Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering 5/e

Chapter 3, Problem 1

Define the following terms: (a) crystalline solid, (b) long-range order, (c) short-range order, and (d)
amorphous.

Chapter 3, Solution 1

() a solid that has organized, repeating, 3D positioning of atoms or ions in its structure; (b) the positioning
of atoms is periodic and repeating anywhere in the crystal. All atoms have the same geometric
environment; (c) there is some order (organized positioning of atoms), but it is local or limited to certain
regions of the material; (d) there is no organized positioning of atoms. All atom positions in the structure
are random.

Chapter 3, Problem 2

Define the following terms: (a) crystal structure. (b) space lattice, (c) lattice point, (d) unit cell, (¢) motif,
(f) lattice constants,

Chapter 3, Solution 2

(a) a regular, 3D pattern of atoms or ions in space; (b) a three-dimensional array of points each of which
has the same geometric environment; (c) one point in the array in a space lattice; (d) a convenient, smallest,
repeating unit of a space lattice; (€) a group of atoms that are organized relative to each other and are
associated with a lattice point; (f) length dimensions or angles that characterize geometry of a unit cell.

Chapter 3, Problem 3
What are the 14 Bravais unit cells?

Chapter 3, Solution 3

The fourteen Bravais lattices are: simple cubic, body-centered cubic, face-centered cubic, simple
tetragonal, body-centered tetragonal, simple orthorhombic, base-centered orthorhombic, body-centered
orthorhombic, face-centered orthorhombic, simple rhombohedral, simple hexagonal, simple monoclinic,
base-centered monoclinic, and simple triclinic.

Chapter 3, Problem 4

What are the three most common metal crystal structures? List five metals that have each of these crystal
structures.

Chapter 3, Solution 4

The three most common crystal structures found in metals are: body-centered cubic (BCC), face-centered
cubic (FCC), and hexagonal close-packed (HCP). Examples of metals having these structures include the
following.

BCC: a—iron, vanadium, tungsten, niobium, and chromium.
FCC: copper, aluminum, lead, nickel, and silver.
HCP: magnesium, @— titanium, zinc, beryllium, and cadmium.
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Chapter 3, Problem 5

For a BBC unit cell, (a) how many atoms are there inside the unit cell, (b) what is the coordination number
for the atoms, (c) what is the relationship between the length of the side @ of the BCC unit cell and the
radius of its atoms, and (d) what is the atomic packing factor?

Chapter 3, Solution 5

(a) A BCC crystal structure has two atoms in each unit cell. (b) A BCC crystal structure has a coordination
number of eight. (c) In a BCC unit cell, one complete atom and two atom eighths touch each other along

the cube diagonal. This geometry translates into the relationship \Ea =4R.

Chapter 3, Problem 6

For an FCC unit cell, (a) how many atoms are there inside the unit cell, (b) What is the coordination
number fot the atoms, (c) what is the relationship between the length of the side a of the FCC unit cell and
the radius of its atoms, and (d) what is the atomic packing factor?

Chapter 3, Solution 6

(a) Each unit cell of the FCC crystal structure contains four atoms. (b) The FCC crystal structure has a
coordination number of twelve. (d) By definition, the atomic packing factor is given as:

volume of atoms in FCC unit cell
volume of the FCC unit cell

Atomic packing factor =

These volumes, associated with the four-atom FCC unit cell, are

Faons =4|:§”R3:|=?7"R3 and Vit cen =a’
: . 4R
where a represents the lattice constant. Substituting ¢ = —,
V2
64R’
Vo =g’ =—""
unit cell 2 (—2

The atomic packing factor then becomes,

167:}23] W2 ) =2

3 2R} 6

APF (FCC unit cell) =[ =0.74

Chapter 3, Problem 7

For an HCP unit cell (consider the primitive cell), (a) how many atoms are there inside the unit cell, (b)
What is the coordination number for the atoms, (c) what is the atomic packing factor, (d) what is the ideal
¢/a ratio for HCP metals, and (e) repeat a through c considering the “larger” cell.
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Foundations of Materials Science and Engineering 5/e

Chapter 3, Solution 7

The primitive cell has (a) two atoms/unit cell; (b) The coordination number associated with the HCP crystal
structure is twelve, (c)the APF is 0.74 or 74%; (d) The ideal c/a ratio for HCP metals is 1.633; (e) all
answers remain the same except for (a) where the new answer is 6.

Chapter 3, Problem 8
How are atomic positions located in cubic unit cells?

Chapter 3, Solution 8

Atomic positions are located in cubic unit cells using rectangular x, y, and z axes and unit distances along
the respective axes. The directions of these axes are shown below.

Chapter 3, Problem 9
List the atom positions for the eight corner and six face-centered atoms of the FCC unit cell.

Chapter 3, Solution 9

The atom positions at the corners of an FCC unit cell are:
(0,0,0),(1,0,0),(1,1,0),(0,1,0),(0,0,1), (1,0, 1), (1, 1, 1), (0, 1, 1)

On the faces of the FCC unit cell, atoms are located at:
(2, %, 0), (4, 0,'4), (0, ¥4, 12), (4, ¥4, 1), (1, 4, 12), (2, 1, 2)

Chapter 3, Problem 10
How are the indices for a crystallographic direction in a cubic unit cell determined?

Chapter 3, Solution 10

For cubic crystals, the crystallographic direction indices are the components of the direction vector,
resolved along each of the coordinate axes and reduced to the smallest integers. These indices are
designated as [uvw].

Chapter 3, Problem 11

What are the crystallographic directions of a family or form? What generalized notation is used to indicate
them?
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Chapter 3, Solution 11

A family or form has equivalent crystallographic directions; the atom spacing along each
direction is identical. These directions are indicated by (uvw) .

Chapter 3, Problem 12

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

Chapter 3, Solution 12

The Miller indices are determined by first identifying the fractional intercepts which the plane makes with
the crystallographic x, y, and z axes of the cubic unit cell. Then all fractions must be cleared such that the
smallest set of whole numbers is attained. The general notation used to indicate these indices is (hk/),
where h, k, and / correspond to the x, y and z axes, respectively.

Chapter 3, Problem 13
What is the notation used to indicate a family or form of cubic crystallographic planes?

Chapter 3, Solution 13
A family or form of a cubic crystallographic plane is indicated using the notation {#k/}.

Chapter 3, Problem 14
How are crystallographic planes indicated in HCP unit cells?

Chapter 3, Solution 14
In HCP unit cells, crystallographic planes are indicated using four indices which correspond to four axes:
three basal axes of the unit cell, a,, a,, and a3 , which are separated by 120°; and the vertical ¢ axis.

Chapter 3, Problem 15
What notation is used to describe HCP crystal planes?

Chapter 3, Solution 15
HCP crystal planes are described using the Miller-Bravais indices, (hkil).

Chapter 3, Problem 16
What is the difference in the stacking arrangement of close-packed planes in (a) the HCP crystal structure
and (b) the FCC crystal structure?

Chapter 3, Solution 16
Although the FCC and HCP are both close-packed lattices with APF = 0.74, the structures differ in the
three dimensional stacking of their planes:

(a) the stacking order of HCP planes is ABAB... ;
(b) the FCC planes have an ABCABC... stacking sequence.

Chapter 3, Problem 17
What are the closest-packed directions in (a) the BCC structure, (b) the FCC structure and (c) the HCP
structure?
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Chapter 3, Solution 17 B
(a) The closest packed directions in BCC lattice are < 111 > directions.

(b) The closest-packed directions in the FCC lattice are the < 110 > directions.

(c) The closest-packed directions in the HCP lattice are the < 1120 > directions.

