Lahiri & Pal : Quantum Field Theory
1st edition
Answers to selected exercises

Ex. 1.5
al 1
Hamiltonian : H = Z (a}ai + E)hwz )
i=1
n;
N (GI
state : |ni,na,---,nn) = | —*=10) .
TLZ"
i=1
N
number operator : N = Z ala; .

Ex. 1.7 ¢ Maxwell equations are given in Ch. ??. The Lorentz force law
on a particle with charge g is

W' e
dr dr

where z# are the coordinates of the worldline of the particle, and 7 is

proper time, dr? = Juvdxtdz” .

Er. 1.8 7=2x107%s.

Er. 2.2 (O+m?)¢= faa—‘;.
Er. 2.3 (O+m?)¢l = _(?9_‘(;'

Ez. 2.4 o The answer appears in Ch. 8.
Ez. 2.5 II' = A,
Ex. 2.6 0 2 =|3|> + | Vo[ + m2pTo + V(41 9).

A-1



Lahiri & Pal : Quantum Field Theory __Answers to exercises _A-2

FEr.

FEz.

FEz.
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Ex.
Ezx.
FEx.

FEr.

FEr.

FEx.

2.7 @
a) Pr = ldk
b) H = 2 ,; pi + l%},ﬁq,ﬁ) .
o) [a,al ] = Okm > @k am]- = [al,al]_=0.
d) H= Z %(aka}; + aLak) .
k=1
2.8 @
a) " =iq(¢'0"p — ¢0" ).
b)  j* =iq(p'0"¢ — g0 + 2iqA T ).
2.9 jt=0M(x,$)0"d—at¥
3.5e¢ P /d3pp a(p) + a(p)a T(p)).

3.7 Q= iq/dgp [ai(p)az(p) - ag(p)cn(p)}-

4.7 mv.(p)y"vs(p) = —pv,(p)vs(p) -

4.8 T(p' )" v(p) = — 5 TP [(p + 1) —io" g, ] v(p).
4.11 ¢ Same as in Eqs. (4.60) and (4.61).

4.16 e See errata.

4.19 o See errata. #4*,, = %Efy’\oww — (T’\Macl, — T/\l,a:u), where

T/\H = Ew%’mp — g’\u,f.

6.2 % Dy (1= 75)%(e) Yy 11— 75) ) -

6.4 o

S5 = (=i @tk —p =) _ﬂikv \/2}3,,1/ \/211%/‘/_
<[ (jTg iAr(q) [T(P)iSF (0 — ) iSr(p)uw ()]

St = (i) m)tet (k= p =) _\/2ikv \/QIEPV \/QJIEPIV_

x/ (;l;) iAp(q) [us(p)iSr(p) iSk(p — q)vs ()] -
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Ez. 7.3 o Yes.

G2m5 2
Er. 7.5 T = — L& H<1_8m_2€_|_...>.
my,

19273

Ex. 76 0 ————F~5 =
¢ * I'(rt — pty,) m? 2

2 _
o \mz—m

D(rt —etv,) m? <m2—m2>2
e e T e

Ex. 7.9 o 11 GeV approximately.
Ez. 8.1 e See errata for Eq 8.21. 9, F* + M?AY = j¥.

Er. 8.2 e 0(x) = Oy(x) + [ d*a’ Go(x — 2') f(2), where Gy is the mass-

less scalar propagator (Green’s function for the wave equation) and 6
satisfies the wave equation.

Ez. 8.5 e Physical states: al(k)|0) for r = 1,2.

Ex. 8.6 :PH: = /d3k K Zai(k)ar(kj), where k% = wy,. This expres-

sion is valid on physical states selected by the Gupta-Bleuler condition,
so that only the transverse modes contribute for each k* in the integral.
(Physical quantities like Hamiltonian and momentum are independent
of £ when restricted to physical states.)

Ez. 11.53 e eF(0).

Ez. 12.2 @ Define E,q138 = Guv9ap — 9up9va- Then mux,(k1, ko, k3, ka) =
ak?kgkgkﬁ (Eua\VBEMIpé + EualMEVﬁ\pé + EualpéEuﬁ\/\v) +
bk?kgkgkﬁ(Ewm,l,/E’V’/ﬁ’\/E,\ﬂNp,EgS" + Byl BYY Eypag B2 +
E

pa|p'v

/Efj’g\/Ep(;WplE;’;“/), where a and b are two form factors which
depend on all possible Lorentz invariant combinations of the momenta.

Ez. 12.7 ¢ 1/128 approximately.

Fz. 13.12e Q, = sabc/d% Ppbe-

Ezx. 1512 ¢ —17%.
Ex. 15.18 ¢ +1.9%



