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Questions  1-­5  are  from  the  textbook  Callister,  8th  ed.  Chapter  3  (3.3,  3.30,  3.31,  
3.39,  3.40)  

  

1.   Show  for  the  body-­centered  cubic  crystal  structure  that  the  unit  cell  
edge  length  “a”  and  the  atomic  radius  “R”  are  related  through  𝑎 = #$

%
  

     
  
  
2.  Within  a  cubic  unit  cell,  sketch  the  following  directions:  

  
110 , 121 , 012 , 133 , 111 , 122 , 123 , [103]  

 
 
 
3.   Determine  the  indices  for  the  directions  shown  in  the  following  cubic  
unit  cell:  
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4.  What  are  the  indices  for  the  two  planes  drawn  in  the  sketch  below?  

     
     

  
  
  
  
  
  
  
  
  
  
  
  
  
  
5.   Sketch  within  a  cubic  unit  cell  the  following  planes:  
  

011 , 112 , 102 , 131 , 111 , 122 , 123 , (013)  
  
  
  
6.   Determine  the  indices  for  the  directions  in  the  
hexagonal   lattice   shown   in   the   Figure,   using  
both  the  three-­digit  and  four-­digit  systems.    

 
   

  
  
  
  
  
7.   Determine  the  indices  for  the  planes  in  the  
hexagonal  lattice  shown  in  the  Figure.  

        
 
 
 
 
 
 
 
 
  

Problems 107

3-42 Determine the indices for the directions in
the cubic unit cell shown in Figure 3-40.

Figure 3-40 Directions in a cubic unit cell for
Problem 3-42.

3-46 Determine the indices for the directions in
the hexagonal lattice shown in Figure 3-44,
using both the three-digit and four-digit
systems.

3-43 Determine the indices for the planes in the
cubic unit cell shown in Figure 3-41.

3-44 Determine the indices for the planes in the
cubic unit cell shown in Figure 3-42.

3-45 Determine the indices for the directions in
the hexagonal lattice shown in Figure 3-43,
using both the three-digit and four-digit
systems.

Figure 3-41 Planes in a cubic unit cell for 
Problem 3-43.

Figure 3-42 Planes in a cubic unit cell for 
Problem 3-44.

Figure 3-43 Directions in a hexagonal lattice for
Problem 3-45.

Figure 3-44 Directions in a hexagonal lattice for
Problem 3-46.
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108 CHAPTER 3 Atomic and Ionic Arrangements

3-47 Determine the indices for the planes in the
hexagonal lattice shown in Figure 3-45.

3-51 Sketch the following planes and directions
within a hexagonal unit cell:
(a) b) (c)
(d) (0003) (e) (f)

3-52 Sketch the following planes and directions
within a hexagonal unit cell:
(a) (b) (c)
(d) (e) (f)

3-53 What are the indices of the six directions of
the form 110 that lie in the plane of
a cubic cell?

3-54 What are the indices of the four directions
of the form 111 that lie in the plane
of a cubic cell?

3-55 Determine the number of directions of the
form 110 in a tetragonal unit cell and com-
pare to the number of directions of the form
110 in an orthorhombic unit cell.

3-56 Determine the angle between the [110] direc-
tion and the (110) plane in a tetragonal unit
cell; then determine the angle between the
[011] direction and the (011) plane in a
tetragonal cell. The lattice parameters are
a0 = 4.0 Å and c0 = 5.0 Å. What is responsi-
ble for the difference?

3-57 Determine the Miller indices of the plane
that passes through three points having the
following coordinates:
(a) 0, 0, 1; 1, 0, 0; and 1 2, 1 2, 0
(b) 1 2, 0, 1; 1 2, 0, 0; and 0, 1, 0
(c) 1, 0, 0; 0, 1, 1 2; and 1, 1 2, 1 4
(d) 1, 0, 0; 0, 0, 1 4; and 1 2, 1, 0

3-58 Determine the repeat distance, linear
density, and packing fraction for FCC
nickel, which has a lattice parameter of
0.35167 nm, in the [100], [110], and [111]
directions. Which of these directions is
close packed?

3-59 Determine the repeat distance, linear density,
and packing fraction for BCC lithium, which
has a lattice parameter of 0.35089 nm, in the
[100], [110], and [111] directions. Which of
these directions is close packed?

3-60 Determine the repeat distance, linear density,
and packing fraction for HCP magnesium in
the [2110] direction and the direction.
The lattice parameters for HCP magnesium
are given in Appendix A.
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98 98
(1q01)98

(111q)98 (123q0)(1q1q22)(12q10)
[101q0][112q1][2q110]

(011q1)(1q010)
[1q011][112q0][011q0]

Figure 3-45 Planes in a hexagonal lattice for
Problem 3-47.

Figure 3-46 Planes in a hexagonal lattice for
Problem 3-48.

3-49 Sketch the following planes and directions
within a cubic unit cell:
(a) [101] (b) (c) (d) [301]
(e) (f) (g) (h) (102)
(i) (002) (j) (k) (l)

3-50 Sketch the following planes and directions
within a cubic unit cell:
(a) (b) (c) [410] (d)
(e) (f) (g) (h)
(i) (030) (j) (k) (l) (04q1)(113q)(1q21)

(011q)(111q)[11q1][3q2q1]
[01q2][2q2q1][11q0]

(31q2q)(2q12)(13q0)
(01q1q)[21q3][2q01]
[122q][01q0]

3-48 Determine the indices for the planes in the
hexagonal lattice shown in Figure 3-46.
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