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so adding 2 spin-1/2 states we get

J = (0, 1) J3 = (0, 0, 1/2,−1/2) (4)

J = |0, 0〉 (5)

J = |1, (0,−1
2
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1
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J2 = A2 + B2 + 2A3B3 +A+B− +A−B+ (7)

and

J2|J〉 = ~2J(J + 1)|J〉 (8)
J3|J〉 = ~J3|J〉 (9)
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In the new basis
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J2, J3, A3 and B3 are diagonal.
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So in the above basis
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Similarly
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Finally,

Jz|ψ1〉 = ~|ψ1〉
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2.1
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εijkσ
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jγk
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2.2

We are looking for
γµ

h = SγµS−1 (19)

such that
(γµ

h )† = γµ
h (20)

or

γµ
h = SγµS−1 →

(γµ
h )† = (S−1)†(γµ)†S†

= S(γµ)†S−1 6= SγµS−1 (21)

which is true for the Dirac representation, so there can be no unitary matrix S
that can satisfy Eq. 19 and 20.
Similarly, for the Hamiltonian of the Dirac equation to be hermitian (as any
physical system) we must have

β = γ0 = (γ0)†, γi = −(γi)† (22)

for any representation of the Dirac matrices. Therefore, we can never have
(γµ)† = γµ.
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3.1

L = −1
2
φ�φ− m2

2
φ2

= −1
2
(∂µ(φ∂µφ)− ∂µφ∂

µφ)− m2

2
φ2

=
1
2
∂µφ∂

µφ− m2

2
φ2 − 1

2
∂µ(φ∂µφ) (23)

∂L
∂φ

= −m2φ (24)

∂µ(
∂L

∂(∂µφ)
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)δφ]

=
∫ tf

ti

d4x(
∂L
∂φ

− ∂µ(
∂L

∂(∂µφ)
))δφ+

∫ tf

ti

d3x
∂L
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(26)
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The last term goes to zero so that the Euler-Lagrange equation is

∂L
∂φ

− ∂µ(
∂L

∂(∂µφ)
) = 0

−m2φ−�φ = 0 ⇒ (� +m2)φ = 0 (27)

Adding a total divergence term (or a constant) to the Lagrangian doesn’t change
Euler-Lagrange equations.

3.2

Since L = L(φ,�φ) = L(φ, ∂µφ) (Euler-Lagrange equations remain unchanged)
we see that L really depends on φ, ∂µφ only.
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