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2023
M.Sc.

4th Semester Examination
PHYSICS
PAPER : PHS-402.1 & 402.2
Full Marks 30

Time 0 2 hours
The figures in the vight Furid margim indicate marks.
Candidates are reguired to give their answers

in thetr own words s Jur as practicable.
Hustrate the answers wherever necessury.

SECTION—I

( NUCLEAR PHYSICS—II )
PHS-402.1

1. Answer any two guestions from the following :

2x2=4

fuj What is the isotopic spin of deuteron?
Jusufy your nswer,
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(h)

2. Answer gny two questions from the following

)

/386

[ 2)
Calculate the ceergy of the proton detected
at 90 when 20 \eV deuterons are incident
on “ Al 1o produce 2%A1 with an cneras
differcnce () = 55 MeV.

Ay

Why are the velocities of thermal neutrons
m a reacter gven by Maxwell distribution?

Write the disadvanages of reactor sources
used for productions of noutrons.

JaBed

1} A crystal spectrometer for neutrons
uses a rocic salt ervstal with a grating
space of 2-1% A, The neutrons are
detected at n angle of 157 What 1s
the energy of the neutrons selected in

the first order diffraction? 4

it} What do yvou understand by the level
width {I'} and level separation (D)
between the levels of a continuum 1n

nuclear reactions? 2+2=4

[ Contintued )



3.

(b}

fc)

(d)

(3)
The neutron and proton in the deuteron
nuciide interact through a square well
potential of width » = 19 fim, and depth
V, = 40 MeV in an | = 0 state. Calculate the
probability that the proton moves within the
range of the deuteron. Use the approximation

that m = m, =, Ab=a/2, k=.m Vg =eg)/h,

and ¢, is the binding energy of the

devteron. 4

i) What are the basic principles of velocity
selector fur neutron monochromator?

fiij Correlates the tertile and f(issile

materials. Vg

fij  What do vou mean by nuclear reaction
cross-section?

fii} How are the magic numbers explained
using shell model? 1+3=4

Answer any one guestion from the following :

fa)

8x1-8

(ij In nposcattering, S-wave scaltering is
predominaznt in the energy range below
10 MeV. Write the comments on this
observaiion. 8
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(i}

(i)

(1)

fri)

fiii}

(4]
Derive 1he relation between refractive
index (u) and scattering length (g of a
material with nuclel per unit volume
(A due o neuiren for wavelength (7).
8

How would the limnationsg of liguid-
drep model be resolved in single-

particle shell model? J+4+2=8

In casce of harmonic oscillater shell
madel. establish the relation between
the harmonic oscillater frequencey and

the nuclear size. &

& i : i - 2
Find the spin and parity of A;PEE

nuclecus by usuig Nordheim's rule for
shell model 8

Cateculate the slowing down Urme in
graphite for neuwtrons having an initial
energy of 2 MoV oand finagl thermal
cnergy 0025 eV Given, 4 = 26 cm
apd £ = 135, C 3+2+3=8

i Continued )
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SECTION—II

( QUANTUM FIELD THEORY |}
PH5-402.2

1. Answer gny two questions from the following .
G 1 o

fa)

(b)

o)

)

2%2=4
Show thai if v satsties the Dirac equation.
it also satisfies the Klein-Gordon equaltion.

For a comples scajur field theory, using
the mode eaipansion for ofly) write down
-i’(}]m(x]q)' (y)! 0 as an integral over three-
mormmenta.

The Lagrangiuon density for a massive vector
field A" s given

1 1
B e B P s s, AP
o 2m A

‘jl\‘
Derive the eccuation of motion for the vecior

field A" and show that the equation of

. . : oA,
motion implies 6,4 7= 0.

Define j:;l[x; as the Noether current

corresponding 1o the transformation
5

oy : I B
wixi— e v s a constant for a (rec
. — “ [ -
Dirac theorv with mass m. Compute j ‘;(x_]
and find the condition under which

Ay _;?(_7() z [k,
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2. Answer anyg two guestions from the following @

A.50.=3

In real scalor Doled theory with £ = =i,
: int 3'['

write el he cxpression lor
B ; s L -
QT olx,n Q" uptoorder 27 in terms

uf the Fevomeon propagator. Draw the
corresponding [Momnan diagrams.

Chiiven that the Dirac field transforms

IS

asoyeo Ay whert .\; =exp| ST Oy L
,J < i e

U

Evaluate the mioirix A for Lorentz-boost
2

along the zanis. Given . S = —[y#, vV

%

For a real scalor free tield theorv, the
Homaltonian operator in terms of creation

and arvmabioinen sperators iy

Using the miode expansion for ¢lx. 0). show

. 1 o it .
that " oy, 0 = wuloe f)

{ Caminieed }



(i The integral represcrtation of the Feynman

propagator for « Irce real scalar field theorv
is given as
Cdt et

Diex = y) = |

i ;. .
{.znﬁ I2a —m? e

Perform the p, ntegral and show
that D},[_\‘ -yl van be written as

CITio(x)0iyh10. .

3. Answer qny ome ¢uostion [rom the following

Bxl=8

{af (i} The action ior o complex scalor ficid ¢

/386

coupled to the vicctromagnetic field A
in <4 space time dimensicns is given by,

x4 i ;
5 =fd4x|} D & i b -5 S

where the  covariant  derivalive,

D, =0, + leA, Write down the dimension

of the coupiling constant 2 in the units
ol h=c=1. Use thce Nocther's
prescripiion 1o find the encrgy
momentum tensor T for the above
theory. Is T"" svmmetric? If not.

syimmetrize it 143

{ Twrn Ouver )
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fii}

S

(8}
A salution {or rhe fres Dirac equation is
SHX

written as " ole Show that

i

b

z rﬁ,{p;u';(g')] ={p+m) b

=

o

- Dirae ‘L’hl,‘ﬂl’}'

Consider the
S=1 atiiy Y - m)y

Comypwie Lhye conserved current 3

corresponding to the glohal svmmetry

transformation yix)-+ e y(x), (¢ 1s a
constant). Nest evaluatle the normal
ordered chovoe operatar o Qo the free
Dirac theoro i terms of the creation

and anninilanon operalors. 0

If Pa,P Ly where P is the parity

IS
operator and ¢ is the annihilation

operitor for oeal seatr feld, Show that

Do ool = oft, - v r
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