Chapter 3, Problem 18
Identify the close-packed planes in (a) the BCC structure, (b) the FCC structure, and (c) the HCP structure.

Chapter 3, Solution 18
(a) Does not have a close-packed plane; (b) {111} planes; (c) (0001) planes

Chapter 3, Problem 19
What is polymorphism with respect to metals?

Chapter 3, Solution 19
A metal is considered polymorphic if it can exist in more than one crystalline form under different
conditions of temperature and pressure.

Chapter 3, Problem 20
What are X rays, and how are they produced?

Chapter 3, Solution 20
X-rays are electromagnetic radiation having wavelengths in the range of approximately 0.05 nm to 0.25
nm. These waves are produced when accelerated electrons strike a target metal.

Chapter 3, Problem 21
Draw a schematic diagram of an x-ray tube used for x-ray diffraction, and indicate on it the path of the
electrons and X rays.

Chapter 3, Solution 21
See Figure 3.25 of textbook.
Tungsten
Copper X-rays  Vacuum  filament Glass

Electrons

Cooling water

—
SE=— =1

Target — | \\ .
: i >

Beryllium window X-rays

Metal focusing cup

Figure 3.25

Chapter 3, Problem 22
What is the characteristic x-ray radiation? What is its origin?
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Chapter 3, Solution 22

Characteristic radiation is an intense form of x-ray radiation which occurs at specific wavelengths for a
particular element. The K, radiation, the most intense characteristic radiation emitted, is caused by excited
electrons dropping from the second atomic shell

(n = 2) to the first shell (n=1). The next most intense radiation, Kg, is caused by excited electrons
dropping from the third atomic shell (n = 3) to the first shell (n= 1).

Chapter 3, Problem 23
Distinguish between destructive interference and constructive interference of reflected
x-ray beams through crystals.

Chapter 3, Solution 23

Destructive interference occurs when the wave patterns of an x-ray beam, reflected from a crystal, are out
of phase. Conversely, when the wave patterns leaving a crystal plane are in phase, constructive
interference occurs and the beam is reinforced.

Application and Analysis Problems

Chapter 3, Problem 24
Molybdenum at 20°C is BCC and has an atomic radius of 0.140 nm. Calculate a value for its lattice
constant @ in nanometers.

Chapter 3, Solution 24
Letting a represent the edge length of the BCC unit cell and R the molybdenum atomic radius,

V3a=4R or a=— (0.140 nm) = 0.323 nm
J_ J_
Chapter 3, Problem 25

Lithium at 20°C is BCC and has a lattice constant of 0.35092 nm. Calculate a value for the atomic radius of
a lithium atom in nanometers.

Chapter 3, Solution 25
For the lithium BCC structure, which has a lattice constant of a = 0.35092 nm, the atomic radius is,

SO

R= = (035092 nm) =0.152 nm

Chapter 3, Problem 26
Gold is FCC and has a lattice constant of 0.40788 nm. Calculate a value for the atomic radius of a gold
atom in nanometers.

Chapter 3, Solution 26
For the gold FCC structure, which has a lattice constant of @ = 0.40788 nm, the atomic radius is,

Y2 V2

——a **—(0 40788 nm) = 0.144 nm
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Chapter 3, Problem 27

Palladium is FCC and has an atomic radius of 0.137 nm. Calculate a value for its lattice constant a in
nanometers.

Chapter 3, Solution 27
Letting a represent the FCC unit cell edge length and R the palladium atomic radius,

J2a=4R or a=iR=iz(O.l37 nm) = 0.387 nm

NoR

Chapter 3, Problem 28
Verify that the atomic packing factor for the FCC structure is 0.74.

Chapter 3, Solution 28
By definition, the atomic packing factor is given as:

volume of atoms in FCC unit cell
volume of the FCC unit cell

Atomic packing factor =

These volumes, associated with the four-atom FCC unit cell, are

4
Y toms = 4[*7:}{3} = Em‘? 3
3 3 and Vunit cell =@
4R
a=—
where a represents the lattice constant. Substituting ‘E ,
3
3 64R
Vlll‘lil cell =4 =

22

The atomic packing factor then becomes,

167:R3J{ W2 J_m/i

= =0.74
3 32R? 6

APF (FCC unit cell) = [

Chapter 3, Problem 29
Calculate the volume in cubic nanometers of the titanium crystal structure unit cell. Titanium is HCP at
20°C with @ = 0.29504 nm and ¢ = 0.46833 nm.

Chapter 3, Solution 29
For a hexagonal prism, of height ¢ and side length a, the volume is given by:

V = (Area of Base)(Height) = [(6 x Equilateral Triangle Area)(Height)]
=(3a*sin 60°)(c)
=3(0.29504 nm)*(sin 60°)(0.46833 nm)
=0.106 nm’
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Chapter 3, Problem 30

Consider a 0.05-mm thick, 500 mm? (about three times the area of a dime) piece
of aluminum foil. How many units cells exist in the foil? If the density of
aluminum is 2.7 gfcm3, what is the mass of each cell?

’ 'f' =Olg\~n..\
L& 40(:)&1::

P

Hudeness = 4-5 mm Area = S Olmm

‘ ' = 0408
I\> The L“J(\':('t comshantt Sfoy” aluminvim 18 A nm

—6
A= 0-40S vm = o -40S X110 rmm
3

Volume o0 Hhe S_L\ee’f = (A Lﬁ) = (,S'OCDCO-S') =250 mwm

>
-6
5 - (:.405)(10 mM)

_20 3
SO 664 X0 ™

3
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# of Nl Feell [athe ;}nee‘(‘ = == —

-6« x10°°%,
J

\/ol\/wve ol o Qi/@,\t (tﬂfé-‘.—_ 4\

2-
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(~ 700 Fimes smaller thay
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14
weil) 3 = 3
m=FV = (27 37@3)@%)”0 s mmc:g

s 7

m= LYy x10~ 9
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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](6) [110](c) [111]

Chapter 3, Solution 31

z (1, 1,1

0,0,0) (0,0, 0)

X (Oa 0’ 0)

(1,0, 0) (11 1,0)

(a) Position Coordinates: (b) Position Coordinates: (c) Position Coordinates:
0,0,0),(1,0,0) 0,0,0),(1,1,0) 0,0,0),(1,1,1)

Chapter 3, Problem 32
Draw direction vectors in unit cells for the following cubic directions:

P LLEY P L L1 B ) R REE)

Chapter 3, Solution 32

z () / (b)
Yy
X x=-+1 x=+1
y=-1 p==l
zZ=a- / z=0

111 [110]
© (“) 11
I — | 4 dMuch
c % .
Iy !
o Tl i
Dividing by 2, [121] Dividing by 3,
x=-Y% x==Y% I
y=1 y==-" l
= _1/2 - ] l
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Chapter 3, Problem 33
Draw direction vectors in unit cells for the following cubic directions:

217
% 1 23]

" [331]
" [021]

Chapter 3, Solution 33

V2 s

(a) Dividing [112] by 2,

gk, e e
YTy
./‘.
__/‘ \
)
—— 1 —i=|

(d) Dividing [021] by 2,

1

:0, :—1, = —
b y z 5
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” [212]
" [233]

» [To1]
” [12T]

(b) Dividing [123] by 3,

2

x=—,y=—§,2=1

1

ol

_l
‘/I

~

\4— [N

1
4

|
i
[

(e) Dividing [212] by 2,

1

x=1l,y=——z=1

2

@) [321_] (k) [22]
o [103] o [223]
Z
‘ y
X
//' ]
i =
_,-""’.' 1
] ——=
(¢) Dividing [331] by 3,
x=1,y=1,z=%
—t> 1
N
I
5 %

(f) Dividing [233] by 3,

x=—,y=-1,z=1
3 ¥

2
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| L
1 — 1|y
l I_._.>li_"__
1/ A 1/
1 N
o 4
() For [101], (h) Dividing [121] by 2, (i) Dividing [321] by 3,
x=—1,y=0,z=1 x:%,yzl’z_—_—% x:l,y=%’z=%
I t T //R I 1
: 1 1 I ;
I l l i i l
g i
......... = Vs v, " i
........... i 5 4
7
% —
(j) Dividing [103] by 3, (k) Dividing [122] by 2, (1) Dividing [223] by 3,
2 2
x=%,y=0,z=—1 x=%,y=—1,z:—l x=—-§,y=-§,z=l
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Chapter 3, Problem 34

What are the indices of the directions shown in the unit cubes of Fig. P3.34?

