
Announcements – Problem Sets
• Set 1 (Assigned 08Jan in lecture): 2.5, 2.6, 2.7, 2.9, 

2.11, 2.13, 2.15, 2.18, 2.20, 2.21, 2.22, 3.1, 3.2, 3.5, 
3.6, 3.7, 3.10 *SOLUTIONS ON WEBCT NOW*

• Set 2 (Assigned 12Jan via WebCT): 3.17, 3.20, 
3.21, 3.37, 3.39, 3.40, 3.41, 3.42, 3.56, 3.57, 3.59 

• Problems from Ch. 3 (Sets 1&2) will be addressed 
in tutorials starting Wednesday.  

• Tutorial quizzes begin this Wednesday. 



Last time…
• Close packing (FCC and HCP) for pure 

metals, also a common non-close packed 
structure (BCC)

• More on why it is important
• Points, directions, planes 
• Diffraction

This time…



Callister

p. 47



Callister
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Characterization of Crystal Structure

• Primary tools
– X-ray diffraction
– Electron diffraction (in transmission electron 

microscope)
• Auxiliary tools (to confirm elements present)

– Scanning electron microscopy +  a spectroscopy 
technique

– Raman spectroscopy
– Many others 



Linked to on WebCT:

M.S. Gudiksen, et al. Nature 415, 
617 (2002).

‘Cutting edge’ electrical 
engineering example



M.S. Gudiksen, et 
al. Nature 415, 617 
(2002).



Bragg’s Law – X-ray diffraction

nλ = 2dhkl sinθ



Example – Pure Pb

Callister has example of how this type of experiment is conducted.



Crystallographic Databases



Crystallographic Databases



Summary (of pep talk)

• All of the crystal systems and their symmetry are ‘known’:
– http://cst-www.nrl.navy.mil/lattice/

• If a new material comes up, a crystallographer can match the 
diffraction data to known systems and determine which is most likely 
and the atomic positions.

• If it is a known material, you can use XRD, ED to identify materials 
present and analyze its structure
– Grain size, defects, stress

• For an electrical engineer, you would need to know how this all 
works.
– You might be asked to characterize a material as part of your job
– Or, you might need to communicate with another engineer that is characterizing 

your device for you.



CRYSTALLOGRAPHIC PLANES 
AND DIRECTIONS

Plane: plane section through a crystal or unit cell; 

Direction: vector drawn through a crystal or unit cell

-different planes and directions
have different atomic 
arrangements. 

-therefore when crystals are 
subjected to external stimuli 

(e.g. applied load, corrosive 
environment, magnetic props)

different planes and directions
respond in different ways.  

i.e. Property depends on crystal orientationi.e. Property depends on crystal orientation



MILLER INDICES
Notation used to describe specific 

locations (points), and planesdirections,

in a crystal lattice

‘representation’

CUBIC: CUBIC: simplestsimplest concept same for all unit cell typesconcept same for all unit cell types

(unit cell)*(unit cell)*



POINTS

Define coordinate system

right hand cartesian

Orient coordinate system
align axes:

parallel to unit cell edges
label axes (x,y,z)

x

y

z

define origin

0,0,0

“arbitrary”

Positions quantified as fractions of lattice parameters

a
b

c

0,0,c/2
i.e. 0,0,1/2

(x,y,z)

Always*:Always*:
Define origin Define origin 
Label axesLabel axes



x

y

z

How to locate a miller indices point in the lattice
e.g. 1,1,1

‘travel’ from origin  

in the right sequence

in steps parallel to the axes  



x

y

z

How to define a point in the lattice in terms of miller indices
e.g. 

‘travel’ from point 

to origin 
in the right sequence

in steps parallel to the axes  

1, 1, ½



DIRECTIONS

x

y

z
How to define a given direction
in terms of miller indices e.g.

determine coords of 2 points 
lying on the direction

0,0,1 0,1,1

Subtract coords of ‘1st’ point 
from the ‘2nd’

(As the crow flies)

0,1,0

Write indices in square 
brackets without commas

[010]
Note:

(same direction!)

0,1,0

parallel directions have the same miller indices

MOVE ORIGIN!MOVE ORIGIN!



0,0,0 0,1,0 0,1,0

x

y

z

e.g.

DIRECTIONS
How to define a given direction
in terms of miller indices

determine coords of 2 points 
lying on the direction
Subtract coords of ‘1st’ point 
from the ‘2nd’

(As the crow flies)

Write indices in square 
brackets without commas

[010]
Note:

(same direction!)
parallel directions have the same miller indices

MOVE ORIGIN!MOVE ORIGIN!



x

y

z

0,0,1 0,½ ,1 0, ½,0Directions are integers

eliminate fractions by

to obtain lowest possible miller indices
(integer)

In this case, multiply by…….

[0 1 0][0 1 0]

multiplying by one factor….

Subtract coords of ‘1st’ point 
from the ‘2nd’
(As the crow flies)

DIRECTIONS



DIRECTIONS

x

y

z
How to locate a direction for a 
given set of miller indices

e.g. [011]

treat direction indices as point coords

i.e. [011] = 0,1,1

draw direction from origin to point

Note

Directions for given miller indices always originate from the origin



NEGATIVE DIRECTIONS

x

y

z
For a given (negative) direction

e.g.

determine coords of 2 points 
lying on the direction

0,0,1

0,1,0Subtract coords of 1st point 
from the 2nd

(as the crow flies)
0,1,-1Write indices in square 

brackets without commas

for given ‘negative’ miller indices

e.g.

