
MATH425 - Quantum Field TheorySet Work: Sheet 111. Using the normal-ordered energy-momentum ve
tor for a s
alar �eld,P� = 1(2�)3 Z d3p 12p0 p�[ay(p)a(p)℄;and with � given as usual by�(x) = 1(2�)3 Z d3p 12p0 �a(p)e�ip:x + ay(p)eip:x� ;show that [P�; �(x)℄ = �i���(x):Che
k that this implies that the equatione�ia:P�(x)eia:P = �(x� a)is satis�ed to 1st order in a. (In fa
t it is true to all orders.)2. (Revision) Consider the expansion for �(x) in real s
alar quantum �eldtheory �(x) = 1(2�)3 Z d3p 12p0 �a(p)e�ip:x + ay(p)eip:x� ;
where p0 = pp2 +m2 and ay(p) and a(p) are 
reation and annihilationoperators respe
tively for parti
les of momentum p.(i) Verify by dire
t 
omputation thatay(p) = Z [p0�(x; t)� i�(x; t)℄eip:xd3x;where the 4-ve
tor x = (t;x) and t is arbitrary.(ii) Assuming also the 
orresponding resulta(p) = Z [p0�(x; t) + i�(x; t)℄e�ip:xd3x;(whi
h follows by hermitian 
onjugation) dedu
e the 
anoni
al 
ommutationrelations [a(p); ay(p0)℄ =2p0Æ(p� p0)(2�)3;[ay(p); ay(p0)℄ =0:

3. Show that�(+)(x1)�(+)(x2)jp1p2 >= e�i(p1:x1+p2:x2)j0 > +e�i(p1:x2+p2:x1)j0 >4. Show that< p3p4jp1p2 >=< p4jp2 >< p3jp1 > + < p4jp1 >< p3jp2 > :



5. The Feynman propagator is de�ned by�F (x) = 1(2�)4 ZCF d4kk2 �m2 e�ik:x:for an appropriate 
ontour CF in the 
omplex k0 plane.(a) Sket
h the 
ontour CF .(b) De�ning �(x) = �(+)(x) + �(�)(x)where �(+)(x) = 1(2�)3 Z d3p2p0 a(p)e�ip:x
�(�)(x) = 1(2�)3 Z d3p2p0 ay(p)eip:x;show that for x0 > 0 �F (x) = �i[�(+)(x); �(�)(0)℄;while for x0 < 0 �F (x) = �i[[�(+)(0); �(�)(x)℄:(
) Hen
e show that< 0jTf�(x); �(0)gj0 >= i�F (x):


