Homework Set No. 3, Physics 880.08
Deadline — Friday, May 14, 2010

1. Show explicitly that the time evolution kernel we derived in class for a free non-

relativistic particle
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is unitary.
a (5 pts) First show that
/ dq/ Ufree(Qa tu ql7 tl> Ufree(qlu tlu qllu t”) = Ufree(Qv t7 q”7 t”)‘

b (5 pts) Then demonstrate that
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Explain why the results of parts a and b prove unitarity of the time evolution kernel.

2. a. (5 pts) By explicitly expanding the exponentials on the left-hand-side and carrying
out the Grassmann integrals show that the following relation holds
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where x; and ; are Grassmann variables, and A is a 2 X 2 matrix with elements a;;.
b (5 pts) Show that
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for the function
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Here x and & are Grassmann variables.




3. (10 pts) Consider a non-Abelian gauge theory with the gauge field A% and the La-
grangian

1 a a v
EI_ZF/U/F#'

Here
Fjl, =0, A, -0, AZ + g]“‘bC AZ AS

with f¢ the structure constants of the gauge group SU(N).
Write the equations of motion for this theory. If we define J** by

o, F*vh = J*#
what is J*# for the above Lagrangian?

4. (10 pts) When constructing gauge-invariant Lagrangian for the non-Abelian gauge
field A} one may consider another Lorentz-invariant
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Show that this term can be written as a 4-divergence,
I = 0,K"

and find the 4-vector K* explicitly in terms of the field Ajj. Why can not the invariant /
serve as the Lagrangian for the non-Abelian field?
(Hint: you may find the identity
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useful. Here the gauge group is SU(N) and d®* is the absolutely symmetric object defined
by

d* = 2Te (T*{T",T°})

with T the generators of SU(N) in the fundamental representation.)