[011]

[011]
treat the indices as coords of a point

0,1,-1

OR:OR:

MOVE ORIGINMOVE ORIGIN



x

y

z

0,0,0

0,1,-1

NEGATIVE DIRECTIONS
For a given negative direction

e.g.

Subtract coords of 1st point 
from the 2nd

(as the crow flies)
Write indices in square 
brackets without commas

[011]

for given ‘negative’ miller indices

e.g. [011]

treat the indices as coords of a point

0,1,-1
OR:OR:

MOVE ORIGINMOVE ORIGIN



0,0,0

DIRECTIONS OF INDICES > UNITY

e.g. [120]

x

y

z

½,1,0

?
[10, 21,0]

?



0,0,0

½,1,0

[120] is converted to ½,1,0

To draw direction of miller 
indices > 1

Using only one cell

convert miller indices to 
coords

?

by dividing throughout by 2

i.e. by dividing by the highest miller index

(fractional (fractional coordscoords))



0,0,0

DIRECTIONS OF INDICES > UNITY

e.g. [230]

converts to 2/3,1,0 2/3,1,0



DIRECTIONS OF INDICES > UNITY

e.g. [231]

converts to 2/3,1,1/3

x

y

z



DIRECTIONS OF INDICES > UNITY

e.g. [231]

converts to 2/3,1,1/3

x

y

z



x

y

z
How to define a given direction
in terms of miller indices e.g.

determine coords of 2 points 
lying on the direction
Subtract coords of 1st point 
from the 2nd

Write indices in square brackets without commas

DIRECTIONS OF INDICES > UNITY

¼, ¼, 1

1, 3/4, 1/3

¾,½,-2/3

eliminate fractions by 
multiplying by one factor….

to obtain lowest possible miller indices use (4*3)
9,6,-8

[9 6 8]





PLANES
How to define a given plane in 
terms of miller indices, e.g.

x

y

z

determine the points at which the 
plane intersects the 3 axes

¾
1

½

take reciprocal of points
4/3, 1, 2

clear fractions by 
multiplying throughout by 3

4 3 6
(clear commas)

DON’T reduce to lowest integers

add parentheses (4 3 6)



PLANES
If plane is parallel to an axis

x

y

z

intercept is ∞ reciprocal is 0

(020)

NOTE

miller indices of PLANES are integers with ratios

the same as the ratios of the reciprocals of the intercepts

any fractions are cleared by multiplying throughout by one factor

Which axes Which axes 
is plane //el is plane //el 

to?to?

e.g. 4/3, 1, 2 (4 3 6)



PLANES
If plane passes through the origin

x

y

z

move origin

arbitrarily

coords now become

-1

1

∞

miller indices are then

( 110 )



PLANES
If plane doesn’t hit any axes

x

y

z

move origin so that it does

coords now become

-1
-1

-1

miller indices are then

( 1 1 1 )

For a given miller indices

take reciprocal plot coords e.g. (4 3 6) ?

Plot coPlot co--ordsords: : ¼¼, 1/3, 1/6, 1/3, 1/6

BUTBUT…………



……RECALL
How to define a given plane in terms of 
miller indices, e.g.   

x

y

z

determine the points at which the 
plane intersects the 3 axes: ¾, 1, ½

¾
1

½

take reciprocal of points
4/3, 1, 2

clear fractions by 
multiplying throughout by 3 (4 3 6)

i.e. miller indices do not define unique planes?

For a given miller indices e.g. (4 3 6) ?
Plot coPlot co--ordsords: : ¼¼, 1/3, 1/6, 1/3, 1/6

take reciprocal



FAMILIES of planes have the same atomic configuration

e.g. {100} family consists of all combinations of these indices

including negatives

FAMILIES of directions etc.

e.g. <100> family etc.

for a cubic cell



0,0,0

In a cubic unit cell

Direction is perpendicular to plane

e.g. [230]

converts to 2/3,1,0

direction
2/3,1,0

converts to 1/2,1/3,0

plane

ALSO Relationship between planes and directions Relationship between planes and directions 



SUMMARY OF MILLER INDICES

Points

Right hand cartesian coords

(‘travel’)

Directions Define 2 co-ords; Subtract first one from second one

Clear fractions; [u v w]

Planes Define intercepts on the three axes

Take reciprocals Clear fractions;

(h k l)



SUMMARY OF MILLER INDICES

Points

Right hand cartesian coords

Directions Divide throughout by highest index

Plot corresponding point connect origin to point

Planes

Plot intercepts on the three axes

Take reciprocals

From given indices:

(‘travel’)



-Crystallographic differences between 
planes and directions 

quantified by linear and planar atomic 
density, (LAD and PAD)

-analogous to APF (atomic  packing factor, 
which was ‘volume atomic density’)

length line total
atomsby  dintersecte line oflength density atomicLinear =

area plane total
atomsby  dintersecte plane of Areadensity atomicPlanar =



Anisotropy



SINGLE CRYSTALS AND POLYCRYSTALS
-A group of one or more unit cells = a single crystal 

(a grain)

-A group of more than one grain = a polycrystal

(but not termed a polygrain!)

-Under normal (i.e. industrial) circumstances, 

all crystalline solids are polycrystals

Liquids can be made to solidify as a single crystal

(Single crystals are very important in the electronics  and 
aerospace industries.)


