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Mechanics Spring 2003 - Test 1
I  r  l \

i - '1  'Problem 
1.1 A cyc l is t  (could be Greg Le\ ' Ionde,  Caleb)  ,  r ic les arour id an un-

banked (flat) circular trzrck. The cyclist compietes ea,ch lap irr tirne T|,,r,, zl\(1.
tlnrs moves at zr constant angular velocity. As the racc goes on. the riclcr is
glaclutrl ly fbrced fiorn tln hiit ial radius r0 to a radius Ar' * t '0, lvherc Ar is a
consttrnt. The radius of the cyclist 's tra.jectory is giverr by

, / \
r ' ( t ) - r i 1  I  A r ( r - , - i )

\ /

whcrc r is cu-rrrsta.nL lhat t:aptules the clraractcristic tirnc to charrgi: ri'r,clii.

. (a) \\ i i t,c r-(t).

z . - \  (b)  Calculate i ( i ) .

I (c) Calcula,tc tire kinetic cner'gy trs a, furictiori ol t irnc.

; l  (d)  Calc:u latc  r i ( r i ) .
.t

44f"1 Cir lcrr l ;rLt, t lxt arrglc bctwccrr thc acccicrert ir in a,trd vcloc' i ty zls a f i t trct ion of
/  - '  

t i r r r t ' .  T l r i s  t t r r l  l r c  u l ( ' s s y .

r t 1  P r o b l e m  1 . 2  A  p r r l l  i r ' l t ' o f  l r i r s r .  l i
I  I  

; r  f i  r l c e  I . '  - , Y  - ' i V w l r c r . .  
r r  ; r r r t l  n /

l( t l )  :  1r( l  a,s 1, l lo irr i t ial  corir l i t iorrs.

is shot into a, region rvl iclo i t  cxperietrces

arre posit ive cottsttrt t ts. Tnkt: r ;(0) = 0 a,r ir l

T@) Docs a potcrrtia,l fhicrtiori exist for this fbrce'l Why or wlty not'/

4 
(U) If irrrl thc vclocity a,s a, f irrr<rtion of the clistarice r: l iorn thc Poirrt the Pat't ickt

- ( 'nt( 'r 's t lrc f lrrce fickl.

4 (.) Firr<l thc rl ist:urcc the pa,rticle tra,vels berfore cortritrg to a stol).

3 @ \\ 'r ' i tc the integrti, l , with appropriate l imits of irrtegratiorr, t lrtrt vou woukl

cvaluatc to fincl thc tra.iectory, r(i), of the ptrrt iclc.

L @) \\rrit,e kirietic cnergy of the pa,rticle as a flnction of positiori.

/ 
(f ) H,xv ruuch total crrelgy is dissipate<l by thc lbrce befbre thc p:rrt iclc conles

to lcst /

,1 Problem 1.3 Clc-rrrsiclerr the potential f lnction U(:r): at::t - bt,lr, ltele tt attt l D

lle pusitive constants. It rrray help to sketch tl ie ptttential.

3 (") Cornpute thc location of thc local minima, Jf ,,,1,, ard tl ie local rrl:1xirna, r,,,,,,.
of this potential.

TJx-r)
al

1tUl  Wlr i r l  condi t iur r  r r l rs l  the+e' ta.kr*eryy:4; f .  o f  a p l l t ic l lo f  nr i rss r r r  sut is lv
so that thc ptrrt icle oscil lates about l lr;r,,;,,, t lru.t is the particlc is coufirrec.l
to poterrtizi l u'ell tr l>out :r,,,,,,?



J

4(-

4 (c) Write the velocity as a function of position fbr a particle of nrass rn with

init ial velocity t.ro at r,,, i ,, at t : 0.

(d) If a particle of rnass rn, wirs releasecl from r : 0 n'it l i  zero irrit ial r 'elocity,
( ' on rpu tc  i t s  o t l r e r  l u rn ing  po i r r t .

(e) Cornputc ti ie na,tural frequencv of this particie fiorn srrrall arnplitudc oscil-
l ; r t i o t r s  i t l t o t l l  - r , , , , , , .

Problem 1.4 N'I1' daughter l{atherine(Kat) l ikes to jurnp ori a tr ':rrnpolirie. This
probk:tns asks you to a,na,lyze thc Kat/tranipolirre systetn. Lert thc. locatiorr of

tlre c'entcr of t,ire tra,rripoline lvltctt Ktrt sta,ncls still lte :r - 0 an<l tt1>lr'ard llt:

l tosit ive. Thc fbrr:e of gra,r' i ty sirnply shifts the cquil ibriunr pctsit ion a.ttrl tttt ly be

igrrorcci irr t l ie annll.sis of the oscil la,t iorrs. I asked Kzit to jtttul> ortcc. Using a,

tal)e rncasurc anci rny '"vrist watch, I rneasure thc a,rripliturle of the first ttraxitna,

to be 2 iriches and the anrplitrrcle of the second maxirna. 1 irtch. I i i i t  oscil late<l
u1r a,rrrl tlolr,n fbr a, while a,ncl ca,rrre to a stop. The periocl of these oscillations is

i  s0con(ts .

I (a) lrrorrr t]rc trvtl i lr i l ;kr infbrrna,tiorr, whtrt color is trty yottttgcst rlarrg]rtcr's hair'/

Z $r) Is l lx: rrrol; iorr of the tra,rrrPolirrc/Iitrt systcrn over<ltrrnlrr:rl, crit i<rally t la,ttt l i ttt l ,

or urrrlertlarnltcd'/ Support yriur choi<rc. Tcll wlra,t vou rvottlt l  cxpect t<t

sccr if t irc ca,scs yol1 tl id not clioostr were tltc castl.

Z (c) Cak,ula,te thc a,Irgulirr clanrlrirrg i icclucrtcy, .-u,1.

4 (d) Cla,lt 'rr la,tc thc da,rnPing cottstant 7.

?- (e) ()alculrrtt: t l tc tttrtrtral f i 'cqtrcncy,.,.,e.

. (f) If t irc irrit, ia,l rrrzrxirrra lra,lrpens at f : 0. Use irrit ia,l conrlit iotts :tr11 : '2

4 '  
'  

incr l rcs anr l  111 -  0 at  i :0 .  Wute t l ie  t r t r jectory o l  the t rnutpol i t te  s t t r face

:r . ( l ) .

? (g) Corrrputc t; l ic lesotttrt it f lecpettcrv of the trarnpoli lrc.

Kat lrt:girrs jurnping orrcc l)ct st:cond, 7 - 1s, trpplvirrg a sittttsoitl i i l  driving
iolcc ./" : f ir cos.rlr wltcre c,-' - '2rl ' f arit l  wt-'wil l asstttttc 1'j) - /nq wll(lrc
I(i i t 's rtra,ss is rrr, - 30k9.

3 (h) Corriprrtc-. thc. arnplitrr<le clf the trarnpolirre/l{trt systerri uriclcr t,}ris clrivirrg

li l 'ce.

3 f t l C)orrrprrte ther pha,sc shift of thc trarrrpoline/Knt systerrt trtr<lt:r this clriving
iorcc.

2

$,ttBono, a ( t
J-,{ron*l eleckr,'c / fo,'nf - |ry*
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