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1. (4 pts)
Discuss the transformation properties of the bilinears,
V µ = Ψ γµ Ψ
Aµ = Ψ γµγ5 Ψ
under P̂ , Ĉ and ĈP̂ .
Remember that one picks up a minus sign when ordering of spinor fields is reversed.

2. (4 pts)
The projection operators PL = 1

2
(I − γ5) and PR = 1

2
(I + γ5) project onto the left-

handed and right-handed components of a Dirac spinor. Let

ΨL̃ ≡ PLΨ, ΨR̃ ≡ PRΨ.

We use L̃ and R̃ here on the LHS in order to distinguish two-component Weyl spinors
ψL,R from four-component Dirac spinors ΨL̃,R̃.

(a) Verify that the appropriate adjoint spinors should be defined as

ΨL̃ ≡ ΨPR, ΨR̃ ≡ ΨPL

Note:: what happens when one moves a γ-matrix γµ from the RHS of PL,R to the
LHS?

(b) What do the Dirac spinors ΨL̃, ΨR̃, ΨL̃ and ΨR̃ look like in the Weyl basis in
terms of Weyl spinors ψL,R or ψ†

L,R?

(c) What do they look like in the Dirac basis?

3. (4 pts)
Rewrite S = Ψ Ψ, PS = Ψ γ5 Ψ, V µ = Ψ γµ Ψ, Aµ = Ψ γµγ5 Ψ
in terms of the Dirac spinors ΨL̃, ΨR̃, ΨL̃ and ΨR̃?
You need not go down all the way to expressions in terms of the two-component Weyl
spinors ψL,R and ψ†

L,R.
You may find the following properties of projection operators useful :

PL + PR = I, P 2
L = PL, P 2

R = PR

Which bilinears couple left (right) handed fields only to left (right) handed fields,
and which bilinears mix fields of different handedness? This will be important when
constucting terms that enter the Lagrangian of the Standard Model.
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4. (6 pts)
(a) Combine three j = 1/2 angular momenta, j1 ⊗ j2 ⊗ j3 = 1/2 ⊗ 1/2 ⊗ 1/2, and
extract the total spin 1/2 contributions |J = 1/2, Jz = 1/2〉A,S. Here “A” and “S”
stand for antisymmetric or symmetric with respect to 1 ⇀↽ 2 interchange. Verify that
these states correspond to χ(MA) and χ(MS) of H/&M. eq.[2.65] (up to overall sign).
Note: look up the appropriate Clebsch-Gordan coefficients if necessary.

(b) Verify the first expression in H.&M. eq.[2.71] for |p, ↑〉.

5. (2 pts)
The ω meson is a boundstate of up & down quarks and antiquarks. It is an iso-singlet
and has spin 1. What are |ω, Sz = ±1, 0〉 including color degrees of freedom?

2


