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Definitions 2

☞ Brittle

☞ Ductile

☞ Dislocation

☞ Burgers Vector

☞ Glide Plane

☞ Frenkel–Kontorova Model

☞ Hexatic Phases

☞ Orientational Order, Mermin–Wagner Theorem

☞ Kosterlitz–Thouless–Berezinkskii Transition

☞ Cracks

☞ Conformal Mapping

☞ Stress Intensity Factor
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Definitions 3

Given surface energy of � � 1 J/m2, height h at which it pays to split object in two is

h �

4 �
� g

� 1 � 4 cm � (L1)
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Failure in Shear 4
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Failure in Shear 5
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Material Shear modulus G/5 Yield strength

(1011 ergs cm � 3) (1011 ergs cm � 3)

Iron 1.0–1.6 0.02–1

Copper 1.0 0.005

Titanium 1.0 0.08
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Failure in Tension 6
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Material Young’s Theoretical Practical Ratio

Modulus Y

�

5 Strength Strength

(1011ergscm � 3) (1011ergscm � 3) (1011ergscm � 3)

Iron 4.0 4 0.03 0.008

Titanium 2.2 3.1 0.03 0.009

Silicon 3.2 1.5 0.07 0.05

Glass 1.4 4 0.04 0.01
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Complete Cohesive Energy Curve 7
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Dislocations 8
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Burgers Vector 9
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Experimental Observations of Dislocations 10

(A) (B)

(A) (B)

(C)

21st April 2003
c� 2003, Michael Marder



Experimental Observations of Dislocations 11

[Source: Amelinckx (1964)]
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Experimental Observations of Dislocations 12

(A) (B)

(A) Courtesy of J. Humphreys, Manchester University.)

[(B) Cullis et al. (1985)]
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Force to Move a Dislocation 13

fx � � xybx � (L7)

� xy �

Fext

Na2
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b ���
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Peach–Kohler force
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One-Dimensional Dislocations:
Frenkel–Kontorova Model 14
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F � Fcrit

Find force needed to move dislocation in simple one–dimensional model.
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One-Dimensional Dislocations:
Frenkel–Kontorova Model 15

U � x � � 1
2� � x � a int � x �

a � 1
2 � �

2 � f x � (L10)

fn � k � xn � 1 � xn � a � � k � xn � 1 � xn � a � � � U

� x

� (L11)
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k � xn � 1 � xn � a � � k � xn � 1 � xn � a � � f � � � xn � � n � 1 � a � for n � 0

k � xn � 1 � xn � a � � k � xn � 1 � xn � a � � f � � � xn � na � for n � 0 �

(L12)
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One-Dimensional Dislocations:
Frenkel–Kontorova Model 16
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One-Dimensional Dislocations:
Frenkel–Kontorova Model 17
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Impossibility of Crystalline Order in Two
Dimensions 18

Peierls and Landau showed that two–dimensional crystals are destroyed by thermal

fluctuations.
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Impossibility of Crystalline Order in Two
Dimensions 19
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Impossibility of Crystalline Order in Two
Dimensions 20
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Orientational Order 21
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Orientational Order 22
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Orientational Order 23
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Kosterlitz–Thouless–Berezinskii Transition 24

t � 0 � 05 s

t � 0 s

t � 0 � 1 s

HexaticLiquid Crystal
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Kosterlitz–Thouless–Berezinskii Transition 25

[Murray and Grier (1996)]
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Kosterlitz–Thouless–Berezinskii Transition 26
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Kosterlitz–Thouless–Berezinskii Transition 27
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Kosterlitz–Thouless–Berezinskii Transition 28

S � 2kB ln � L �

a � � (L58)
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Kosterlitz–Thouless–Berezinskii Transition 29
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Kosterlitz–Thouless–Berezinskii Transition 30

n � r � dr �

dr
R2� � r � 	 �r1 � �r2 	� �

dr
R2 �r1

�r2

e

� � U � 	 �r1 � �r2 	 	 � 2 ���
� r � 	 �r1 � �r2 	 � � � � (L65)

�
1
a2

2 � r2dr
a2

e

� � U � r 	 � 2 �� � (L66)
�p � �

�

E � rq � � cos � � sin � � � (L67)

�

d �

2 �

e
� � U � r 	 � 2 ��� � � Eqr cos � rq � cos � � sin � � (L68)

�

1
2�

q2r2 �

E � (L69)

d � � r � � n � r � dr � � r � �

1
2�

q2

�

r
a �

2 2 � r dr
a2

e

� � U ��� � r 	 � 2 ��� � (L70)

� � r � � 1 � 4 �

r

d � � 1 � 4 �

r

a
dr� n � r

�
� � � r

�
� (L71)

21st April 2003
c� 2003, Michael Marder



Kosterlitz–Thouless–Berezinskii Transition 31
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Kosterlitz–Thouless–Berezinskii Transition 32
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Fracture of a Strip 33

dl

dl
L � �

L � �

�

�

�

(A)

(B)

x

y

U �

1
2

�

2�

Y
L � (L74)

dU � dl
1
2

�

2�

Y
L

� (L75)

21st April 2003
c� 2003, Michael Marder



Fracture of a Strip 34
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Fracture of a Strip 35
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Fracture of a Strip 36

Maximum stress
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Stresses Around an Elliptical Hole 37
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Stresses Around an Elliptical Hole 38
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Stresses Around an Elliptical Hole 39
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Stress Intensity Factor 40
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Atomic Aspects of Fracture 41
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Atomic Aspects of Fracture 42
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