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3.012 Fundamentals of Materials Science and Engineering — Fall 2003

Example Problems From Recitation (Week of 10/6/03)

Problem 1: Statement

A tetragonatrystalhasthreeorthogonabxeswith latticeconstants , as, andc equalto 3, 3, and7 A respectively.

(a) Make a sketchof oneor moreunit cells of this crystalandoutline planeswith Miller indicesof (110), (321),
and (011).

(b) Find the angles between each of these pairs of directions in this tetragonal crystal:
1. [110] and [110]
2. [110] and [101]
3. [100] and [111]

Problem 1: Solution
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Figure 1:Planes for part (a)
Part (b)

To find theangleshetweerthedirectionwe canusethe dot productsincethe axesareorthogonal However,since
it is atetragonakrystal,all the axesarenot the samelength. We mustscalethemwith the correctvaluesfor the
lattice constants.



A =[110] = a& + agy + 02
B = [110] = ad — ajj + 0%
A-B=da*>—d®>-0
We can find the angle since vaéso know that:
A- B =|A||B|cosf

0=|A||B|cosf — cosf =0
6 =90°

A=[110] = ai + ay + 02
B =[101] = az — 09 — 2
A-B=d>
a® = |A||B| cos 6 = (V2a2)(v/ a2 + ¢2) cos 0

-1 —a2 = cos™ ! —32
f=cos Laﬂ)wa? T cJ [<3ﬂ)w3z+ 72]
6 = cos™1(0.27853)

0 = 73.83°

A =[100] = az + 0 + 02
B =[111 = aZ + ay + ¢2
A-B=ad?

a® = |A||B| cos§ = (a\/2a2 + c2) cos f

2 2
0 = cos™! {a } = cos™! {3 ]
(av2a? + c?) (3v2 %32+ 7?)
0 = cos™*(0.36650)
6 = 68.50°



Problem 2: Statement

The first three diffraction peaksof a metal powderare 26 = 44.4°,64.6°,81.7° using CuK,-radiation(\ =
1.542A). Is the metal Cr, Ni, Ag, or W?

Problem 2: Solution

First we need to look up the crystal structures and lattice constants for these four metals.

Cr [ BCC | 2.8854
Ni | FCC | 3.5244
Ag | FCC | 4.806A4
W | BCC | 3.1654

We know the relationship between ), d, andt8 just Bragg’s Law:

A= 2dhkl sin 6

And we also know that for a cubic crystal the interplanar spacing is related to h, kbgnd |

a
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Putting that together we get:
A=2 (“) sin 0
Vh? 4+ k2 412

AMy/h? 4 k2 +12)

2sinf

a =

Now we have to figure out what are the first three reflections in BCC and FCC

Reflection BCC FCC
(h+k+l=even)| (h,k,l all even or all odd)

1 110 111

2 200 200

3 211 220

Now for eachcrystalsystem|etsplug in our valuesof  for eachreflectionandfind outwhatthelattice parameter
should be Starting with FCC, the first reflection would be 111, so:

1.542(y /12 + 12 + 12 o
a= ( ks ):3.534A

2sin(22.2)°

Thisis prettycloseto thelatticeconstanfor Ni, butwe haveto try thenextreflectionto makesurethesereflections
would be consistent with an FCC cryst@he next reflection would be 200:

1.542(1/22 + 0% 4 02 °
a= ( R ):2.8856A

2sin(32.3)°




Uh oh! Thesetwo valuesdo not match,meaningthatthesereflectioncannotbe from an FCC crystal. Let's try
BCC. The first reflection thenerould be 110:

1.542(4 /12 + 12 4+ 02 0
a= 542( R ):2.8858A

2sin(22.2)°

Thisis pretty closeto thelattice constanof Cr. Let’s continueanddo the othertwo reflectiongustto makesure.
Second we would have 200:

1.542(4/22 4+ 02 + 02 °
a= 542( 0 +O):2.8856A

2sin(32.3)°

This is still consistent witlthe first reflectionFinally we would have 211:

1.542(1/22 + 12 4+ 12 °
a= ( Rk ):2.8873A

2sin(40.85)°

Thats pretty closet would besafe to say that this metal is BCC and is most likély



