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i

I ' obtain the equation of motion of a particre of mass m whicrr mov es ou rrsmooth horizontal plane of the form
(

o'L .o: lR \jF,zu^;, =\i;_r)t
flxed on the earth's surface, where 0,, is the angular velocity of the earth,fi is the normal reaction on r

particle, z is rhe unir "."*", """:r"t.til;J. 
position vector of ,re

Perive the equation,

. 02r

; ,z"",,tZnari _ o

and hence show t hat if r,he particle is projected with velocity

uo = ?lr sin A(Z A s.),

yhere 4 is the position vector o
partic,e is a circ,e with 

".","" ":;T;::il;:i::Jj:::, 
the pr'th or

!\rther if lo: uo!+uo!, then show that the normal reaction.E on Fn,rticle
ie given by

R, = mg - 2nta cos )uo,

Where i, j are unit vectors along the east and norbh respectively.



l, (a) With usual notation' obtain the equations

,:. r il
.. 94 = ).r, n F,r

d,t -
,, @-innn"' dt

for a system of 'lf particles moving in space'

(b) Consider a solid cylinder of mass nl and radius o slipping without

rolling down a smooth inclined face of a weclge of mass M bhat is

Iree to move on a smootb horizontal plane

i.HowfarhasthewedgemovedbytheIjthatthecylilrlerlrarr
descended a vertical distance h from rest?

ii. Now suppose that the cylinder is free to roll tlown tbe wedgt:

without sliPPing'

' How far does the wedge rnove in this ca r?

iii. In which case does the cylinder reach the bottom faster'/ Ho$r

does this depend on the radius of the cylinder?

fl, (a) With usual notation' obtain'

s+ d'oos0 : constant = ??'

Absifi g + Cncos|: constant =fr'

A(02 + ('2 s\* 0) + 2mghcosq = constant'

for the motion of a top witlr its tip on a pe iectly rough hcn:izontal

floor, where s is the spin angrrlat velocity of the top'

(b) Let u:cosd' Prove tbat

i. if = (a - pu\(t - *\ - Q - 6u)2 = J (u) (ruv)

2E-Cn2 ^ 2mgh
where a: P: - A-'

,= l,fu* constant'

k Cln
and d - --[.



4. With usual notations deduce Lagrange,s eqrrations for impulsive
fJom Lagrange's equations for a holonornic sysljem in the form

(#).-(#), = ',, j=\,',, 
,

'where subscripts 1 and 2 denote quantities bel.ore and after thr: applica-
tion of the impulse respectively.

Two rods AB and BC each of tength o and mass rn, are smoo rll. joinerl
at B and the system lie on a frictionless lorizontal table, Initially the
points,,{, B and C are colinear. An impulse I is applied at,4 in a directio:r
perpendicular to the line ,48C.

(a) Find the equations ol mofion.

' (h) Prove that, imrnediately after the application of irnpulse.

i. thc cenl,re of mass of BC has velorify of n,agnitude f_ 
4rtt,

ii. the centre of mass of ,4-B has velocity of maenitude j{" ' '""--' 4r;
6, Define llamiltonian functions iu terms of Lagrangian function.

$|row, r,r'ith the usual notations, that the FJamiltonian equations are givetr
hv,

=..ri
*rrf"[BRT
*;-

I I JUL

OH
\a) ui: Ap1, (ll i, -

and that, for a function G(p, q, i),

ff=r,ot*ff
Ptove the Poisson's reorerr that ll,9] is a
and 9 are constants of motion.

ALAH
Aqj

. qjr

constarrt of motion uhen J



For a certain system with two tlegrees of freedom' the Hamiltonian is

given bY

tt = n2 (p? + p?) + v' (Prq, + P"qr')"

where 4 and / are constants'

Show ihat IJ is a constant of motion and tha" ll F - pgt \- pzqz' 17rcn

lF' H): z(n - v'tt')

Show also that,

P= !1nnh2v'1'Hl!- ts1,
"t,

where ts is a constant'

6, Explain what is meant bY

, (a) the normal mode,

(b) the normal co-ordinates

of a dynamical sYstem'

A uniform bar of length I and mass rn is suspended fron its ends b]

identical springs of elastic constant k Motion is initiated by depressing

one end by a small distance @ and releasing from rest' Solve this problem

and lind the normal modes'


