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Answer any five questions.

b (2) Explain the first and second-order correlation function. Draw a schematic experimental setup to
I measure the second-order correlation function. Distinguish between three types of light with the
help of the second-order correlation function.

(b) Evaluate the second-order correlation function

: ! g%(0) for a monochromatic light wave with a sinusoidal
intensity modulation such that I(r) = I,(1

+ 4 sin of) with | 4| < 1.

y (c) Write down and explain the total atom-field Hamiltonian for a quantized field interacting with
a two-level atom.

(2+142)+2+3
+

(a) Show that the length of the vector that represents the coherent state in a phasor diagram is equal

to V7 , where 7 is the mean photon number.

(b) Draw the phasor diagram of a coherent state (| &) and vacuum state (| 0)) and explain their

similarity and dissimilarity.
(c)

Show that the superposition state, [y) = V3/2|0)+%|1) has squeezing in the X-quadrature but not in
the P-quadrature.

(d) Explain the emission and absorption process with the help of quantized interaction Hamiltonian.

3+2+3+2

(a) For a A-type three-level atomic system interacting with two resonant e.m. fields, derive the expression

of dark-state. Explain the phenomena of coherent population trapping (CPT) with Ehe help of dark
state. Distinguish between CPT and Electromagnetically Induced Transparency (ELT).

(b) Show that the photon distribution of the thermal light at a frequency ® can be written as

P ()= 1 (E]“
L"”)ﬁ(1+ﬁ) 1+7

Plot the above function along with Poisson distribution for p = 20.

(c) Write down the density matrix equation of motion for a stationary two-level atom interacting with a
standing wave field considering the decay and incoherent pumping process. BH1HD)+H2+1)+2
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- _ . -level atom moving with velog;

(a) Write down the expression for the scattering force on a two 1]d ieouss The e%'fect k- thO(:it Vang
interacting with a counter propagating red detuned laser field. Disc b Wy & for
the atomic motion if the laser field is blue detuned and counter prl‘;‘)p;ga Im'g- wi
of the scattering force on the atom in a standing wave laser field? Explain.

How does the lower limit of tem
eXpression for the minimum temp

Ce ¢
(b) perature arise in case 9f D(.Jppler cooling (?f atoms? Obtain .
erature that can be obtained in Doppler cooling. (142+] Yy

() Calculate the Bose-Einstein condensation temperature (critical temperature) for a free gas g
YRb atoms with a density of 3x10!9 m-3, Derive the necessary formula.

(b) Define the Rabj flopping frequency (Qp) for a two-level atom when interactin

g With a cohery,
radiation field. Explain the formation of Mollow Triplet in a coherently driven two-leve] aton;
system.

(2+4)H24),
(a) Explain the dipole force actj

Ng on a two-level atom by an electromagnetic field. Given the dipol;
force on the atoms in a stan

ding wave laser field :

1d vQ?
e cles 2 ¢ (2

4\ 8 +(T/2)2+Q2/2
Find out an expression for the optical potential (Uop,).

(2+2)+(4+2)
Given the expression for the non-linear polarization of the second harmonic field,

2 2i(kz -
PNrsz} :(Eodffz)[gi & g L m”'f‘C.C.iI

where, £, is the electric field and k, is the wave vector for the fundament

al (o) frequency.

(a) Derive the differential equation for the second harmonic field 2

®) using non-linear Maxwells
equations,

(b) Using this differential equation, derive the evolution of the an
- - l = =

wplitude of the
£+ in space (z) for strong pump where E, is constant.

second harmonic ficld
3 - - ) -2 * ex :.'1 N e & et ae o = N

(¢) Calculate the second harmonic power P(z) using the cXpressions for intensitjeg tor £, and Ex.
: AP . : — Ve ,
(d) Find the expression for conversion efficiency 1 from @ — 2@ and discuss it featureg at Ak = 0 and

( } - - =

. + - pJ A r“

Ak # O by plotting n(z) vs.z. 3‘1'2*(1“

rJ



