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Unit-I

1. Answe any three of the followings:    2×3=6
(a) Discuss the following statement ‘The singlet state is stable state while the

triplet state is an unstable state in case of hydrogen molecule’.
(b) Draw  the  schematic  diagram  of  an  NMR  spectrometer  with  essential

components.
(c) What do you mean by indistinguishable configuration?
(d) An  NMR  spectrometer  operating  at  60  MHz  frequency  gives  a  proton

spectrum at a field of 1.5 T. At what field would the 11B spectrum be observed
at 60 MHz (For 11B, I=3/2, gI=1.792)?

(e) What is cyclic group, Abelian group and self-inverse group?

2. Answer any two of the followings:    4×2=8
(a) Construct symmetric and antisymmetric wave functions in case of hydrogen

molecule. Draw the potential energy curves of hydrogen molecule.      (3+1) 
(b) Discuss  equilateral  triangle  for  the  group  formation  under  different

conditions. 
(c) What are spin-spin relaxation and spin-lattice relaxation mechanism? Where

does the quadrupole relaxation mechanism come into play? (2.5+1.5)
(d) (i) Write down the differences between Fluorescence and Phosphorescence. 

(ii) What will be the frequency of radiation for resonance for a free electron
placed in a magnetic field strength of 0.3 T.      (2+2)
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3. Answer any one of the followings:    6×1=6
(a) Which kind of  atoms and molecules interact  with applied magnetic  field?

Draw block diagram of an E.S.R. spectrometer. Discuss the formation of the
hyperfine  structure  of  E.S.R.  absorptions.  Draw  the  diagram  for  the
hyperfine splitting of hydrogen atom.                 (1+2+2+1)

(b) (i) Discuss the instrumentation with basic principle of a FTIR spectrometer. 
(ii) Discuss Jablonski diagram in molecular transitions.                     (4+2)

Unit-II

4. Answe any three of the followings:    2×3=6
(a) What is Feigenbaum number?
(b) Find all the fixed points of ẋ=x −x3, and classify their stability.
(c) What is Transcritical bifurcation? Explain.
(d) Define chaos. How does it differ from noise?
(e) Classify the type of fixed points of the following: ẋ=−x+x3, ẏ=−2 y.

5. Answer any two of the followings:    4×2=8
(a) Write  down  the  normal  form  of  a  Saddle-node  and  subcritical  Pitchfork

bifurcation. Explain the latter case (i.e., the subcritical pitchfork bifurcation)
using the graphical interpretation and their stability analysis.

             2+2=4
(b) State  and  explain  the  Liénard  theorem  in  the  context  of  nonlinear

oscillations. Hence write down the van der Pol equation and prove that it can
exhibit limit cycle oscillations. 1+3=4

(c) Consider  a  particle  of  unit  mass  moving  in  a  double  well  potential:
V ( x )=− 1

2
x2+ 1

4
x4.  Find  and  classify  the  fixed  points.  Hence  draw  the

qualitative phase portraits. “In a conservative system node is not possible”-
explain.            3+1=4

(d) Investigate the stability of fixed points of the following equations:  ẋ=x −2 y,
ẏ=−3 x+2 y.

6. Answer any one of the followings:    6×1=6
(a) The loop equation for current in LCR circuit is  L Ï+R İ+ I

C
=0, where  L,C>0

and R≥0,
(i) Review the equation as the combination of two linear equations.
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(ii) Show that the origin is asymptotically stable if R>0 and neutrally stable
if R=0.
(iii) Classify the fixed point at the origin, for R2C-4L is positive, negative or
zero and sketch the phase space.        1+2+3=6

(b) Consider  a  reaction-dffusion  system  containing  two  species.  Derive  the
sufficient  condition  under  which  the  system  shows  a  diffusion  driven
instability.         6


