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What is studied by Stationary

Perturbation theory?

(A)  Time evaluation of the system

(B)  Wave packet spreading

(C) Energy corrections of a
perturbed Hamiltonian

(D)  Scattering states

In non-degenerate stationary

perturbation theory, the first order

correction to the energy in the n state

is given by :
(A) E,EO) < (0) |H|l//(0)>
®) B =(p IHI )

Y)

M

(©) E“) <

@) E=(y\" |Hw")

The small parameter A in perturbation

theory ensures:

(A) Degeneracy of levels

(B)  Exactsolvability of perturbed
Hamiltonian

(C) Convergence of series
expansion

(D)  Orthogonality of perturbed
state

The second order energy correction

for the n™ state in non —degenerate

case is given by :

AL

R )

(3)

(B) Infinite
<€ 0

(D) < (0) |H|1//(1)>

The necessary condition for
perturbation theory to remain valid.
A) H'>>H,

(B) H'=H,

(C) H'<<H,

(D)  None of the above

Which of the following physical

effects is commonly analyzed through

non-degenerate perturbation theory ?

(A)  Spin orbit coupling in multi
electron atom

(B) Normal Zeeman effect (for
non-degenarate hydrogen

levels)

(C)  Stark effect in hydrogen (n=2

level)
(D) Allofthe above
Which of the following is an

application of time- independent

perturbation theory?

(A) Fine structure of hydrogen

atom
(B)  Stark effect
(C) Zeeman effect
(D) Allofthe above

[P.T.0.]



10.
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An example where non-degenerate  11.

perturbation theory is applied :
(A) Degeneracy lifting in p -
orbitals

(B) Exchange interaction in He

atom

(C)  Stark effect in hydrogen (n=2

level)

(D) Fine structure of hydrogen

atom (spin—orbit coupling) 12.

Degenerate perturbation theory is

needed when:
(A)  Noperturbation exists
(B) All states have different

energies.

(C) Two or more states have the
same unperturbed energy.

(D) Energy levels are equally
spaced.

When using relativistic correction, the

ground state energy for hydrogen atom

(Z=1) without spin orbit interaction |3

1s

22 3
E =EV[1+% 2
(A) Zn =5 { n(21+1 4nﬂ

23
E =E© 1—0‘—(———)
(B) = { n\20+1 4n

<€ 1
(D) Zero

(4)

In degenerate perturbation theory, the
perturbation Hamiltonian is

diagonalized in :
(A) onlythe degenerate subspace.

(B) the

eigenfunctions.

entire set of

(C)  momentum representation.
(D) Alloftheabove

Which is a correct statement ?

(A)  Allstates remain degenerate.

(B) Degenerate Perturbation

Theory is independent of
perturbation strength.

(C) In degenerate Perturbation
Theory, only diagonal elements
of (H') matter.

(D) Oftf-diagonal elements of (H')
in the degenerate subspace

determine splitting.

When the perturbation Hamiltonian is
already diagonal in the degenerate

basis, the energy correction :
(A) cannotbe determined

(B) is given by the diagonal

elements.
(C) 1iszero

(D) i1s infinite



14.  When two degenerate states are mixed
by perturbation, the energy eigenstates
are:

(A) alwaysdegenerate

(B)  unchanged eigenstates of H

(C)  symmetric and antisymmetric
linear combinations

(D)  purely diagonal states

15.  According to the variational principle,
the expectation value of energy for a
trial wave function is always :

(A) arbitrary

(B)  equalto the average energy

(C)  greaterthan or equal to the true
ground state energy

(D) less than the ground state
energy

16.  The variational method is useful when:
(A) Systemis classical
(B)  No perturbation exists
(C)  Exactsolutions are available
(D) Hamiltonian is unsolvable

exactly

17.  The accuracy of'the variational method
depends on:

(A)  Thenormalization constant
(B) Number of eigenvalues
calculated
(C)  Choice of'trial wave function
(D)  Order of perturbation
B010902T-A/60

(3)

18.