L

il
J; 4
: \
1 3
X
(a@)
Figure P3.34
Chapter 3, Solution 34
A
(a) z
a
s
74 [
d _____,..b--"‘ %
Y, [/ >
Va

it

R

ta

o]

f

i

,/}’

(h)

®
h) %
’ Y
2/3-—'):""' 74%
g ! o
AU
X K
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1
- Z
Ve
1 c
b | "1 A
/
Yy () New 0
y Ve
New 0
a. Vector components: b. Moving direction vector ¢. Moving direction vector for-
x=-1, y=1, z=0 down Y% , vector components ward 2, \lfector components
Direction indices: [110] are: x=1, y=-1, z=% are: x=-/¢, y=1, z2=1
Direction indices: [441] Direction indices: [166]
Yi
. |
% % \ New 0 = g
Ya
d o 2/, b— 7
A
New 0
d. Moving direction vector e. Vector components are: f. Moving direction vector up
left %, vector components x=-%,y=-1,z=1 Y4, vector components are:
. = =1 = —— - — —
are: x=1, y= /2" z=1 Direction indices: [344] =-1, y=1,z=% _
Direction indices: [212] Direction indices: [331]
New 0 New 0

7dh

< vz
%‘/’// 'V/h

Va
Ya
g. Moving direction vector h. Moving direction vector
up %2, vector components up Y%, vector components
are:x=1,y=-1,z=-% are: x=%,y=-1,z=-%
Direction indices: [4 4T] Direction indices: [343]
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Chapter 3, Problem 35

A direction vector passes through a unit cube from the [é ,0, l) to the (l 1, 0] positions. What are its
direction indices? 4 4 2

Chapter 3, Solution 35

The starting point coordinates, subtracted from the end point, give the vector components:

2 4 4 4 4

The fractions can then be cleared through multiplication by 4, giving x =—1, y =4, z=—1. The
direction indices are therefore [i 4 i]
Chapter 3, Problem 36

- . 3 1.1 - '
A direction vector passes through a unit cube from the | 1,0,— | to the | —,1,— | positions. What are its
direction indices? 4 4 4
Chapter 3, Solution 36

Subtracting coordinates, the vector components are:

x=-!——1=—% y:l-«-O:l z:l-i:__l

Clearing fractions through multiplication by 4, gives x =-3, y =4,z =-2.

The direction indices are therefore [5 4 5]

Chapter 3, Problem 37
What are the directions of the [l 05] family or form for a unit cube?

Chapter 3, Solution 37

[100], [010], [001], [100], [010], [001]

Chapter 3, Problem 38

What are the directions of the (1 1 1) family or form for a unit cube?
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Chapter 3, Solution 38

[111], [111], [111], [111],
[111], [111], [111], [111]

Chapter 3, Problem 39
What (1 1 0> -type directions lie on the (111) plane of a cubic unit cell?

Chapter 3, Solution 39

[011],[011],[110],[110], [101],[101]

[101]
[011]
[110]
Chapter 3, Problem 40
What (1 1 1) -type directions lie on the (110) plane of a cubic unit cell?
Chapter 3, Solution 40
L L [111]
1117, [111],[111], [111 -
[(111], [111], (1117, [111] {d10)
[111]
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Chapter 3, Problem 41
Draw in unit cubes the crystal planes that have the following Miller indices:

-2

@ (17T) (o (121) () (321) ©(20T) (232 ® (312)
®) (102) @ (213) 0 (302) ) (212) o (133) 0 (331)
Chapter 3, Solution 41
z
)_' y
X
y (0, 0, 0) (0,0, 0) -2 (0,0,0)
+1 +1 t ad
— _/2 — —
111 102) 121
-1
a. For (11 1) reciprocals b. For (102) reciprocals c. For (12 1) reciprocals
a.re:x=].,y=-1, z=-1 arc:x:l’y=-3/2’ =.]
0,0,0) +1 0,0,0)
+4
+7 =
/N, @13)
(302)
(0,0,0)
d. For (215) reciprocals e. For (351) reciprocals f. For (3 05) reciprocals
are: x=4%, y=1, z=-% are: x=%, y=-%,z=1 are: x=Y%,y=0,z=-%
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Problems and Solutions to Smith/Hashemi

Foundations of Materials Science and Engineering 5/e

Chapter 3, Problem 42

What are the Miller indices of the cubic crystallographic planes shown in Fig. P3.42?

Chapter 3, Solution 42

Miller Indices for Figure P3.42(a)

Plane a based on (0, 1, 1) as origin

Plane b based on (1, 1, 0) as origin

Planar Intercepts Reciprocals of Intercepts | Planar Intercepts Reciprocals of Intercepts
1
x=a 10 =l LI
X X
{ 1 1 -5 1 -12
Jy - S = — —_——
y T2 y 5
1
z= —l l =—4 zZ=o —=0
4 z -
The Miller indices of plane a are (0 1 4)' (5 12 0).

The Miller indices of plane b are

Plane ¢ based on (1, 1, 0) as origin

Plane d based on (0, 0, 0) as origin

Planar Intercepts Reciprocals of Intercepts | Planar Intercepts Reciprocals of Intercepts
1 1
xX=0 —= x=1 —=1
X X
1 1
8 4 §
1 1 2 1 3
zZ=— —=3 z=— —=—
3 z 3 z 2
The Miller indices of plane c are (013). The Miller indices of plane d are 223).
3 | 3 | 2
_ 2 "

e

fey

\

i

X

Figure P3.42

L e e

Lo (%7

e

(by
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Problems and Solutions to Smith/Hashemi

Foundations of Materials Science and Engineering 5/e

Miller Indices for Figure P3.42(b)

Plane a based on (1, 0, 1) as origin

Plane b based on (0, 1, 1) as origin

Planar Intercepts Reciprocals of Intercepts | Planar Intercepts Reciprocals of Intercepts
1 1
x=-1 —=-1 x=1 —=
X X
1 1
* 4 y
1 1 1 3
Z=—=— —:—3 Z=—=— —_——=——
3 z 3 z )
The Miller indices of plane a are (103). The Miller indices of plane b are (223).

Plane ¢ based on (0, 1, 0) as origin
Planar Intercepts

Plane d based on (0, 1, 0) as origin

(5120).

The Miller indices of plane c are

Reciprocals of Intercepts | Planar Intercepts Reciprocals of Intercepts

1 1

x=1 —=1 x=1 —=1
X X
- 1 -12 1
12 y 3 y
1

z=w 1 =0 zZ= L3 —=2
z 2 z

The Miller indices of plane d are (112).
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering 5/e

Chapter 3, Problem 43
What are the {100} family of planes of the cubic system?

Chapter 3, Solution 43
(100) (010) (001) (100) (010) (001)

Chapter 3, Problem 44
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)(d) (110)(c) (111)

Chapter 3, Solution 44

!

