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We summarize some important properties of Pauli Matrices.
1. The three Pauli matrices are given by

o) Co) 64 2

2. The Pauli matrices satisfy the commutation relations.
[0, 05| = 2ie;jr0y (2)

3. The square of each Pauli matrix is unity. So is the square of n - & where n is
a unit vector.

ol=0t=02=1, g2 =1 (3)

4. Every Pauli matrix anticommutes with the other two Pauli matrices. There
does not exist a nonzero 2 x 2 matrix which anticommutes with

all the three Pauli matrices.
5. The above relations can be written in various different forms.
loi,0;] = 2ie 0% (4)
00K+ oRo; = 204, (5)
6. The above two relations imply that

00, = Ojk + €100y (6)
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7. The above statements are can be rewritten as
(a) [@-G,b-3) =2i(@xb)-&
(b) (@-5)* =la”
(¢) (@-3)(b-3)+ (b-3)(a-7)=2@-b)l
(d) (@ -3)(b-3)=(@-b)l+i@@xb) &
where @, b are two arbitrary numerical vectors.
8. The trace of each of the three matrices is zero. If we use the notation oo = I
we have the relation, we can write
Tr(o,0,) = 20, (7)
9. The above identity can be used to prove linear independence of Pauli matrices.
The four matrices o, 1 = 0, ..,3 form a basis in the complex vector space of
all 2 x 2 matrices.
10. Let S be complex 2 x 2 matrix which is expanded in terms of the matrices o,
3
S=> Cuo, (8)
n=0
The expansion coefficients are given by
1
C, = éTr(Sau) 9)
11. The completeness relation for the Pauli matrices is contained in the identity
Z(O’a)zj(da)kl = 25il5jk - 5U5/{3l (10)
a
12. An important identity satisfied by the Pauli matrices is
exp(id - &) = cos |a@| + id - o sin |d| (11)
where @ is a vector and
(Oél,OéQ,Oé3>, ‘52| = \/Oé%+()522+0[% (12)
Pauli-Matrices.pdf Ver 17.x http://0Ospace.org/users/kapoor
LastUpDated : June 4, 2018 No Warranty, Implied or Otherwise
Created : April 2017 License: Creative Commons



http://0space.org/users/kapoor
http://creativecommons.org/licenses/by-nc/4.0/

