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Laue EquationsLaue Equations

a(sina(sinγγ1 1 - sin- sinδδ11) = h) = hλλ
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Incident waveIncident wave

Scattered waveScattered wave

Constructive interference when:Constructive interference when:
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Resolve onto Resolve onto latticelattice
unit vectorsunit vectors with h,k,l = integers

kkii,k,kdd are unit vectors are unit vectors
with modulus 1/with modulus 1/λλ
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with h,k,l = integers

A general solution to these simultaneous equations is:A general solution to these simultaneous equations is:

Diffraction occurs when:Diffraction occurs when:
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Where a*,b* and c* define a new set of lattice vectors,Where a*,b* and c* define a new set of lattice vectors,
which are related to a, b and c according to:which are related to a, b and c according to:
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Reciprocal latticeReciprocal lattice

This new lattice is referred to as the reciprocal lattice.This new lattice is referred to as the reciprocal lattice.

In real space:In real space:

In reciprocal space:In reciprocal space:
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Several properties of the reciprocal lattice include:Several properties of the reciprocal lattice include:
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(recall not all real lattices have orthogonal lattice vectors)(recall not all real lattices have orthogonal lattice vectors)



Reciprocal latticeReciprocal lattice

Consider a reciprocal lattice vector g such that:Consider a reciprocal lattice vector g such that:

where where h,kh,k and l are both integers, and are the Miller and l are both integers, and are the Miller
Indices of a plane in real space (h k l)Indices of a plane in real space (h k l)
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This vector g has two important properties (which weThis vector g has two important properties (which we
will prove):will prove):
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3.) Can  repeat to show:3.) Can  repeat to show:
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Reciprocal latticeReciprocal lattice
proofsproofs

Prove:Prove:
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Shortest distance must beShortest distance must be
projection of real latticeprojection of real lattice
vector on to a unit vector invector on to a unit vector in
direction g (define as n)direction g (define as n)
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Reciprocal latticeReciprocal lattice

Reciprocal lattice Reciprocal lattice pointspoints
each correspond to aeach correspond to a
planeplane in real space in real space

Reciprocal lattice pointsReciprocal lattice points
are defined by reciprocalare defined by reciprocal
lattice vectors where:lattice vectors where:
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Real  => ReciprocalReal  => Reciprocal
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The relationship between real and reciprocal determinedThe relationship between real and reciprocal determined
by:by:
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DiffractionDiffraction
real space vs. reciprocal spacereal space vs. reciprocal space
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BraggBragg’’s Laws Law

Scattered plane waveScattered plane waveIncident plane waveIncident plane wave

ParallelParallel
““reflectingreflecting””
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Laue Equations & BraggLaue Equations & Bragg’’s Laws Law

Laue Equations have Laue Equations have solsolnn::

θθBB
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We have shown that:We have shown that:

We recover BraggWe recover Bragg’’s Law:s Law:
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BraggBragg’’s Laws Law
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Laue Equations & BraggLaue Equations & Bragg’’s Laws Law

Laue Equations have Laue Equations have solsolnn::

θθBB
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Diffraction occurs when the Diffraction occurs when the EwaldEwald sphere intersects a sphere intersects a
reciprocal lattice vectorreciprocal lattice vector

For 200 kV electrons, 1/For 200 kV electrons, 1/λλ = 1/0.00273 nm = 366 nm = 1/0.00273 nm = 366 nm-1-1

Length of  g = 3 nmLength of  g = 3 nm-1-1

DiffractionDiffraction
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Reciprocal latticeReciprocal lattice

Reciprocal lattice Reciprocal lattice pointspoints
each correspond to aeach correspond to a
planeplane in real space in real space

Reciprocal lattice pointsReciprocal lattice points
are defined by reciprocalare defined by reciprocal
lattice vectors where:lattice vectors where:
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Diffraction occurs when the Diffraction occurs when the EwaldEwald sphere intersects a sphere intersects a
reciprocal lattice vectorreciprocal lattice vector

For 200 kV electrons, 1/For 200 kV electrons, 1/λλ = 1/0.00273 nm = 366 nm = 1/0.00273 nm = 366 nm-1-1

Length of  g = 3 nmLength of  g = 3 nm-1-1
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Diffraction occurs when the Diffraction occurs when the EwaldEwald sphere intersects a sphere intersects a
reciprocal lattice vectorreciprocal lattice vector

For 200 kV electrons, 1/For 200 kV electrons, 1/λλ = 1/0.00273 nm = 366 nm = 1/0.00273 nm = 366 nm-1-1

Length of  g = 3 nmLength of  g = 3 nm-1-1
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Resulting diffraction patternResulting diffraction pattern

First Order Laue ZoneFirst Order Laue Zone

Zero Order Laue ZoneZero Order Laue Zone



Diffraction occurs when the Diffraction occurs when the EwaldEwald sphere intersects a sphere intersects a
reciprocal lattice vectorreciprocal lattice vector

For 200 kV electrons, 1/For 200 kV electrons, 1/λλ = 1/0.00273 nm = 366 nm = 1/0.00273 nm = 366 nm-1-1

Length of  g = 3 nmLength of  g = 3 nm-1-1
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Higher order Laue ZonesHigher order Laue Zones
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Reciprocal lattice is not planar -- it is a true 3-D latticeReciprocal lattice is not planar -- it is a true 3-D lattice

Zero order Laue Zone (ZOLZ), First Order Laue ZoneZero order Laue Zone (ZOLZ), First Order Laue Zone
(FOLZ), Higher order Laue Zone (HOLZ)(FOLZ), Higher order Laue Zone (HOLZ)



Resulting diffraction patternResulting diffraction pattern
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Reciprocal Lattice RodsReciprocal Lattice Rods

Each point in reciprocal space contains not aEach point in reciprocal space contains not a
point, but rather a rod - point, but rather a rod - ““relrel-rod-rod””

–– Result of the finite size of our diffracting crystalsResult of the finite size of our diffracting crystals

–– WeWe’’ll derive this in a couple of lectures: for now, justll derive this in a couple of lectures: for now, just
believe me!believe me!



EwaldEwald Sphere and  Sphere and RelRel-rods-rods

Presence of Presence of relrel-rods -rods ““relaxesrelaxes”” diffraction requirements diffraction requirements

New vector - s - called New vector - s - called ““deviation parameterdeviation parameter””

00 GG 2G2G 3G3G-G-G 4G4G 5G5G-2G-2G

3g3g

sszz



Resulting diffraction patternResulting diffraction pattern

First Order Laue ZoneFirst Order Laue Zone

Zero Order Laue ZoneZero Order Laue Zone


