
MPG No. 1.2.2 11′ [ Type II, triclinic ] [Q tensor]

* Rank 0 tensor.[
Q
]

Q = Q(1)
s

* Rank 1 tensor.[
Qx Qy Qz

]
Qx = Q(1)

px

Qy = Q(1)
py

Qz = Q(1)
pz

* Rank 2 tensor (s).Qxx Qxy Qxz

Qxy Qyy Qyz

Qxz Qyz Qzz



Qxx = −Q
(1)
du +Q

(1)
dv +Q(1)

s

Qxy = Q
(1)
dxy

Qxz = Q
(1)
dxz

Qyy = −Q
(1)
du −Q

(1)
dv +Q(1)

s

Qyz = Q
(1)
dyz

Qzz = 2Q
(1)
du +Q(1)

s

* Rank 2 tensor (a). 0 Qxy Qxz

−Qxy 0 Qyz

−Qxz −Qyz 0



Qxy = G(1)
pz

Qxz = −G(1)
py

Qyz = G(1)
px

* Rank 3 tensor (s).
Qxxx Qxxy Qxxz

Qyyx Qyyy Qyyz

Qzzx Qzzy Qzzz

Qyzx Qyzy Qyzz

Qzxx Qzxy Qzxz

Qxyx Qxyy Qxyz


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Qxxx = 2Q
(1)
fax +Q(1)

px + 2Q(2)
px

Qxxy = 2G
(1)
dxz −Q

(1)
fay −Q

(1)
fby +Q(1)

py

Qxxz = −2G
(1)
dxy −Q

(1)
faz +Q

(1)
fbz +Q(1)

pz

Qyyx = −2G
(1)
dyz −Q

(1)
fax +Q

(1)
fbx +Q(1)

px

Qyyy = 2Q
(1)
fay +Q(1)

py + 2Q(2)
py

Qyyz = 2G
(1)
dxy −Q

(1)
faz −Q

(1)
fbz +Q(1)

pz

Qzzx = 2G
(1)
dyz −Q

(1)
fax −Q

(1)
fbx +Q(1)

px

Qzzy = −2G
(1)
dxz −Q

(1)
fay +Q

(1)
fby +Q(1)

py

Qzzz = 2Q
(1)
faz +Q(1)

pz + 2Q(2)
pz

Qyzx = −3G
(1)
du −G

(1)
dv +Q

(1)
f3

Qyzy = −G
(1)
dxy −Q

(1)
faz −Q

(1)
fbz +Q(2)

pz

Qyzz = G
(1)
dxz −Q

(1)
fay +Q

(1)
fby +Q(2)

py

Qzxx = G
(1)
dxy −Q

(1)
faz +Q

(1)
fbz +Q(2)

pz

Qzxy = 3G
(1)
du −G

(1)
dv +Q

(1)
f3

Qzxz = −G
(1)
dyz −Q

(1)
fax −Q

(1)
fbx +Q(2)

px

Qxyx = −G
(1)
dxz −Q

(1)
fay −Q

(1)
fby +Q(2)

py

Qxyy = G
(1)
dyz −Q

(1)
fax +Q

(1)
fbx +Q(2)

px

Qxyz = 2G
(1)
dv +Q

(1)
f3

* Rank 3 tensor (a).Qyzx Qyzy Qyzz

Qzxx Qzxy Qzxz

Qxyx Qxyy Qxyz



Qyzx = −G
(2)
du +G

(2)
dv +G(1)

s

Qyzy = G
(2)
dxy +Q(3)

pz

Qyzz = G
(2)
dxz −Q(3)

py

Qzxx = G
(2)
dxy −Q(3)

pz

Qzxy = −G
(2)
du −G

(2)
dv +G(1)

s

Qzxz = G
(2)
dyz +Q(3)

px

Qxyx = G
(2)
dxz +Q(3)

py

Qxyy = G
(2)
dyz −Q(3)

px

Qxyz = 2G
(2)
du +G(1)

s

* Rank 4 tensor (sss).
Qxxxx Qxxyy Qxxzz Qxxyz Qxxzx Qxxxy

Qxxyy Qyyyy Qyyzz Qyyyz Qyyzx Qyyxy

Qxxzz Qyyzz Qzzzz Qzzyz Qzzzx Qzzxy

Qxxyz Qyyyz Qzzyz Qyzyz Qyzzx Qyzxy

Qxxzx Qyyzx Qzzzx Qyzzx Qzxzx Qzxxy

Qxxxy Qyyxy Qzzxy Qyzxy Qzxxy Qxyxy


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Qxxxx = −2Q
(1)
du − 4Q

(2)
du + 2Q

(1)
dv + 4Q

(2)
dv −Q(1)

gu +Q(1)
gv + 2Q(1)

