MATHA425 Quantum Field Theory Solutions 7
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2. Two-particle states are defined by

Ip1, P2 >=a'(p1)a’(p1)[0 >
P1,P2 >=[p2,P1 > as [a(p1),a(p2)] =0
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So we have
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4(a). Under a Lorentz transformation we have

7M@) =9 (2)y° " (2') = () S(L) "9y S(L)y(x)
=¢(2)S(L)"1°S(L)S(L) " S(L)y(z) = L*,(x)7° "9 (z) = L*,5" (2),

using S(L)~'v°S(L) = +°, S(L)~'"y#S(L) = L*,v”. Under a parity transformation
we have
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(4b) Consider taking for L a small rotation through an angle § about an axis n. Then
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in the given representation, so (using €;jx€;j; = 20x;)
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and since [30%, 107] =ie;jpdo",
we have [S%, S7] = i€;;1S".
Consider a scalar field ¢(x). In a Lorentz-transformed frame we have

¢ (z') = ¢(x) = ¢(L™'2"), or equivalently ¢'(z) = ¢(L 'z).
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We have , , ,
(Lz)* =2' — €127 n"0,
so (L7'z)" =z + e;jpxino,
and so ¢ (z) =¢(z* + €;jrxn*0)
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So d¢ = —ifn.Lo,

i.e. the generator of the change in ¢ corresponding to a rotation is the component of L in
that direction. Now for the Dirac field 9 (z),

¥ (z) =S(L)y (L' w)
=(1 —in.S)(1 — ifn.L)y(x)
=(1—-1ifnJ)yY(z) where J=L+S.



