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Fxplain how the existence of a finite zero-point vibrational enetzy i8 related to the
uncertainty principle. (3%}

The asymmetry in the biading energy curve accoumts for thermal ¢xpansion of
sulids. How cen information from molecular spectra be used to determine the
shape of this curve? [12%) '

Explein in physical terins the origin of the selection rules. (8%)

Which of the foflowing elements wonld you expect to have energy levels divided
into singlet and triplet states: Al, Ar, Ca, TL, Au? Explain. (6%)

Would you expect I to exist in a bound siate? Hey? Explain, (5%)

Denve an axpression giving the ratio of the enerEy of & transition from the lowest
to the first excited vibrationad level to the energy of a transition from the lowest ta
the first excited rotational level for a diatomic malecule. {14%%)

(#) In the finits crystal, the crystal wibration is quantized; .2, for each vibration mode with

{a)

frequency o, ouly those enerjies corresponding to tntegral multiples of Am are allowed. -

Let £, = nhi be the energy of the nth excited state, and Py wexp(=I, /&) be the
prohability of the vibration to be in the energy state £,

(2} Caloulate the probability for the vibration mede with enerpy 2ba and frequency
@ tn the cryatal at temperalure T, (5%)
(b} Caleulate the average enerey for this vibration mode, {5%)

(¢}  Caloulate the average muimber of phenons corresponding to this vibration mode.
(3%%) |

Mazxwell-Boktzmann, Bose-Einstein, and Fermi-Dirac are the three statistical distriburtions
used to describe systems with fixed total eneryry and number of particies.

(2} Deseribe the characteristics of particles that are suited for each distributian, (4%5)

(b} Conslder a system with two particles, 1 and 2, one of which is in state a and the
other in state &, For particles that canform to each distbution, express the wave
fumction of the system as the combination of each particle, (3%}

() Like {b), express the wave function of the Z-particle system if both particles atay
in the same state. [3%)
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{9} The fc:]]c:wmg fi,gure is a rough plot of the glectrical resistance of a solid {ErRhE4,
wtpure, but nol purposely damaged),”

(@)  Describe the main physical pracesses that account for the resistivity, and explain

the temperature dependence of the resistivity in the regon near 0 7K, near 25 K,
and near 300 *K. (9%) |

(b)  Estimate the mean free path and mean fiee time at T= 0 and 300 °K, as-surrung
free electron mass and carrier concentration is 1023 cm3 . (6%)
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(103 The fellowng figure shows the energy contours in eV in the first and second Briflouin
zones of 8 hypothetical square lattice. On your answer sheet, sketch similar figure and
indicate the occupied energy levels 1o show (2) an insulator, {BY 2 conductor with free
electron as charye carrier, and {c} a conductor with free hole as charge carer, (10%0)
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