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Q.1  Write answers of all eight questions in a table form by showing your choice 8)
against the question number.

(1) The mathematical statement for the Optical theorem is .
(@ o> ZImf(0) ® o=Zmmf0) () o<=TImf(0)
(d) o<Timf(0)
(2) For any dynamical operator A, the expectation value, (AT A) is
@ <0 (b) = (c) =0 d =0
(3) The basic idea in Rayleigh—Schrddinger perturbation theory is to write the total Hamiltonian
asa ______ ofunperturbed and perturbed part of Hamiltonian.
(@) product (b) sum (c) ratio (d) difference.
(4) Attheclassical turningpoint; .
(@ E-Vx=0 b)) E-Vx<0 () E-Vx>0 (d E-Vx=w
(5) Ifthe eigen value E, is non-degenerate, then |v(® > be defined uniquely.
(a) can (b) cannot (¢) may (d) may not
(6) The first-order perturbation theory of a degenerate level is equivalent of finding
with respect to which the perturbation is diagonal.
(a) orthogonal ket vectors (b) normalized ket vectors (c) basis vectors
(d) null vectors
(7) The first order stark effect in the ground state of H-atom is .
(a) verylarge (b) zero (c) dependenton the magnitude of the electric field
(d) dependent on the square of magnitude of the electric field
(8) At large distance from the target, the scattered particles appear radially outwards, hence the
scattered particles are represented as waves.
(a) spherical (b) cylindrical (c) plane (d) spiral

Q.2  Answer any seven questions. 14)

(1) Show that the eigenvalues of a Hermitian operator are real.

(2) For hard-sphere scattering, write expression for phase shift d;, and interpret it.

(3) Give general technique to select trial wave function linear in variational parameters.
(4) Prove that the criterion to estimate the ground state energy using the variation

technique is given by [(WIH?{y) — W2z = (W — Ep).
(5) Why WKB approximation is also known as semi-classical approximation?
(6) Prove that any observable is always diagonal in its own representation.



(7) Why variation technique yields better estimates of ground state energy then the
perturbation technique? '

(8) For anharmonic oscillator, taking Hy = -2% + ékx2 and H' = bx*, obtain an expression
for first-order correction to the energy W), Eigen ket corresponding to unperturbed
part of the Hamiltonian (Hp) is given in terms of Hermite polynomial H,(p) as follows.

i 1
lun) = Ny [e‘%PZHn(P)]- Here, N, = (;%J)Z,P =ox, a = (z-nhﬂ)z, and k = mo’.
(9) Give difference between the Born approximation and the partial wave analysis for
scattering phenomena.

Q.3 (a) Prove that for a continuous basis, (x|p]x) = —ih %ix). ‘ (6)

(b) What do we mean by Unitary transformation? Prove that the operator (%) plays  (6)

the role of the generator of infinitesimal rotations.
' OR
(b) Deduce the relation (x)a = [F]a(w)a for any linear operator . How this 6)
representation differs from the Schrddinger representation?

Q.4 (a) Using the technique due to Dalgarno and Lewis, prove that the polarizability (a)  (6)
of the H-atom in its ground state is equal to -_j-ag, when it is kept in uniform

external electric field. Here, ao represents Bohr radius.
(b) Discuss the binding of two-electron atoms using the perturbation technique. 6)
OR
(b) Write basic assumptions involved in Raylaigh-Schrédinger perturbation theory.  (6)
Write equations in various orders of perturbation. For non-degenerate case,
obtain expressions for energy eigen value and eigen function corrected up to the
first-order in perturbation.

Q.5 (a) Describe the basic procedure involved in the variation technique. For the ground  (6)
state of two-electron atom, assuming effective charge as a variational parameter,

2
obtain W, = — (Z - 115) ‘51; Here, ag is the Bohr radius.

(b) Obtain the asymptotic solution for one dimensional Schrodinger equation using  (6)
WKB approximation.
OR
(b) Apply variation technique to obtain the ground state energy for H, molecule. 6)
Discuss importance of overlap and exchange interactions in binding of H
molecule.
Q.6 (a) Define Green’s function. Derive formal expression for scattering amplitude in (6)
terms of appropriate Green’s function.
(b) Discuss partial wave analysis, and obtain the expression for phase shift J;. 6)
OR
(b) What is the Born approximation? Obtain the expression for scattering amplitude  (6)
within the Born approximation. Mention its validity.
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