19.

20.

21.

Another name of variational method
1s:

(A) Rayleigh—Ritz method

(B)  Perturbation theory

(C)  WKB approximation

(D)  Born approximation

The variational energy is given by :
®  E=(y|H]y)
B)  E=(v|H|y)
©  E={yH|y)

D) E=(y|v)

Variational method is not suitable for:

(A) Systems without exact
solutions

(B) Helium atom  energy
calculation

(C)  Ground states

(D) Estimation of  exact

eigenfunctions

Using variational method, the
estimated ground state energy of

Helium is:

(A) Positive

(B) Exactly-79eV

(C)  Muchlower than—79 eV

(D) Close to =79 eV but slightly
higher

[P.T.0.]



22.  The trial wave function must satisfy:

(A)  Normalization only

(B) Boundary conditions only

(C) Both normalization and
boundary conditions

(D)  No condition

23.  Theessential distinction that separates
perturbation theory from the
variational approach is :

(A) Perturbation gives upper
bound, variational gives lower
bound

(B)  Variational needs degeneracy

(C) Both give exact results

(D)  Perturbation expands in series,
variational minimizes
expectation value

24.  The WKB approximation method is
applied to :

(A) Dirac equation

(B) Maxwell’s equations

(C) Time-dependent Schrodinger
equation

(D)  Time-independent Schrodinger
equation

25.  The full form of WKB is :

(A)  Wien—Kelvin—Boltzmann

(B)  Wentzel-Kramers—Born

(C)  Wigner—Klein—Bessel

(D)  Wentzel-Kramers—Brillouin

26. Intheclassically forbidden region, the

WKB wave function tends to:

(A) becomes zero

(B)  becomes infinite

B010902T-A/60

(6)

27.

28.

29.

30.

(C) oscillate

(D)  exponentially decay or grow
What is the requisite condition for the
validity of the WKB approximation?

dv

@  —-=0
dA

(B) a <<1

©) E=V(x)
dA

(D) = >> 1

The WKB quantization condition is

expressed as :
@A) [px)de=nh
B) [p(x)dx=nh
©) [P de=(n+%)h

(D) jp(x)dxz(nﬂ)h

The Gamow theory of alpha decay is
based on :

(A)  Perturbation method

(B)  Exactquantum solution

(C)  Variational method

(D)  WKB approximation

WKB approximation method is also
called :

(A) Relativistic method

(B)  Exactvariational method

(C)  Semi-classical approximation

(D)  Plane-wave method



31.  The state of the system in time-
dependent perturbation theory is
expressed as :

(A)  Only ground state

(B)  Normalized plane wave

(C) Linear combination of
unperturbed eigenstates

(D) Constant eigenstate

32.  InTime dependent perturbation theory,
the probability of transition depends
on:

(A)  Always constant

(B)  Only initial energy

(C)  Only energy difference

(D) Strength and frequency of
perturbation

33.  In first-order time dependent
perturbation theory , the transition
probability grows as :

(A)  for small times
(B) linear in time

(C)  exponential decay
(D)  constant

34.  Time dependent perturbation theory

explains which of the following ?
(A) Bohrradius
(B)  Exacthydrogen atom spectrum
(C) Atomic transitions under
Electromagnetic field
(D)  Free particle scattering
B010902T-A/60

(7)

35.

36.

37.

38.

39.

The sudden approximation applies

when :

(A)  Perturbation is constant

(B) Perturbation changes very
slowly

(C) Perturbation changes very
rapidly

(D)  Perturbation is periodic

Ifperturbation is sinusoidal, resonance

occurs when :

(A) ho=E, +E

(B) hw=E,-E

(C) ho=0

(D) ho=1

The adiabatic approximation applies

when :

(A)  Perturbation is sinusoidal

(B) Perturbation is very slow
compared to system’s response

(C)  Perturbation is very fast

(D)  Perturbation is impulsive

Absorption and Emission occurs

respectively when :

(A) ho=E,—E and ho=E - E,

(B) ho=E, - E, and ho=E, - E,

(C) E,=E and E =E,

(D)  None of these

Fermi’s Golden Rule gives :

(A)  Ground state energy

(B)  Perturbation correction

(C)  Transition rate per unit time

(D)  Exacttransition probability

[P.T.0.]



