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Stress field around a (screw) dislocation

1) Equilibrium (Naiver-Stokes) equation

2) Conservation of 

3) The exterior surfaces are free of any force or torque

Screw dislocation
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Stress field around a (screw) dislocation

In cartesian coordinates
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Screw dislocation (finite length)

The previous solution is valid for an infinite medium:
non-zero stress at the surface

We suppose the presence of a counter-torque

solution

𝑀𝑧
′ = −𝑀𝑧 → 𝐴 =

𝑏

𝜋

𝑅2 − 𝑟0
2

𝑅4 − 𝑟0
4
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Screw dislocation and Eshelby twist

This stress results in a torque that twists 
the crystal about the screw dislocation. 

This twist of the crystal results in a distortion 
on the crystal surface, and you can detect 
subsurface dislocations in thin films using 
electron channeling contrast imaging (ECCI) 
in the scanning electron microscope. 

PbSe chiral branched NW
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Edge dislocation (finite length)
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Edge dislocation stress tensor

The application of the Hooke law allows to calculate the stress tensor

Cylindrical Coordinates
Cartesian Coordinates

7



thomas.lagrange@epfl.ch • www.epfl.ch• lumes.epfl.ch• moodle.epfl.ch• PHYS-307 

Elastic energy

Screw dislocation (infinite)Edge dislocation Mixed dislocation 

𝐸𝑡𝑜𝑡𝑎𝑙 = 𝐸𝑐𝑜𝑟𝑒 + 𝐸𝑒𝑙𝑎𝑠𝑡𝑖𝑐 𝑠𝑡𝑟𝑎𝑖𝑛

8



thomas.lagrange@epfl.ch • www.epfl.ch• lumes.epfl.ch• moodle.epfl.ch• PHYS-307 

Core of a dislocation

Filled core

Screw dislocation

lower limit

upper limit: melting heat

mean

if

𝑊0 ≈
𝜇𝑏2

5𝜋

𝑊𝑡 = 𝑊 +𝑊0 =
𝜇𝑏2

4𝜋
𝑙𝑛

𝑅

𝑟𝑐
+
4𝜋

5𝜋
=
𝜇𝑏2

4𝜋
𝑙𝑛
𝑅

𝑏
+ 𝑙𝑛

𝑏

𝑟𝑐
+
4𝜋

5𝜋
≃
𝜇𝑏2

4𝜋
𝑙𝑛
𝑅

𝑏
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Hollow core

Characteristics of large 
Burgers vectors

Example: Nanotubes
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The interaction energy between dislocations
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Force on a dislocation

Peach and Koehler force
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Force on a dislocation

Decomposition of the force acting on the dislocation

a) perpendicular to the slip plane (climb)

b) parallel to the dislocation line

c) in the slip plane
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Interaction between dislocations

Two parallel screw dislocations

Two parallel edge dislocations
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Surface forces

Self-energy

If d decreases, so does the energy:
The surface attracts the dislocation

Image force for screw dislocation

Two environments of different modulus:
the environment with the weaker modulus 

attracts the dislocation

Vacuum

or
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Line tension

≈ 𝜇𝑏2

mixed dislocation which
forms an angle, ψ,with line ξ
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Application of the line tension: Frank Read source

MPa for copper
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Dislocations in face-centered cubic metals

FCC HCP
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Dislocations in face-centered cubic metals

FCC

Shockley partial

[ത110]

Stacking Fault 1st layer

2nd layer

3rd layer

𝑏1 =
𝑎

6
[1ത21]

[11ത2]

𝑏2 =
𝑎

6
[2ത1ത1] 𝑏3 =

𝑎

2
[1ത10]
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Thompson tetrahedron
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Energy calculation

Frank’s Rule

≈ 𝜇𝑏2

𝑏1
2+ 𝑏2

2> 𝑏3
2

Dislocation dissociates
into partials

Dislocation does not 
dissociate into partials
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Energy of stacking fault

we show (exercise) that

applications

Copper: 𝝁 = 4.85 x104 J cm-3 𝜸= 4 J cm-2

a = 3.62x10-8 cm 𝝂 = 0.33 d = 3.7 nm

Aluminum: 𝝁 = 2.8x104 J cm-3 𝜸= 20 J cm-2

a = 4.05x10-8 cm 𝝂 = 0.33 d = 0.54 nm

𝛾 is the stacking fault energy
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Sessile dislocations

Frank partial dislocation
Positive Frank dislocation
(extrinsic stacking fault)

Negative Frank dislocation
(intrinsic stacking fault)

Lomer dislocation
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Sessile dislocations

Lomer Cottrell dislocation

Stacking fault

6
𝑎2

6
+
𝑎2

6
>
𝑎2

18
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1

6
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1

6
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1
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6
+
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+
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2
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Prismatic loops

Au

Al
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Prismatic loops

Al: high fault energy Au: low fault energy

1

3
ത11ത1 =

1

6
ത12ത1 +

1

6
ത10ത1

𝑎2

3
>
𝑎2

6
+
𝑎2

18
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Dislocation nodes in FCC metals

Extended
Contracted
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Cross slip in FCC metals

Cu-10%Fe
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Stair-Rod Dislocations
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