
3d orthogonal (A, B are linear transformations)

A =

 L (ex) = Axxex +Ayxey +Azxez
L (ey) = Axyex +Ayyey +Azyez
L (ez) = Axzex +Ayzey +Azzez


mat (A) =

Axx Axy Axz

Ayx Ayy Ayz

Azx Azy Azz


det (A) = AxxAyyAzz −AxxAyzAzy −AxyAyxAzz +AxyAyzAzx +AxzAyxAzy −AxzAyyAzx

A =

 L (ex) = Axxex +Axyey +Axzez
L (ey) = Ayxex +Ayyey +Ayzez
L (ez) = Azxex +Azyey +Azzez


Tr (A) = Axx +Ayy +Azz

A (ex ∧ ey) = (AxxAyy −AxyAyx) ex ∧ ey + (AxxAzy −AxyAzx) ex ∧ ez + (AyxAzy −AyyAzx) ey ∧ ez

A (ex) ∧A (ey) = (AxxAyy −AxyAyx) ex ∧ ey + (AxxAzy −AxyAzx) ex ∧ ez + (AyxAzy −AyyAzx) ey ∧ ez

A+B =

 L (ex) = (Axx +Bxx) ex + (Ayx +Byx) ey + (Azx +Bzx) ez
L (ey) = (Axy +Bxy) ex + (Ayy +Byy) ey + (Azy +Bzy) ez
L (ez) = (Axz +Bxz) ex + (Ayz +Byz) ey + (Azz +Bzz) ez


AB =

 L (ex) = (AxxBxx +AxyByx +AxzBzx) ex + (AyxBxx +AyyByx +AyzBzx) ey + (AzxBxx +AzyByx +AzzBzx) ez
L (ey) = (AxxBxy +AxyByy +AxzBzy) ex + (AyxBxy +AyyByy +AyzBzy) ey + (AzxBxy +AzyByy +AzzBzy) ez
L (ez) = (AxxBxz +AxyByz +AxzBzz) ex + (AyxBxz +AyyByz +AyzBzz) ey + (AzxBxz +AzyByz +AzzBzz) ez


A−B =

 L (ex) = (Axx −Bxx) ex + (Ayx −Byx) ey + (Azx −Bzx) ez
L (ey) = (Axy −Bxy) ex + (Ayy −Byy) ey + (Azy −Bzy) ez
L (ez) = (Axz −Bxz) ex + (Ayz −Byz) ey + (Azz −Bzz) ez


2d general (A, B are linear transformations)

A =

{
L (eu) = Auueu +Avuev
L (ev) = Auveu +Avvev

}
det (A) = AuuAvv −AuvAvu

Tr (A) =
(eu · eu) (ev · ev)Auu

(eu · eu) (ev · ev)− (eu · ev)2
+

(eu · eu) (ev · ev)Avv

(eu · eu) (ev · ev)− (eu · ev)2
− (eu · ev)2 Auu

(eu · eu) (ev · ev)− (eu · ev)2
− (eu · ev)2 Avv

(eu · eu) (ev · ev)− (eu · ev)2

A (eu ∧ ev) = (AuuAvv −AuvAvu) eu ∧ ev

A (eu) ∧A (ev) = (AuuAvv −AuvAvu) eu ∧ ev

B =

{
L (eu) = Buueu +Bvuev
L (ev) = Buveu +Bvvev

}
A+B =

{
L (eu) = (Auu +Buu) eu + (Avu +Bvu) ev
L (ev) = (Auv +Buv) eu + (Avv +Bvv) ev

}
AB =

{
L (eu) = (AuuBuu +AuvBvu) eu + (AvuBuu +AvvBvu) ev
L (ev) = (AuuBuv +AuvBvv) eu + (AvuBuv +AvvBvv) ev

}
A−B =

{
L (eu) = (Auu −Buu) eu + (Avu −Bvu) ev
L (ev) = (Auv −Buv) eu + (Avv −Bvv) ev

}
a ·A (b)− b ·A (a) = 0

4d Minkowski spaqce (Space Time)

g =


1 0 0 0
0 −1 0 0
0 0 −1 0
0 0 0 −1



T =


L (et) = Tttet + Txtex + Tytey + Tztez
L (ex) = Ttxet + Txxex + Tyxey + Tzxez
L (ey) = Ttyet + Txyex + Tyyey + Tzyez
L (ez) = Ttzet + Txzex + Tyzey + Tzzez


T =


L (et) = Tttet − Ttxex − Ttyey − Ttzez
L (ex) = −Txtet + Txxex + Txyey + Txzez
L (ey) = −Tytet + Tyxex + Tyyey + Tyzez
L (ez) = −Tztet + Tzxex + Tzyey + Tzzez


tr (T ) = Ttt + Txx + Tyy + Tzz

a · T (b)− b · T (a) = 0


