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15 a8 ) Cppail

Draw the following direction vectors in cubic unit cells:

Find the angle between [100] and [110]
Find the angle between [112] and [110]

a. [100]and [110]
b. [112]

c. [110]

d. [321]

e.

f.

16 ad ol

Determine the direction indices of the cubic direction shown in Figure EP3.5a.
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Figure EP3.5

17 o8 (o
Determine the direction indices of the cubic direction between the position coordinates
3 1 1 11
(z. 0, ;) and (g. Ta 3).

:8 a8 (el
Draw the following crystallographic planes in cubic unit cells:

(101)
(110)
(221)

Draw a (110) plane in a BCC atomic-site unit cell, and list the position coordinates of
the atoms whose centers are intersected by this plane.
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19 a8 Cuatl)
Determine the Miller indices of the cubic crystallographic plane shown in Figure EP3.8a.
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Figure EP2.8

110 ad) ¢poall
Determine the Miller indices of the cubic crystal plane that intersects the position coordi-
nates (1. 3. 0), (1. 1.3). (3. 1. 7). and all coordinate axes.

111 a8 cp )



Copper has an FCC crystal structure and a unit cell with a lattice constant of 0.361 nm. What
is its interplanar spacing dy,,?

Copper has an FCC crystal structure and an atomic radius of 0.1278 nm. Assuming the
atoms to be hard spheres that touch each other along the face diagonals of the FCC unit cell
as shown in Figure 3.7, calculate a theoretical value for the density of copper in mega-grams
per cubic meter. The atomic mass of copper is 63.54 g/mol.

Calculate the planar atomic density £, on the (110) plane of the a iron BCC lattice in atoms
per square millimeter. The lattice constant of « iron is (0.287 nm.

Calculate the linear atomic density p, in the [110] direction in the copper crystal lattice in
atoms per millimeter. Copper is FCC and has a lattice constant of 0.361 nm.

Calculate the theoretical volume change accompanying a polymorphic transformation in a
pure metal from the FCC to BCC crystal structure. Assume the hard-sphere atomic model
and that there is no change in atomic volume before and after the transformation.

Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering 4/e

Chapter 3, Problem 31

Draw the following directions in a BCC unit cell and list the position coordinates of the atoms whose centers are

intersected by the direction vector:
(a) [100](D) [110](c) [111]

Chapter 3, Problem 32

Draw direction vectors in unit cells for the following cubic directions:

(a) [1 TT] (b) [1 T{}] (©) [Tz T] () [TTB]

Chapter 3, Problem 33
Draw direction vectors in umit cells for the following cubic directions:

@[112]  ©[331] @[212] @[101]  @[321] ® [122]
(b) [153] (d) [051] %) [2?3] () [12T] 0 [103] ) [ 3]
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Chapter 3, Problem 34
What are the indices of the directions shown in the unit cubes of Fig. P3.34?

(et) (h)
Figure P3.34
Chapter 3, Problem 35
A direction vector passes through a unit cube from the [% . 0.% ) to the [% L0 ] positions. What are its direction
indices? i
Chapter 3, Problem 36
A direction vector passes through a unit cube from the [1. 0.% ) to the [% .1 i ] positions. What are its direction
indices?

Chapter 3, Problem 37
‘What are the crystallographic directions of a family or form? What generalized notation is used to indicate them?

Chapter 3, Problem 39
What are the directions of the (1 | 1} fanuly or form for a umit cube?

Chapter 3, Problem 40
What { 1 1[]) -type directions lie on the (111) plane of a cubic umt cell?

Chapter 3, Problem 41
What {1 1 1> -type directions lie on the (110) plane of a cubic unit cell?



Chapter 3, Problem 42

How are the Miller indices for a crystallographic plane in a cubic unit cell determined? What generalized notation is
used fo mdicate them?

Chapter 3, Problem 43
Draw m umt cubes the crystal planes that have the following Miller indices:

@ (111) © (121) (@ (321) @ (201) @) (232) ® (312)
) (102) @ (213)  (302) () (212) » (133) () (331)

Chapter 3, Problem 44
What are the Miller indices of the cubic cyrsyallographic planes shown in Fig. P3 447

Chapter 3, Problem 45
What 1s the notation used to indicate a fanuly or form of cubic crystallographic planes?

