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PEYSICS

PAPER - PHS-401.1 &. 401.2

Full Marks :50

Time: 2 hours

Answer all questions

The figwes intheright handmaryinindicate marb

Candidaes m rcquired to give their atawers in tleir
own words as far as practicable

(Quantum FieldTheory)

GROUP - A

Answer any firyo of the following : 2 x 2I

(Tw Ovcr )
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(2)

(a) Write down th9 actioq for a U(l) vector
field coupled to complex scalar field.
Identi$ the gauge c],mmctry.

(6) For the free Dirac theory, compute the
conservgd current.,/t' coresponding to
the global symmetry transformation

\r(r) + eE\r(r) (c is a consmt) md show

that0rJT-0.'' "

(c) The Legrangian density fot avector field
riF is giv€n by

v__Lp 1,.-.- 4'trr
Derive the equa-tion of motion for the
vector fieldlr.

(d) lf Pa oP-r = ,-, where P is the parity

operator and ar,is' the annihilation
operator for a real spalar field- Show that

P{(t,x}Fr =t(r,-r}

g
s
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(3)

GROI]P _ B

2. Answer anY aoo of the following:

(a) For a free real scalr fieldrheory cmpute

the energt-momentumtensor 7u' Show -

that Im component corresponds to the

Haniltonian density.

(D) For a real scalar free field theory the

normal-ordered tlamiltonian operator in

terms ofcredio md q'mihildim oP€rdtrs

is

n=!ffir,"l",
ComPute \H, arl and using the mode

expansion for {(40)' show that

dfrfi{x,O)rffi =l(&')'

(c) Given that the Dirac field transforms as

y+A1v, where,tr='*[-;t*.,r,]
2

4x2
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(4)

and .sp, =i[vr,r"J. Show that (i) qry

transforms as a scalar under Lorentz

transformation, (ii) [7r, So" ] = [;c" ]f r'
where yo" are Lorentz generators

corresponding to a vector r€presentation.

(4 For a free complex scalar field theory
obtain the integral representation ofthe
retarded propagator b{x - Y), bY

performingthep6 integral over a suitable
contour. Furttrer show that

D*(x - r) = @(ro - y0x0l [o(r),$(y)] l0).

GROUP _ C

3. Answerany one ofthefollowing : 8xt

(a) (r) Forafteecomplex scalrfieldtheory
obtain the expression forthe Noether

' cu rien t t 
F itr terms of the fields { and
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(5)

r['corresponding to the global trans-

formation Q(x) -r e--Q(x). Compute

the normal ordered charge : Q: in
temrs ofthe creation and annihilation

operators (a r,b r,alr,b',r)'

(ir) Consider the free Dirac theory'

Obtain the equation ofmotion for the

Dirac field ry and find its solution in
the rest frarne i.e. P: (12,0,0,0)'

5

1

(b) (r) Consider the free Dirac theory' Use

the anticommutation relations among

(a;Ur,a],b'nt) and the mode exPan-

sion for the Dirac field ry to show

that {v,(r,r), vl(r,0} = 11' - Y)6'o' 4

(ii) For a free Maxwell theory, compute

the energY momentum tensor 7w
using the Noether's prescription and

symmetrize the exPression. 4
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(5)

PES - 4l)1.2

(Particle PttYticsl

GROUP _.d

1. Answerany rwo oftbe following : 2x2

(a) For the SU(2) isospin doublet of pdm
and neutron (p, z), find the 2@2 bound

state wavefirnctions and specify their

isospins.

(D) How does lro) ana lF) transform

rmder CP ? Construct liner oombimtims

of the neutral Kaons lro) ana lF)Oat
are eigenetate of CP.

(c) Using thc conjugate relresentation of
SU(2) Isospin show that T+n =-A-
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(7)

(d) For the process Po -+ ro +r0 determine

if the angular momentum is conserved.

GROI..IP _ B

Answer any fwo of the following :

(a) Given that the fermion field ry(t' r) trans-

forms under Parity (P) as q,Y\(r,-r),

determine the transformations of qTrry

underP.

(D) The three states with4 : Y : o in 3@3

are l,a-a),lA-ss] and [w-sr].
Determine the irreducible states i.e the

wave functions of the ng,1 and the I'
mesons in terms the constituent (u, d, s)

quarks.

(c) Consider the sz(z) Lie algeb'ra where the

4x2
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(8)

generalors satisry lr",rr)=, f*t" with

t 1t.,t;--la* [Repeated indices are

summed over]. Show from the algebra
that the structufe constants.lf6" must be
completely antisymmetric.

(d) Consider the process r+ +d -+ p+ p
where d denotes the deuteron (bound
state ofa proton and a neutron) in the
ground state (s : l, I :0) and.p the
proton. Explain how the intrinsic parity
of z+ can be determined fromthe above

Process.

GROT.JP - C

Answer any one of tlrc following : g x I

(a) (r) Draw the.Ir - fdiagrams correspon-
dingto3 of SU(3), labelingthe states

3
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(e)

as (ui.s\ quarks. Find all the I : 0

bound'states in the 3@3' ExPlain

' why these bound states do not
' correspond to physical particles'

(ir) assuming only isospin symmetry find

the ratio of the following cross

sections :

c(K- + p-+n* +E-); o(f-+P+ril+Io);

: o(K- + P'+n- +E*)'

(Iable of Clebsch-Gordan coeffi cient

wilt be Provided on request)'

(6) (r) Consideratheoryofacomplex scalar

field { couPled to electromagnetic

fietd e=**&*lo;O[-r<Ol

with /(0)=p21qP + r(tP)'z

where Dr, = Ot, + ie4' Pis the mass of

the 0 field and X and e are couPling

4

4
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(r0)

constants. For p2 < 0 show that the
potential has a new, minimum at
I 0 l= v * O. Eqiand the potential about
the newmini6untaking

q=len<tn1v+lz(r))
.t2

and find the masses of the ll(x) and
l,(r) frelds.

(ir) Starting from the fact that under
Parity (P) the spin-l/2 creation
operators fransform as

Pd;fr =ild_t, and pb']F =rnUJ,
explain why a fermion-antifermion
pair has odd intrinsic parity.

I Internal Assessment - l0 Mrrks I

6

2

Folvs/PHsraot. I & 401.2t25 MV-l(x)


