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The Jigwes in the margin indicote full marlc.

Candidates orc rzquired to give their answers

in their own words as far as Practicable.

GnouP - A

Answer any./ber questions : 2x4=8

l. The Hf,niltonian of mass m is gt,ar by ru =@-9il' ,

wlrere a is a non-zero constant. Find the valrc of lj.

2. A particle moves in two dimensions under the potential

Y(x,y)=)v-3r. Fird tlre valr* of fr(lp,+zpr).

3. Explain hriefly how the Poisson bmcket ofa dynamical

variable with the Hamiltonian is related to the

conseffalion of trx dynanrical vuiable.
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4. Show that the transformation e=,t2qe"cnsp and

g= Jfie-"snp is carnnical.

5. What are rction-angle vriables?

6. Briefly explain the Noether's theorem connecting the
symm€fy and conserrmion law of a qstern

Gmup-B

Arcwer any lou que*ions : 4x4:16

7. Consider a clurged particle of mass m and clrarge e in
a unifonn m4gnetic freld B = 82, with vector potential
given by the Landau gauge l=(0,8r,0). The
Ilrniltmim for lhis sysern is

, =)lr:+(o,-en 
)'1 

+ e!).

Define the quantity g= p,-eBy. Show that p is a
constant of motion uhg tlamitton's oqrmions

8. Using tlrc Htrnilton's principle, derive the equation of a
frictionless path ttrat will ned the shortEst tLne to rah
one fixed point trom arpttea in thc pesence of gravity.

9. fte Lagangian of rmtion of a tuodinrensional isotoeic
hannonic oscilla!fi is giva by

L = l^(*2 + i,2) - lx (S . r,1.

Given .F = ij, + ory is a consant of motion Fird c.



(3)
10. For a symmetric top fixed at one point, illustrate the

concE$ of Euler's angles with a zuitable diagram. Write
down tlre of ol in terms of these angles.

3+l

I l. Derive Lagrange's equation of motion from Hamilton's
prLrcipla

12. Explain the concept ofa Poincar€ mry and discuss its
usefulness in fu sfildy of clraotic sys-tems.

Group - C

Answer any txr questions : 8x2=16

13. Consider a uniform magnetic field B=82 with the

vector potential 1= (O,Bx,O) and scalar potential

9=0'

(a) Write the tagrangian Z of the system and derive
the Lagnnge equations of motion

@) Using the given cyclotron fiequency 
^"=qBA,

solve the particle's motion and provide explicit
expressions for x(r) and y(t) for the initial
corditions r(0) =(xs,ys) and i(0)=(v,e, vrs).

3+5
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14. (a) Give an example for a system (with brief

erPlanaion) who'e

O the Hamiltonian is conserved but is not the

total energr of the sYstein and

G) the Hamiltonian is the total energt of the

system but is not corserrred"

(b) Write down the Hamilton-Jacobi equation for a

gernadng firrction ard, erplain briefly tlrc concefl

of Hamiltsr's pirciple ftrrtisr- (2+2't+(2+2)

15. What is flamilton's principal firrc1ion? Consider a one-

dimensional system of mass ,n' whose l:grangian is

t
t=Lrtz +1,"i. where, 1, is a constanL Obtain the

2
canonical momentun p, construct the Hamiltonian

H(r,p). Write down the Hamilton-Jacobi equation'

Solve the Hamilton-Jacobi equation and obtain the

equaim of motim- l+l+l+l+4

16. Write down ttr three Euler angl€s md hiefly stafe their

ptUrsical signifirc. Dqive tre Euler equaftxs of nuior
frr a rigid body ild rmtion one ph$*zl sittdion uftse

drcy are applicabb. 3+5
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