g +Q(1)
s + 2Q(2)

s

Qxxyy = −2Q
(1)
du + 2Q(1)

gu −Q(1)
g +Q(1)

s

Qxxzz = Q
(1)
du +Q

(1)
dv −Q(1)

gu −Q(1)
gv −Q(1)

g +Q(1)
s

Qxxyz = Q
(1)
dyz + 2Q

(1)
gbx

Qxxzx = Q
(1)
dxz + 2Q

(2)
dxz −Q(1)

gay −Q
(1)
gby

Qxxxy = Q
(1)
dxy + 2Q

(2)
dxy +Q(1)

gaz −Q
(1)
gbz

Qyyyy = −2Q
(1)
du − 4Q

(2)
du − 2Q

(1)
dv − 4Q

(2)
dv −Q(1)

gu −Q(1)
gv + 2Q(1)

g +Q(1)
s + 2Q(2)

s

Qyyzz = Q
(1)
du −Q

(1)
dv −Q(1)

gu +Q(1)
gv −Q(1)

g +Q(1)
s

Qyyyz = Q
(1)
dyz + 2Q

(2)
dyz +Q(1)

gax −Q
(1)
gbx

Qyyzx = Q
(1)
dxz + 2Q

(1)
gby

Qyyxy = Q
(1)
dxy + 2Q

(2)
dxy −Q(1)

gaz −Q
(1)
gbz

Qzzzz = 4Q
(1)
du + 8Q

(2)
du + 2Q(1)

gu + 2Q(1)
g +Q(1)

s + 2Q(2)
s

Qzzyz = Q
(1)
dyz + 2Q

(2)
dyz −Q(1)

gax −Q
(1)
gbx

Qzzzx = Q
(1)
dxz + 2Q

(2)
dxz +Q(1)

gay −Q
(1)
gby

Qzzxy = Q
(1)
dxy + 2Q

(1)
gbz

Qyzyz = Q
(2)
du −Q

(2)
dv −Q(1)

gu +Q(1)
gv −Q(1)

g +Q(2)
s

Qyzzx = Q
(2)
dxy + 2Q

(1)
gbz

Qyzxy = Q
(2)
dxz + 2Q

(1)
gby

Qzxzx = Q
(2)
du +Q

(2)
dv −Q(1)

gu −Q(1)
gv −Q(1)

g +Q(2)
s

Qzxxy = Q
(2)
dyz + 2Q

(1)
gbx

Qxyxy = −2Q
(2)
du + 2Q(1)

gu −Q(1)
g +Q(2)

s

* Rank 4 tensor (ssa).
0 Qxxyy Qxxzz Qxxyz Qxxzx Qxxxy

−Qxxyy 0 Qyyzz Qyyyz Qyyzx Qyyxy

−Qxxzz −Qyyzz 0 Qzzyz Qzzzx Qzzxy

−Qxxyz −Qyyyz −Qzzyz 0 Qyzzx Qyzxy

−Qxxzx −Qyyzx −Qzzzx −Qyzzx 0 Qzxxy

−Qxxxy −Qyyxy −Qzzxy −Qyzxy −Qzxxy 0


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Qxxyy = 4G
(1)
f3 − 2Q

(3)
dv

Qxxzz = −4G
(1)
f3 + 3Q

(3)
du −Q

(3)
dv

Qxxyz = −4G
(1)
fbx +Q

(3)
dyz

Qxxzx = 2G
(1)
fay + 2G

(1)
fby − 2G(1)

py +Q
(3)
dxz

Qxxxy = −2G
(1)
faz + 2G

(1)
fbz + 2G(1)

pz +Q
(3)
dxy

Qyyzz = 4G
(1)
f3 + 3Q

(3)
du +Q

(3)
dv

Qyyyz = −2G
(1)
fax + 2G

(1)
fbx + 2G(1)

px +Q
(3)
dyz

Qyyzx = −4G
(1)
fby +Q

(3)
dxz

Qyyxy = 2G
(1)
faz + 2G

(1)
fbz − 2G(1)

pz +Q
(3)
dxy

Qzzyz = 2G
(1)
fax + 2G

(1)
fbx − 2G(1)

px +Q
(3)
dyz

Qzzzx = −2G
(1)
fay + 2G

(1)
fby + 2G(1)

py +Q
(3)
dxz

Qzzxy = −4G
(1)
fbz +Q

(3)
dxy

Qyzzx = −4G
(1)
faz −G(1)

pz

Qyzxy = 4G
(1)
fay +G(1)

py

Qzxxy = −4G
(1)
fax −G(1)

px

* Rank 4 tensor (aas).Qyzyz Qyzzx Qyzxy

Qyzzx Qzxzx Qzxxy

Qyzxy Qzxxy Qxyxy



Qyzyz = −2Q
(4)
du + 2Q

(4)
dv +Q(3)

