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Summary

• Dislocations first proposed theoretically by 
Taylor, Orowan, Polanyi in the 1930s 

• Questions I will try to answer:
– What are dislocations?
– Why are they important?
– How are they observed and modelled?

• Some key properties of dislocations
– Static
– Dynamic

• A little on some very recent results



What are dislocations?

• Line-like defects in 
crystalline solids

• Edge dislocations are the 
end of an extra half-plane 
of atoms (top)

• Screw dislocations are 
the boundaries between 
shifted and unshifted 
parts of the crystal (no 
extra matter) (bottom)
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What are dislocations?

• “Strength” encoded by 
Burgers’ vector b

• Size of lattice disregistry 
due to the dislocation’s 
presence c.f. perfect lattice
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 What are dislocations?

• Dislocations cannot terminate inside the lattice
• Burgers’ vector is conserved (as far as elasticity 

is concerned)
• Burgers vectors are the fundamental charges of 

the theory
• Dislocations appear as closed loops, or 

terminate at surfaces (exterior or interior, e.g. 
voids)

• Junctions can form, b is conserved:
• b1+b2+b3 =0
• c.f. Kirchoff’s laws



Why are they important?

• Dislocations allow plastic deformation
• They transport mass through the crystal
• Their behaviour controls macroscale mechanical 

properties: yield strength, ductility, creep strength, work 
hardening, fracture…

• Present in any crystal, particularly important in metals
• Plastic strain ~ |b|/L per traversing dislocation
• Yield stress ~ (|b|/L)*(shear modulus)
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How are they observed?

• Dislocations produce strain fields which are visible in 
transmission electron microscopes. 
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Dislocation tangles in strained 
stainless steel.

(Whelan, 1958) 

Dislocation 
network in 
graphite

(Amelinckx 1960) 

Dislocation loops 
in irradiated iron

(SPF & Yao 2009) 



How are they modelled?

• Can use DFT for one or two dislocations, core 
structure

• MD for five or six (see next talk!), individual 
dislocation behaviour, nanoscale

• Crystal plasticity involves hundreds of thousands
• Complex interactions, collective phenomena
• “More is different”
• Need higher scale approach 
• Discrete dislocation dynamics



How are they modelled?

• Dislocations have long-range strain fields, and 
hence involve many atoms

• However, above the scale of individual atoms, 
they can be treated as one-dimensional strings 
with certain properties

• Away from the highly nonlinear core, the 
displacement and strain is well-approximated by 
linear elasticity theory

• Elastic approximation holds down to ~few atoms 
away from the core



Stress field of an edge dislocation

• Shear component
• All components 

decay as 1/r : long 
range forces
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• Hydrostatic 
(pressure) 
component



Anisotropic crystals are different...

Pressure fields 
around a b=[100] 
edge dislocation
Left: isotropic
Right: anisotropic
(corresponds to 
Fe at 900C)



How are they modelled?

• When subjected to an applied stress σ, 
dislocations experience the Peach-Koehler force 
per unit length Fi = εijk σjl bl tk

• where b is the Burgers’ vector and t is the line 
direction

• Force is always perpendicular to the line
• Independent of origin of σ -- external load, stress 

field of other dislocations, image force due to 
free surface, self force…



Glide and climb

• Glide plane defined by 
N=t×b

• Glide is relatively easy 
mechanical motion

• Climb is motion out of the 
glide plane

• Requires diffusion of point 
defects (interstitial atoms 
and vacancies)

• Strongly depends on 
temperature and 
concentration of  point 
defects

b N
t

dislocation line

Glide usually 
dominates, though 
under fusion 
conditions climb may 
become much more 
important...



How do dislocations glide?

• Dislocation mobility is a 
complicated and 
unresolved issue

• Crystal provides a 
periodic potential through 
which the dislocation line 
can be driven (Peierls 
potential)

• Nucleation and 
propagation of kink pairs

• Strong temperature 
dependence; thermal 
activation

• Biased by local PK force



How do dislocations move?

• In-situ electron 
microscope videos 
show this jerky motion

• Poorly understood in 
general

• Brownian diffusion?
• Anomalous diffusion? 

( <x2>~tα, α≠1 )
• Generally assume 

overdamped, velocity 
∝ applied force

Arakawa et al 2006



Multiplication and sources

• Segments of dislocation 
can become pinned, and 
operate as sources 
under an applied stress

• Right: Frank-Read 
source

• Below: a real FR source 
emitting loops in silicon



Reactions and junctions

• Dislocations can 
intersect and react

• Burgers’ vector is 
conserved at 
junctions, c.f. 
Kirchoff’s laws

• Energy ~|b|2
• If reaction b1+b2 →b3 

reduces energy, 
“lock” forms

• Leads to work 
hardening

Bulatov et al, Nature 2006



Discrete dislocation dynamics simulations

• Dislocation network discretized into N straight segments
• All N2 interaction forces calculated at every step
• Computationally expensive (requires e.g. BlueGene/L at 

LLNL)

Isotropic crystal Anisotropic crystal



Iron and ferritic steels are anisotropic

• Trigonal shear mod. C44 falls 
slowly toward 0 at Tmelt

• Tetragonal shear mod. C’ falls 
sharply toward 0 at Tα-γ~912°C

• Anisotropy ∝ ratio C44/C’ ↑

• This reaches ~8! Isotropic 
elasticity does not apply

• Upper plot: experiment (Dever, J. 
Appl. Phys. 1972)

• Lower plot: approximate treatment 
based on a tight-binding model 
(Hasegawa et al, J. Phys. F. 1985)
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Mechanical properties degrade at high 
temperatures

• Catastrophic loss of strength as temperature is 
increased

• Data from Westbrook 1966, Klueh 2000, Mergia 2008, 
Zinkle 2000, Shi 1995
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