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1. (25 %) A part岫 of ::na.ss m is 仰的t凹ned to illO'明 on the 即由阻face of a 阻。oth
 

cone ofhalf- 祖gl， α(see Fig. 1). The particle 凶 subject to a gravitational force 


(a) Find the Lagrange's 呵uations of motion. (12 唱) 

(b) 	If the particle moves in a circle ofradius 1"0 , wh的 is the freque且cy，叫 ofthis motion? 

(3 呢) 

(c) If the p缸ticle is then pertuxhed 811gh合ly from thiB circul缸血流 ion ， what is the 

全equenc:仇。， of the oscill此ions about the radi田:ro? (7 ~自) 

(d) Under what conditions does n =ω? (3 唱) yf 
"'~. 1 

2.(15 目)川的岫 moves in a pot叫凶， U(r) ~ -C/(3戶) 

(a) Given 血gular mome且um 1, find the m血mum 叫ue ofthe ef!，叫ive potentiaL (5 唱) 

(b) 	Let the p出icle come in from 世且tyw拙 'P叫呵， what is the largest val田 d 

b (call it 17m",,) for which the partic1e is captured by the potential? ln 叫her wor缸， 

wha七 ÌB the "cross section" 扭曲抖""，吋;，.."， for this potential? (10 %) 

3 悶悶 Consider a p回icle moving in a pot阻tial U(r). Rewrite the Lagra且.lPa且血阻"'" 

of a coordinate sy，;:;凶minnnif，叮TI rotation with respect to 扭扭缸tial fr位自 

(.) Calcul臨出，l!阻l切m且 andd的e汀血ne whether H = E. (10 的 

(b) J. H. 凹血t祖t of the rr.otiDn? \\'屯 (3 %) 

(c) If E is not a consta且t of motion. whv i且七的 (4 唱) 

(d) Use the Lagra.n gian you obta.ined to reproèuce 也e 閻明.tions of rnotion (8 州 

F eff = F - m...:J x (0 x 叮 -2mW xvr
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4.(20 %) A double penduh斗m consists of 押。 simple pendula，刷出 one pend叫".un 

eu叩ended rron the oob of the other. Assune the two pendulua have equa.Î lengths 間d 

!J.ave b008 of equal mass a.nd both pendula .JIe co且且 ned to move in the s80me plane 

(a) Fl::d La社ωge's equat叫lsof血肉βn for ;;he system (1。現) 

(b) For small osd.:.ations , find the no:.mal modes 阻d :heir f:叫田配問 (1日馬) 

5.(15 的 Astickofm8.5S 閉目d length 1 時間 with frequencyωatO\.:.nd 祖師院路 shov;泊 

1ll Fig. 2. The stir.k扭曲位，n 且gle e 間th the a.xis 阻d is kept í旦出血圳叩 by two 

s~nngs that a:e perpend\cular to the axls. \\-bat is tr.e ~ensiOl1 in che strings? (Ignore 

gravlty.) 
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