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1. Express the Bessel differential equation. Obtain the solution of Bessel's
function. Draw the graphs of the two functions J (x) and !1(x).

(1+7+2=10)

2. (a) Express the following function in Fourier- Legendre expansion. (4+3+3=10)

{(x) = 0
)1 1

-1 S x sO
O;;x:S;l

(b) (i) Prove that:

"1. (x) = Jl( 2 ) Sin x:
'.1:. n"x

(ii) Prove that: 1l~ = (211 - l)xPn -1 - ('11 - f Pn-2

3. Obtain the path integral equation for a free particle. (10)

4. (a) State the Orthogonality Theorem and prove it for d ::j.d'. (6+4=10)

(b) What is a unitary group? Show the Unitary representation of a group
D3and hence show the reducible representation of an equilateral
triangle.

5. (a) Show that there is homomorphism between SU(2) and SO(3)generators. (5+5=10)

(b) Prove the orthogonality of Bessel function.

6. (a) Write a brief note on Homomorphism and Isomorphism of a group (7+3=10)

with suitable example.
(b) Show that a Group of non-zero complex numbers is a homomorphism.

7. (a) Prove that: (3+7=10)

(i)
d
dx [x'" 1.••(x)] = XnJ .••_l (x)

Or



(ii) Prove that

J
...,-r1. 2

-1 [Pn(x)]dx = 2n + 1

(b) Obtain the integral form of Linear harmonic oscillator equation by
transformation of its differential form into homogenous Fredholm
Integral equation of second kind.

8. (a) If uG-) = @-X·is a solution of the Volterra integral equation (3+3+4=10)
u(,x) = .1 - a J; t u(t)dt

Find a?
(b) Check if:.l;(x) = x+ IS:!: is a solution of the Fredholm integral

equation
u" (x) = eX - ; ;>I.: + JoO

l
;>I.,tu(t) dt; u(O) =:1, u; (0) = Z

(c) Prove that In (x) is a coefficient of zn in the expansion of e·~/2.(z-~.
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Choose the correct answer from the following: 1x20=20

I. The unitary matrix are precisely those matrices which preserve the Hermitian inner
product:
a. < f)' .• W > = < VW,vV >
b. < v, w > = < V v} V \V >
c. .< v, w > = < U'u, wU >
d. < ·V;\V > = < UW, Uw >

2. A function defined by j(0)= j(27rn)=l, where n= 1,2, ..... n, then the function is a:
a. Isomorphism b. Endomorphism
c. Homomorphism d. None of the above

3. If ab= ba for all a, b of a group G, the multiplication is commutative, and the group is
called:
a. Conjugate subgroup
b. An abstract group
c. Cyclic group
d. An abelian group

4. The orthogonality condition of Hermite polynomial for (m =F n) is given by:

a. L~~H"" (x)H"GJ f?-;';' d x: = 0

b. L:" <Pm ex) <P n ex) ax - 0

c.

d.

5. Choose the incorrect option from the following:
a. A cyclic group is also abelian.
b. An abelian group is also cyclic.
c. If 'a' grou p possesses an elemen t a, a2, a3, .... r then the group is cyclic.
d. All of the above.

6. The generating function of Laguerre polynomial [,11 is:
.~ L,,(x)

L ~ . tn
n=() 11(n - 1)!

b. i Ln.(.>:) tn
•.,=0 "11(11.+1')!
= [,'

c. "'\'. n.(XL.ttl
L n!
1.1:=0

d. f' Ln(x) t"ft en -1)!

7. The recurrence formula for Bessel function of the form ~ (XU} n) is equal to:ax
a. xYJIn
b. :r:.l'lJn+i

c. xFJ
II'!+1

d. xnIn_1

8. The equationo(x) = f(x) + fa" dtK(x, t)f(t) is a:
a. Volterra equation of first kind.
b. Volterra equation of second kind.
c. Fredholm equation of first kind.
d. Fredholm equation of second kind.

9. If the unknown appears only under the integral sign, we label it as:
a. Volterra equation of first kind.
b. Volterra equation of second kind.
c. Fredholm equation of first kind.
d. Fredholm equation of second kind.

l'0)
means
S = (0

i
-;i) is a Pauli matrix given by:

(J;;
b.a.

c. d. None of the above

11. The eight SU(3) generators can be represented in terms of zero-trace Hermitian matrices
with

1
Si;;;; '2 r,
The A[ are known as:
a. Diagonal matrices
c. Cell- Mann matrices

b. Unitary matrices
d. All of the above



12. If the Kernel K' ex, t) = K(t. x) r it is:
a. asymmetric
c. discontinuous

b. continuous
d. symmetric

13. The quanti
Ui(r-r)/ Ix~

a.
is the:

Phase of the particle.
State of the object at time 't'.

Probability amplitude of the particle.
None of the above.

b.

c.
d.

14. The operator
d·'1.·l!xl) (x 11 is called:
a. An ordinary propagator
c. An identity operator

b. A propagator
d. All of the above

15. A relation between two vector spaces Vand W is a map T : V ....•W such that the
following holds
T (av) = a T (-"),for any scalar a is a:
a. Linear transformation b. Non-Linear transformation
c. One- to- one transformation d. None of the above

16. If vectors are linearly independent and every vector in the vector space is a linear
combination of this set, then a set of elements in a vector space Vis called:
a. Basis b. Vector coordinates
c. Set of basis vectors d. All of the above

17. The transformations that are consistent with the symmetry of space-time form a group
known as:
a. Homogeneous Lorentz group b. Ordinary Lorentz group
c. Poincare Group d. None of the above

18. The eight baryons which are symmetrically related are:
a. Irreducible representation of a group SU(3)
b. Reducible representation of a group SU(3)
c. Irreducible representation of a group SU(2)
d. Reducible representation of a group SU(2)

19. All angular momentum multiplets define representations of:
a. SU(3) group b. SU(2) group
c. SO(2) group d. SO(3) group

20. The number of generators of a Lie group is equal to the:
a. Basis of the group b. Parameter of the group
c. Order of the group d. None of the above
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