
MPG No. 4.1.9 m [ Type I, monoclinic ] [T tensor]

* Rank 0 tensor.[
T
]

T = T (1)
s

* Rank 1 tensor.[
Tx 0 Tz

]
Tx = T (1)

px

Tz = T (1)
pz

* Rank 2 tensor (s).Txx 0 Txz

0 Tyy 0
Txz 0 Tzz



Txx = −T
(1)
du + T

(1)
dv + T (1)

s

Txz = T
(1)
dxz

Tyy = −T
(1)
du − T

(1)
dv + T (1)

s

Tzz = 2T
(1)
du + T (1)

s

* Rank 2 tensor (a). 0 0 Txz

0 0 0
−Txz 0 0



Txz = −M (1)
py

* Rank 3 tensor (s).
Txxx 0 Txxz

Tyyx 0 Tyyz

Tzzx 0 Tzzz

0 Tyzy 0
Tzxx 0 Tzxz

0 Txyy 0



Txxx = 2T
(1)
fax + T (1)

px + 2T (2)
px

Txxz = −2M
(1)
dxy − T

(1)
faz + T

(1)
fbz + T (1)

pz

Tyyx = −2M
(1)
dyz − T

(1)
fax + T

(1)
fbx + T (1)

px

Tyyz = 2M
(1)
dxy − T

(1)
faz − T

(1)
fbz + T (1)

pz

Tzzx = 2M
(1)
dyz − T

(1)
fax − T

(1)
fbx + T (1)

px

Tzzz = 2T
(1)
faz + T (1)

pz + 2T (2)
pz

Tyzy = −M
(1)
dxy − T

(1)
faz − T

(1)
fbz + T (2)

pz

Tzxx = M
(1)
dxy − T

(1)
faz + T

(1)
fbz + T (2)

pz

Tzxz = −M
(1)
dyz − T

(1)
fax − T

(1)
fbx + T (2)

px

Txyy = M
(1)
dyz − T

(1)
fax + T

(1)
fbx + T (2)

px
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* Rank 3 tensor (a). 0 Tyzy 0
Tzxx 0 Tzxz

0 Txyy 0



Tyzy = M
(2)
dxy + T (3)

pz

Tzxx = M
(2)
dxy − T (3)

pz

Tzxz = M
(2)
dyz + T (3)

px

Txyy = M
(2)
dyz − T (3)

px

* Rank 4 tensor (sss).
Txxxx Txxyy Txxzz 0 Txxzx 0
Txxyy Tyyyy Tyyzz 0 Tyyzx 0
Txxzz Tyyzz Tzzzz 0 Tzzzx 0
0 0 0 Tyzyz 0 Tyzxy

Txxzx Tyyzx Tzzzx 0 Tzxzx 0
0 0 0 Tyzxy 0 Txyxy



Txxxx = −2T
(1)
du − 4T

(2)
du + 2T

(1)
dv + 4T

(2)
dv − T (1)

gu + T (1)
gv + 2T (1)

g + T (1)
s + 2T (2)

s

Txxyy = −2T
(1)
du + 2T (1)

gu − T (1)
g + T (1)

s

Txxzz = T
(1)
du + T

(1)
dv − T (1)

gu − T (1)
gv − T (1)

g + T (1)
s

Txxzx = T
(1)
dxz + 2T

(2)
dxz − T (1)

gay − T
(1)
gby

Tyyyy = −2T
(1)
du − 4T

(2)
du − 2T

(1)
dv − 4T

(2)
dv − T (1)

gu − T (1)
gv + 2T (1)

g + T (1)
s + 2T (2)

s

Tyyzz = T
(1)
du − T

(1)
dv − T (1)

gu + T (1)
gv − T (1)

g + T (1)
s

Tyyzx = T
(1)
dxz + 2T

(1)
gby

Tzzzz = 4T
(1)
du + 8T

(2)
du + 2T (1)

