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Solutions to Exercise Series 8 14 November 2025

Exercise 1: Interaction force between two Shockley partial dislocations
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Fig 8.1 Coordinate scheme

Figure 8.1 indicates how to set the dislocations in the coordinate system. We use the Peach
and Koehler formula to obtain the force exerted on dislocation Il by dislocation .

F}'—H =bH _Gf /\tH

The two Burgers vectors b' and b" have a component parallel (screw) to the respective
lines of the two partial dislocations and a perpendicular component (edge).

5

b'=( b b o) b =( " b 0

The stress tensor of the dislocation I, having as main axis x, is (equation 7.13):
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We use expressions for the stress field around an infinite screw or edge dislocation (see
sections § 7.5 and 7.13 of the course textbook). Be aware of the reference axis system; the

formulas are obtained with a circular permutation ¢ > X% * =¥, Y =2
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It's the formula (7.38) of the course textbook.

2) Calculate the Burgers vectors tcomponents of the partial dislocations following a chosen
axis system.

AB=_[110]

We consider a perfect dislocation of type the dislocation line parallel to x.

i)If this dislocation is of screw type, ABis parallel to x. We choose the z-axis parallel to (111)

I = T
y=z/\x=ﬁ|:112:| .

and . The decomposition of AB is made in the plane (7111)
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perpendicular to z, and the calculation of the basis vectors can be verified on your
Thompson tetrahedron. The Thompson tetrahedron gives AB= A6+ 6B

/ /.

Ad=bl -
x AB
d
E__ . _ .
Fig. 8.2 Schematic drawing of dislocations AB = A0+ 0B where AB is the screw segment
A5="[121
The Burgers vector of the partial dislocation 6 is calculated according to :
—< AB  a —~ 'y -a

bxzb:_A e— = = b_:bi:Aa-zz—
laB|  2v2 ’ Ml 2ve

The conservation of the Burgers vector allows us to calculate the components of the Burgers
I g 1

vector (b‘ b, )of E:

b"=b' and b"=-b'

f_,uta2 [_L 1 +1]_ ua’ [2—3»’}
Y 2md| 241-v 8| 48md| 1-v

ii) If the dislocation AB is of edge type, the projections of its Burgers vector on the x and y-

axis are given by the same calculations.
g
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Ad=b!

5B=bll

d
Fig. 8.3 Schematic drawing of dislocations AB = Ad+ B where AB is an edge.
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Here, we can take [l and [P Ll

— — X a
b,=bl =48 =" b,=b'=A8 = =-
) bl 2v2 K 2ve

The conservation of the Burgers vector gives for the other dislocation E:

b" =b' and b =—b'

and finally:
f_,uta2 [l 1 _L]_ ua’ [2+v}
Y omd| 81-v 24| 48md|1-v

The magnitude of the force is more significant than in the previous case.

Note in both drawings that the Thompson tetrahedron dissociation conventions into partials

are respected: looking at the perfect dislocation line in the positive direction (vector 4 ), the
partial dislocation A9 is always on the right and 9Bis on the left.

Exercise 2: Precipitation hardening

The decrease in resistivity can be explained by the fact that the matrix becomes increasingly
pure (lower solute concentration) as precipitates form. By Matthiessen’s law (resistivity of a
solid containing a solute):

PT)=po+aT \yhere: Po=Po(€) and ¢ = concentration of the solid solution (decreasing in
our case). The maximum hardness can be explained by a change in the mechanism
between cutting precipitates and bypass (see course § 8.7.3).

Here, we perform a simplified calculation to obtain the critical radius of the precipitates at
the transition between the two mechanisms.

Q00

1
Fig. 8.4 Scheme of a dislocation blocked by precipitates

1) Cutting
The work done by the dislocation to cut the precipitate is given approximately by the force

(calculated versus its free length) multiplied by its displacement (2r=d) through the
precipitate.
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AW =ob{-2r

This work must equal the energy required to create a new interface inside the precipitate,
assumed to have a spherical shape, with a circular area (the new interface) cut through the
mid-plane of the precipitate. Therefore, we consider only the new interface within the
precipitate, not the interface between the matrix and precipitate.

AE, = J'rrzj/p

o, I
Therefore =~  2bf

b) Bypass

We can use formula (8.8):

27

%o = bt \ith 7= 0.5ub? = line tension
b

O-b_v.v = 7

Compared to the example presented in the course textbook and lecture slides, the

calculation here of the “»» doesn’t depend explicitly on r.

- Gf.‘u.t .

At the maximum hardness Z#»
Y, _ub

260 4
_2up’
Eyp

r

C

The resistivity depends on the number of solute atoms. When all solute atoms have
agglomerated and precipitated, the resistivity becomes constant. The hardness continues
to decrease since we can have a coalescence process. By reducing the interface energy,
the system tends to reduce the total surface area of the formed precipitates. If diffusion rates
are sufficiently high, small precipitates redissolve and larger precipitates grow (e.g., Oswald
ripening). With this process, the average distance between the precipitates increases.

1

o, <
Since " ! , the hardness decreases. In the case where the precipitates remain small
compared to their distance, we then instead use the formula (8.7):

b

T _ip
Db 2 r

In that case, the critical radius slowly grows as a function of the distance between
precipitates ¢ since:
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ﬂ'-yp
This is the formula (7.38) given in the course text.

Exercise 3: Reaction between dislocations

2[110] and Z[110]
Vectors 2 2 are perpendicular. Using general assumptions of the theory,
we can suppose that the reaction is obtained when the two dislocations are one pure screw
and the other pure edge. The energy involved in the reaction is (see § 7.3.1-3 of the course
textbook):

2 2
E(§[110]+§[1T0])= LI WE S S

(8.3.1)
a) The dislocation of Burgers vector a[100] iS pure screw:
E(a[100]) = > 1 %
am 7, (8.3.2)
v
1_ —
2—-v 1 _ 251

Thus, considering (8.3.1) and (8.3.2): 1-v 2 1-v and therefore:
E(a[100]) < E(§[110]+§[1T0:|]

The reaction is favorable.

a[100]

b) The dislocation of Burgers vector is pure edge:
E(a[100]) = ——a* £ 1n ®
]._v 47: ?‘a (833)
v
2-v 1_'75 1
Thus, considering (8.3.1) and (8.3.3): 1-v 2 1-v 1-v gnd therefore:

E(a[100])> E(%[llo] + %[ﬁo]]
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These considerations are valid for usual materials in which v>0_ In very compressible
materials (K —0), the Poisson ratio becomes negative, leading to the opposite result.
Nevertheless, a crystalline material (allowing dislocation formation) with a negative Poisson
ratio does not exist. Foams are a class of materials that macroscopically show v<0
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