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M.Sc,(Part-II)SeErsrer-I (CBCS)Examinatioo

302 : MATIIEMATICS
(Advanced I\lechanics)

Timc : Three Hoursl [Maximura Marks : 80

Note: Attcmpt ONE qucstion ftom each unit.

LNIT-I
Derive the Hanilton's canonical equations ofmotion from Hamiltonian function.

Obtain Lagrangian L fiom Hamiltonian H and show that it satisfies Lagrange's equation of
motion. Prove also Olat thc Hamiltonian H thus defined also salisfies the Hamilton's canonical
equation ofmotion. 8

(a)

(b)

(c)

4

2. (d)

(e)

3. (a)

(b)

4 (c)

(d)

1,
Show that P = ttp' + q't, Q = tan- {q/p) is canonical. 4

Show that the t'aDslbmation defined by eo = I .; O -.1p = q *tp is canonical u"rlsfornation.
q

Iurthcr, if llamiltonian H =
p'
2t\j

Kq
, lind the generaling function Fr(q, Q, t). I+

m

Ifthe Lagrangian L ofthe conservativc system does not corlain time t explicity, ther prove
that thc Hamiltonian H is an integral of motion and is the total energy ofthe system. 8

TNIT-II
Prove that Poisson brackets arc invariant undcr canonical tansforation

i.e. [u. v]q, p = [u, v]a. ],
where u and v are arbitaary functions. 8

I
for thc Hamilrcdan 11 = 1p:+qr1,6rldtp,Hl and [q, H], solve the equation ofmotion

and show thar encrgy i. "-o.r."*"d. 8

State ald prove Liouville's theorem. 8

Define Poisson bracket and show that :

(i) [u+v,&] : [u. w] + [v, w]

(ii) [u, vw] = \,[u, $l + wlu, vl. 8

UNIT-III
5. (a) Prove that the Hamilton's principle function is $e generator of a canonical transfomation to

colstant coordlnates and momenta. 8

(b) Define action variable and anglc variable. By using action angle variables determine the
frequency ofthe lin*r harmonic oscillator 8
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6. (c) Use the Hamilton-Jacobi method to find the rnotion ,rfparticlc falling vertically in a Lmiform

gravitadonai field. 8

Ifl Keplcr's problem show that :

- ct:
,r: _ _,_ drb" sin 0

(d)

8r-={

UNIT-IV
(a) Derive the expression f(rr eflccti!e potendal i.e. l

lrh..rcosel
118)-Mprcos0,'r l'. -'"': 

l- 2t sinu )
in a heary +-mmetical 1op nith one point lixed. 8

(b) Find the kinetic enerS) ofa rigid body rotating about a llxed point ofthe body \ hen thc
moments of incrtia and produc! of inertia of thc bod) rclative to thc s€t of oies through fixcd
point are known. 8

(c) Find a real matrix oforthogolal transformation in the 3-dimensional spacc corresponding to
dre unitar, matrix :

8

8

9
2

q

l sln
q
2
e

i
a=

1 Sln - cos

(d) Show directly by vector manipulation that the definition ofthc moment ofinertia as

I=n,(!xn)"(ixn)
reduces to equation

l=noion=m(r, (r "n).).
LIN-IT-V

(a) By methoi of time dcpendenl penurbation theory carry the solution lor thc linear harmonic
oscillator out though third ordcr tems. assulning the initial condition po: 0. Find expressions

for bolh x and p as a fi.lnclirn oftime. 10

(b) Write short notes on time dependent pefiurbarion technique. 6

8

9

10. (c)

(d)

Bl using dre fonnularir-rn ,1, = + = N, + € 
q:Y-L 

lind fie first order @nelalion in the dependenceaJ ,:j
ofe on [me. 8

f ind the precession rate by lirst order perturbation theorl b)'considering general form lbr
the perturbing potential ofthe ibln1 :

V= \ I
II"

wheren>2isaninteper 8
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