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Answer all Questions

Q1. (a) Two frame of rcferences S aud S' have a common origin O ancl S' rotetes with

angulal velocity u widh respect to S At o tim€ t' a p:rxticle P has position

vector I vith rcspect to O With the usual notatioD' prove that

a,t _ Ct, *rrn! ,* \r t L \1 / r..
,tt, ' At' -= Al dl '

You may use the following vector identity:

dO=a(l+,no.
Llt dL

130 marks]

(b) A pa,rticle is released from rest at c heislLt h necr ihe ei"l';.*:::::^";ii:

a latitude I through a rcsisting medium with resistance -kfr' where t Ls

the velocity of tbe particlc relative to a frame of reference flxed on the eaxth's

sur{ace Show that the deviation of the particle towaxds the East at time l is

Bi\en bv 
2J91(l e-!" ^^.r- 

algl-j-l.o' 
'r_-,n, ,""., r.l

[?0 marks]



Q2. (a) Defle the following terms:

(i) Linear momelltum;

(ii) Angular momentum.

(b) With tle usual notations, obtain the following rclatiolls
particles.

(i) H: rc 
^ 

MVc * Hs;

(ii) T : Tc .t ;MvA,
where G indica-tes the centre of mass of fte system. 

l3b
(c) A uniform circular disc of radius E and mass ,M is rigi<115, mounted or o

of a thin light shalt CD of length tr. The shaft i6 normal to the disc
centre C. The disc rolls on a rough horizont€il plane, D belng fixed :

plane by a smooth univelsai joint. If the centrc of the disc rotateu w
slippil]g about the vertica] ihrough , wjLh constent angular velo.jty f
the angular velocity, the kinetic energy and the angular momentum ol ti
about 'D 

[45 n

Q3. (a) With ihe usual notation, derive the Euler,s dyaarnical equations of motii
a rigid body having a il-xed point. 

I35 r
(b) Using part (a), sholv that the kitetic energy ancl anguiar momentun (

torque-fre€ motion of a rigid body a,re constants.
[25 u

(c) A uniform rectangurar plate oI ma6s ,n. lvith the rength 
'nd 

breadtr 2.
2b, r€spectively, spins with constant angular vejocity !q about a diagonal.
the couple which mu6t act o! the plato in order to maintaiD thi€ motion.

[40 m

Q4. Consider the motion of a thin circular disc of centte O, radius r and mass n.r
rolls on a horizontal plane. Let p be the point of cortact of the disc lvith the p
which is supposed to be rough in order to prevent siipping. Let Oe be the ver
and d b€ the inclinaiion of the plane of ihe disc with the vcrtical, and let the a
betrveen a ixed horizontal direction anct the tangent to the disc at p be denote(
d. If f, j and & are an orfiogonal triad of unit veclors directed along X, y an
axes, respectil€ry, such that t is perpendicurer to the disc at its cer:itre o and
a.long OP,

I20

for a syste



(") obtain the general exPressions

the point P of contact

for the comPonents of i". 
"e?n'$h#';,

(b) io case of the disc lolling steadily along a circular path'

show that the motion satisfies the dillerential equation

Q5. (a) Wil,h the usual rotations, derive the Lagiange's equations

a({) ;,,%
\ a,?, / '-"ds'

for the impulsive motiorl' 140 marksl

[60 rnarks]

l4:o Inark$lr
rr |,,r. iLl

.t 
"sindcos0 ffi - Q", * -'\'"lcos0 ff - rnor s:'tt0 = 0

[60 marks]

(b) Two rods AB alrd BC, each of length o and mass m' are ftictionlessly joined

at B and lie on a frictiodess table lnitiallv the tto rods are collincar' An

impulse I i6 applied at point '4 in d direciion peryendic[lal to the line -4'C''

Show that the magnitudes of the velocities of the centres of mass ol rods BC

andr'l8,respectively,immediatelyaftertheimpulseisa'pplieda'regivenby

- 
rnd 

-.4m 4nL

Qe. (a) Ifl anal 9 ale two functions of the dyna$ical variables q-' dand time t' define

the Poisson blacket (l,g) for / and 9. If q1 and q2 are generalized coordinates

and p1 and p2 axe the conespondi[g gen€ralized momerrta' flnd the Poisson

bracket (X,Y) when x : s? + s; and Y : 21)r + p2 125 matksl

(b) For anv function g(q,p't), show that

fi:o,n*?;
and hence, if I and t are not explicit functions of time' show

ff,(s, H)) + (s,(H, J)) + (H' ("i' g)) = o'

where H is the Hamiltonian

ihat

(c) Using the result obtained in (b) and the the equation ol motion in Poisson

brackei, show ihat, if J and I are constants through out the motion' (/' 9) is

145 marks]

\':a.,,

also constant through out the motio1l' 130 marksl


