
Mechanics Fall 2009 - Test il

work lbur of thc fivc problcurs. Plarc thc problcrr:.s irr thc ordcr you wish tixru gradcd TLc lirst ltvo prol-rlcrus

fc,rur the first half test; the second two problerns fbrrn ttLe second ha'lf test

Problem 3.1 l, hockey puck (a uniform cylinder of radius a and rnass m) moves across a frictionk:ss two

dimensional sur face after being struck. Calculate Hamilton's equaticns of motion. Il.r:port tho generralizerl

momenta. solve the equations of motion for the init ial condii ions z(0) '=0'u(0) - 0' d(0) - ' 0' i; l0) =' t '  g(0) - '

0 ,  d (Cr )  -  @.

problern 3.2 lr block of ma-ss rVI is corrrrected two two springs of sl)rirrg constant i; and slitlcs irr onc dirnertsion

on a frictionless surface. Auother block of rna^ss nt'=NI12if I ice to rnovc,lrr top of the tirs1. blor:l< Tht: contacrt

bel,ween the lirst and sccond block is also frictionless. 
'fhe rnass rru is conntxlterl to tlLc llklck of urass,'11 lrr

t.w! springs of spring constant & and also moves in one dirnensiort. Finrl tht' norroal ntork' frr,rltttlttcitls o[ the

sysiern. Note, t6is is obviously a coupled system, if vou rrrake a ttrista.ke and <lctuttple it ii rvill clispkraso Itte

Protr lem 3.3 r lonsidcr the potential f i tnct iort

V  ( r ' )  
^ ; - ( (  ' t ' t ' 2

w5er,: 1 zrncl n are posit,ive cgnstalts. Does this pcltentizr,l have poitt'::i r-,f' staille,, tlr|tiliblir,trn'J Il: r'trs. Firr':l the'

po iLn1 ,o rpo i r r t s i r ndp ro ' u ' e t } t t ' ,Vz r res tab le .F . i nd

osc : i I l a t i onsz r ,bou tec1u i l i b r i un r . I f t he re l

arrrf  calcl latr:  the tra. jecLorl ' ,r f  thc part iclc i f  , :cletased f i ' t -rrtr  the origirr '

p rob lem 3 .4  A rnassnzs l i c l r , : s i r r a l i nea r f r i c t Lon less tubea t tachc r , l  t c - ra ,d i skw i t h r rLo r t l € r r l r : ( ) f  i t t c ' r ' t t t l l  I  + I IR !

t5a,t is pivotecl to rotate abgut i ts center in t tre horizontal pl iurc. 1, l i l iea.r 'spring witJ:r sPritrq trr lr t : ; t ,art1 k ir ;

attachc6 to the cl isk as clra,wn. The systenr is irr  equi l ibr ium irr the orient,at, ion drawn trn<-l l  t ,hc sPring Ls r:onttectecl

witl , string such that t,he c11llection poirrt ir; always as drawn in the, figttre. Fitlr,l the ec1'rtatiorrs of rlt':rtiott frlt'

the st 'stetn.

pr:clblem B.b A ma.ss rl slicles in a frictionless tube. The tube is l,-rteltetl with clrltts;t,,atit, anguila.r vr:rlotlitl ' ,,'

at lo.t  i ts center in the horiz,gntal plarrc. ' fhe rnass experiences a l ine,ar restori trg fort:c, - ,A:z'b<l 'wtrrcl t , l l t :  tr<,:nter

of t .he system. Under what condit ions cloes 1,her part icle osci l late ab(lut;  the celnt,:r  of ' th'e t l t l ) , ,"r '  WlLrtt  is thrl

frerqrrency ol, these osci l lat iorrs' /  Uncler corrcl i t , ions where the pa,rt icle r loes rtot cisr l iJlat,e. r lual i Ial . ivelrr descri l l r :

i ts rnotiot i .
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