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	1. Dr. Jayanta Kr.  Mahato
Associate Professor
Mechanical Engineering Dept.
Shobhit Deemed to-be University
 


	2. Outline of the  Lecture
 Introduction
 Need of directions and planes
 Point coordinates with examples
 General rules and convention
 Miller indices for directions
 Miller indices for planes
 Important features of miller indices
Dr. Jayanta Kr. Mahato, Assoc. Prof., Mechanical Engineering
 


	3. Introduction
 The crystal  lattice may be described as made up of an
infinite set of parallel equidistant planes passing through
the lattice points which are known as lattice planes.
 In simple terms, the planes passing through lattice points
are called ‘lattice planes’. For a given lattice, the lattice
planes can be chosen in a different number of ways.
Dr. Jayanta Kr. Mahato, Assoc. Prof., Mechanical Engineering
 


	4. Introduction
 The orientation  of planes or faces in a crystal can be
described in terms of their intercepts on the three axes.
 Miller introduced a system to designate a plane in a
crystal.
 He introduced a set of three numbers to specify a plane in
a crystal.
 This set of three numbers is known as ‘Miller Indices’ of
the concerned plane.
1 2 3
Dr. Jayanta Kr. Mahato, Assoc. Prof., Mechanical Engineering
 


	5. Need of directions  and planes
 Deformation under loading
(slip) occurs on certain
crystalline planes and in certain
crystallographic directions.
 Before we can predict how
materials fail, we need to know
what modes of failure are more
likely to occur.
 Other properties of materials
(electrical conductivity, thermal
conductivity, elastic modulus)
can vary in a crystal with
orientation.
Dr. Jayanta Kr. Mahato, Assoc. Prof., Mechanical Engineering
 


	6. Point coordinates
 It  is necessary to specify a lattice position within a unit cell.
 This is possible using three point coordinate indices: q, r,
and s. These indices are fractional multiples of a, b, and c
unit cell edge lengths.
 qa = lattice position referenced to the x axis
 rb = lattice position referenced to the y axis
 sc = lattice position referenced to the z axis
Dr. Jayanta Kr. Mahato, Assoc. Prof., Mechanical Engineering
 


	7. Point coordinates: Example
  Locate the point having coordinates ¼, 1, ½,
a = 0.48 mm
b = o.46
c = 0.40 mm
qa = ¼*0.48 = 0.12 mm
rb = 1*o.46 = 0.46 mm
sc = ½*0.40 = 0.20 mm
Dr. Jayanta Kr. Mahato, Assoc. Prof., Mechanical Engineering
 


	8. General rules for  lattice Directions, planes and miller Indices
 Miller indices used to express lattice planes and
directions.
 x, y, z are the axes (on arbitrarily positioned
origin).
 a, b, c are lattice parameters (length of unit cell
along a side) h, k, l are the Miller indices for planes
and directions expressed as:
 Planes: (hkl)
 Directions: [hkl].
 Convention for Naming
 There are NO COMMAS between numbers
 Negative values are expressed with a bar over
the number
Dr. Jayanta Kr. Mahato, Assoc. Prof., Mechanical Engineering
 


	9. Processes of determination  of three directional indices
 A vector is positioned such that it pass through the origin of
coordinate system.
 The length of vector projection on each of the three axis is
determined; these are measured in term of unit cell dimensions
a, b, and c.
 These three vectors are multiplied or divided by common
factor to reduce them to smallest integer values.
 The three indices not separated by commas. They are
enclosed by square brackets: [uvw].
u = 1*a
v = 1*b
w = 0*c
a
b
c
Direction [uvw]
[110]
u = 0*a
v = 0*b
w = 1*c
Direction [uvw]
[001]
Dr. Jayanta Kr. Mahato, Assoc. Prof., Mechanical Engineering
 


	10. Crystallographic direction: Some  Cases
u = 1*a
v = -1*b
w = 0*c
Direction [uvw]
[110]
X
Y
Z
Dr. Jayanta Kr. Mahato, Assoc. Prof., Mechanical Engineering
 


	11. Processes of determination  Miller Indices for Planes
 A Identify the points at which the plane intercepts the x, y and
z coordinates in terms of the number of the lattice parameters.
 If the plane passes through the origin, the origin of the
coordinate system must be moved.
 Take reciprocals of these intercepts.
 Clear fractions but do not reduce to lowest integers.
 Enclose the resulting numbers in brackets “(hkl)”.
 Negative numbers should be written with the bar over the
number.
Steps a b c
1 Intercepts 1 1 
2 Reciprocals 1/1 1/1 1/
3 Reduction 1 1 0
4 Miller Indices (110)
Dr. Jayanta Kr. Mahato, Assoc. Prof., Mechanical Engineering
 


	12. Miller Indices for  Planes: Some examples
Steps a b c
1 Intercepts 1/2 1 3/4
2 Reciprocals
1/1/2 1/1 1/3/4
2 1 4/3
3 Reduction 6 3 4
4 Miller Indices (634)
Steps a b c
1 Intercepts 1/2  
2 Reciprocals
1/1/2 1/ 1/
2 0 0
3 Reduction 2 0 0
4 Miller Indices (200)
Dr. Jayanta Kr. Mahato, Assoc. Prof., Mechanical Engineering
 


	13. Miller Indices for  Planes: Some examples
Dr. Jayanta Kr. Mahato, Assoc. Prof., Mechanical Engineering
 


	14. Miller Indices for  HCP Structure
a1 a2 a3 c
Intercepts 1  -1 1
Reciprocal
s
1/1 1/ 1/(-1) 1/1
1 0 -1 1
Reduction 1 0 -1 1
Miller
Indices
(634)
Dr. Jayanta Kr. Mahato, Assoc. Prof., Mechanical Engineering
 


	15. Some Important Planes
Dr.  Jayanta Kr. Mahato, Assoc. Prof., Mechanical Engineering
 


	16. Family of 110  Planes
Dr. Jayanta Kr. Mahato, Assoc. Prof., Mechanical Engineering
 


	17. Important aspects of  miller indices
 For Direction
 Because the directions are vectors, a direction
and its negative are not identical; [100] is not equal
to [-100]. They represent the same line, but
opposite directions.
 A direction and its multiple are identical; [100] is
the same direction as [200].
 For Planes
 Planes and their negatives are identical.
Therefore (020)=(0-20)
 Planes and their multiples are not identical.
 In cube systems, a direction that has same
indices as a plane, is perpendicular to that plane.
Dr. Jayanta Kr. Mahato, Assoc. Prof., Mechanical Engineering
 


	18. Home Assignment: Important
1.  Determine the Miller indices for the planes shown in
the following unit cell 1 and 2.
unit cell 1 unit cell 2
2. Sketch the following planes within a cubic unit cell.
Dr. Jayanta Kr. Mahato, Assoc. Prof., Mechanical Engineering
 


	19. Home Assignment: Important
3.  Determine the Miller indices for the planes shown in
the hexagonal unit cells below:
Dr. Jayanta Kr. Mahato, Assoc. Prof., Mechanical Engineering
 


	20. Referred Study Material  (NPTEL Video)
Miller Indices for Directions: https://www.youtube.com/watch?v=mc-VocwArHY
Miller Indices for Planes: https://www.youtube.com/watch?v=1vsNxkdlcXw
Referred Study Material (NPTEL Video) on the
topic of ‘Miller Indices for Directions’ and ‘Miller
Indices for Planes’ by famous Professor Dr. Rajesh
Prashad, IIT Delhi.
Dr. Jayanta Kr. Mahato, Assoc. Prof., Mechanical Engineering
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