s

Qyzzx = 2Q
(4)
dxy

Qyzxy = 2Q
(4)
dxz

Qzxzx = −2Q
(4)
du − 2Q

(4)
dv +Q(3)

s

Qzxxy = 2Q
(4)
dyz

Qxyxy = 4Q
(4)
du +Q(3)

s

* Rank 4 tensor (aaa). 0 Qyzzx Qyzxy

−Qyzzx 0 Qzxxy

−Qyzxy −Qzxxy 0



Qyzzx = −G(2)
pz

Qyzxy = G(2)
py

Qzxxy = −G(2)
px

* Rank 4 tensor (sa).
Qxxyz Qxxzx Qxxxy

Qyyyz Qyyzx Qyyxy

Qzzyz Qzzzx Qzzxy

Qyzyz Qyzzx Qyzxy

Qzxyz Qzxzx Qzxxy

Qxyyz Qxyzx Qxyxy


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Qxxyz = 2G
(2)
fax +G(3)

px + 2G(4)
px

Qxxzx = −G
(2)
fay −G

(2)
fby +G(3)

py + 2Q
(5)
dxz

Qxxxy = −G
(2)
faz +G

(2)
fbz +G(3)

pz − 2Q
(5)
dxy

Qyyyz = −G
(2)
fax +G

(2)
fbx +G(3)

px − 2Q
(5)
dyz

Qyyzx = 2G
(2)
fay +G(3)

py + 2G(4)
py

Qyyxy = −G
(2)
faz −G

(2)
fbz +G(3)

pz + 2Q
(5)
dxy

Qzzyz = −G
(2)
fax −G

(2)
fbx +G(3)

px + 2Q
(5)
dyz

Qzzzx = −G
(2)
fay +G

(2)
fby +G(3)

py − 2Q
(5)
dxz

Qzzxy = 2G
(2)
faz +G(3)

pz + 2G(4)
pz

Qyzyz = G
(2)
f3 − 3Q

(5)
du −Q

(5)
dv

Qyzzx = −G
(2)
faz −G

(2)
fbz +G(4)

pz −Q
(5)
dxy

Qyzxy = −G
(2)
fay +G

(2)
fby +G(4)

py +Q
(5)
dxz

Qzxyz = −G
(2)
faz +G

(2)
fbz +G(4)

pz +Q
(5)
dxy

Qzxzx = G
(2)
f3 + 3Q

(5)
du −Q

(5)
dv

Qzxxy = −G
(2)
fax −G

(2)
fbx +G(4)

px −Q
(5)
dyz

Qxyyz = −G
(2)
fay −G

(2)
fby +G(4)

py −Q
(5)
dxz

Qxyzx = −G
(2)
fax +G

(2)
fbx +G(4)

px +Q
(5)
dyz

Qxyxy = G
(2)
f3 + 2Q

(5)
dv

* Rank 4 tensor (as).Qyzxx Qyzyy Qyzzz Qyzyz Qyzzx Qyzxy

Qzxxx Qzxyy Qzxzz Qzxyz Qzxzx Qzxxy

Qxyxx Qxyyy Qxyzz Qxyyz Qxyzx Qxyxy



Qyzxx = 2G
(3)
fax +G(5)

px + 2G(6)
px

Qyzyy = −G
(3)
fax +G

(3)
fbx +G(5)

px − 2Q
(6)
dyz

Qyzzz = −G
(3)
fax −G

(3)
fbx +G(5)

px + 2Q
(6)
dyz

Qyzyz = G
(3)
f3 − 3Q

(6)
du −Q

(6)
dv

Qyzzx = −G
(3)
faz +G

(3)
fbz +G(6)

pz +Q
(6)
dxy

Qyzxy = −G
(3)
fay −G

(3)
fby +G(6)

py −Q
(6)
dxz

Qzxxx = −G
(3)
fay −G

(3)
fby +G(5)

py + 2Q
(6)
dxz

Qzxyy = 2G
(3)
fay +G(5)

py + 2G(6)
py

Qzxzz = −G
(3)
fay +G

(3)
fby +G(5)

py − 2Q
(6)
dxz

Qzxyz = −G
(3)
faz −G

(3)
fbz +G(6)

pz −Q
(6)
dxy

Qzxzx = G
(3)
f3 + 3Q

(6)
du −Q

(6)
dv

Qzxxy = −G
(3)
fax +G

(3)
fbx +G(6)

px +Q
(6)
dyz

Qxyxx = −G
(3)
faz +G

(3)
fbz +G(5)

pz − 2Q
(6)
dxy

Qxyyy = −G
(3)
faz −G

(3)
fbz +G(5)

