)=(5, 5).
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6. (5 pts) All the wavefunction we obtained from the time-independent Schrédinger equation are steady states or
the solution which will not change with time. Why do we still observe Spontaneous emission? (limited to 100
words or less)

helium) using electron beams.

8. Questions on uncertainty principle:

(a) (7 pts) Use of the concept of the Heisenberg’s microscope to prove the uncertainty pringiple regarding the
relationship between the position and momentum of a particle.

{(b) (5 pts) Use the uncertainty relation you obtained in (a) to estimate the minimum kinetic energy of an

' electron that can confine in a hydrogen atom (radius~ 0.5 A). Please comment on the consistency between
the result you just calculated and the known kinetic energy of an electron in a ground-state hydrogen atom
(~13.6 eV). (Planck’s constant 4~6.6x1 ¢ I-s, electron mass~ 9x 10! kg)

9. The resolving power of a microscope is limited by the diffraction of the wave source used in the system.

(&) (3 pts) Please illusirate why an electron microscope has a much better resolution than atypical optical
microscope?

(b) (8 pts) Design experimental setups to deduce the wavelength of an electron source having a kinetic energy
of, say, 100 keV without using the known de Broglie’s formula. Sketch and illustrate your design schemes,
(Hint: you can mainly use a X-ray tube, an electron gun, a Ni crystal, and any other scientific instruments in
your designs)
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