
Convert from Cartesian to Voigt
§𝔼!!

(#$%&') = 𝔼!!!!
)*+',-%*. , 𝔼/0

(#$%&') = 𝔼//00
)*+',-%*. , 𝔼1!

(#$%&') = 𝔼/0!!
)*+',-%*.

§Material anisotropy

§Symmetry can be represented by transformation matrix 

§𝑸 = 𝑄23𝐞%⊗𝐞4, such that 𝑸5! = 𝑸6

§The invariance of the stiffness tensor under these transformations (due to symmetry) 
is:

§𝔼(789) = 𝑸 ⋅ 𝑸 ⋅ 𝔼 :;< ⋅ 𝑸6 ⋅ 𝑸6

§Due to symmetry the resulting tensor should be equivalent with the original one: 
𝔼(789) ≡ 𝔼 :;<



Triclinic (no symmetry)



Monoclinic (one symmetry plane)



§For the case of Monoclinic:

§𝑸 = 𝑄23𝐞%⊗𝐞4 =
1 0 0
0 1 0
0 0 −1

§Let’s take a look at the invariance due to symmetry

§𝔼(789) = 𝑸 ⋅ 𝑸 ⋅ 𝔼 :;< ⋅ 𝑸6 ⋅ 𝑸6

due to symmetry the resulting tensor should be equivalent with the original one: 
𝔼(789) ≡ 𝔼 :;<

§In its matrix form:
§ 𝔼!"#$

%&' = 𝑄!(𝑄"%𝑄#)𝑄$*𝔼(%)*
)$+

Monoclinic (one symmetry plane)



§For the case of Monoclinic:

§𝑸 = 𝑄-.𝐞/⊗𝐞0 =
1 0 0
0 1 0
0 0 −1

§𝔼$%&'
()* = 𝑄$+𝑄%(𝑄&,𝑄'-𝔼+(,-

,'.

§Ex: 𝔼//
0,$12 = 𝔼//// = 𝑄/+𝑄/(𝑄/,𝑄/-𝔼+(,-

,'.

§ If you look at the matrix form of symmetry operator Q in the above, only diagonal 
components are non-zero. Therefore, 𝑄!" = 0 if 𝑖 ≠ 𝑗. 

§ 𝔼,,
-)!./ = 𝔼,,,, = 𝑄,,𝑄,,𝑄,,𝑄,,𝔼,,,,

)$+ = 𝔼,,,,
)$+

§ Therefore, 𝔼,,
-)!./ = 𝔼,,,,

monoclinic (one symmetry plane)



§For the case of Monoclinic:

§𝑸 = 𝑄-.𝐞/⊗𝐞0 =
1 0 0
0 1 0
0 0 −1

§𝔼$%&'
()* = 𝑄$+𝑄%(𝑄&,𝑄'-𝔼+(,-

,'.

§Ex: 𝔼/7
0,$12 = 𝔼//89 = 𝑄/+𝑄/(𝑄8,𝑄9-𝔼+(,-

,'. =
𝑄//𝑄//𝑄88𝑄99𝔼//89

,'. = 1×1×1× −1 ×𝔼//89
,'. = −𝔼//89

,'.

§ Therefore, in order to satisfy 𝔼,,01 = −𝔼,,01, 𝔼,,01 should be zero.

§ Which means 𝔼!1
=:2>? should be zero

monoclinic (one symmetry plane)



Cubic
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