
1. Compute the atomic packing factor for the rock salt crystal structure in which r,Ir, 

= 0.414. (10%) 

2. (a) Calculate the number of lattice sites for the Silver chloride. (b) Calculate the 

number of Frenkel defects per cubic meter in AgCl at 350°C. The energy for 

defect formation is 1.1 eV. The density ofAgCl is 5.5 g/crn3. The atomic 

weights ofAg and C1 are 107.87 and 35.45 glmol, respectively. (15%) 

3. Compare the temperature dependence of the (a) conductivity and (b) carrier 

concentration for metals and intrinsic semiconductors. (1 0%) 

4. Compare thermal conductivity of a metal in crystalline state and in amorphous state. 
(5%) 

5. Calculate the temperature at which there is 5% probability that an electron will 

occupy an energy state of 0.4 eV above the Fermi energy. (Boltzinann constant: 

1.38~10'~' J/K, 1 e ~ = 1 . 6 x 1 0 ' ' ~  J) (10%) 

6. Below the superconducting transition temperature (T,), a superconductor has an 

energy gap in the excitation spectrum that prevents the scattering of electrons and 

produces zero electrical resistance. The 1957 theory of John Bardeen, Leon Cooper, 

and J. Robert Schrieffer (BSC) used a very elegant formula to predict the 

dependence of Tc on two hndamental constants (Boltzmann's constant kB and 

Planck's constant h ) and three basic materials parameters: 

where f i  WD is the characteristic phonon energy, N(EF) is the electronic density of 
states, and Vis the electron-electron attractive interaction arising from the 

electron-phonon interaction. 

(a) Bascd on this formula, why should one search for new superconductors from 

lighter-element and transition-metal compounds? (10%) 

(b) The simple binary compound, magnesium diboride (MgB2), is a newly found 

superconductor by Jun Akimitsu et al. in 2001. Explain its high Tc at 40K. (1 5%) 



7. What is the Gibbs phase rule? (5 %) 

8. In Fig.1, the point X is in the three-phase region, and in this tie triangle consists of 

a, p, and y. What is the composition of the point X in Fig. I? Can you calculate 

the degree of freedom in this three-phase region? Meanwhile, can you use the 

lever rule to determine the relative amount for point X in terms of a, p, and y. 
Then, use this proportion to recalculate the composition of point X in terms of A, 

B, and C again. The answer is the same that you obtained previously. 

(20 %) 

Fig. I The isothermal section of the A-B-C ternary system. 