pz + 2Q
(6)
dxy

Qxyzz = 2G
(3)
faz +G(5)

pz + 2G(6)
pz

Qxyyz = −G
(3)
fay +G

(3)
fby +G(6)

py +Q
(6)
dxz

Qxyzx = −G
(3)
fax −G

(3)
fbx +G(6)

px −Q
(6)
dyz

Qxyxy = G
(3)
f3 + 2Q

(6)
dv

5



* Rank 4 tensor (s).
Qxxxx Qxxyy Qxxzz Qxxyz Qxxzx Qxxxy Qxxzy Qxxxz Qxxyx

Qyyxx Qyyyy Qyyzz Qyyyz Qyyzx Qyyxy Qyyzy Qyyxz Qyyyx

Qzzxx Qzzyy Qzzzz Qzzyz Qzzzx Qzzxy Qzzzy Qzzxz Qzzyx

Qyzxx Qyzyy Qyzzz Qyzyz Qyzzx Qyzxy Qyzzy Qyzxz Qyzyx

Qzxxx Qzxyy Qzxzz Qzxyz Qzxzx Qzxxy Qzxzy Qzxxz Qzxyx

Qxyxx Qxyyy Qxyzz Qxyyz Qxyzx Qxyxy Qxyzy Qxyxz Qxyyx


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Qxxxx = −2Q
(1)
du − 4Q

(2)
du + 2Q

(1)
dv + 4Q

(2)
dv −Q(1)

gu +Q(1)
gv + 2Q(1)

g +Q(1)
s + 2Q(2)

s

Qxxyy = 4G
(1)
f3 − 2Q

(1)
du − 2Q

(3)
dv + 2Q(1)

gu −Q(1)
g +Q(1)

s

Qxxzz = −4G
(1)
f3 +Q

(1)
du + 3Q

(3)
du +Q

(1)
dv −Q

(3)
dv −Q(1)

gu −Q(1)
gv −Q(1)

g +Q(1)
s

Qxxyz = 2G
(2)
fax − 4G

(1)
fbx +G(3)

px + 2G(4)
px +Q

(1)
dyz +Q

(3)
dyz + 2Q

(1)
gbx

Qxxzx = 2G
(1)
fay −G

(2)
fay + 2G

(1)
fby −G

(2)
fby − 2G(1)

py +G(3)
py +Q

(1)
dxz + 2Q

(2)
dxz +Q

(3)
dxz + 2Q

(5)
dxz −Q(1)

gay −Q
(1)
gby

Qxxxy = −2G
(1)
faz −G

(2)
faz + 2G

(1)
fbz +G

(2)
fbz + 2G(1)

pz +G(3)
pz +Q

(1)
dxy + 2Q

(2)
dxy +Q

(3)
dxy − 2Q

(5)
dxy +Q(1)

gaz −Q
(1)
gbz

Qxxzy = −2G
(2)
fax − 4G

(1)
fbx −G(3)

px − 2G(4)
px +Q

(1)
dyz +Q

(3)
dyz + 2Q

(1)
gbx

Qxxxz = 2G
(1)
fay +G

(2)
fay + 2G

(1)
fby +G

(2)
fby − 2G(1)

py −G(3)
py +Q

(1)
dxz + 2Q

(2)
dxz +Q

(3)
dxz − 2Q

(5)
dxz −Q(1)

gay −Q
(1)
gby

Qxxyx = −2G
(1)
faz +G

(2)
faz + 2G

(1)
fbz −G

(2)
fbz + 2G(1)

pz −G(3)
pz +Q

(1)
dxy + 2Q

(2)
dxy +Q

(3)
dxy + 2Q

(5)
dxy +Q(1)

gaz −Q
(1)
gbz

Qyyxx = −4G
(1)
f3 − 2Q

(1)
du + 2Q

(3)
dv + 2Q(1)

gu −Q(1)
g +Q(1)

s

Qyyyy = −2Q
(1)
du − 4Q

(2)
du − 2Q

(1)
dv − 4Q

(2)
dv −Q(1)

gu −Q(1)
gv + 2Q(1)

g +Q(1)
s + 2Q(2)

s

Qyyzz = 4G
(1)
f3 +Q

(1)
du + 3Q

(3)
du −Q

(1)
dv +Q

(3)
dv −Q(1)

gu +Q(1)
gv −Q(1)

g +Q(1)
s

Qyyyz = −2G
(1)
fax −G

(2)
fax + 2G

(1)
fbx +G

(2)
fbx + 2G(1)

px +G(3)
px +Q

(1)
dyz + 2Q

(2)
dyz +Q

(3)
dyz − 2Q

(5)
dyz +Q(1)

