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1. Motivation.

In [1] he writes

γ0 =

[
I 0
0 −I

]
= I ⊗ τ3

γi =

[
0 σi

σi 0

]
= σi ⊗ iτ2

γ5 =

[
0 I
I 0

]
= I ⊗ τ1

The Pauli matrices σi I had seen, but not the τi matrices, nor the ⊗ notation. Strangerep in
physicsforums points out that the ⊗ is a Kronecker matrix product, a special kind of tensor prod-
uct [2]. Let’s do the exersize of reverse engineering the τ matrices as suggested.

2. Guts

Let’s start with γ5. We want

γ5 = I ⊗ τ1 =

[
Iτ11 Iτ12
Iτ21 Iτ22

]
=

[
0 1
1 0

]
(1)

By inspection we must have

τ1 =

[
0 1
1 0

]
= σ1 (2)

Thus τ1 = σ1. How about τ2? For that matrix we have

γi = σi ⊗ iτ2 =

[
σiτ11 σiτ12
σiτ21 σiτ22

]
=

[
0 1
1 0

]
(3)

Again by inspection we must have

iτ2 =

[
0 1
−1 0

]
, (4)

so

τ2 =

[
0 −i
i 0

]
= σ2. (5)

This one is also just the Pauli matrix. For the last we have
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γ0 = I ⊗ τ3 =

[
Iτ11 Iτ12
Iτ21 Iτ22

]
=

[
1 0
0 −1

]
. (6)

Our last tau matrix is thus

τ3 =

[
1 0
0 −1

]
= σ3. (7)

Curious that there are two notations used in the same page for exactly the same thing? It
appears that I wasn’t the only person confused about this.

3. The bivector expansion

Zee writes his wedge products with the commutator, adding a complex factor

σµν =
i
2
[γµ, γν] (8)

Let’s try the direct product notation to expand σ0i and σij. That first is

σ0i =
i
2

(
γ0γi − γiγ0

)
= iγ0γi

= i(I ⊗ τ3)(σ
i ⊗ iτ2)

= i2σi ⊗ τ3τ2

= −σi ⊗ (−iτ1)

= iσi ⊗ τ1

= i
[

0 σi

σi 0

]
,

which is what was expected. The second bivector, for i = j is zero, and for i 6= j is

σij = iγiγj

= i(σi ⊗ iτ2)(σ
j ⊗ iτ2)

= i3(σiσj)⊗ I

= i4(εijkσk)⊗ I

= εijk

[
σk 0
0 σk

]
.
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