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Tow hamcs of rclbrcncc S and S' havc :L crrnmon origin O alrd S/ rot&tcs "'ith
, an on$d$r volocity {) rolativc to S. 1{ r moving particlc P ha.s it8 position vccJor

tus I rolativc to O af timo ,, provc thot fhc acacloration of P \ ''ith rcsp.rt to S is
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A projcctilc is firoit upwa,rds fiom a point oo thc slul'orc of thc cir-.th ot .r lstihrdc
ll, with a lclociiy of mngniiudc lro. Assuming iha.t thc srrgr{a,r vclocitv of tho

rth obout its B-xis is a mnst$nt O, provo thaf altcr timo t thc proj.*tilo !s

ft is thc ma"ximlu[ hcight th{Lt thc projcciilc can rcach thcrl show thnt it hits

aa*h at a point en tho horizonta.l planc through O, at a distanm

j(lgti cos,\ - ot2oo cos ),

' 1<t 
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cd c*r"st ol thc vortical by thc amorlnt

wcnl of tho point of projqrtion.
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(a) Wiih thc rrsrral notation. obtain tho oquations:
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(b) A pcndrrhm mnsisting of a rrnilbrm rigid lod of icngth Ltnd mo,ss,!J is

pivotod nf ono cnd 0, and swings in ., vortical plano, Iniiiaily a bug of

miuss { is at O ond thc pcndulrrm mokcs an anglc d6, (0x << l lod ) with
j'

ihc downwarcl voliical. As soon as lhc pondlrhtm is rcloa.scd fiom rcsi thc

blrg st{rrts to cra\il slowiy *ifh mnshani spcod y along thc lod towarcls tho

botiom cDd of ihc pondr tlm Find lhc lrcqttcncy ru of thc o.cillotion of lhc

pcndllhrm whcn thc tnlg htLs crnwlod o distancc I tlong tho rod.

Ests,blish Erticr's dy$amicnl cquations of motion lbr lhc motion ol o rigid body

with onc point fixcd.

A bocly movcs about a poinf O rrndcr no lbrccs Thc lrinciplc momonts ofinortiq

al (,) arc lJA, 5,4 and 6,4 and inilio,lly thc {rn$rla,r' vclocity htus componcnls ur = n,

-2 :0, L"'3: n rcspccting rllrout thc plinciplc 0"'(06 Show thtt {rt on} timc l,

;i,, / at \
/rlarh t /;J.Vr \ VD./

and thnt ihc body ldtimatoly rolalcs about ihc mcr,n ariis.

Obinin iho Lagrongc's .4liaiionF liom thc D'Alcmborl principlo for o holonomic

s-ystcm,

A bcad of ma.ss rn slid<s frorly on a llicfionicss oircuia,r' wiro of ra,r-litts b and ma.rs

,rl1 thot roto,to6 in o ho zontal planc oboul a poinl on tho cirollfi,r' wirc wiih

consiant angrrlor vclocity -,.

Obiain Lograngc's cquatiorls ol motion o[ iho eysicm,

Sho\ lhor fh^ ham."cillart. s n pcndrrlrrm nt lcnglh i - {

Dcfino lho Homiltoniur .H in tcrm"- of tbo Lagta.ngian i.
Show. $'ith usual not0,tion, thol thc Hamiltonidl oquations arc givcn lty
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Show that if tho Lrgrangion is not s,n cxplicit firnction of timc ond thc

slstcm i6 conscrvafivc, fhc,n tho Hamiltonian -F1 is a constant llrld cqrml to

thc total kinctic cnffgy of thc systcm,

(b) A p.fticlc of m&ss rn af a point P is attractcd to tt flxcrl point C) by an invcrsc
GA,I T

sqrrlrc forc,c E : i : --. whcrc OP : r. Find thc Hamiltonian

o,quntions of motion.

Dofinc thc Poisson Brackct.

(a) trVith usual notationF provc that

i, l.f,fl :0
ii. [/,.1 : 0, \ 'bcrc r iF o cnnsi,rnl

iii. [/e,ir] : lLnls t Jlg.nl.

(h) Show that thc Hamiltonien .quations of a holonomic systcm may bc wdtfcn

in thc ibrrn
OH ,,, OH
^ - ,fr,4*1, ^ : lH,PFI,of* oqk

a,nd show lhat lor ony limction F(?", qi, t)

dF AF: r f.F.fil.it ot

Pxovc thot if -F' a.Dd G axc conslants of motion thcn [-F, G] i6 also {, c].)I),stent

of motion,
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