gax −Q
(1)
gbx

Qyyzx = 2G
(2)
fay − 4G

(1)
fby +G(3)

py + 2G(4)
py +Q

(1)
dxz +Q

(3)
dxz + 2Q

(1)
gby

Qyyxy = 2G
(1)
faz −G

(2)
faz + 2G

(1)
fbz −G

(2)
fbz − 2G(1)

pz +G(3)
pz +Q

(1)
dxy + 2Q

(2)
dxy +Q

(3)
dxy + 2Q

(5)
dxy −Q(1)

gaz −Q
(1)
gbz

Qyyzy = −2G
(1)
fax +G

(2)
fax + 2G

(1)
fbx −G

(2)
fbx + 2G(1)

px −G(3)
px +Q

(1)
dyz + 2Q

(2)
dyz +Q

(3)
dyz + 2Q

(5)
dyz +Q(1)

gax −Q
(1)
gbx

Qyyxz = −2G
(2)
fay − 4G

(1)
fby −G(3)

py − 2G(4)
py +Q

(1)
dxz +Q

(3)
dxz + 2Q

(1)
gby

Qyyyx = 2G
(1)
faz +G

(2)
faz + 2G

(1)
fbz +G

(2)
fbz − 2G(1)

pz −G(3)
pz +Q

(1)
dxy + 2Q

(2)
dxy +Q

(3)
dxy − 2Q

(5)
dxy −Q(1)

gaz −Q
(1)
gbz

Qzzxx = 4G
(1)
f3 +Q

(1)
du − 3Q

(3)
du +Q

(1)
dv +Q

(3)
dv −Q(1)

gu −Q(1)
gv −Q(1)

g +Q(1)
s

Qzzyy = −4G
(1)
f3 +Q

(1)
du − 3Q

(3)
du −Q

(1)
dv −Q

(3)
dv −Q(1)

gu +Q(1)
gv −Q(1)

g +Q(1)
s

Qzzzz = 4Q
(1)
du + 8Q

(2)
du + 2Q(1)

gu + 2Q(1)
g +Q(1)

s + 2Q(2)
s

Qzzyz = 2G
(1)
fax −G

(2)
fax + 2G

(1)
fbx −G

(2)
fbx − 2G(1)

px +G(3)
px +Q

(1)
dyz + 2Q

(2)
dyz +Q

(3)
dyz + 2Q

(5)
dyz −Q(1)

gax −Q
(1)
gbx

Qzzzx = −2G
(1)
fay −G

(2)
fay + 2G

(1)
fby +G

(2)
fby + 2G(1)

py +G(3)
py +Q

(1)
dxz + 2Q

(2)
dxz +Q

(3)
dxz − 2Q

(5)
dxz +Q(1)

gay −Q
(1)
gby

Qzzxy = 2G
(2)
faz − 4G

(1)
fbz +G(3)

pz + 2G(4)
pz +Q

(1)
dxy +Q

(3)
dxy + 2Q

(1)
gbz

Qzzzy = 2G
(1)
fax +G

(2)
fax + 2G

(1)
fbx +G

(2)
fbx − 2G(1)

px −G(3)
px +Q

(1)
dyz + 2Q

(2)
dyz +Q

(3)
dyz − 2Q

(5)
dyz −Q(1)

gax −Q
(1)
gbx

Qzzxz = −2G
(1)
fay +G

(2)
fay + 2G

(1)
fby −G

(2)
fby + 2G(1)

py −G(3)
py +Q

(1)
dxz + 2Q

(2)
dxz +Q

(3)
dxz + 2Q

(5)
dxz +Q(1)

gay −Q
(1)
gby

Qzzyx = −2G
(2)
faz − 4G

(1)
fbz −G(3)

pz − 2G(4)
pz +Q

(1)
dxy +Q

(3)
dxy + 2Q

(1)
gbz

Qyzxx = 4G
(1)
fbx +Q

(1)
dyz −Q

(3)
dyz + 2Q

(1)
gbx

Qyzyy = 2G
(1)
fax − 2G

(1)
fbx − 2G(1)

px +Q
(1)
dyz + 2Q

(2)
dyz −Q

(3)
dyz +Q(1)

gax −Q
(1)
gbx

Qyzzz = −2G
(1)
fax − 2G

(1)
fbx + 2G(1)

px +Q
(1)
dyz + 2Q

(2)
dyz −Q

(3)
dyz −Q(1)

gax −Q
(1)
gbx

Qyzyz = G
(2)
f3 +Q

(2)
du − 3Q

(5)
du −Q

(2)
dv −Q

(5)
dv −Q(1)

gu +Q(1)
gv −Q(1)

g +Q(2)
s

Qyzzx = −4G
(1)
faz −G

(2)
faz −G

(2)
fbz −G(1)

