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1.
The generalised momentum

oL
m(x) = 3—¢

The Hamiltonian density is defined by
H = (a)m(z) - L,

H= / d®xo(x / Hd>x.

For the KG field m = d) and

then
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[(x,1), H] =[6(x. 1), / (1) + L(V(x, 1) + 2m2o(x,1)’]d%
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We write
(09)* = 1,00 0% ¢,

then using
006 _,
a(ore) 1
we have 5
3(3“¢) (6¢>2 = Upg(59H6”¢ + 6p¢(5gﬂ) = 26M¢'

So equation of motion becomes

0 (0u6) = —m6 — Ao — 50

or
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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)] =
< Pl Phlp1, P2 >= < 0la(p))a(py)a’ pl)af(pz)lo >
= < 0la(py){a’(p1)a(ph) + (27)*2p]6(p1 — Ph)}a' (p2)0 >
= < 0la(p})a’ (p1){a’ (p2)a(ph) + (27)°2p{d(p2 — Ph)}0 >
+ (27m)%2pY6(p1 — ph) < Ola(p))a’(p2)[0 >
=(2m)° 2p2 (P2 — py) < 0l{a’(p1)a(p}) + (2m)*2p}6(p1 — P7)}0 >
+(2m)*2p{6(p1 — ph) < O{a’(p2)a(p}) + (27)*2p36(p2 — p)}0 >
=(2m)° (2p1)(2p2){5(p1 —P1)d(p2 — P3) +d(P1 — P2)d(P2 — P1)}-
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3(a).
The electromagnetic field strength tensor,

Fo = 0,4, —0,A,.
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The Euler-Lagrange equations of motion are obtained from the Lagrangian
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which are Maxwell’s equation in the absence of sources.

Ay — Ay = Ay + 9,0

F,, =0,A,—0,A, =0,A, —0,A) —8,(A, —9,\)
= 0,A, — 0, A, — 0,0,A+0,0,A = 0,A, — 0, A, =F,

Therefore L. ,, is also invariant under the transformation.
(b) the Lagrangian for a massive photon without sources is given by

1
=7 B " + m?A, AH

The first term is invariant under transformation. The second term transforms to
- mQAuA“ = mQAMA“ + m2(8uA8“A — O uNA* — AM8“A)

therefore the mass term does not vanish under the transformation. Requiring invari-
ance imposes m? = 0.