gu + 2T (1)
g + T (1)

s + 2T (2)
s

Tzzzx = T
(1)
dxz + 2T

(2)
dxz + T (1)

gay − T
(1)
gby

Tyzyz = T
(2)
du − T

(2)
dv − T (1)

gu + T (1)
gv − T (1)

g + T (2)
s

Tyzxy = T
(2)
dxz + 2T

(1)
gby

Tzxzx = T
(2)
du + T

(2)
dv − T (1)

gu − T (1)
gv − T (1)

g + T (2)
s

Txyxy = −2T
(2)
du + 2T (1)

gu − T (1)
g + T (2)

s

* Rank 4 tensor (ssa).
0 Txxyy Txxzz 0 Txxzx 0

−Txxyy 0 Tyyzz 0 Tyyzx 0
−Txxzz −Tyyzz 0 0 Tzzzx 0

0 0 0 0 0 Tyzxy

−Txxzx −Tyyzx −Tzzzx 0 0 0
0 0 0 −Tyzxy 0 0



Txxyy = 4M
(1)
f3 − 2T

(3)
dv

Txxzz = −4M
(1)
f3 + 3T

(3)
du − T

(3)
dv

Txxzx = 2M
(1)
fay + 2M

(1)
fby − 2M (1)

py + T
(3)
dxz

Tyyzz = 4M
(1)
f3 + 3T

(3)
du + T

(3)
dv

Tyyzx = −4M
(1)
fby + T

(3)
dxz

Tzzzx = −2M
(1)
fay + 2M

(1)
fby + 2M (1)

py + T
(3)
dxz

Tyzxy = 4M
(1)
fay +M (1)

py
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* Rank 4 tensor (aas).Tyzyz 0 Tyzxy

0 Tzxzx 0
Tyzxy 0 Txyxy



Tyzyz = −2T
(4)
du + 2T

(4)
dv + T (3)

s

Tyzxy = 2T
(4)
dxz

Tzxzx = −2T
(4)
du − 2T

(4)
dv + T (3)

s

Txyxy = 4T
(4)
du + T (3)

s

* Rank 4 tensor (aaa). 0 0 Tyzxy

0 0 0
−Tyzxy 0 0



Tyzxy = M (2)
py

* Rank 4 tensor (sa).
0 Txxzx 0
0 Tyyzx 0
0 Tzzzx 0

Tyzyz 0 Tyzxy

0 Tzxzx 0
Txyyz 0 Txyxy



Txxzx = −M
(2)
fay −M

(2)
fby +M (3)

py + 2T
(5)
dxz

Tyyzx = 2M
(2)
fay +M (3)

py + 2M (4)
py

Tzzzx = −M
(2)
fay +M

(2)
fby +M (3)

py − 2T
(5)
dxz

Tyzyz = M
(2)
f3 − 3T

(5)
du − T

(5)
dv

Tyzxy = −M
(2)
fay +M

(2)
fby +M (4)

py + T
(5)
dxz

Tzxzx = M
(2)
f3 + 3T

(5)
du − T

(5)
dv

Txyyz = −M
(2)
fay −M

(2)
fby +M (4)

py − T
(5)
dxz

Txyxy = M
(2)
f3 + 2T

(5)
dv

* Rank 4 tensor (as). 0 0 0 Tyzyz 0 Tyzxy

Tzxxx Tzxyy Tzxzz 0 Tzxzx 0
0 0 0 Txyyz 0 Txyxy



Tyzyz = M
(3)
f3 − 3T

(6)
du − T

(6)
dv

Tyzxy = −M
(3)
fay −M

(3)
fby +M (6)

py − T
(6)
dxz

Tzxxx = −M
(3)
fay −M

(3)
fby +M (5)

py + 2T
(6)
dxz

Tzxyy = 2M
(3)
fay +M (5)

py + 2M (6)
py

Tzxzz = −M
(3)
fay +M

(3)
fby +M (5)