pz +G(4)
pz +Q

(2)
dxy −Q

(5)
dxy + 2Q

(1)
gbz

Qyzxy = 4G
(1)
fay −G

(2)
fay +G

(2)
fby +G(1)

py +G(4)
py +Q

(2)
dxz +Q

(5)
dxz + 2Q

(1)
gby

Qyzzy = −G
(2)
f3 +Q

(2)
du + 3Q

(5)
du −Q

(2)
dv +Q

(5)
dv −Q(1)

gu +Q(1)
gv −Q(1)

g +Q(2)
s

Qyzxz = −4G
(1)
faz +G

(2)
faz +G

(2)
fbz −G(1)

pz −G(4)
pz +Q

(2)
dxy +Q

(5)
dxy + 2Q

(1)
gbz

Qyzyx = 4G
(1)
fay +G

(2)
fay −G

(2)
fby +G(1)

py −G(4)
py +Q

(2)
dxz −Q

(5)
dxz + 2Q

(1)
gby

Qzxxx = −2G
(1)
fay − 2G

(1)
fby + 2G(1)

py +Q
(1)
dxz + 2Q

(2)
dxz −Q

(3)
dxz −Q(1)

gay −Q
(1)
gby

Qzxyy = 4G
(1)
fby +Q

(1)
dxz −Q

(3)
dxz + 2Q

(1)
gby

Qzxzz = 2G
(1)
fay − 2G

(1)
fby − 2G(1)

py +Q
(1)
dxz + 2Q

(2)
dxz −Q

(3)
dxz +Q(1)

gay −Q
(1)
gby

Qzxyz = 4G
(1)
faz −G

(2)
faz +G

(2)
fbz +G(1)

pz +G(4)
pz +Q

(2)
dxy +Q

(5)
dxy + 2Q

(1)
gbz

Qzxzx = G
(2)
f3 +Q

(2)
du + 3Q

(5)
du +Q

(2)
dv −Q

(5)
dv −Q(1)

gu −Q(1)
gv −Q(1)

g +Q(2)
s

Qzxxy = −4G
(1)
fax −G

(2)
fax −G

(2)
fbx −G(1)

px +G(4)
px +Q

(2)
dyz −Q

(5)
dyz + 2Q

(1)
gbx

Qzxzy = 4G
(1)
faz +G

(2)
faz −G

(2)
fbz +G(1)

pz −G(4)
pz +Q

(2)
dxy −Q

(5)
dxy + 2Q

(1)
gbz

Qzxxz = −G
(2)
f3 +Q

(2)
du − 3Q

(5)
du +Q

(2)
dv +Q

(5)
dv −Q(1)

gu −Q(1)
gv −Q(1)

g +Q(2)
s

Qzxyx = −4G
(1)
fax +G

(2)
fax +G

(2)
fbx −G(1)

px −G(4)
px +Q

(2)
dyz +Q

(5)
dyz + 2Q

(1)
gbx

Qxyxx = 2G
(1)
faz − 2G

(1)
fbz − 2G(1)

pz +Q
(1)
dxy + 2Q

(2)
dxy −Q

(3)
dxy +Q(1)

gaz −Q
(1)
gbz

Qxyyy = −2G
(1)
faz − 2G

(1)
fbz + 2G(1)

pz +Q
(1)
dxy + 2Q

(2)
dxy −Q

(3)
dxy −Q(1)

gaz −Q
(1)
gbz

Qxyzz = 4G
(1)
fbz +Q

(1)
dxy −Q

(3)
dxy + 2Q

(1)
gbz

Qxyyz = −4G
(1)
fay −G

(2)
fay −G

(2)
fby −G(1)

py +G(4)
py +Q

(2)
dxz −Q

(5)
dxz + 2Q

(1)
gby

Qxyzx = 4G
(1)
fax −G

(2)
fax +G

(2)
fbx +G(1)

px +G(4)
px +Q

(2)
dyz +Q

(5)
dyz + 2Q

(1)
gbx

Qxyxy = G
(2)
f3 − 2Q

(2)
du + 2Q

(5)
dv + 2Q(1)

gu −Q(1)
g +Q(2)

s

Qxyzy = −4G
(1)
fay +G

(2)
fay +G

(2)
fby −G(1)

py −G(4)
py +Q

(2)
dxz +Q

(5)
dxz + 2Q

(1)
gby

Qxyxz = 4G
(1)
fax +G

(2)
fax −G

(2)
fbx +G(1)

px −G(4)
px +Q

(2)
dyz −Q

(5)
dyz + 2Q

(1)
gbx

Qxyyx = −G
(2)
f3 − 2Q

(2)
du − 2Q

(5)
dv + 2Q(1)

gu −Q(1)
g +Q(2)

s
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* Rank 4 tensor (a).Qyzxx Qyzyy Qyzzz Qyzyz Qyzzx Qyzxy Qyzzy Qyzxz Qyzyx