40.  Mathematical expression of Fermi’s  44.
Golden Rule is:
@& W=
1
®) W, =5|H]
45.
(O :%‘H'ﬁ‘z p(E,)
(D) WHf = Ef - E
L 27
41. The proportionality factor —, In
Fermi Golden rule arises from :
(A) Fourier transform of time- 46
dependent perturbation
(B) Energy conservation delta
function
(C)  Normalization of wavefunction
(D) Classical approximation
42.  Ifthe density of states p (E£)in Fermi
Golden rule increases, the transition
rate :
(A) becomes zero 47
(B)  remains constant
(C) increases
(D) decreases
43.  Which physical principle underlies
Fermi’s Golden Rule ? 48,
(A) Adiabatic theorem
(B)  WKB approximation
(C)  Energy quantization
(D) Time-dependent perturbation
theory
B010902T-A/60 (8)

The photoelectric effect transition rate

can be derived using :

(A) Fermi’s Golden Rule

(B)  Adiabatic theorem

(C)  WKB approximation

(D)  Variational method

In solid-state physics, Fermi’s Golden

Rule is extensively used to compute :

(A) Lattice constant

(B)  Scattering rates (electron—
phonon, electron—impurity)

(C)  Bohrmagnetron

(D) Band structure of crystals

The lifetime of an excited atomic state

is inversely proportional to :

@) |H

‘2

fi
(B)  Transition rate from Fermi’s
Golden Rule
(C)  Density of final photon state
p(E)

(D) Allofthe above

Which process is not explained by

semi-classical theory?

(A)  Resonance absorption

(B)  Spontaneous emission

(C)  Stimulated emission

(D)  Stimulated absorption

In semi-classical theory, the transition

probability depends on :

(A) Matrix elements of dipole
operator

(B)  Frequency ofapplied field

(C) Intensity of applied field

(D) Allofthe above



49.  According to Fermi’s Golden Rule in
semi-classical theory, the transition
rate is proportional to :

(A) Density of states

(B)  Square of applied electric field
amplitude

(C) Square of dipole matrix
element

(D) Alloftheabove

50.  Semi-classical theory predicts line
broadening in absorption spectra due
to:

(A) Lifetime of excited states

(B) Interaction with radiation field
(C) Damping of oscillations

(D) Alloftheabove

51.  Semi-classical theory of radiation fails
when :

(A) High-frequency resonance
fields observed

(B) Field has to be quantized
(vacuum fluctuations matter)

(C)  Coherent states are used

(D) Low-intensity fields present

52.  Innon-relativistic quantum scattering,
the incoming particle is described by:
(A)  Exponential wave
(B) Plane wave
(C) Standing wave
(D)  Spherical wave

53.  The scattered particle wavefunction at
large distances is given by :
N

iki
®B)  (6:9)-

B010902T-A/60

(9)

54.

55.

56.

—ikF

©)

r

cos (kr)

r

(D)

The differential scattering cross-

section is expressed in terms of the

scattering amplitude :
a2y
) dQ

®B) Z—g=|f(9,¢)|2
do

© o=/ (69)/r

do _|f (0.9

dQ r

The total scattering cross-section is

(D)

obtained by :

(A)  Square of scattering length

(B) Multiplying
amplitude by radius

(C)  Phase shift difference

(D) Integration of differential

scattering

cross-section over solid angle

The scattering amplitude in partial

wave analysis is :

(A f(O)=Z,QI+ )P, (cos6)
sin @

B) [f(O)= 7

© fO=-
r
D) f(@)=é"

[P.T.0.]



