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swer all questions Time allowed: Three horiid

Two frames of reference ,S and ,S' have a common origin O, and ,9/ rotates with

constant angular velocity cu relative to 5. At a time I a particle P has position

vector r referred to O; and r and i denote the velocity and Acceleration of P relative

to ,S/ respectivel;'.

Prove that the acceleration of P relative to ^9 is

r*2wAt* ,'A("'Ay)'.

An object is thrown downward with an initial speed us.

object is deflected east of the vertical by the amount

crru6 sin )t2 + 
]arOsin 

)t3,

where ) is the earth's co - Iatitude.

#tt
Prove that after time I th-e'

(a) With the usual notations, obtain the equations of motion for a system of ,A/

particles in the following forms:

i. AIfc
A/

: \- p'.

;-1

N

\- r. n F..t ,_L _z)
;-r

Ar

lr,here IA :,H and ho : fn Amtlt.
i,:7

(State clearll' the results that y61 ma.v use)

(b) A solid of mass,4,{ is in the form of a tetrahedron OXY Z, the edges O X, O\', O Z

of u'hich are mutualll' perpendicular. rests with -)f O) - on a fixed smooth hor-

izontal plane and l'OZ against a smooth vertical u,all. The normal to the

.. dH
dt



rough face X\ Z is in the direction of a unit vector n. -\ heasr,' uniform splr

of mass zn and center C rolls dorvn the {ace c:ausing the tetrahedron to acqui

a velocity -I.'jr n'here 7 is the unit vector along O)'
----+

If OC : r', then pror-e that

(X,I + m)\,; - mr. J-: c:ons,t41t

and tha,t

7.
5t:1-aQt'.1_),

where f : g+Vl_and g is the acceleration of grarvity.

3- With the usual notation obtain the Euler's equations for the motion of the rigir

body, having a point fixed, in the form: I

Aur-(B-C)u2rrr3:ly'1,

Buz - (C - A)w1Loz: N2,

Cut-(A-B)w1az:Na,

A body moves under no fbrces about a point O. The pricipal mornent of inertie

at O being 6A, 3A,,4. Initially the angular velocity of the body'has componentr

LrL : rtt u2 : 0, at : 3n about the principal axis. Show that at any latter timt

az: -JintanhJSnt.

4. Obtain the Lagrange's ecluations of motion using

serrativer holonornic: d.ynanrical systern.

A sphercr of rnasri I/ ancl rar.lius ,R r.olls r.ifilrorrt

of a. werrlge shaped hlock ol"nlu,s$ rn l,hat is li.oc t,er

surf'ace .

Find the Lagrange's equations for this

at the surfaere of the ca,rth, gil,en thilt

e:t[rt,i'r 0f t;he slrlrtrre is at ;l dislr],rrfi0 fl

D'Alenrltrrrt's prinr:iple lbr iI con.

nli;rpirrg clciwrr tlrt' irre'liurrcl plaue

rnove olr a fi'it:l;iorrless horiaont,al

(u) s,vstem subject to the
i.

all olr.jc'c't,s are initialh'

abtivrl tltc stu'filru,.

forc:e of gravityi

irt, rtrst arrrl the:

(b) Iiirre I the rnotitttt rtf'tltc svst,orrr lrt' irrlr:gra.ting l,irgri\rrgr."s cclu;rtiprrs.



motion frrlrn

uniform rod AB of length 2a and mass m has a particle of mass ,44 attached to

end B. It is at rest on a smooth horizontal table when an impulse -I is appiied

A in a direction 1>crperrdir:ular to AB, and in t,he plane of the table. Find the

ial velocities of A and B and prove that the resulting liinetic energlz ig

212(m + 3A[)

m(m + 4M)

(a) Deflne the poisson bracket. I

Show that the Hamiltonian equations of the holonomic system may be written

in the form

Qn : lqp, Hl ,

and show that for any function f(qt, pt,

,"{,,flt
(b) Show that, if f and 9 are constants of motion then their poisson bracket [/, g] ";'

is also ir, <'onsl,atrl o['trroLiotr.

rurtalions. rlerile Lagrarrge's o<lration for the impulsir'e

atious lor a holonomic st'stcrrn in the {blloirying form

n/9I)-. i_ 1.,
\dqr/:"t 

J:t'1""'n'

in: {Pt, Hl,
+

+\ df af,ttt)' dt: # + lf' H)


