PHYSICS 611 - FALL 2018
Homework Set 1

due date: Fri., September 7, 2018

Problem 1.1
Using
Ly, s, 1 59 3 —
'Hzéﬂ' +§(V¢>) +§mq§ , P=—-7nV¢
express the total four-momentum

P, = / PP, | Py = (H,P)

in terms of creation and annihilation operators.

Problem 1.2

Show that the measure

A3k
PYy = ——-—
BT (2732w,

is invariant under a boost in the z-direction.
Explain (without a calculation) why d®X;, is invariant under rotations.

Problem 1.3
Calculate the inner product

(7, t|p)
where |7, 1) = (7, 1)|0).

Problem 1.4
Show that the transformation property of creation operators under spacetime translations,

eiP-)\aT (ﬁ)efiP-)\ _ eip-AaT (ﬁ)
(where P, is the total four-momentum) implies the transformation law

eiP-/\gb(x)efiP-)\ — ¢<$U + )\)

Problem 1.5
Show that the state

Py, - D) = CCLT(ﬁl) T aT(ﬁN)‘())

is an eigenstate of the Hamiltonian A and total momentum P and find the corresponding eigenvalues.