57.  The partial wave phase shift o
represents:
(A)  Angularmomentum quantization
(B)  Probability density
(C)  Energy difference
(D) Effect of potential on /-th
partial wave
58.  For s-wave ((/=0)) scattering at low
energy, the cross-section is
approximately :
A o=xr
B)  o=4zd’
a
© o=
D) o=0
59. In Rutherford scattering, the
differential cross-section is
proportional to :
1
A cos™ (072)
(B) sin® (0)
1
©  Sin*@/2)
1
D) a7 @/2)
60. The differential cross section has
dimension of :
(A)  Energy
(B)  Solid angle
(C) Area
(D) Length
B010902T-A/60

61.

62.

63.

64.

(10)

do
dQ

direction, then which of the following

It is sharply peaked in the forward

1s correct statement ?

(A) Total
negligible

(B)  Optical theorem fails

(C)  Only backward scattering

cross-section 1S

matters
(D) Total

dominated by forward

cross-section 1S

scattering
The relation between partial wave phase

shifts and total cross-section is :
2
(A) O otal = ;Zl o,

(B) Ot = ‘;{—fz, (21 +1)sin’ &,

2

(C) Gtotal = 47Z-a

D) o, =nra’

Born approximation is valid when :
(A)  Energyislow

(B)  Phase shifts are large

(C)  Potential is weak

(D)  Potential is strong

In first Born approximation, the
scattering amplitude is proportional to:
(A)  Momentum operator

(B)  Square of wavefunction

(C)  Legendre polynomial

(D)  Fourier transform of potential



65. For Coulomb scattering, Born
approximation..............
(A)  vanishes 70.
(B) diverges
(C)  works perfectly
(D) None of these
66. The validity condition for Born
approximation is :
A V,>>E 71
B) V,<<E
© W=E
D) V=0
67. For Coulomb scattering, the Born
approximation:
(A) isalways zero 72.
(B)  givesexact Rutherford formula
(C) diverges in the forward
direction (6 — 0)
(D) isindependent of angle
68.  The failure of Born approximation for
Coulomb potential is because of :
(A) Delta-function nature 73
(B) Low energy of particle
(C)  Strong magnetic field
(D)  Long-range nature of potential
69. Born approximation for Gaussian
potential gives a finite scattering
amplitude, the reason behind this is :
(A)  Energyis zero
(B)  Wavefunction is zero
B010902T-A/60 (11)

(C)  Potential is long-range

(D) Potential is short-range
Gaussian potential is generally used to
model :

(A)  Rutherford scattering

(B)  Nuclear scattering

(C) Classical particle collisions
(D)  Coulomb scattering

In Born approximation, the scattering

amplitude for a square well depends

on:
(A) Depth V andradius a
(B) OnlyV,

(C) Onlya

(D)  Onlyincident energy
The total cross-section in Born
approximation for a spherical square

well is proportional to :

(A Vja

B) Vjd’
©)  Va'
(D) Vya’

In scattering, fourier transform of

Yukawa potential gives :

. 1
V(q)<—
(A) (9) .

- 1
V oC
(B) (q) e

© V(gxe
(D) Zero

[P.T.0.]



74.

Yukawa potential is solution of:

(A)  Schrodinger equation for free
particle

(B) Klein- Gorden equation for
massive boson exchange

(C) Maxwell equation

(D) Poission’s equation for

electrostatics
75.  The Yukawa potential is mainly used
to describe :
(A)  Electromagnetic interaction
(B)  Gravitational interaction
(C)  Nuclear interaction
(D)  Weak interaction only
76.  Inpartial wave analysis, the scattering
amplitude is expanded in terms of :
(A) Plane waves
(B)  Fourier series
(C)  Exponentials only
(D) Spherical harmonics and
Legendre polynomials
77.  The phase shift &, arises due to :
(A)  Free particle motion
(B)  Boundary conditions at infinity
only
(C) Distortion of wavefunction by
potential
(D)  Normalization of wavefunction
78.  For a hard sphere potential of radius
(a), the s-wave phase shift at low
energy is approximately :
A 6,=0
(B) Infinite
B010902T-A/60

79.

