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Physics 613 Homework #6
Due March 10, 2014 at 4:00 EST

1: The positive and negative energy solutions of the free Dirac equation were
defined to be

wir) = vETm (L5 ), ) = VEEm (F).

E+m

with ¢"1¢* = x"Tx* = 0,5, and E = +/p2 + m?2.
Show:

2:  We previously considered contracting u'u and the like to form scalars.
But we can also take outer products, uu', which is not a scalar but a tensor.
The positive and negative energy solutions of the free Dirac equation were
defined to be

T ap
u(ﬁ,r):\/E—l—m( g.qg- T), v(ﬁ,r):\/E—l—m(EJFgX),

E+m

with ¢ 1" = "Iy = 8,0, ¥, 0°6°t = I, and E = +/57 F 2.
Show

(a) X2 uli 5)a(p, s) = 'pu +m.

(b) Zzzl U( 7, 3)77(_; S) = fy“p“ —m.

3:  Using the anticommutation relations of the Dirac creation and annihila-
tion operators

(k). c@} =0, {&k), @} = @n)6.6%k-a), {ek).c@}=o.
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{d,(8),d(@} =0, {d(k),d(@} = @n)6,6°(k=q), {di(F),d\(@)}=0

and the expression for the Dirac field,
. di’»k 2 - , o - .
i) = [ i 2 G vl ) 7 L)l ) ]

with ky = w, = \/ m?2, find the anticommutation relations at equal time
between 1, (7, t) and wb (y, t).