Chapter 3, Problem 46
What are the {100} fanuly of planes of the cubic system?

Chapter 3, Problem 47

Draw the following crystallographic planes in a BCC unit cell and list the position of the atoms whose centers are
intersected by each of the planes:

(a) (100)(b) (110)(c) (111)
Chapter 3, Problem 48

Draw the following crystallographic planes in an FCC unit cell and list the position coordinates of the atoms whose
centers are intersected by each of the planes:

(@) (100)(b) (110)(c) (111)
Chapter 3, Problem 49

A cubic plane has the following axial intercepts: @ = % b=—%.¢c= % What are the Miller indices of this plane?

wilbd

Chapter 3, Problem 50

A cubic plane has the following axial intercepts: a = —%. b=-1.¢= % . What are the Miller indices of this

(=

plane?

Chapter 3, Problem 51
A cubic plane has the following axial mtercepts: a =1. b= % c= —% . What are the Miller indices of this plane?

Chapter 3, Problem 52
Determune the Miller indices of the cubic crystal plane that intersects the followmg position coordmates:

(1.0.0): (1.1 1) (3.1.0).

=



Chapter 3, Problem 53

Deternune the Miller indices of the cubic crystal plane that mtersects the followimng position coordinates:
(% 0. %) (0,0.1): (LL1).

Chapter 3, Problem 54

Determune the Miller indices of the cubic crystal plane that intersects the following position coordinates:
(1. % 1): (%D%} (1-0.%}.

Chapter 3, Problem 55

Deternune the Miller indices of the cubic crystal plane that intersects the following position coordimates:
(0.0, %j (1.0,0): (%%D)

Chapter 3, Problem 56

Rodmm 1s FCC and has a lattice constant @ of 0.38044 nm. Calculate the following interplanar spacings:
(@) diy (D) dyo (€) dog

Chapter 3, Problem 57

Tungsten 1s BCC and has a lattice constant a of 0.31648 nm. Calculate the following interplanar spacings:
(@) dio (D) daao (€) diio

Chapter 3, Problem 58

The ds1g interplanar spacing 1 a BCC element 15 0.1587 nm. (a) What 1s 1fs lattice constant a? (&) What 1s the
atomic radius of the element? (¢) What could this element be?

Chapter 3, Problem 59

The dsy; nterplanar spacing in an FCC metal 15 0.083397 nm. (@) What 1s its lattice constant a? (b) What 1s the
atomic radius of the metal? (¢) What could this metal be?

Chapter 3, Problem 60
How are crystallographic planes mdicated in HCP unit cells?

Chapter 3, Problem 61
What notation 1s used to describe HCP crystal planes?



Chapter 3, Problem 62
Draw the hexagonal crystal planes whose Miller-Bravais indices are:

(a) (1011) (d) (1212) (g) (1212) (;) (1100)
(b) (0111) (e) (2111) (k) (2200) (k) (2111)
(¢) (1210) (F) (1101 (i) (1012) (/) (1012)

Chapter 3, Problem 63
Determune the Miller-Bravais indices of the hexagonal crystal planes in Fig. P3.63.
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Figure P3.63

Chapter 3, Problem 73
Calculate the planar atomic density in atoms per square mullimeter for the following crystal planes m BCC
chrommm, which has a lattice constant of 0.28846 nm-: (a) (100), (&) (110), (c) (111).

Chapter 3, Problem 74
Calculate the planar atomic density in atoms per square millimeter for the following crystal planes in FCC gold,

which has a lattice constant of 0.40788 nm: (a) (100), (&) (110), (c) (111).

Chapter 3, Problem 75
Calculate the planar atomic density in atoms per square millimeter for the (0001) plane in HCP beryllium, which has

a lattice constant @ = 0.22856 nm and a ¢ constant of 0.35832 nm.



Chapter 3, Problem 76

Calculate the linear atomic density in atoms per millimeter for the following directions in BCC vanadm which has
a lattice constant of 0.3039 nm- (a) [100], (&) [110], () [111].

Chapter 3, Problem 77

Calculate the linear atomic density i atoms per millimeter for the followimg directions in FCC wridium, which has a
lattice constant of 0.38389 nm (@) [100], (&) [110], (c) [111].
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