Homework #3

Problems?3.3 3.5; 3.9; 3.14; 3.19; 30; 3.25; 3.29; 3.32; 3.34; 3.37; 2;8.52;3.54;
3.58;3.63;3.65

33 This problem calls for a demonstration of the relationship a =4—§ for BCC. Consider the BCC unit
4 3

cell shown below
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Using the triangle NOP
(ﬁ)2 = a2+ g% =247
And then for triangle NPQ.
¥Q)*= (@P)* + (VP
But NO = 4R. R being the atomic radius. Also. OP =a. Therefore.
4R)? = a* + 242

or

e b



3.5 We are asked to show that the atomic packing factor for BCC 1s 0.68. The atomic packing factor 1s

defined as the ratio of sphere volume to the total unit cell volume, or

Also. the vait cell has cubic symmetry, that is V= a°. Buta depends on R according to Equation 3.3, and

(4R} _6ar3
Vo = =

V3 3B
Thus,
Vo  8nR3/3

64R3 /133

3.9 This problem asks for us to calculate the radius of a tantalum atom. For BCC. n = 2 atoms/unit cell,

and

~ 4R13_64R3
Ve == = &%
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Smce. from Equation 3.5

'm:!—l—a
PNy

ndr,
_™Ta
6483

- N
(33 )4

and solving for R the previous equation
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R =

1/3
_ (3-\16 ) (2 atoms/unit cell) (180.9 g/mol) —‘
| (64)(16.6 g/em3)(6.023 x 1073 atoms/mol) |

=143x10° em=0.143 nm



3.14 For each of these three alloys we need, by trial and error, to calculate the density using Equation 3.5,
and compare it to the value cited i the problem. For SC, BCC, and FCC crystal structures, the respective values of

nare 1. 2, and 4. whereas the expressions for a (since Vo= a3} are 2R. 2R2 . and %
W

For alloy A, let us calculate p assuming a BCC erystal structure.

o= ndy
FoN o

_ ndy

“4}:13 i
—_ ‘N_.Fl
\’\"3 A

(2 atoms/unit cell}(43.1 g/mol)

|—(4)(1 22 x10°8 cm)-|3 23
[d"—3J /(unit cell)  (6.023 = 10 atom's."mol)
R

=640 ga’cm3
Therefore, its crystal structure is BCC.

For alloy B. let us calculate p assuming a simple cubic crystal structure.

o= nAB
3ar
(2a)"N 4

(1 atom/umit cell)(184 4 g/mol)

{ [(2}(1 46 x 108 cm)]a.-“(unit cell)%(6.023 x 1023 atoms/mol)

=123 g."cm3
Therefore, its crystal structure is simple cubic.

For alloy C. let us calculate p assuming a BCC crystal structure.



3.19 This problem asks that we calculate the unit cell volume for Co which has an HCP erystal structure.
In order to do this, 1t 1s necessary to use a result of Problem 3.6, that 1s

Ve = 6R%cy3
The problem states that ¢ = 1.623a. and @ = 2R. Therefore
Vo = (1.623)(1243) &3

= (1.623)(1243)(1.253 x 108 ecm)3 = 6.64 x 1023 cm® = 6.64 x 10~ nm?

320 (a) The unit cell shown m the problem statement belongs to the tetragonal crystal system since a =5
=0350m. ¢ =045 nm, and o =p =7=90°
(b) The crystal structure would be called body-centered tetragonal.

(c) Aswith BCC, n =2 atoms/unit cell. Also, for this unit cell

Ve = (3.5 x 107 em)?(4.5 x 1078 em)

= 551 % 1072 cm3/unit cell

Thus, using Equation 3.5, the density is equal to

nd
VC N A

_ (2 atoms/umit cell) (141 g/mol)
(551 x 1023 em’funit cell)(6.023 x 1023 atoms/mol )

=8.49 g.f'cm3

3.25 A tetragonal unit in which are shown the 1 l?l and %%—; point coordinates 1s presented below.
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329 We are asked for the indices of the two directions sketched in the fisure. For direction 1, the

projection on the x-axis is @, while projections on the y- and z-axes are -b/2 and -¢, respectively. Thisis a [212]

direction as mdicated 1n the summary below.

x X S
Projections a -bi2 -
Projections in terms of @, b, and ¢ 1 -172 -1
Reduction to integers 2 -1 -2
Enclosure [212]

Direction 2 1s [102] as summarized below.

x x Z
Projections al? 0b c
Projections in terms of a, b, and ¢ 1/2 0 1
Reduction to mntegers 1 ] 2

Enclosure [102]



3.32 Direction A is a [331] direction, which determination is summarized as follows. We first of all

position the origin of the coordmnate system at the tail of the direction vector; then in terms of this new coordinate

system
X Y Z
Projections a b —%
Projections in terms of a. b, and ¢ 1 1 —%
Reduction to integers 3 3 -1
Enclosure [331]

