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2017
M.Sc. 2nd Semester Examination
PHYSICS
PAPER-—-PHS-201
Full Marks : 40
Time : 2 Hours

The figures in the margin indicate full marks.

Candidates are required to give their answers in their
~ own words as far as practicable.

Nustrate the answers wherever necessary.

Use separate Answer-scripts for Group-A & Group-B

Group—A

Answer Q. No. I and any one from the rest.

1. Answer any five bits : 5x2

ey
(a) For any vector A, show that
- = = i
o,A.c[=21Axc

{Turn Qver)



(b) If the eigenvalues of J? and J, are given by
lelm)=ljkm) and Jz|lm)=m]1m), show- that
2

L2m*.

(c) The state of the hydrogen atom is 2p state. Find the

energy lévels of the spin-orbit interaction Hamiltonian
- )
#L.S, where 4 is a constant,

(d} Prove that the time reversal operator operating on any

number changes it into its complex conjugate.

{e)} Prove that tr. (Y uY v) = 4gpv .

) If vys=-ivpviv2rs.
Calculate y,{1-7vs) W— my".

(8] Show that

[FID, #]=0
. O
where Hp is the Dirac Hamiltonian and J = L+ § |
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(h} The spin operator in the rest frame for a Dirac particle is

= 1

defined by S = -5
il |

where I = 57 ¥

Prove that Z = y5YoY .
2. (a) Prove that
il m)= [j(j+ 1)-m(m + l)]%h |j m+1).

(b) IfY;, (6, ¢) form a complete set of orthonormal functions

of (9, ).

Provethatz Z 'Y,m Y,m|-l

m=-}

(c) Obtain the hyperfine splitting in the ground state of the
hydrogen atom to first order in perturbation theory,

2 = a2
H'=ASp.Se8%r
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A being constant.

Where Sp and 8, denote the spins of the proton and

- 5 o
electron respectively ; also F = Sp+ Se

e-%!o

Y100 = 4+2+4

Rag

-3

3. (6) e fatt
C

A2
prove that (5.7) (6.7) = [f) . ﬂ) -25.8.

. . R - R -
(b) If Kh= ﬁ[c'. L+ h) where 6'=|°
¢

al ©

Find the eigenvalues of the operator K.
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e d

(€ IfS=

i e . .
2 Z where S is the spin operator in the rest frame

of a Dirac particle, then show that S2 = —% . 44442

Group—B
Answer Q. No. I and any one from the rest.
1. Answer any five bits : : 2x5

(@) If L1 {F(s) = fit)

then prove that tf(t} = L’l{;—: [F(s)]} .

(b) Solve

(mz~ny)%+(nx—lz) = (ly - mx) .

Q¥

C/17/M.Sc./2nd Seme./PHS-201 {Turn Over)



(c) If a group is defined by
a*b=a+b-1

Find the inverse of the group.

{d) Let H be a subgroup of agroup G. If x2€ Hforallx €
then prove that H is a normal subgroup of G.

{e) Find the direct sum A®B&C

f
b

where A = [a], B=[ c] and C =
d e

= I~

4
i oj
1 m
and show that the tr. of the direct sum =
tr. A+tr. B+ tr. C.
{fi Show that y{x) = 2 - x is a solution of the integral equation.

(g) State and prove Legrange’s theorem in group.

{(h) Find L[2Y when the Kernel is e™Pt,

2. (a) Show that
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1 -'le ' IXI <1
(b) Find the F.T. of f(x)=

0, [x{>1
a0 Sil-'l4 t n
and hence show that Io o e 5+5
¢t 3

3. (a) Solve the integral equation

¥(X) = cosx + [§ 2sin(x - t) y(t} dt -

) T4| E 8C3 3C, 6oy 65,

C/17/M.8¢./2nd Seme./PHS-201 (Turn Qver)



The character table for CH,, molecule is given above, If
the mumber of unchanged basis members under the
operation E, C5, Cy, 04, S, are 4, 1, 0, 2,.0 respectively.
Prove that in CH, molecule four orbitals spans A; ® T,

5+5
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