Qzxxx Qzxyy Qzxzz Qzxyz Qzxzx Qzxxy Qzxzy Qzxxz Qzxyx

Qxyxx Qxyyy Qxyzz Qxyyz Qxyzx Qxyxy Qxyzy Qxyxz Qxyyx



Qyzxx = 2G
(3)
fax +G(5)

px + 2G(6)
px

Qyzyy = −G
(3)
fax +G

(3)
fbx +G(5)

px − 2Q
(6)
dyz

Qyzzz = −G
(3)
fax −G

(3)
fbx +G(5)

px + 2Q
(6)
dyz

Qyzyz = G
(3)
f3 − 2Q

(4)
du − 3Q

(6)
du + 2Q

(4)
dv −Q

(6)
dv +Q(3)

s

Qyzzx = −G
(3)
faz +G

(3)
fbz −G(2)

pz +G(6)
pz + 2Q

(4)
dxy +Q

(6)
dxy

Qyzxy = −G
(3)
fay −G

(3)
fby +G(2)

py +G(6)
py + 2Q

(4)
dxz −Q

(6)
dxz

Qyzzy = G
(3)
f3 + 2Q

(4)
du − 3Q

(6)
du − 2Q

(4)
dv −Q

(6)
dv −Q(3)

s

Qyzxz = −G
(3)
faz +G

(3)
fbz +G(2)

pz +G(6)
pz − 2Q

(4)
dxy +Q

(6)
dxy

Qyzyx = −G
(3)
fay −G

(3)
fby −G(2)

py +G(6)
py − 2Q

(4)
dxz −Q

(6)
dxz

Qzxxx = −G
(3)
fay −G

(3)
fby +G(5)

py + 2Q
(6)
dxz

Qzxyy = 2G
(3)
fay +G(5)

py + 2G(6)
py

Qzxzz = −G
(3)
fay +G

(3)
fby +G(5)

py − 2Q
(6)
dxz

Qzxyz = −G
(3)
faz −G

(3)
fbz +G(2)

pz +G(6)
pz + 2Q

(4)
dxy −Q

(6)
dxy

Qzxzx = G
(3)
f3 − 2Q

(4)
du + 3Q

(6)
du − 2Q

(4)
dv −Q

(6)
dv +Q(3)

s

Qzxxy = −G
(3)
fax +G

(3)
fbx −G(2)

px +G(6)
px + 2Q

(4)
dyz +Q

(6)
dyz

Qzxzy = −G
(3)
faz −G

(3)
fbz −G(2)

pz +G(6)
pz − 2Q

(4)
dxy −Q

(6)
dxy

Qzxxz = G
(3)
f3 + 2Q

(4)
du + 3Q

(6)
du + 2Q

(4)
dv −Q

(6)
dv −Q(3)

s

Qzxyx = −G
(3)
fax +G

(3)
fbx +G(2)

px +G(6)
px − 2Q

(4)
dyz +Q

(6)
dyz

Qxyxx = −G
(3)
faz +G

(3)
fbz +G(5)

pz − 2Q
(6)
dxy

Qxyyy = −G
(3)
faz −G

(3)
fbz +G(5)

pz + 2Q
(6)
dxy

Qxyzz = 2G
(3)
faz +G(5)

pz + 2G(6)
pz

Qxyyz = −G
(3)
fay +G

(3)
fby −G(2)

py +G(6)
py + 2Q

(4)
dxz +Q

(6)
dxz

Qxyzx = −G
(3)
fax −G

(3)
fbx +G(2)

px +G(6)
px + 2Q

(4)
dyz −Q

(6)
dyz

Qxyxy = G
(3)
f3 + 4Q

(4)
du + 2Q

(6)
dv +Q(3)

s

Qxyzy = −G
(3)
fay +G

(3)
fby +G(2)

py +G(6)
py − 2Q

(4)
dxz +Q

(6)
dxz

Qxyxz = −G
(3)
fax −G

(3)
fbx −G(2)

px +G(6)
px − 2Q

(4)
dyz −Q

(6)
dyz

Qxyyx = G
(3)
f3 − 4Q

(4)
du + 2Q

(6)
dv −Q(3)

s

* Rank 4 tensor (t).