X
a. (1,0,0),(1,0,1), b. (1,0,0),(1,0,1), c. (1,0,0),(0,0,1),
(1,1,0),(1,1,1) 0,1,0),0,1,1), (45, %,%)  (0,1,0)
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering 5/e

Chapter 3, Problem 45
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:

(a) (100)(d) (110)(c) (111)

Chapter 3, Solution 45

3l

X
a. (1,0,0),(1,0,1), b. (1,0,0),(1,0, 1), c. (1,0,0),(0,0,1),
(1,1,0),(1,1,1) 0,1,0),(,1,1), 0,1,0), (4, 0,%)
(1, 4, Y4) (4, Y, 0), (4, Y4, 1) (4, %, 0), (0, %, 13)
Chapter 3, Problem 46

A cubic plane has the following axial intercepts: @ =1, b=—2, ¢ =. What are the Miller indices of
this plane?

Chapter 3, Solution 46
. "y ' . 1 1 [ |
Given the axial intercepts of (%4, -%, '4), the reciprocal intercepts are: — =3, —= -E, —=2.
- y z
Multiplying by 2 to clear the fraction, the Miller indices are (6 3 4).
Chapter 3, Problem 47
A cubic plane has the following axial intercepts: g =—1, b=—7, ¢ = % . What are the Miller indices of
this plane?
Chapter 3, Solution 47
- . . 1 1 3
Given the axial intercepts of (-%, -%, %), the reciprocal intercepts are: —=—-2, —=-2, —= E
X y z

Multiplying by 2, the Miller indices are (4 4 3).
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering 5/e

Chapter 3, Problem 48

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

Chapter 3, Solution 48

1=

z

1 1 3
Given the axial intercepts of (1, %, -14), the reciprocal intercepts are: — =1, — 5 i
x ' 4

Multiplying by 2, the Miller indices are (2 3 Z)

Chapter 3, Problem 49
Determine the Miller indices of the cubic crystal plane that intersects the following position coordinates:

(1) 01 0); (15%)%); (%)%:0)

Chapter 3, Solution 49

First locate the three position coordinates as shown. Next, connect points a and b, extending the line to
point d and connect a to ¢ and extend to e. Complete the plane by connecting point d to e. Using (1, 1, 0)
as the plane origin, x = -1, y=-1 and z=Y%. The intercept reciprocals are thus

1 1 1

S, —=-1, ==2.

X y z The Miller indices are (1 1 2).

0,0, 0)

o
/ \\ i (4, %, 0)

(1»0’ 0) (], l/_,’ l/‘)

Chapter 3, Problem 50
Determine the Miller indices of the cubic crystal plane that intersects the following position coordinates:

(%: 03 -;,-); (0)0)1); (1’171)

Chapter 3, Solution 50
First locate the three position coordinates as shown. Next, connect points a and b and extend the line to
point d. Complete the plane by connecting point d to ¢ and point c to b. Using (1, 0, 1) as the plane origin,

1 1 1 .
x=-1, y=1and z=-1. The intercept reciprocals are thus —=—1, — =1, —=—1. The Miller
- - X y z
indices are (11 1).
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(0,0, 1)
(1,1, 1)
// * 10,00
(2, 0,%)
Chapter 3, Problem 51

Determine the Miller indices of the cubic crystal plane that intersects the following position coordinates:
(1, 35 15 (3,0,9); (1,0,3).

Chapter 3, Solution 51
After locating the three position coordinates, connect points b and ¢ and extend the line to point d.
Complete the plane by connecting point d to a and a to ¢. Using
(1, 0, 1) as the plane origin, x = -1, y = % and z = -4. The intercept reciprocals then become
1 1 1
—=-1, —=2, —=-2.

x y z The Miller indices are (1 2 2).

(%'s 0) %) b

i (1,0, 1)

(0,0,0)

(1,0,%,) &

(1,%,1)
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering 5/e

Chapter 3, Problem 52
Determine the Miller indices of the cubic crystal plane that intersects the following position coordinates:

(0,0, 3); (1,0,0); (3,%,0).

Chapter 3, Solution 52

After locating the three position coordinates, connect points b and ¢ and extend the line to point d.
Complete the plane by connecting point d to @ and a to b. Using

(0, 0, 0) as the plane origin, x = 1, y = % and z = 4. The intercept reciprocals are thus

i i

* Y z The Miller indices are therefore (1 2 2).

/'Q

(0,0,0) d

(0,0,7%,) 4

¢ (0,%,0)

(1,0,0) \ b
(%4, Y4, 0)

Chapter 3, Problem 53

Rodium is FCC and has a lattice constant a of 0.38044 nm. Calculate the following interplanar spacings:
(@) din (b) dao () dxo

Chapter 3, Solution 53

0.38044 nm _ 0.38044 nm

di = - =0.220nm
e NE]
(@)
: : 4

dygo = L 328043 nm; = 0 380\/4— — 0.190 nm
(b) \/2 +0°+0 4

dyyy = 0.32804‘: nmz = 0'38?7—4 - 0.135nm

N2 +2240 8

(c)
Chapter 3, Problem 54

Tungsten is BCC and has a lattice constant a of 0.31648 nm. Calculate the following interplanar spacings:
(@) diio () dxo (€) d310

PROPRIETARY MATERIAL (c) 2010 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be 24
displayed, reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond

the limited distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student

using this Manual, you are using it without permission.



Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering 5/e

Chapter 3, Solution 54
dllo _ 0.31648 nm _ 0.31648 nm ~0.224nm
(a) \/12 +12 +02 \/E
dzzo _ 0.31648 nm _ 0.31648 nm ~0.112nm
V22 422 407 V8
(b)
4y, = 031648 0m 031688 mm o 00

(© '\/:;)2 +12 40 ) \/ﬁ

Chapter 3, Problem 55
The ds, interplanar spacing in a BCC element is 0.1587 nm. (a) What is its lattice constant a? (b) What is
the atomic radius of the element? (¢) What could this element be?

Chapter 3, Solution 55

® a=dy Vh* +k +1% =(0.1587 nm)/32 +1% +0? =0.502nm

=0.217 nm

. V3a _~/3(0.502 nm)
(b) 4 4

(c) The element is barium (Ba).

Chapter 3, Problem 56
The dyy, interplanar spacing in an FCC metal is 0.083397 nm. (a) What is its lattice constant a? (b) What is
the atomic radius of the metal? (¢) What could this metal be?

Chapter 3, Solution 56

(a) a= d;‘zz-\} (hZ -+ k: + 12) = (0083 39?) V (4‘ -+ 22 4 22) = 0.4086 nm

(c) Closest FCC metal using Appendix II is silver Ag.

Chapter 3, Problem 57
Draw the hexagonal crystal planes whose Miller-Bravais indices are:

(a) (1011) (d) (1212) (g) (1212) (j) (1100)
(®) (0111) (e) (2111) (k) (2200) (k) (2111)
(e) (1270) () a101) () 1012) (/) (1012)
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Chapter 3, Solution 57
The reciprocals of the indices provided give the intercepts for the plane (ay, a, a3, and ¢).

