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1)

2)
3)
4)
5)
6)
7)

AJI questions are compulsory.
Attempt Q.1 within tirst 30 minute;.
Each MCQ t) pe.q uesiion is follo\\ ed b1 four plausible alternatives, Tick (/ ) the co(ect one.
Answer to quesrion I should be lvrittrn in the cluestion paper and submit ro tire Jr. SupeNisor.
If you iick morc than one option it will not be ivaluated.'
Figures to the dght indicate full marks.
Use Blue ball pen only.

Q.1 Atternpt the following questions,

i) In a simple conservative dynamical system,
and potential energy is

/ and g are consLants. then lhe eqLaLion ofmorion is

. tn, +m-(c) x=' 'gfrr- frz

(a) constant (b) nor-constant (o) zero (<i) varying
ii) Ifthe Lagrangian l(x,.i) corresponding to At\\,ood,s machine i; 2 L1 CO2

I
giren as: l\x.iJ=l( | -mttl -nt.gx- m,gr1-x). \.\here rrr.

(a) ., m + tn-(Dl .r'= . g
frr-fi2

(d) i=nt-mz r
t1t + m2

iii) Hamiltonian H is defined as the----------__ ofthe system

(a) toral energl {b; difierence in energl

(c) product oferergy (d) inverse ofLagrangian

Lz co3
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iv) The Lagrangian ofa pafticle moving in a plane under the influence
t-

of a certral fleld of lorce is gi\en bt L = - n1i' t r' A' 1 - V t r t 1n"

generalized ntomenta corresponding to / and , are given by

ta) nl' & 11t'0 rb) nt: & nrA

(c) ut, g nrd (d)None ofthese
v) A particle is moving in an inverse square force field. Ifthe total

energy ofthe particle is positive, then trajectory ofthe particle is

L3

Lt

L1

Lr

I,"

Lt

Lt

cc)4

(a) Hyperbolic

(c) Parabolic

(a) lx ,Y + Zl = lX ,Yl+ lx , Zl

(c) lx,YZl = lX,YlZ + Yl X, Zl

(b) lx, rl = -[r,x]
(d) tx,xl=1

(b) Circular

(d) Eliptical

co4

co4vi) Kepler's second larl regarding consistency ofarial velocity olthe
planet is the conscquence ofthc law ofconscrvation of

(a) Energy (b) Allgular Momentum

(c) Linear Momentum (d) None ofthese

vii) I

If rhe iransfo-mal'ons are Q- . P-qp',llen Lhe translormalion
p

is

(a) canonical but not invcrtible (b) invertible but not canonical

viii) Under the canonical transformation from thg set ofvariables
(pr,4r) to new set of variables (PIpr), the tBnsformed

Hamiltonian is identically zero, then the new variables are

(a) constant in time. (b) not constant in time.

(c) point tansfonnation. (d) canonical and invertible

(c) not cyclic.

@) s=w (b) s =r-Er

co5

co5

co5

co5

(d) None ofthe above.

ix) For conservative systcm, Hamiton principle function S and

Hamilton characteristic lunction iIl satisfv

(c) S=V/+Et (d) II/ =,S+E/

x) If [X, f] is the Poisson Bracket, then which of the following is not

fue
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Q.2 Solve atry two Marks Bloom,s CO

Level
a) Ifthe forces acting on a particle are conservative rhen show that Ll6 L, COI

lhe toral energ) is con.erreo

b) Show that the total angulaL momentum ofa system ofparticles 06 L, COI
can be expressed as the sum ofthe anqular momentum ofthe

motion ofthe centre ofnlass aDout origin pius the total angular

momentum ofthe system aboul centre of mass.

c) Explain the motio[ ofparticle failing urlder the action ofgravity O(: L] COI
near the surface of earth

Q.3 Solve any two.

a) Write a note on Brachistochrcre problem. O7 Lj CO2
b) Find the Euler-Lagrange diff'erential equarion sarislied by lbur 07 L, CO2

times differential function _1,(.n) whiqh extemizes the function.r!
4

Iy(xt)_J x.y.).y').1x. Lnd(r lne conoirion. ihcr bo.rt Jl

and y ' are prescribed at the eild points.

c) For conservative systgtn! derive Lagronge.s equarion of tnotiorr oj L1 CO2
lrorn D Alemben spr.nciplr.

Q.4 SolYe any t'ivo.

a) \ a7 L: co3Show that the Hamilton,s prilciple Jl // = 0 rlso holds lol. the

non-conservative system,
b) Obtain Hamilton,s equation ofmotion lrom the Hamilton,s Oj L1 CO3

p ncjple.
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c)

'Q.s

a)

c)

Q.6

a)

b)

c)

The Lagrangian for a particle moving on a surlace ofa sphere ol
l

mdius / isgi\er by I =' m (b, - "i-t 0 6-)-ngrcos7.tind

Hamiltonian A and sirorithat it is constant ofmotion. prcve or
disprove Il represents total energy.
Solve any hi'o.

finrl Lhe orb't described b) rhe plaret under rhe in\erse.quare

law ofattmctive force. Classify the orbit on the basis oftotal

energy.

Derive Ne$ton's laws ofgravitation from Kepler,s laws for
planetary motion.
(i) Shorv that in case ofelliptical orbit, under the central force

the t\\'o apsidal distances are equal to,r(l-e) and a(l + e).

(ii) Use Hamilton's equation to lind the dillerential equation for

planetary motion and ptove that the areal velocity is constant.

K
Assulne /(,')= ---.

f'

Solve any t!vo.

Shorv that the Jacobian ofcanonical transformation is unity.

Define Poisson bracket oft$,o dynamical variables. For any three
dynamical variables ,, 11 & ,r, show that

[a,[r, u]l+ [v,[1,, a]l + [1,,[a.v]l = 0 .

(i) Test the following transfonnations for canonical

Q = q" cas(./Jp), P=q"sirl(.pp)

(ii) Test the transformation -P = 2 (1 + q'l'? cos p)q'lz sin p,

0=log(i+q''cosp) for cdr]on:!al. n nd hence find

generating function.
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