py − 2T
(6)
dxz

Tzxzx = M
(3)
f3 + 3T

(6)
du − T

(6)
dv

Txyyz = −M
(3)
fay +M

(3)
fby +M (6)

py + T
(6)
dxz

Txyxy = M
(3)
f3 + 2T

(6)
dv
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* Rank 4 tensor (s).
Txxxx Txxyy Txxzz 0 Txxzx 0 0 Txxxz 0
Tyyxx Tyyyy Tyyzz 0 Tyyzx 0 0 Tyyxz 0
Tzzxx Tzzyy Tzzzz 0 Tzzzx 0 0 Tzzxz 0
0 0 0 Tyzyz 0 Tyzxy Tyzzy 0 Tyzyx

Tzxxx Tzxyy Tzxzz 0 Tzxzx 0 0 Tzxxz 0
0 0 0 Txyyz 0 Txyxy Txyzy 0 Txyyx



Txxxx = −2T
(1)
du − 4T

(2)
du + 2T

(1)
dv + 4T

(2)
dv − T (1)

gu + T (1)
gv + 2T (1)

g + T (1)
s + 2T (2)

s

Txxyy = 4M
(1)
f3 − 2T

(1)
du − 2T

(3)
dv + 2T (1)

gu − T (1)
g + T (1)

s

Txxzz = −4M
(1)
f3 + T

(1)
du + 3T

(3)
du + T

(1)
dv − T

(3)
dv − T (1)

gu − T (1)
gv − T (1)

g + T (1)
s

Txxzx = 2M
(1)
fay −M

(2)
fay + 2M

(1)
fby −M

(2)
fby − 2M (1)

py +M (3)
py + T

(1)
dxz + 2T

(2)
dxz + T

(3)
dxz + 2T

(5)
dxz − T (1)

gay − T
(1)
gby

Txxxz = 2M
(1)
fay +M

(2)
fay + 2M

(1)
fby +M

(2)
fby − 2M (1)

py −M (3)
py + T

(1)
dxz + 2T

(2)
dxz + T

(3)
dxz − 2T

(5)
dxz − T (1)

gay − T
(1)
gby

Tyyxx = −4M
(1)
f3 − 2T

(1)
du + 2T

(3)
dv + 2T (1)

gu − T (1)
g + T (1)

s

Tyyyy = −2T
(1)
du − 4T

(2)
du − 2T

(1)
dv − 4T

(2)
dv − T (1)

gu − T (1)
gv + 2T (1)

g + T (1)
s + 2T (2)

s

Tyyzz = 4M
(1)
f3 + T

(1)
du + 3T

(3)
du − T

(1)
dv + T

(3)
dv − T (1)

gu + T (1)
gv − T (1)

g + T (1)
s

Tyyzx = 2M
(2)
fay − 4M

(1)
fby +M (3)

py + 2M (4)
py + T

(1)
dxz + T

(3)
dxz + 2T

(1)
gby

Tyyxz = −2M
(2)
fay − 4M

(1)
fby −M (3)

py − 2M (4)
py + T

(1)
dxz + T

(3)
dxz + 2T

(1)
gby

Tzzxx = 4M
(1)
f3 + T

(1)
du − 3T

(3)
du + T

(1)
dv + T

(3)
dv − T (1)

gu − T (1)
gv − T (1)

g + T (1)
s

Tzzyy = −4M
(1)
f3 + T

(1)
du − 3T

(3)
du − T

(1)
dv − T

(3)
dv − T (1)

gu + T (1)
gv − T (1)

g + T (1)
s

Tzzzz = 4T
(1)
du + 8T

(2)
du + 2T (1)

gu + 2T (1)
g + T (1)

s + 2T (2)
s

Tzzzx = −2M
(1)
fay −M

(2)
fay + 2M

(1)
fby +M

(2)
fby + 2M (1)

