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Adisc ofmassm andradiusr issandwichedbetweena horizontalsurfaceanda

slenderrodofmassm whichcanslideinandout ofa horizontalgroovewithout


h lt tou sfrictionasshowninFigure1. Thedisc ro wills page
ip
 withrespect toboth

thehorizontalbottom aswellastherod. Therodisconnectedtoa springofa 
springconstant k asshowninthefigure,andtheotherendofthespringis 
attachedtotheinertialframe. AssumesomelengthL0 oftheun-stretchedspring 
(althoughthat willturnout tobeirrelevant totheproblem). Therodispulledout 
ofthegroovesuchthat thespringisstretchedbysomele
 danngth thenr
eleased.


a.	 Derive the equation ofmotion ofthe system using the Lagrangian 
approach. 

b.	 Findtheequilibria ofthesystem. 
c.	 Linearize the equation ofmotion about the equilibrium pointsand 

examinethestabilityoftheequilibria. 

Figure1 
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Adisc ofmassm andradiusr rollswithout slippingonaninclinewhichisat 
angle� withrespect tothehorizontalasshowninFigure2 below. Aspringofa 
springconstant k isconnectedtoa fixedsupport anda pivot at thecenterofthe 
disc asshowninthefigure. Notethat gravityacts. Initiallythedisc isheldsuch 
that thespringisun-stretched. Thedisc isthensuddenlyreleased. It startsrolling 
without slippingontheincline. 

a.	 Derivetheequationofmotionofthesystem. 
b.	 Findtheequilibria ofthesystem. 
c.	 Linearize the equation ofmotion about the equilibrium pointsand 

examinethestabilityoftheequilibria. 
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Considerthesystem showninthefollowingfigureasinProblem 2 ofExam 2. 
You mayusetheequationofmotionfrom thesolutionspostedonline. 

a. Findtheequilibria ofthesystem. 
b. Linearizetheequationofmotionabout theequilibrium q=0 andexamine 

lony).thestabilityofthisequilibrium (
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InthelinkageshowninFigure4below,thediskBandsliderCeachhavea mass
m. Thelinkseachhavea lengthlandareofnegligiblemass. Thespringhasa 
stiffnesskandunstretchedlength2l. Thesliderispusheddownbya small
distancesuchthat thespringiscompressed,andthesystem isreleased. Notethat 
gravityacts. Alsonoticethat point Aispinnedsoit doesnot move. 

a.	 Findtheequationofmotion. 
b.	 Findtheequilibria ofthesystem. 
c.	 Linearize the equation ofmotion about the equilibrium pointsand 

examinethestabilityoftheequilibria. 
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