1 1
d a=1, ap=——, e. ay=—, ay =1, foaq =1, a,=-],

4 - ay =0, c=1

1 =-1,c=1 SR

==].¢c=
a3 = 1, c=— a?’ 2
2
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering 5/e

a” (1100) 3
— U3

J. oy =-1, a5 =1,

a3 =0, c=00 1
as = l, = E
Chapter 3, Problem 58
Determine the Miller-Bravais indices of the hexagonal crystal planes in Fig. P3.58.
b
aj —a; a; —a
{a) (b)
Figure P3.58
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering 5/e

Chapter 3, Solution 58

Miller-Bravais Indices for Planes Shown in Figure P3.63(a)

Plane a Plane b Plane ¢
Planar Reciprocals Planar Reciprocals Planar Reciprocals
Intercepts of Intercepts Intercepts of Intercepts Intercepts of Intercepts
1 1 1
ay=w _=0 a}=l —=1 a1=_l’é _=._2
a a, a
1 1 1
a=-1 —=-1 a,=w® —=0 a,=% —=2
] a, 4,
1 1 1
) as e
Planar Reciprocals Planar Reciprocals Planar Reciprocals
Intercepts of Intercepts Intercepts of Intercepts Intercepts of Intercepts
1 1
c=0 —=0 c="% 2 c=o —=0
c c

The Miller indices of plane a

1 (0110).

The Miller indices of plane b
are (1012).

The Miller indices of plane ¢
(2200).
are

Miller-Bravais Indices for the Planes Shown in Figure P3.63(b)

Plane a Plane b Plane ¢
Planar Reciprocals Planar Reciprocals Planar Reciprocals
Intercepts of Intercepts Intercepts of Intercepts Intercepts of Intercepts
1 1 1
a;=mw —=0 aj=1 —=1 a;=1 —=]
9 a 9
1 1 1
02=1 —=1 ag:-l —=-1 a;=-l —=-1
a a a,
1 1 1
az=-1 —=-1 a; = —=0 az = —=0
a; a, as
1 1 1
c=w —=0 c=1 —=1 c=1 —=1
e = c
The Miller indices of plane a The Miller indices of plane b The Miller indices of plane ¢
1 (0110). e (1101). e (1101).
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Chapter 3, Problem 59
Determine the Miller-Bravais direction indices of the —a,,—a,, and —a; directions.

Chapter 3, Solution 59
The Miller-Bravais direction indices corresponding to the —a;,—a; and —a; directions are respectively,

(& v %)

Chapter 3, Problem 60
Determine the Miller-Bravais direction indices of the vectors originating at the center of the lower basal
plane and ending at the endpoints of the upper basal plane as indicated in Fig. 3.16d.

+ay Ty -
—a —a [1z10]

+ay —dy +ay —d;
i a
(@) ]
+ay
—y |
W [1121] [1120]
\ -1 [i210]
¢ +d; tay 2110} -a,
+ay =y =) e g “
(1120 D 1210 =
"'ﬂg - i
Pory —a “a | +
|i120] 3 @ N e
Ay
=dy —a +ay +aj —ag
= @y
{¢) () (e)
Figure 3.16d
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering 5/e

Chapter 3, Solution 60

[1121),[2111),[1211], 2111] [1211]

[1121],[2111],[1211] [1121] (1171]
[1211] ] [2111]
__'_‘_\ _:_::-__ _a3
Chapter 3, Problem 61 e +a

Determine the Miller-Bravais

direction indices of the basal plane of the vectors originating at the center of the lower basal plane and
exiting at the midpoints between the principal planar axes.

Chapter 3, Solution 61

[3034],[3304],[0334],

[3034],[3304],[0334] [3034]
[0334]/
[3304] =
o
Chapter 3, Problem 62

Determine the Miller-Bravais direction indices of the directions indicated in Fig. P3.62.

/ e
Y la

y ' —dy ay —— —ay

—dy a —d; a

Z

(a) (b)

Figure P3.62
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Chapter 3, Solution 62

B~

—a N

ay a

(a) ®)

For Fig. P3.62(a), the Miller-Bravais direction indices indicated are (2111} and [1121]. Those

associated with Fig. P3.62(b) are [ 11011 and [10 11].

Chapter 3, Problem 63
The lattice constant for BCC tantalum at 20°C is 0.33026 nm and its density is
16.6 g/cm’. Calculate a value for its relative atomic mass.

Chapter 3, Solution 63
The atomic mass can be assessed based upon the mass of tantalum in a unit BCC cell:

mass/unit cell = p, (volume/unit cell) = p,a’
=(16.6 g/em®)(10°cm*/m*)(0.33026 x10~° m)’
=5.98x10 glu.c.

Since there are two atoms in a BCC unit cell, the atomic mass is:

(5.98x1072 g/unit cell)(6.023x10* atoms/mol)
2 atoms/unit cell

Atomic mass =

=180.09 g/mol

Chapter 3, Problem 64
Calculate a value for the density of FCC platinum in grams per cubic centimeter from its lattice constant a
0f 0.39239 nm and its atomic mass of 195.09 g/mol.
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering 5/e

Chapter 3, Solution 64

First calculate the mass per unit cell based on the atomic mass and the number of atoms per unit cell of the
FCC structure,

(4 atoms/unit cell)(195.09 g/mol)

mass/unit cell = 5
6.023x10” atoms/mol

=1.296 x107%! g/unit cell

The density is then found as,

mass/unit cell _ mass/unitcell  1.296x107*' g/unit cell

~ volume/unit cell a’ " [(0.39239x107° m)*]/ unit cell

Po

3
= 21,445,113 g/m’ [LJ = 21.45 g/em’
100 cm

Chapter 3, Problem 65

Calculate the planar atomic density in atoms per square millimeter for the following crystal planes in BCC
chromium, which has a lattice constant of 0.28846 nm: (@) (100), (b) (110), (c) (111).

Chapter 3, Solution 65

“
I

To calculate the density, the planar area and the number of atoms contained in that area must first be
determined.

(a) The area intersected by the (1 0 0) plane inside the cubic unit cell is a* while the number of atoms
contained is: ( 4 corners)x (Y% atom per corner) = 1 atom. The density is,

__equiv. no. of atoms whose centers are intersected by selected area
selected area

Pp

_ 1 atom
(0.28846x10~° m)?

2
=(1.202x 10" atomsfmz)[—m ]
1000 mm

=1.202x10" atoms/mm?
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(b) For the more densely packed (1 1 0) plane, there are:

1 atom at center + ( 4 corners) X (!4 atom per corner) = 2 atoms

(V2a)(a) =24?

And the area is given as . The density is thus,

2 atoms

— =(1.699x10"° atoms/m?)(107 mzfmmz)
Pr = J2(028846x10~° m)? ( X

=1.699x10" atoms/mm?

(c) The triangular (1 1 1) plane contains: (3 corners) x ('/s atom per corner) = % atom.

JEJJEZ

1 1
The area is equal to = Ebh = 5(\/50) (Ta = Ta . The density is thus,
p,= CiZalom = (9.813x10" atoms/m?)(10™® m?/mm?)

§[0.28846x10"9 m)?

=9.813 x10'? atoms/mm?>

Chapter 3, Problem 66

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), (b) (110), (¢) (111).

Chapter 3, Solution 66

(Solutions B and C are on the next page.)

[X]

(a) The area intersected by the (1 0 0) plane and the FCC unit cell is ¢° while the number of atoms

contained is:
1 atom at center + ( 4 corners) x (% atom per corner) = 2 atoms

The density is therefore,
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__equiv. no. of atoms whose centers are intersected by selected area
4 selected area

_ 2 atoms
(0.40788x107° m)?

2
=(1.202x 1019at0ms/m2)(LJ
1000 mm

=1.20x10" atoms/mm?

(b) For the more densely packed (1 1 0) plane, there are:

(2 face atoms) x (%2 atom) + (4 comners) x (% atom per corner) = 2 atoms

And the area is given as (v2a)(a) =+/2a2. The density is thus,

e 2 atoms 2
7 24* 2 (0.40788x107°m)?