Qxxxx Qxxxy Qxxxz

Qyyyx Qyyyy Qyyyz

Qzzzx Qzzzy Qzzzz

Qyyzx Qyyzy Qyyzz

Qzzxx Qzzxy Qzzxz

Qxxyx Qxxyy Qxxyz

Qyzzx Qyzzy Qyzzz

Qzxxx Qzxxy Qzxxz

Qxxyy +Qyyzz −Qyzzy −Qzxxz +Qzzxx Qxyyy Qxyyz

−Qyyyz

2 +
Qyyzy

2 +Qzxxy Qxyyz +
Qzzxz

2 − Qzzzx

2
Qxxxy

2 − Qxxyx

2 +Qxyyy −Qyyyx +Qzzxy


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Qxxxx = −2Q
(1)
du − 4Q

(2)
du + 2Q

(1)
dv + 4Q

(2)
dv −Q(1)

gu +Q(1)
gv + 2Q(1)

g + 3Q(1)
s

Qxxxy = Q
(1)
dxy + 2Q

(2)
dxy +Q

(3)
dxy − 2Q

(5)
dxy +Q(1)

gaz −Q
(1)
gbz

Qxxxz = Q
(1)
dxz + 2Q

(2)
dxz +Q

(3)
dxz − 2Q

(5)
dxz −Q(1)

gay −Q
(1)
gby

Qyyyx = Q
(1)
dxy + 2Q

(2)
dxy +Q

(3)
dxy − 2Q

(5)
dxy −Q(1)

gaz −Q
(1)
gbz

Qyyyy = −2Q
(1)
du − 4Q

(2)
du − 2Q

(1)
dv − 4Q

(2)
dv −Q(1)

gu −Q(1)
gv + 2Q(1)

g + 3Q(1)
s

Qyyyz = Q
(1)
dyz + 2Q

(2)
dyz +Q

(3)
dyz − 2Q

(5)
dyz +Q(1)

gax −Q
(1)
gbx

Qzzzx = Q
(1)
dxz + 2Q

(2)
dxz +Q

(3)
dxz − 2Q

(5)
dxz +Q(1)

gay −Q
(1)
gby

Qzzzy = Q
(1)
dyz + 2Q

(2)
dyz +Q

(3)
dyz − 2Q

(5)
dyz −Q(1)

gax −Q
(1)
gbx

Qzzzz = 4Q
(1)
du + 8Q

(2)
du + 2Q(1)

gu + 2Q(1)
g + 3Q(1)

s

Qyyzx = Q
(1)
dxz +Q

(3)
dxz + 2Q

(1)
gby

Qyyzy = Q
(1)
dyz + 2Q

(2)
dyz +Q

(3)
dyz + 2Q

(5)
dyz +Q(1)

gax −Q
(1)
gbx

Qyyzz = Q
(1)
du + 3Q

(3)
du −Q

(1)
dv +Q

(3)
dv −Q(1)

gu +Q(1)
gv −Q(1)

g +Q(1)
s

Qzzxx = Q
(1)
du − 3Q

(3)
du +Q

(1)
dv +Q

(3)
dv −Q(1)

gu −Q(1)
gv −Q(1)

g +Q(1)
s

Qzzxy = Q
(1)
dxy +Q

(3)
dxy + 2Q

(1)
gbz

Qzzxz = Q
(1)
dxz + 2Q

(2)
dxz +Q

(3)
dxz + 2Q

(5)
dxz +Q(1)

gay −Q
(1)
gby

Qxxyx = Q
(1)
dxy + 2Q

(2)
dxy +Q

(3)
dxy + 2Q

(5)
dxy +Q(1)

gaz −Q
(1)
gbz

Qxxyy = −2Q
(1)
du − 2Q

(3)
dv + 2Q(1)

gu −Q(1)
g +Q(1)

s

Qxxyz = Q
(1)
dyz +Q

(3)
dyz + 2Q

(1)
gbx

Qyzzx = Q
(2)
dxy −Q

(5)
dxy + 2Q

(1)
gbz

Qyzzy = Q
(2)
du + 3Q

(5)
du −Q

(2)
dv +Q

(5)
dv −Q(1)

gu +Q(1)
gv −Q(1)

g +Q(1)
s

Qyzzz = Q
(1)
dyz + 2Q

(2)
dyz −Q

(3)
dyz −Q(1)

gax −Q
(1)
gbx

Qzxxx = Q
(1)
dxz + 2Q

(2)
dxz −Q

(3)
dxz −Q(1)

gay −Q
(1)
gby

Qzxxy = Q
(2)
dyz −Q

(5)
dyz + 2Q

(1)
gbx

Qzxxz = Q
(2)
du − 3Q

(5)
du +Q

(2)
dv +Q

(5)
dv −Q(1)

gu −Q(1)
gv −Q(1)

g +Q(1)
s

Qxyyy = Q
(1)
dxy + 2Q

(2)
dxy −Q

(3)
dxy −Q(1)

gaz −Q
(1)
gbz

Qxyyz = Q
(2)
dxz −Q

(5)
dxz + 2Q

(1)
gby
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