py +M (3)
py + T

(1)
dxz + 2T

(2)
dxz + T

(3)
dxz − 2T

(5)
dxz + T (1)

gay − T
(1)
gby

Tzzxz = −2M
(1)
fay +M

(2)
fay + 2M

(1)
fby −M

(2)
fby + 2M (1)

py −M (3)
py + T

(1)
dxz + 2T

(2)
dxz + T

(3)
dxz + 2T

(5)
dxz + T (1)

gay − T
(1)
gby

Tyzyz = M
(2)
f3 + T

(2)
du − 3T

(5)
du − T

(2)
dv − T

(5)
dv − T (1)

gu + T (1)
gv − T (1)

g + T (2)
s

Tyzxy = 4M
(1)
fay −M

(2)
fay +M

(2)
fby +M (1)

py +M (4)
py + T

(2)
dxz + T

(5)
dxz + 2T

(1)
gby

Tyzzy = −M
(2)
f3 + T

(2)
du + 3T

(5)
du − T

(2)
dv + T

(5)
dv − T (1)

gu + T (1)
gv − T (1)

g + T (2)
s

Tyzyx = 4M
(1)
fay +M

(2)
fay −M

(2)
fby +M (1)

py −M (4)
py + T

(2)
dxz − T

(5)
dxz + 2T

(1)
gby

Tzxxx = −2M
(1)
fay − 2M

(1)
fby + 2M (1)

py + T
(1)
dxz + 2T

(2)
dxz − T

(3)
dxz − T (1)

gay − T
(1)
gby

Tzxyy = 4M
(1)
fby + T

(1)
dxz − T

(3)
dxz + 2T

(1)
gby

Tzxzz = 2M
(1)
fay − 2M

(1)
fby − 2M (1)

py + T
(1)
dxz + 2T

(2)
dxz − T

(3)
dxz + T (1)

gay − T
(1)
gby

Tzxzx = M
(2)
f3 + T

(2)
du + 3T

(5)
du + T

(2)
dv − T

(5)
dv − T (1)

gu − T (1)
gv − T (1)

g + T (2)
s

Tzxxz = −M
(2)
f3 + T

(2)
du − 3T

(5)
du + T

(2)
dv + T

(5)
dv − T (1)

gu − T (1)
gv − T (1)

g + T (2)
s

Txyyz = −4M
(1)
fay −M

(2)
fay −M

(2)
fby −M (1)

py +M (4)
py + T

(2)
dxz − T

(5)
dxz + 2T

(1)
gby

Txyxy = M
(2)
f3 − 2T

(2)
du + 2T

(5)
dv + 2T (1)

gu − T (1)
g + T (2)

s

Txyzy = −4M
(1)
fay +M

(2)
fay +M

(2)
fby −M (1)

py −M (4)
py + T

(2)
dxz + T

(5)
dxz + 2T

(1)
gby

Txyyx = −M
(2)
f3 − 2T

(2)
du − 2T

(5)
dv + 2T (1)

gu − T (1)
g + T (2)

s

* Rank 4 tensor (a). 0 0 0 Tyzyz 0 Tyzxy Tyzzy 0 Tyzyx

Tzxxx Tzxyy Tzxzz 0 Tzxzx 0 0 Tzxxz 0
0 0 0 Txyyz 0 Txyxy Txyzy 0 Txyyx


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Tyzyz = M
(3)
f3 − 2T

(4)
du − 3T

(6)
du + 2T

(4)
dv − T

(6)
dv + T (3)

s

Tyzxy = −M
(3)
fay −M

(3)
fby +M (2)

py +M (6)
py + 2T

(4)
dxz − T

(6)
dxz

Tyzzy = M
(3)
f3 + 2T

(4)
du − 3T

(6)
du − 2T

(4)
dv − T

(6)
dv − T (3)

s

Tyzyx = −M
(3)
fay −M

(3)
fby −M (2)