= (.849 x 10" atoms/mm?>

(c) The triangular (1 1 1) plane contains:

(3 face atoms x % atom) + (3 corners) x ('/s atom per corner) = 2 atoms

%,

The area is equal to: = Ebh = —-(\/_ )[\/_ ] =" 4%, The density is therefore,

Zions =(1.963x10" atoms/m>)(10* m?/mm?)

pp=\/g

T(0.40788><10‘" m)*

=1.963x10" atoms/mm?

Chapter 3, Problem 67
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, Solution 67
The area intersected by the (0 0 0 1) plane and the HCP unit cell is simply
the basal area, shown in the sketch to the right:

J_]3~/§2

Selected Area = (6 triangles) x (equilateral triangle area) = 6(—2- a)[ > a
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While the number of atoms contained is:
1 atom at center + ( 6 corners) x (% atom per corner) = 3 atoms

The density is therefore,

_ equiv. no. of atoms whose centers are intersected by selected area

e selected area
2
37 = atams =(2.201 xlOIgatoms!mz)[ﬁ)
mim
T(0.22856><10‘9 m)?
=2.21x10" atoms/mm?
Chapter 3, Problem 68

Calculate the linear atomic density in atoms per millimeter for the following directions in BCC vanadium,
which has a lattice constant of 0.3039 nm: (@) [100], (b) [110], (¢) [111].

Chapter 3, Solution 68

(a) (b) ©

‘4
[100] [110]

[111]
P

In general, the linear atomic density is derived from:

_ no. of atomic diam. intersected by selected length of direction line

Pr= selected length of line
(a) For the [100] direction of BCC vanadium,
- no. atom dia. _ lgatom : —~3.29%10° mm
a (0.3039 nm)(10” m/nm)(10° mm/m)

(b) For the [110] direction of BCC vanadium,
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no. atom dia. 1 atom 6
pl, — — % :2.33)(10 mm
V2a ¥2(0.3039 nm)(10"° mm/nm)
(c) For the [111] direction of BCC vanadium,
e no. atom dia. _ 2 atoms : —~3.80x10° mm
J3a /3(0.3039 nm)(10°® mm/nm)
Chapter 3, Problem 69

Calculate the linear atomic density in atoms per millimeter for the following directions in FCC iridium,
which has a lattice constant of 0.38389 nm: (a) [100], (b) [110], (c) [111].

Chapter 3, Solution 69
111
@ ®) © R
4
100] _ _ o [110]
general, the linear atomic density is derived from:
_ no. of atomic diam. intersected by selected length of direction line
P selected length of line
(a) For the [100] direction of FCC iridium,
o= no. atom dia. _ 1 z?ttom-6 ~2.60x10° mm
a (0.38389 nm)(10™ mm/nm)
(b) For the [110] direction of FCC iridium,
= no. atom dia. _ 2 atoms . —3.68x10° mm
\/5(1 \/5(0.3 8389 nm)(10” mm/nm)
(c) For the [111] direction of FCC iridium,
= no. atom dia. _ 1 atom . ~1.50x10° mm
Ja J/3(0.38389 nm)(10"* mm/nm)
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Chapter 3, Problem 70
Titanium goes through a polymorphic change from BCC to HCP crystal structure upon cooling through

332°C. Calculate the percentage change in volume when the crystal structure changes from BCC to HCP.
The lattice constant a of the BCC unit cell at 882°C is 0.332 nm, and the HCP unit cell has a = 0.2950 nm
and ¢ =0.4683 nm.

Chapter 3, Solution 70
To determine the volume change, the individual volumes per atom for the BCC and HCP structures must be

calculated:

a® nm*/unit cell _ (0.332 nm)’

- = =0.0183 nm’/atom
2 atoms/unit cell 2 atoms

BCC =

Voo (3a2c)(sin60°) nm>/unit cell ~ (3)(0.2950 nm)2(0.4683 nm)(sin60”)
Her 6 atoms/unit cell 6 atoms

=0.01765 nm’/atom
Thus the change in volume due to titanium’s allotropic transformation is,

% Volume change = M(l 00%)
BCC
_0.01765 nm’/atom —0.0183 nm’/atom

0.0183 nm*/atom

(100%) =-3.55%

Chapter 3, Problem 71

Pure iron goes through a polymorphic change from BCC to FCC upon heating through 912°C. Calculate
the volume change associated with the change in crystal structure from BCC to FCC if at 912°C the BCC
unit cell has a lattice constant a = 0.293 nm and the FCC unit cell 2 = 0.363 nm.

Chapter 3, Solution 71
First determine the individual volumes per atom for the iron BCC and FCC crystal structures:

@’ nm’/unit cell _ (0.293 nm)’
2 atoms/unit cell 2 atoms

Vace = =0.01258 nm’/atom

a® nm?*/unit cell _(0.363 nm)’
4 atoms/unit cell 4 atoms

Fec = =0.01196 nm*/atom

Thus the change in volume due to iron’s allotropic transformation is,

0.01196 nm>/atom —0.01258 nm>/atom

. (100%)
0.01258 nm>/atom

Voo
% Volume change = %VBCC (100%) =
BCC

=-4.94%
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Chapter 3, Problem 72

Derive Bragg’s law by using the simple case of incident X ray beams being diffracted by parallel planes in
a crystal.

Chapter 3, Solution 72

Referring to Fig. 3.25 (¢), for these rays to be in phase, ray 2 must travel an additional distance of MP +
PN. This extra length must be an integral number of wavelengths, A.

nA= MP + PN wheren=1, 2, 3...

Moreover, the MP and PN distances must equal d g SIN 0, where d 4t 18 the crystal interplanar spacing
required for constructive interference.

Substituting,

nA=2d,,sinf Bragg's Law

Chapter 3, Problem 73

A sample of BCC metal was placed in an x-ray diffractometer using X rays with a wavelength of A =
0.1541 nm. Diffraction from the {221} planes was obtained at 26 = 88.838°. Calculate a value for the
lattice constant a for this BCC elemental metal. (Assume first-order diffraction, n = 1.)

Chapter 3, Solution 73
The interplanar distance is,

A 0.1541 nm

. =0.1101 nm
2sinf 2sin(44.419%)

d22[

The lattice constant, a, is then,

a=d B +k* +1* =(0.1101 nm)v/2% + 2% +1° =0.3303 nm

Chapter 3, Problem 74

X rays of an unknown wavelength are diffracted by a gold sample. The 26 angle was 64.582° for the {220}
planes. What is the wavelength of the X rays used? (The lattice constant of gold = 0.40788 nm; assume
first-order diffraction, n=1.)

Chapter 3, Solution 74
The interplanar distance is,

a 040788 nm
JR2+12 4+ 22 +22 +0

dypy = =0.1442nm
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The lattice constant, a, is then,

A =2d,,, sinf =2(0.1442 nm)sin(32.291°) = 0.154 nm

Chapter 3, Problem 75

An x-ray diffractometer recorder chart for an element that has either the BCC or the FCC crystal structure
showed diffraction peaks at the following 28 angles:

41.069°, 47.782°, 69.879°, and 84.396°. (The wavelength of the incoming radiation was 0.15405 nm. (X-
ray diffraction data courtesy of the International Centre for Diffraction Data.)

(a) Determine the crystal structure of the element.

(b) Determine the lattice constant of the element.

(c) Identify the element.

Chapter 3, Solution 75
(a) Comparing the sin’8 term for the first two angles:
26 | 6 | sino | sin’0
41.069"_ 20.535: 0.35077 0.12304
47.782 23.891 0.40499 0.16402
.2
sin" 6, 0.12304
—= =0.75 = FCC
sin“0, 0.16402
(b) The lattice constant also depends upon the first sin’@ term, as well as, the Miller indices of the
first set of FCC principal diffracting planes, {111}.
A [P +K*+1* 015405 nm [1* +1* +1?
a=— — = =0.38034 nm
sin® 0, 2 0.12304
(c) From Appendix I, the FCC metal whose lattice constant is closest to 0.38034

nm is rhodium (Rh) which has a lattice constant of 0.38044 nm.

