
1 ME338A - Homework

due 01/21/10, 12:15pm, 530-127

late homework can be dropped in a box in front of durand
217, please mark clearly with date and time @drop off, we
will take off 1/10 of points for each 24 hours late

1.1 Index vs tensor notation

Write the following expressions

1.1 ti = σji nj

1.2 W = 1
2 σij ε ij

1.3 p = σii

1.4 σdev
ij = 2 µ εdev

ij

1.5 ε̄dev
ij = Qki εkl Ql j

1.6 Sij = 1
2[ Aij + Aji ]

1.7
∂σij

∂xj
+ ρ bi = ρ ẍi

(i) in long form for each component i, j = 1, 2, 3 and
(ii) in compact tensor notation, and
(iii) try to find out what they mean.
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1.2 Skalar and dyadic products

Given the second order tensor A and the vectors u and v,

A = Aij ei ⊗ ej Aij =


4 1 0

0 3 1

2−1 5


u = ui ei ui = [ 4, 1, 2 ]t

v = vi ei vi = [ 1, 3, 1 ]t

2.1 determine the expression u · A · v

2.2 determine the expression tr([A · v]⊗ u)

2.3 determine the expression v · At · u

2.4 determine the expression [v⊗ u] : At

2.5 determine the expression A : [u⊗ v]

2.6 what is special about the second order tensor [u⊗ v] and
what does that imply for its inverse [u⊗ v]−1

2.7 find at least one more expression for u · A · v

2.8 use the index notation to show that the expressions [2.1]
to [2.5] are identical for arbitrary A, u, and v
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1.3 Volumetric-deviatoric decomposition

Given the second order tensor A,

A = Aijei ⊗ ej [A]ij =


4 1 2

1 2 −1

2 −1 4


determine

3.1 the first invariant IA = tr(A)

3.2 the second invariant IIA = 1
2 [ tr2(A)− tr(A2) ]

3.3 the third invariant IIIA = det(A)

3.4 the volumetric part Avol

3.5 the deviatoric part Adev

1.4 Scalar products

Given the second order tensor

σij = 2 µε ij + λεkk δij

4.1 show that W = 1
2 σijε ij = µ ε ij ε ij + 1

2 λ ε2
kk

4.2 show that p = σij σij = 4 µ2 ε ij ε ij + ε2
kk [4 µ λ + 3 λ2]

4.3 rewrite [4.1] and [4.2] in compact tensor notation

4.4 try to find a physical interpretation for σ, ε and W
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1.5 Symmetric-skew-symmetric decomposition

Given the second order tensor A,

A = Aijei ⊗ ej [A]ij =


5 6 2

2 5 −3

−2 3 4


5.1 determine its symmetric part S = Asym

5.2 determine its skew symmetric part W = Askw

5.3 show that S : W = 0

5.4 determine the axial vector w of its skew symmetric part W

5.5 determine the square S2 of its symmetric part S

5.6 determine the square root
√

S of its symmetric part S
(hint: one of the eigenvalues of S is λS1 = 1)

5.7 control your results with (
√

S)2 = S

you may use a program like matlab to control your results,
but the derivations must be clearly documented on paper
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