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1. Two lrarl]cs ofrcfcrtnr,c S an<l .9'il?ivc a r|ornrrroll oriliitr O ancl 5" rotates x itl) conslalrl

angrrlar vr:locity !,' with 1c$pe(t 1o S. At a tilnc t a patlicl(,-P has l)osjtkrr vc(tot ?.

with tospclt 1o O. ProK tlat 1.1x. ir{ic(,lcrlltiou olP rolalit'r, lo ^5 is

i++2qAr+qn(atAr),

rvhere 1, i derote respccl,ir(ly thc velo(ity and lhe acceloatio ol P telativ'to S,.

Ari object of rnirss iD initidll),tlt rcst is droppcd to thc carth's surfircc frorrr a lrcight

i abovc the catth's surfac{r. Assurring that tiro atrgular spe.(l of thc cartlr alx)ut its

axis is a conslant tu), prorc tltat altcr iinic i the dtrlocr is dr'Ik:ctc<l .nst ol thc vc i(nl

bv the a[]o|nt

and sllon t.h?rt it hits the eartlr iri

1..
;i

;r poiut casL of tl

,li
; l,J, L'r\ \ t/-,

where l is the earthls latitude.

x' \'{rrliaal at a dislaI(:e



2. (a) With the usual llotatioll, obtaitr the cqu'ttions:

N

i 94 = \-r. ir, F^ .' ,h L2-' -

,, dL=\-nni'-.Lrr;L*\src1, ,,1 N l,irrli,l( j lrrovirrA
'' ,lt z--a-' -

(b) a sphere of trlass rll', ladius o , and rnornelrt of ilertia

slippirg frorn its initial position at rest from a top of a fixed

which Ii"s otr a horiTanral plalr'

in sl)itc('.

1rrrn, rolls rlitlruut
5

cylincler of radius I'

3.

i. Dtrterttrilttr thc alrglo of trttrxirttrtur nt rvhich tllc sph(irc lcirr(l$ thr' (1li]l{lcl

ii. \\rhat are the componertts of tlte vclocity of the sphere's center ai tirc insr"lni

it leaves the cYlinder'

With the usual notation, obtain

Ila,ving a Poilt fixcd, itr tho ftrrnt

the Euier's equation's for the motion of a rigitl bodv'

A.,,1 - (B -C)u2u3

Bb2-(C-'4)uP3

Cfu-(A-B\u1a2 &

A rigid boclv having an axis of symmetry Od moves about a fixecl poirrt O uuder lto

forces except a constalt retarcling couple pC about the axis OC If '4' A' C aro thc

principal moments of inertia altc-l (,t1,a2,q) the coupoleDts of tlle angulal velocitj'

about ihe prirrcipal axcs OA, OB and OC' show that' after a titn!' l'

;t = !2 r us lli (u - (L) i)]

c,2 = -Qsin lrr (o - (i)-)l -"a

q, = (i_ 1,t

and (4,0, A) is tle initial artgular velocil'v of i.he riF,id bodv



4. (a) Define Hamiltorian ,ry jn tcrxts oi thc Lagrattgiatr -L.

Show. rvith usrtal llotzl|ion, tlriit the Ilarrriltoll's cqualiolls nt{r EiY(rlr l)v

. atll Jll ,ll 01.

'lt dtt, /'r j J- 
r1'rr a, 

- 
at

Show that if the Lagtangiau i$ not all explicit lunctioD of tirne i]rrd the sys[{]rn is

corservative, ihen thc Hamiltonian A is a constant and cqual to thc total kjDcti(l

energy of the systelli.

(b) A pa|ticle of nrass ?n call slide \rithorLL friclion ou tltc insi(lc 01 a snrall trrl)c l)cr1t

ir lhe ibrrr ofa cilcle ofradius r. Thc tubc call rotatc freelv aboui a vcrl'ical axis

alrd has a niolnolt ol ixeltia 1aboui this ilxis- Filld Ihe ]Iallliltolrian's eqrra'tiolls

of motion for thc sJ'stem.

rroti0n fronr

j = 7,2, ,tt

bcfore and alter tlxr applicatioll ol thc

A unilbrm rod '1,l} of knrgth 20 irn(l Ittass'rrr has n parl'itlc of llrass '11 itttdrhcd t{)

the cnd B. 11, is at rest olt a slr!()oth horizorttal tablt: \'lten an ittrpttlsr' 1 is aplticd nt

,4 irr a diri:ction pcrpenciiculat to ,'1t, all(i in tlLe planc of the tril)lc Find the initial

vclocities of A and B anci plove ihat the resulting kinctic energl is

2l)(rrt + 3tI)
lnl -' 4,1'h

tiorrs for impulsive

in thc lb.nr

5. \\Iith usual notalions deduce Lagrange's equa

Lagtange's cquntiolrs for a lrolonolnic systont

/0T\ /at\{+ l-{-' -"\utlr/, r"''C' /r

'l{here subscripts 1 and 2 dcnote quantitics

illlp lse rcspectivcly.



6. Dcfine lhe Poissott bracket.

(a) \Vith tire usual notir,tion$ prove that

i. ff s, nl = Il, h)g + f lo, h,l

Df
ii. Ll,rkl = -;: and

utk
, af

rrr' L/./,rl = 
-.ult

(b) Show that the Hanril[olian cquations of a holonomic systeln may he rvrittelr in

Lhc fornt
' r1k=lqk,II), ik=bk,Hl

and sh,rv tltat lor arty furrction /(q,.r'r;,/J

({ 4,,,,r,,
- Al t tr"'l

vherc 1/ is a Haniltonian.