Chapter 3, Problem 76

An x-ray diffractometer recorder chart for an element that has either the BCC or the FCC crystal structure
showed diffraction peaks at the following 28 angles:

38.60°, 55.71°, 69.70°, 82.55°, 95.00°, and 107.67°. (Wavelength A of the incoming radiation was 0.15405
nm.)

a) Determine the crystal structure of the element.

b) Determine the lattice constant of the element.

c) Identify the element.
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Chapter 3, Solution 76
(a) Comparing the sin®4 term for the first two angles:
20 0 sin 0 sin” 6
38.60 19.30 0.33051 0.10924
55.71 27.855 0.46724 0.21831

sin 6, 0.10924
sin?9, 0.21831

=0.50 = BCC

(b) The lattice constant also depends upon the first sin’ term, as well as, the Miller indices of the
first set of BCC principal diffracting planes {110}.

R +k*+1°  0.15405nm [1*+1°+0°
sin® 6, 2 0.10924

=0.3296 nm

(c) From Appendix I, the BCC metal whose lattice constant is closest to 0.3296
nm is niobium (Nb) which has a lattice constant of 0.33007 nm.

Chapter 3, Problem 77

An x-ray diffractometer recorder chart for an element that has either the BCC or the FCC crystal structure
showed diffraction peaks at the following 2 8 angles:

36.191°, 51.974°, 64.982°, and 76.663°. (The wavelength of the incoming radiation was 0.15405 nm.)

a) Determine the crystal structure of the element.

b) Determine the lattice constant of the element.

c) Identify the element.

Chapter 3, Solution 77
(a) Comparing the sin’ term for the first two angles:

20 0 | sin @ | sin” @
36.191° 18.096: 0.31060 0.09647
51.974 25.987 0.43817 0.19199

sin? 6, 0.09647
sin@, 0.19199

=0.50 = BCC
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(b) The lattice constant also depends upon the first sin6 term, as well as, the Miller indices of the first set
of BCC principal diffracting planes, {110}.

W +k*+1%  0.15405 nm |12 +1* +0°

=0.35071 nm
sin” 6, 2 0.09647

(c) From Appendix I, the BCC metal whose lattice constant is closest to 0.35071 nm is lithium (Li) which
has a lattice constant of 0.35092 nm.

Chapter 3, Problem 78

An x-ray diffractometer recorder chart for an element that has either the BCC or the FCC crystal structure
showed diffraction peaks at the following 26 angles:

40.663°, 47.314°, 69.144°, and 83.448°. (Wavelength X of the incoming radiation was 0.15405 nm.)

a) Determine the crystal structure of the element.

b) Determine the lattice constant of the element.
c) Identify the element.

Chapter 3, Solution 78
(a) Comparing the sin®6 term for the first two angles:

20 | 0 |  sin0 | si’6
40.663° 203315 0.34745 0.12072
47314 23.657 0.40126 0.16101

sin”6;  0.12072
sin”9, 0.16101

=0.75 = FCC

(b) The lattice constant also depends upon the first sin’@ term, as well as, the Miller indices of the
first set of FCC principal diffracting planes, {111}.

R*+K*+1*  0.15405nm [12+1%+1°

=0.38397 nm
sin” 0, 2 0.12072

(c) From Appendix I, the FCC metal whose lattice constant is closest to 0.38397 nm is
iridium (Ir) which has a lattice constant of 0.38389 nm.
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3.79 Do you expect iron and silver to have the same (a) atomic packing factor, (b) volume of unit cell, (c)
number of atoms per unit cell, and (d) coordination number?

379

—

The answer to all four questions s No since
at yoom Femp (ron hae q BCC unit cell and s i\ve/‘
on Fcc unit cell. We&j will have dfffemn‘f‘

atemic pmckt‘ntj fac'fwr‘, Voldme a/_,ce(/J H# Qf_ﬁqlc/mj
per uni+ cel| and  coordiretion 4 -

HOWW@V’, above GIIZOC-/ [ron +mnS1Cchs+0

Fce strvcture.  Under Yis  condition, we
wovld expect the “wo metads to have

the same ﬂ‘lé)mfc pmﬂbl‘nj .‘Caojbf @f @-7‘(’/

,7; a,f_ q‘te/m_f per uM;"/“ ce(f o,’c 4—}- y amd Caorét‘nd('{?-ay\
+ oL (2, . Bv‘f; the cell volume will be
dlf.,cercn’} dvc 1[0 diﬁﬂeren el I‘h m(aml“c. J-a:JlLS
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3.80 Do you expect gold and silver to have the same (a) atomic packing factor, (b) volume of unit cell, (¢)
number of atoms per unit cell, and (d) coordination number? Verify your answers.

3-40

We esfpé’c"' 6°'A ond gilvcr/ Lot FCC , Yo
have Yhe came m’dm!'c packt‘nj fqt’_"ﬁe‘f CO-"!C(—))
FHOf ateins per wmit cell 64‘) y aﬁg Ccd/QI:'noiT,‘l‘afn-# (2)

The volume oL ‘the cel| will be large r—

fLor  ‘he atim  wth He Ia-gef atemic  yad g
| Creper o Table 3.3 por u@yfﬁt'm{'f‘?n)
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3.81 Do you expect titanium and silver to have the same (a) atomic packing factor, (b) volume of unit cell, (¢)
number of atoms per unit cell, and (d) coordination number? Verify your answers.

Solution 3.81

Titanium is HCP and Silver is FCC. (a) Both should have the same atomic packing factor of 0.74 although
they have different structures. (b) Although they have the same APF, we expect the volume of the cells to
be different because the cell geometry and atomic size is different. (c) The number of atoms per unit cell
will be different 4 for FCC and 2 for primitive HCP. (d) Coordination # will be the same as in both
structures each atom will have 12 neighbors.
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*3.82 Show using geometry that the ideal c/a ratio of the hexagonal close-packed unit cell (when atoms are
perfect spheres) is 1.633. Hint: draw the center atom in the top basal plane in contact with the three atoms in the
center of the HCP cell; connect the centers of the three atoms inside the HCP cell to each other and to the atom at
the center of one of the basal planes.

— e —

Cenne.c"ll’

Caﬁmﬁ 1,2, and 3) f})i’m&_ Ve %‘aﬂle f8C.

I1C we Now camnec‘fl ‘here_ coyners
A, B, and C o ‘the center of

" \Hlt cen'y{t.rs O.F e %r’tﬂ q*{:m;g ;l/]
n\chZOHC. 01 Ye HCP cell +o eachother

the midd e afom (0 Fhe 1(0,0 basal plane Flgure L
(o ), A pyramid poed will be formedrigure 2

AR =BC=cA =cD= 80 =AD= 2R
since all gtamst are in (,on““ﬁtfl_‘
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I‘F we prOJcc"' Pom+ D CJ—IY&&'('[L’ on F”C‘”C ABC
we will lsealed  poiat B (Fgurez ).  Poin® D7
‘s also  the irrl-wers;:c{-(‘o;a of ‘the ‘Phree. ﬁengs o -
A MC (Figre 3)

/
In ’iLi‘angle CED Cﬁﬁwe 3)
CE= then R = cos30
s e’

(:f‘gu'nz3
Now, consl.cler Wﬂ Y‘l‘fjla'l’ '{T‘ianﬂie Acd'd” in Fgure 2.