80.

81.

82.

(12)

T
(C) é‘0 - E

(D) o, =—ka

The optical theorem states :

A o, =|f(D|
®) o, =" Im|f(of

© o= m[rO)]

1
o, =—
(D) tot r

The optical theorem is a consequence

of :

(A)  Conservation of energy

(B)  Conservation of momentum

(C) Conservation of probability
(unitarity of S-matrix)

(D)  Fourier expansion

A resonance occurs when the phase

shift &, :

(A) equalszero

(B) isnegative

(C) passes through %

(D) diverges

If the square well supports a bound
state near threshold, the scattering
length becomes :

(A) zero

(B) alwaysnegative

(C)  verylarge (positive or negative)
(D) independent of bound state



83. If (E>>V)), the phase shift o, tends
to :
(A) constant value 8.
(B) infinite
© x2
(D)  zero
84.  The relativistic energy-momentum
relation 1s :
(A) E=pc
» 89.
(B) E= Ey.
(C) E*= pzc2 +m’c?
(D) E*=mc*+ p202
85.  TheKlein—Gordon equation describes
the particle having spin :
(A)  Doesnotdepend on spin 20.
(B) S=1
(C) S=1/2
(D) S=0
86.  The Klein—Gordon equation is :
(A) NotLorentz invariant
(B)  First-order in time derivatives
only
(C)  First-order in space derivatives
only 9.
(D)  Second-order in time and space
derivatives
87. The Dirac equation predicts the
existence of :
(A) electrons only
(B)  Photons only
B010902T-A/60 (13)

(C)  Antiparticles

(D)  Spin-0bosons only

The Dirac equation reduces to the Pauli
equationin:

(A)  Highenergy limit

(B) Non-relativistic limit

(C) Infinite energy limit

(D) Massless particle limit

The Dirac equation correctly accounts

for :

(A)  Fine structure of hydrogen
(B)  Spin-orbit coupling

(C)  g-factor of electron

(D) Allofthe above

The intrinsic magnetic moment of

electron according to Dirac is :

(A wu=0

eh

(B) =
eh

2

C u o
eh

(D) H="

The matrices ¢, and g satisfy :
@& (@a)=29,
B) (a.8)=0

©) a'=p=I
(D) Alloftheabove

[P.T.0.]



92.  The anticommutation relation of Dirac ~ 96.
matrices ensures :
(A)  Spin-orbit coupling
(B) Lorentz invariance of Dirac
equation 97.
(C)  Probability conservation
(D)  Only scalar solutions
93.  The plane-wave solution of the free
Dirac equation can be written as :
(A) w(r,t)y=u(p)e (p.r—Et)/h
B) y=e¢" 98.
© =0
(D) y =cos (kx)
94.  Electron spin was experimentally
discovered through :
(A)  Stern—Gerlach experiment
(B)  Zeeman effect
(C)  Compton scattering
99.
(D)  Photoelectric effect
95.  Bohr magneton formula is expressed
as:
62
A =
1, = eh 100.
(B) g 4m,
_
(C) Hg om
__ch
(D) Hg m
B010902T-A/60 (14)

The spin gyromagnetic factor of the

electron is approximately :

A 0 B) 1

< 2 (D) -1

The negative sign of electron magnetic

moment indicates :

(A) Ithasno direction

(B) Itcancels orbital contribution

(C) It aligns opposite to spin
angular momentum

(D) [Italigns parallel to spin

The spin magnetic moment of an

electron is given by :

(A u =ho

B =g u,S/h

e

=—vr
© u=
D —ﬁvr
D) 4 -

In the non-relativistic limit, the Dirac

equation reduces to :

(A)  Maxwell equations

(B) Klein-Gordon equation

(C)  Pauli equation

(D)  Schrodinger equation

The Bohr magneton appears naturally

in the non-relativistic reduction due to:

(A) Relativity

(B)  Orbital quantization

(C) Darwinterm

(D)  Spin coupling to a magnetic
field
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