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d) Show that yPAykarl = jerduv 45,

Consider the matrik 7% = 270717273 problem 3).
(a) Show that 7> gnticommutes with epch of the v# matrices, 79y* = —yH~°.
(b) Show that 4° is hermitian and that (v°)? = 1.
(c) Show that v = (—i/24)exnu V"7 7" and Al Ayl — ey A5,
(d)

)

(e) Show that any 4 x 4 matrix I" is a unique linear combination of the following 16
matrices: 1, v#, Py[“fyl’}, AOyH and AP,

0123 = 11, €193 = —1, Yyl = L(y#9 — y741),

APHAT = LAyt — At o — plaAgV it — VA,

Conventions: €

and ditto for the 7[”7)‘7“7’/]~ [next: problem 4)
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Predrag Cvitanovic
next: problem 4).


Casimir energy Consider a massless real scalar field ¢ in two di-
mensions, confined to a box of length L with antiperiodic boundary
conditions. This is, a field which satisfies ¢(t, L) = —¢(t, 0).

(a) Find the Fourier mode expansion for the field ¢.

(b) Remember that the the Feynman Green’s function for a field in
flat space is given by

<O (@) ()10 >= Gl o = [ hexplib(e—a')) /W (5 )

Calculate Gp(z,2') as a function of it’s arguments.



For the case at hand with the given boundary conditions, a Fey-
mann Green’s function is given by

Gr(z, 1) /dk exp(ik(z — 2)) /k?

where k runs over the allowed set of modes from the mode expan-
sion. Show that this is equal to a sum over images

o

Gp(z,2')= > (=1)"Gp(z +nL,z")

n=-—o0o
of the Green’s function for flat space.

Show that the Hamiltonian density in terms of the field ¢ is given
by

Hr1) = 210,12 + 6. (2. 1))

Consider a point splitting Hamiltonian given by

1. . .
M, 1) = 500, )0 + 6,1) + 6, 06ala + 6,
Calculate
< O[H(z,t)|0 >

both for the theory in infinite space and in the theory with bound-
ary conditions.

Show that the difference between the two results gives a finite
result in the limit

Hm ([Heloow — [Hel frat)

e—0

What is the final value?



Consider a theory of a single Dirac spinor with two kinds of mass terms,

|pmMem5)

1, .- = -
L= 5(“?7”@&? —myp —im'Pyz))
a) Show that the derivative term is invariant under the chiral transformation
)=y

for arbitrary constant a.
b) Use such a chiral transformation to transform the pseudo-scalar mass m' away. What is the mass
of the resultant Dirac field?
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