Ll i -~
DN+ D = CD

2 . ep=
= Dy =Cb — ; wote CD=ES

2.
- 2 33 >
Dy = @R - (FER)

e 2
oD = ——‘tR -

D= r R = 1.633R

nofe that _C ?ZDD 2633 K = [-633

._.-.——-___.

A Z K J
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3.83 Assuming that the volume of a HCP metal cell (larger cell) is 0.09130 nms and the c/a ratio is 1.856,

determine (@) the values for ¢ and @, and () the radius, R, of the atom. (c¢) If you were told that the metal is
titanium, would you be surprised? How do you explain the discrepancy?

3-83

The_  volwme Of o HeP vt cell 1<
V= gg\lc_ Sl'néOo (volvme of fa::jfr cell)

In a(/fpmlafem 2 Cﬁ; [« ¥56 = £ =):956 &

— = 34 ( 1956a) SIn 60 = 0-0A30

3
ag - 04150 — = 0-0l%9 nm

B (3)( /:fse)(‘g)

0) A = O-266S5 nm

= (. = 1856 & O-494F nm

)
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b =2 - ©./333 nm
)? A=2R orR:%..o/BSn

which grcéh[cr Yar o calectated value
of O.[33»rm, The =zinc atoms are

3 /qh+(t1 Cdm Prefﬁe d.
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*3.84 Assuming that the volume of a HCP metal cell (larger cell) is 0.01060 nm’® and the ¢/a ratio is 1.587,

determine (a) the values for ¢ and 4, and (b) the radius, R, of the atom. (¢) If you were told that the metal is
titanium, would you be surprised? How do you explain the discrepancy?

3 -84 The volume of Hhe \Wf)ef MCP Cell (o

\/':.. 50\2_6. 6\\"\ 600
Tn this problem, C/ = 58F = (=ISFFa

= \/ = qu'Q‘SX:Fa)Sm 60 = 0./060 T

3 . (060
A = 2 = 6.62573F mmj

3C1-s83)( By

A A= 0-295] N )

= (= 1]S¥Fa = 0-468% nm
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ID)_____? o= 2R 8 ﬁ:%z@-(‘ﬂénw

Which s 5/,‘9};\1/«1 emaller— Yhan
ovr calevlafed valye of o G756 nm_

m—c T¢ a{*dMS ave S[{qla‘uﬂ f!OM‘SOL_(’CC{-
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3.85 The structure of NaCl (an ionic material) is given in Fig. 2.18b. Determine (a) its lattice constant a, and (b)
its density. Hint: since NaCl is ionic use the ion radius data and note the atomic radii.

335

o) The lHice  concfanT A 1S

A = 25, + 2G4 ~ 2(0019)+ 2¢00.1%1)

A = Q552 nm

b) _{-Z:Q (jy”."‘ CC” Cd”'l—c(f'ﬂ_g C+ Na-* an i Ll* C/( 1dnS.
Thvs , Yhe mass o e cedl s

(NG x 2299 fimpq)t (4 X 36TV iag)
m = . —
cen 6-02-x10%2  alomS/imed

22
Mol = 3-88 x10 qr

The volume o4& HUne cell rs
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3 3
V- @ = (0-5sam)= OlEH
= .42 x10 on3
22
B8 X (0 _
/O:: _ﬂl-:: 3-8 J = R+ 3| 9/3
V (692 X0 % o3 G

The hand Jook valve < 206943 7. dicerence
Ts MOI‘H‘{ AVQ do Yhe \JV\AETC_S'HMO('{‘(_é Vﬂ\bﬁ af Na‘{'
The radie of Nat (s ~ 0102 nm,
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3.86 The unit cell structure of the ionic solid, Csl, is similar to that in Fig. 2.18a. Determine (a) its packing
factor, and (b) compare this packing factor with that of BCC metals. Explain the difference, if any.

3-%6

In oigure 218 a, ¢t gnd 1“ will be

I‘V? Canhhvdvg (.Gn‘lvtc’f &\{dm5 ‘H\C’ di%and 5-,L

the. {:'UL:-e *
The wnitcell

containg 1 T
and 1 (CsT
I\OV\S .

O-216 nm
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Thye,
J3a = 2(0-167) 4+ 2(0-216) = 0770 nm

=

A= 0445 nnﬂ

K

" 3
wop. LEmm s 7 27] g

(0 445 nm) 3 - OF3) nm’

APE= 0708 slightly kighes than 69% sor BcC
pmetalls .

fl
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3.87 Iron (below 912°C) and tungsten are both BCC with significantly different atomic radii. However, they have
the same atomic packing factor of 0.68. How do you explain this?
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3.88 Verify that there are eight atoms inside a diamond cubic structure (see Fig. 2.23 b and ¢). Draw a 3D
schematic of the atoms inside the cell.
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*3.89 The lattice constant for the diamond cubic structure of diamond is 0.357 nm. Diamond is metastable,
meaning that it will transform to graphite at elevated temperatures. If this transformation occurs, what % volume
change will occur? (Density of graphite is 2.25 gr/cm?)
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3.90 Calculate the center-to-center distance between adjacent atoms of gold along the following directions: (a)
[100], (b) [101], (¢) [111], and (d) [102]. Speculate as to why such information may be important in
understanding the behavior of the material.
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*3.91 Calculate the center-to-center distance between adjacent atoms of tungsten along the following directions:

(a) [100], (&) [101], (¢) [111], and (d) [102]. Speculate as to why such information may be important in
understanding the behavior of the material.
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3.92 A plane in a cubic crystal intersects the x axis at 0.25, the y axis at 2, and is parallel to the z axis. What are
the miller indices for this plane? Draw this plane in a single cube and show all key dimensions.
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3.93 A plane in a cubic crystal intersects the x axis at 3, the y axis at 1, and the z axis at 1. What are the miller
indices for this plane? Draw this plane in a single cube and show all key dimensions.
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3.94 A plane in a hexagonal crystal intersects at the a1 axis at —1, the a2 axis at 1 and the ¢ axis at infinity? What
are the Miller indices for this plane? Draw this plane in a hexagonal unit cell and show all key dimensions.

3-99
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3.95 A plane in a hexagonal crystal intersects at the a1 axis at 1, the a2 axis at 1 and the ¢ axis at 0.57 What are
the Miller indices for this plane? Draw this plane in a hexagonal unit cell and show all key dimensions.

395 .

ya

A3 '
{ Vo9l

N/

2 1 Qs O.S
1 N B

[ =~ (hele) = = (1+1) ==X
L The planc is 12 2)

]

0\) a3

- 0.5

]

Jo)%

PROPRIETARY MATERIAL (c) 2010 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be 65
displayed, reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond

the limited distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student

using this Manual, you are using it without permission.



Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering 5/e

*3.96 Without drawing any of the hexagonal planes given below, determine which of the planes is, in fact, not a
plane. (a) (1010), (5) (1010), and (c) (1110).
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3.97 Name as many carbon allotropes as you can, and discuss their crystal structure.
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3.98 A thin layer of aluminum nitride is sometimes deposited on Silicon wafers at high temperatures (1000°C).
The coefficient of thermal expansion and the lattice constant of the silicon crystal is different than that of
aluminum nitride. Will this cause a problem? Explain.
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3.99 An unknown material is being analyzed using X-ray diffraction techniques. However, the diffraction
patterns are extremely broad (no clear peaks are visible). (a) What does this tell you about the material? (5) What
are some of the tests that you can perform to help identify the material or narrow the possibilities?
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3.100 Explain, in general terms, why many polymers and some ceramic glasses have an amorphous or
semicrystalline structure.
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3.101 Explain how ultra-rapid cooling of some metal alloys produces metallic glass.
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