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1 :;: (1) The density of free electrons in metal is about 102° to 102 em > The interface
.;-:f-_- between the metal and the air may be model as a potential step as shown in the
figure.

{2) EXPLAIN wity this step potential sounds reasonable. (5%)

{b) If an extremely sharp positively chatyed needle is placed a few A away from
% the metal. This step potential model is no longer valid. GIVE a new
. 7 potential model to reflect the effect of this charged needle, {5%)
b i (c) PISCUSS the behavior of those energetic electrons in the metal under the
. influence of this charged needls. (5%)
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(2} Consider a one dimensional square potential barrier of height ¥, and thickness o

e (2s shown in Fig. 24). The corregponding transimission coefficient for (his
g 4} - ' . £ . i
& square poiential barrier as a finction of g s ploited in Fig. 25, {where
* 2

m¥y .
S g isused)
A
(a) EXPLAIN why the transmission coefficlent is an os=cillating instead of a
b L menotons incteasing function, : (5%}

() The extremum of the transmission coafficiont occurs at sommi: partiouiar K,

E i Adter some algebra, a relation for this perfect transmission coefficient js
g found as

By =(nC)”

where ' is a constant. Without doing any algebra, EXPLAIN why the
above expression holds. In addition, DETERMINE the vahic of index 5.
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{3} A particle of mass m moves in a one dimensional potential Fi(x} = —F8(x),
where Fy is a positive real constany,

(a) Starting from the Schrodinger equation, FIND the continmity condilions at

x =0, (5%
(b) FIND the bound state energy. (3%%)

(4) (a) PROVE that the bourd states in a one dimensional potentzzl cannct be
degenerate, (Fint: Assnme the potential is Fix) and f and g are degenerate

bousd states, Find the Wronskian W(/,z)= f %—gg. Doz this
depend on x7) (10%)

{b) By using the result of {3), SHOW that the wavefunction of the bognd siates
in 4 one dimensgional potential is always real. (5%)

(2} If an arbilrary initial state function for a particle in & one dimensions] box i

exxpanded in the discrete series of elgenstates of the Hamiltonian relsvant 1o this
oae dimensional box, one obtaing

o) = 2 b, {0, (x)

n=1

On the other hand, if the particle is free, its Mamiltonian bas 2 contingous

spectnam of eigenenergies and an arbitrary initial slate become an integral of
eigenstate ¢, as follows:

0= | bk

{a) WHIAT are the dimensions of [5,]” and B(E)?, respectively? (£%5)
tb} WHAT are the source of the differsnce in the dimensionadiny? (5%}

{c) WHAT are the dimensions and the physical interpretations of the following
integral:

- 2
J'_m|bm| di:

{5%])
(d) WRITE down the wevetfunction W(x, ) for the shove two initial states.

(5%)
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(6) Suppose an electron is confined in a one dimensional box of fength 1.

{a} SOLVE for the wavefunctions of the ground state Whlx, 6}, the first excited
state 1(x,7), and the second excited state ¥ (x,0). {10%%)
(1) Suppose the eclectron iz in the mixed state F(u f)= oy + 5.

CALCULATE the expectation value of its dipole momemt, which oscillates
tn time. WHAT ia the frequency of the dipole? (8%0)

(¢} Suppose the electron is in the mixed state Wix,f) = ey + d'ly
CALCULATE the expectation value of jts dipole momeni. WHAT does it

tell you about the electronic transition from the second excited state to the
ground state? {7%%)

(7) WHAT iz the expectation of momentam for an electron propagating in Bloch
wavefunction with spatial

W(x) = e ulx)

where #{x) 13 a pertodic function. (5%)
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