py +M (6)
py − 2T

(4)
dxz − T

(6)
dxz

Tzxxx = −M
(3)
fay −M

(3)
fby +M (5)

py + 2T
(6)
dxz

Tzxyy = 2M
(3)
fay +M (5)

py + 2M (6)
py

Tzxzz = −M
(3)
fay +M

(3)
fby +M (5)

py − 2T
(6)
dxz

Tzxzx = M
(3)
f3 − 2T

(4)
du + 3T

(6)
du − 2T

(4)
dv − T

(6)
dv + T (3)

s

Tzxxz = M
(3)
f3 + 2T

(4)
du + 3T

(6)
du + 2T

(4)
dv − T

(6)
dv − T (3)

s

Txyyz = −M
(3)
fay +M

(3)
fby −M (2)

py +M (6)
py + 2T

(4)
dxz + T

(6)
dxz

Txyxy = M
(3)
f3 + 4T

(4)
du + 2T

(6)
dv + T (3)

s

Txyzy = −M
(3)
fay +M

(3)
fby +M (2)

py +M (6)
py − 2T

(4)
dxz + T

(6)
dxz

Txyyx = M
(3)
f3 − 4T

(4)
du + 2T

(6)
dv − T (3)

s

* Rank 4 tensor (t).

Txxxx 0 Txxxz

0 Tyyyy 0
Tzzzx 0 Tzzzz

Tyyzx 0 Tyyzz

Tzzxx 0 Tzzxz

0 Txxyy 0
0 Tyzzy 0

Tzxxx 0 Tzxxz

Txxyy + Tyyzz − Tyzzy − Tzxxz + Tzzxx 0 Txyyz

0 Txyyz +
Tzzxz

2 − Tzzzx

2 0



Txxxx = −2T
(1)
du − 4T

(2)
du + 2T

(1)
dv + 4T

(2)
dv − T (1)

gu + T (1)
gv + 2T (1)

g + 3T (1)
s

Txxxz = T
(1)
dxz + 2T

(2)
dxz + T

(3)
dxz − 2T

(5)
dxz − T (1)

gay − T
(1)
gby

Tyyyy = −2T
(1)
du − 4T

(2)
du − 2T

(1)
dv − 4T

(2)
dv − T (1)

gu − T (1)
gv + 2T (1)

g + 3T (1)
s

Tzzzx = T
(1)
dxz + 2T

(2)
dxz + T

(3)
dxz − 2T

(5)
dxz + T (1)

gay − T
(1)
gby

Tzzzz = 4T
(1)
du + 8T

(2)
du + 2T (1)

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

s

Tyyzx = T
(1)
dxz + T

(3)
dxz + 2T

(1)
gby

Tyyzz = T
(1)
du + 3T

(3)
du − T

(1)
dv + T

(3)
dv − T (1)

gu + T (1)
gv − T (1)

g + T (1)
s

Tzzxx = T
(1)
du − 3T

(3)
du + T

(1)
dv + T

(3)
dv − T (1)

gu − T (1)
gv − T (1)

g + T (1)
s

Tzzxz = T
(1)
dxz + 2T

(2)
dxz + T

(3)
dxz + 2T

(5)
dxz + T (1)

gay − T
(1)
gby

Txxyy = −2T
(1)
du − 2T

(3)
dv + 2T (1)

gu − T (1)
g + T (1)

s

Tyzzy = T
(2)
du + 3T

(5)
du − T

(2)
dv + T

(5)
dv − T (1)

gu + T (1)
gv − T (1)

g + T (1)
s

Tzxxx = T
(1)
dxz + 2T

(2)
dxz − T

(3)
dxz − T (1)

gay − T
(1)
gby

Tzxxz = T
(2)
du − 3T

(5)
du + T

(2)
dv + T

(5)
dv − T (1)

gu − T (1)
gv − T (1)

g + T (1)
s

Txyyz = T
(2)
dxz − T

(5)
dxz + 2T

(1)
gby
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