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CHAPTER 3 
 
1. 2 2 2 2E (h 2M) (2 ) (h 2M) ( L) ,  with 2L� � S O  S O .  
 

2. bcc: 12 6U(R) 2N [9.114( R ) 12.253( R) ]. H V � V  At equilibrium  and 

 

6 6
0R 1.488 V ,

0U(R ) 2N ( 2.816). H �
 

fcc: 12 6U(R) 2N [12.132( R ) 14.454( R) ]. H V � V  At equilibrium  and 

 Thus the cohesive energy ratio bcc/fcc = 0.956, so that the fcc structure is 
more stable than the bcc. 
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This will be decreased significantly by quantum corrections, so that it is quite reasonable to find the same 
melting points for H2 and Ne. 
 
4. We have Na o Na+ + e – 5.14 eV; Na + e o Na– + 0.78 eV. The Madelung energy in the NaCl 
structure, with Na+ at the Na+ sites and Na– at the Cl– sites, is 
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or 6.89 eV. Here R is taken as the value for metallic Na. The total cohesive energy of a Na+ Na– pair in the 
hypothetical crystal is 2.52 eV referred to two separated Na atoms, or 1.26 eV per atom. This is larger than 
the observed cohesive energy 1.13 eV of the metal. We have neglected the repulsive energy of the Na+ Na– 
structure, and this must be significant in reducing the cohesion of the hypothetical crystal. 
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For a unit length 2NR0 = 1, whence 
 

0

2 2 2 2
2

04 22 2
0 0R

0
R

U q U (n 1)q  log  2(n 1) ; C R
R R2R R

§ ·w D w �
 �   ¨ ¸w w© ¹

. 

 
6. For KCl, O = 0.34 u 10–8 ergs and U = 0.326 u 10–8Å. For the imagined modification of KCl with the 
ZnS structure, z = 4 and D = 1.638. Then from Eq. (23) with x { R0/U we have 
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By trial and error we find  or Rx 9.2� , 0 = 3.00 Å. The actual KCl structure has R0 (exp) = 3.15 Å . For 
the imagined structure the cohesive energy is 
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in units with R0 in Å. For the actual KCl structure, using the data of Table 7, we calculate 2

U 0.495,
q

 �  

units as above. This is about 0.1% lower than calculated for the cubic ZnS structure. It is noteworthy that 
the difference is so slight. 
 
7. The Madelung energy of Ba+ O– is –De2/R0 per ion pair, or –14.61 u 10–12 erg = –9.12 eV, as compared 
with –4(9.12) = –36.48 eV for Ba++ O--. To form Ba+ and O– from Ba and O requires 5.19 – 1.5 = 3.7 eV; 
to form Ba++ and O-- requires 5.19 + 9.96 – 1.5 + 9.0 = 22.65 eV. Thus at the specified value of R0 the 
binding of Ba+ O– is 5.42 eV and the binding of Ba++ O-- is 13.83 eV; the latter is indeed the stable form. 
 
8. From (37) we have eXX = S11XX, because all other stress components are zero. By (51), 

11 11 12 11 123S 2 (C C ) 1 (C C ). � � �  
 
Thus 2 2

11 12 11 12 11 12Y (C C C 2C ) (C C ); � � �  
 
further, also from (37), eyy = S21Xx, 
 
whence yy 21 11 12 11 12xx

e e S S C (C C )V    � � .  

 
9. For a longitudinal phonon with K || [111], u = v = w. 
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