B Y B ©E kX B § =

- [AEgEgtAtenst g & eEHERREASEs
e WAL s v0r s 5 mm ) m s [ERs) At

I, - (10%) Assume that there is one conduction eleciron per atom

in a pold crystal, and the energy levels available to the
electrons are thoge of a cubic hox.

(g} Show that the pumber of electirons per unit volume in an energy
range from E to E + dE is given by the density of states function;

NCEME = g ¢ ;Eij 2 g Ve p a = 0.9109 x 10 % of 5
]

(b} Nence, prove the maximum level (Fermi level) occupied by the
¢lectrons at ) K is
3L 2/3 I

i 2m

Bp =1

where L/V is the number of elecirons per unil volume accnpying
eperpy levels fromE =0 1o E = Ep

(o) Gold Is face centered cubic with 4 atons per unit cell and unit
length 5, = 0.405 am. Calculate the Fermi level of gold (in J or in

2¥ as unit).

2, CE0%} Suppose [hat an clectron moving in one dimension with a
kinetic energy of 9.5 eV meets a barrier of height 10 eV and width
1.0 om, o

() Estimate the protability thal the electron will turmel through
the barrier. {The peoeiration prohability

. R
P=16s{l-ey e ghere ¢ ==, D = {————————]
¥ 2V — B}
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¢ s chatge = 1.802 x 107°C, exp(-7.24) = 7.17 x 1S

(b This sitsation is similar to that of an electron tunre ! ing
throngh a thin nonceonducting layer at an intermeiailic contact.
Describe the basic principle of the scanning twmeling wicroscope
(ST,

3. (8%) A simple harmonic oscillator with mass m has a restoring
force equal ta -kx. Write the Napillopian [or this system,

4, CID%>

{a) The tso-particie rigid rotator undergoes rotztion about its
center of mags. Write the Hapiltonian for this system asing
spherical coordinate. '

(b} The cigenvalues for the rigid rotatbor are

. .
B - J(I D

27
where the moment of inertia is given by [ = arlh. Bhat is the
degeneracy ol each level?

fc) Prepare a plot of the energy levels expressed in wnit of #°/21.
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5.(5%) Tdentify which of the following functiong are eipgenfunctions

of {he operator %: (a) eik‘"", (h}lcaskx . '[c}.I{, (dy ko, (e}

-2
g Five the correspondiog eipenvaise where is appropriate.

G. (10%) Explain as simple as poasible.
(a} angular mowmentium '

(b)Y Tien' s displacement law of blackbody radiation

{c) guantum -

{d) two examples for wave and varticle proporties [or a malber
{e) The uncertainty principle

(£} Born interpretation for the wavefupction

fa1
(g} En = d }:2 for a particle in one-dimension box, why 18 ns=0 7
Bt :

(hy zerp-point energy-
(i) spin
(i) degeneracy
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7. (10%) Wetal W has an fco structure with a j = 0.4220 om. It's
okide, M0, crystalizes with NaCl siructure and 8, = 1 50 .

Calculate the nearest B-H .ﬂiEtEm:E*E. 1o M3 and W at 25°C. Comment on
the calculated results.

8. (16%) Use band theory to classify solids according to electromic
properties into insulstor, melal, intrinzic semiconduclor, and
impurity semiconductor,

. The reaction A0 + 03— 2A0k  is tentatively assigned ag

AG +AD 7 AgDe k1 (13
LR ks (2

| Malgr O = 2p ka &)

(a) (B¥) Dhtain the rate law

d(40,] _ 2kk,[40T]G,]
at Ry 'I:;[sz

by applying the stcady stale approximation to [A,(}z]
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(b (8%} Suppose a very small fraction of Al formed in (1) goes to
form products in (33, while most of the A0z reverts to AD in ().
Given the activation eocrgies mre Ep = 80 &J, Ea = 190 kT, and Bz =
70 kJ, calculate the overall activation energy.

10, (10%) Briefly describe the operaling principle of Laéen Use
Cll: laser as an example. ' '




