
Fall 2025 Problem Set 2 Physics 513

1. In class we have seen that the representations of the Lorentz group can
be defined on the basis states |j1m1, j2m2 >, where

(JA)2|j1m1, j2m2 >= j1(j1 + 1)|j1m1, j2m2 > (1)

(JB)2|j1m1, j2m2 >= j2(j2 + 1)|j1m1, j2m2 > (2)

and the matrices JA
i and JB

i satisfy the usual angular momentum al-
gebra. Recall that the rotation and boost generators are related to
these by L̂i = (JA

i + JB
i ) and K̂i = −i(JB

i − JA
i ). The corresponding

irreducible representations are labeled as Dj1,j2(Λ).

Which finite dimensional representation (j1, j2) is equivalent to the ma-
trices Λµ

ν as they operate on the space-time 4 vector xµ? Find explicitly
the combination of basis states |j1m1, j2m2 > which transform like the
components x, y, z and t of the 4 vector.

2. Consider the extension of the proper Lorentz group to include space
reflection or parity operation P defined by P µ

ν x
ν = (t,−x,−y,−z).

(a) Show that P commutes with the rotation generators Ji and anticom-
mutes with the boost generators Ki.

(b) Show that there is no 2× 2 matrix with the properties of P within the
(1/2, 0) representation of the Lorentz group. Therefore the (1/2, 0) rep-
resentation of the Lorentz group cannot be extended to include parity.

3. Consider the electric and magnetic fields E⃗ and B⃗. Show that the com-
binations E⃗+ iB⃗ and E⃗− iB⃗ transform amongst themselves under the
Lorentz transformations. You may pick just one boost and one rotation
to explicitly show this part. What happens to these combinations un-
der space inversion? Under which representation of the Lorentz group
do these combinations transform?
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4. The Poincare group is obtained by combining proper Lorentz transfor-
mations and translations. A general element can br denoted by the
pair L = (a,Λ), where aµ is the displacement and Λµ

ν a Lorentz trans-
formation. Under the combined transformation

xµ → x′µ = (Lx)µ = Λµ
νx

ν + aµ (3)

Given the elements L1 = (a1,Λ1) and L2 = (a2,Λ2), show that the
product element can be represented as L2L1 = (a2 + Λ2a1,Λ2Λ1).
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