Direction B is a [403] direction, which determination is summarized as follows. We first of all position

the origin of the coordmnate system at the tail of the direction vector; then in terms of this new coordinate system

x xr =
. 2a

Projections -—— 0k L
3 2
L . 2 1
Projections in terms of a. b, and ¢ -3 0 -3
Reduction to integers -4 0 -3

Enclosure [403]

Direction C is a [361] direction, which determination is summarized as follows. We first of all position

the origin of the coordinate system at the tail of the direction vector; then in terms of this new coordinate system

X ¥ Z

Projections -2 b £

2 6

. : 1 1

Projections in terms of @, b, and ¢ -5 1 5

Reduction to integers -3 6 1
Enclosure [361]

Direction D is a [111] direction, which determination is summarized as follows. We first of all position

the origin of the coordinate system at the tail of the direction vector; then in terms of this new coordinate system

X il z

. b
Projections _a — _£
2 2 2
. : 1 1 1
Projections in terms of @, b, and ¢ -5 E _E

Reduction to integers

,_.
—
|

—

Enclosure [T171]



3.34 We are asked to convert [110] and [001] directions into the four-index Miller-Bravais scheme for

hexagonal unit cells. For [110]

w=1
V=1,
w=0

From Equations 3.6

u = %(hﬁ—vé = %[(2)(1) - 1] = %
v = %(zvd ud) = %[(2)(1) 1] = %
™
o {2

w=w'=0
It 1s necessary to multiply these numbers by 3 in order to reduce them to the lowest set of mtegers. Thus, the
direction is represented as [rviw] = [1120].

For [001].u"=0,v'= 0, and w'=-1; therefore,

u = %{(2)(0} —0 =0
1
v = 310 -0 = 0

t=-(0+0)=0
"t':_

Thus, the direction is represented as [wvtw] = [0001].



3.37 (a) We are asked to draw a (021) plane within an orthorhombic unit cell. First remove the three
indices from the parentheses. and take their reciprocals--ie.. oo, 1/2_ and -1. This means that the plane parallels the
x-axis, intersects the y-axis at &/2, and intersects the z-axis at -c. The plane that satisfies these requirements has
been drawn within the orthorhombic unit cell below. (For orthothombic, a# b # ¢, and =B =vy=90°)

(b) A (200) plane 15 drawn within the monoclinic cell shown below. We first remove the parentheses and
take the reciprocals of the indices; this gives 1/2, oo, and @o,. Thus, the (200) plane parallels both y- and z-axes, and
intercepts the x-axis at a/2, as indicated in the drawing. (For monoclinic. a #b#c.anda= y=90°#p.)

e




342 For plane A since the plane passes through the origin of the coordinate system as shown, we will
move the origin of the coordinate system one unit cell distance vertically along the z axis: thus. this is a (211)

plane, as summarized below.

¥ z
a
Intercepts 5 b -c
Intercepts 1n terms of a. &, and ¢ % 1 -1
Reciprocals of intercepts 2 1 -1
Reduction 1ot necessary
Enclosure 211)

For plane B. since the plane passes through the origin of the coordinate system as shown. we will move the

origin one unit cell distance vertically along the z axis; thisisa (021) plane, as summarized below.

X r L
b
Intercepts wa 3 —-c
Intercepts in terms of a_ b, and ¢ [ —; -1
Reciprocals of intercepts 0 2 -1
Reduction 10t necessary

Enclosure 021)



3.52 (a) In the figure below 1s shown a [110] direction within a BCC vt cell.

For this [110] direction there is one atom at each of the two unit cell corners, and, thus, there 1s the equivalence of 1
atom that 15 centered on the direction vector. The length of this direction vector 1s denoted by x in this figure, which

is equal to

where v is the unit cell edge length, which, from Equation 3.3 is equal to 4—;2 Furthermore, z is the length of the
'\Jl

unit cell diagonal, which is equal to 4R Thus, using the above equation, the length x may be calculated as follows:

[ am2 (427 [2282 2
x=4/(4R) —‘ r‘ === =4Rr|Z
\ VE 13

Therefore, the expression for the linear density of this direction 15

number of atoms centered on [110] direction vector
length of [110] direction vector

LDyyg =

1 atom -\,'r3
I') = |'I
4R.|2 4R42

VE

A BCC unit cell within which is drawn a [111] direction 1s shown below.



For although the [111] direction vector shown passes through the centers of three atoms, there is an equivalence of
only two atoms associated with this unit cell—one-half of each of the two atoms at the end of the vector, in addition
to the center atom belongs entirely to the unit cell Furthermore. the length of the vector shown 1s equal to 4R. since

all of the atoms whose centers the vector passes through touch one another. Therefore. the linear density 1s equal to

number of atoms centered on [111] direction vector
length of [111] direction vector

LDyyy =

_ 2 atoms i

4R 2R

(b) From the table inside the front cover, the atomic radius for iron is 0.124 nm  Therefore, the linear
density for the [110] direction is

-v'? .\."_3

- =247 om ! =247 x10° w7}
R2 (#0124 nm),2

LDyyo(Fe) =

While for the [111] direction

1 _ _
LD y(Fe) = == = —————— =403 nm™ ' = 4.03 x 10° m™!






