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M.Sc. 1st Semester Examination, 2019
MATHEMATICS
(Classical mechanics and Non-linear Dynamics)
PAPER —MTM-105
Full Marks : 50
Time : 2 hours

The figures in the right-hand margin indicate marks

Candidates are required to give their answers in their
own words as far as practicable

[lustrate the answers wherever necessary
Notations and symbols have their usual meanings
1. Answer any four questions : 2x4

{a) What do you mean by generalized
coordinates ? How do they differ from

conventional coordinates ?
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(b) What doyou mean by bifurcation of a
system ?

(c) Show that the distribution law over addition
is true for Poisson bracket.

(d) Show that for conservative Holonomic
system,

(e) Show that the canonical transformation of a
dynamical system can be determined
if the generating function is given.

qu 6q),

(f) State the principle of least action. Write
down it's importance.

(g) What do you mean by bifurcation in non-
Iinear dvnamics.

(%) Anparticle of mass 7 moves in a plane. Write

down the Lagrangian for this particle using
plane polar coordinates.
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2. Answer any four questions : A x4

(@) Show that the Poisson bracket is invariant
under canonical transformation. 4

(b) What is the effect of the Coriolis force on a
particle falling freely under the action of

gravity. ' 4

(¢) The Lagrangian for a coupled harmonic
- oscillator is given by

L =%(é? +¢§)—%(Wf"q12 + w343 )+ 0410,

where o, w,, w, areé constants and q,,4,are
suitable coordinates. Find the Hamiltonian
of the system. Write down the Lagrange's
equation of motion. 4

(d) Deduce the Lagrange equation of motion for
~ conservative and holonomic system. 4

(e) Ifatransformation from p, ¢ to P, {0 be
canonical then show that

Z(Spqui _‘Sqidpi))
i
IS invariant. - 4
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(/) State and prove Jacobi identity in connection
with canonical transformation. - 4

(g) (i) Derive Hamilton's equations of motion
in terms of Poisson bracket.

(i) If H is the Hamiltonian and fis any
function depending on position,
momentum and time show that

df &
LY 111.H) 242

(h) Find the equations of motion of a rigid body
rotating with an angular velocity w abouta
fixed point. 4

3. Answerany fwo questions : 8x2

(@) Consider the equilibrium configuration of
the molecule such that two of its atoms, each
of mass M, are symmetrically placed on each
side of the third atom of mass m. All three
atoms are collinear. Assume that the motion is
along the line of molecules and there being
no interaction between the end atoms.
Compute the kinetic energy and potential
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energy of the system and discuss the motion
of the atoms.

() (i) Let

| A r ! ' '
J= _L F(ylsyzsy?,s"-ayn,ylsyby39'"syn,x)dxs

wherey,,y,, ...,y are unknown functions
of x. Derive a differential equations to
find the curvey =y(x),i=1,2,...n
which will optimize J.

(/i) Determine the path for which the
functional

11 "2 -
L[E ay” + by] dx

SUbjeCt to y(_[) = Ov y’(_l) e 0: J’([) = Oa
y'(H =0 is extremum.
(c) (i} Inspecial theory of relativity, show that
!?IU

ey
vi-vi/c

Lh
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(ii) Calculate the length and the direction
of a rod of length 500 cm in a frame of
reference which is moving with a velocity
equal to 0.8 ¢, in a direction making an
angle of 45° with the rod. 3

(d) Solve the following dynamical system
)'Cl =-"x] "'3x2, j:z = 2x2

Also, sketch the phase portrait. 8

[ Internal Assessment : 10 Marks]
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