
Homework 2 - Mechanics -Due Tuesday 112812003
Turn Homework in at Dr. Stewart's Mailbox in the Physics Office i -, i / I,  : t I 1 7  I
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Extra Problems

( ' E1. A system with two stable states can be represented by a potential of the form U(x) : a-bx^2*cx^4

J l. Find the location of the minima of this potential.

,. 2. What condition must be met for two minima to exist?
'i -3. When the potential has two minima, find the height of the energy barrier a particle at the
' 

bottom of one of the minima must overcome to move to the other stable minima.

\ 4. If a particle of mass m has total energy equal to one tenth the barrier height, compute the
t trajectory of the particle if the particle is at the location of the minima at t:0. You may

expand about the minima.
E2. A motorcyclist jumps a canyon by driving at high speed up a ramp. Analyze the motion using

,; 
.' 

the motorcycle-rider combination as the system. There are three phases of the motion: (1) Two tires
-r 

on the ramp, (2) One tire on the ramp, and finally (3) No tires on the ramp.

Bonus

J UZ.What song was played at Jefl'erson Davis' inauguration?
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\RTICLE PROBt,E\1S
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Numerical Solutions.

e- Analrtic solution for linear retarding
fbrce

t- ,\nalrtic solution for quadratic
retarding force

<- Di{Ierence, linear case

e- I)i{Ierence. quaclrritic case

PROBLEMS

2'I l ' ind thr- r 'elocit ' r  ancl thc'posrt ion r as frrr.rct ions ol ' the t inre I ibr tr  ptrrt icle of ,rass rn,
*hic]r stirrts fl'orn rest at r = 0 arrcl I = 0. subject to the follo*'ing f,r,Le fu,rctic,nr,
(a) F. :  1,,  + r '1

(b )  r ,  :  F , ,s i r t  t . t
(c )  F '  :  l - , , c ' '

u 'here F,, iutcl  c are posrtr\ :e (.o1st:urts.
2'2 Find t|e 'elocitv i rrs a lirrtctiort of the displacenrent r for a particle ,f rnass r2, rvhich

stalts irollr ri'st irt r : 0, sLrrrject to the folros.rng force functlons,
(a )  { :  Fo  *  r ' r

(b) I ; .  :  I , ,d , ,

(c )  F ,  :  I , ,  cos  r . r

rr l t t ,rr :  I i , ,  iul( l  a i l re l losrt i i  e corrst l tr t ts

i  
t l  Fint l  tht '  l ;ote nt ial erterg'f i inc' t ior i  \ .r l  r  for eaclr of ' t l r t :  f i rrces i1 probler '  2.1.

2'1 : \  Pa|trc' le of r l trLss t i t  is cottstt  i t i r ter l  to l ie along a I l ' ict iouless. horizontal plane sLrbject
to a l i r lce qir 'err l l  t l te erpression Fi lr  = -1, 1t i .s projec.terl  fr .9r1 r :  0 to t lrc r ight
alonq tLt' positn e r dirc'c.tiorr uith iuitiirl kinetic errer gl: l, = L,2 A.,,1:. k and A trre posi_
t i 'e c'onstants Find (a).the Poteutial enerqr'  l i r lct i<,, i  i ' r , .  r  fn. this fbrce; (b) the kinetic
e'erg\. and ic) the total energ'.r ' the part icle trs a fuuc,t io, of i ts posit ion. (d) Find the
turui lg pornrs of tLe ,] :a:,  

1.) 
sk"t. t ,  the potential,  kinetic, . ,r j  tot"r energv func-

t ions io}rf irr ial :  l ise ) lut lv 'at l  or )Iothenntrca to plot these fulc' t ions. Set f t  andA
each equir l  to l .  )

2'5 ' \s in the problenr i t l r ' rreJlre pr.t iclr  isProlected.to the r ight \ \ i th ini t ial  kinetic energr..
I,, but subject to a fort.e Fr.r r : -A-,r. + [,t r)a:, rvhere ft ,,ia rf 

"." 
p;;,i,. 

" 
constants.

Find (a) the potential e.uergr,function I'("r) for tliis for.ce; (b) the h'uetic energ,.l and(c) the total energ' of tire particre as a ru'ction. of its position. (d) FinJ the trirning
points ol the ntotion arrd the conclition the total energi'of the particle must satisfr.if
its tnotion is to erhibit tumng points. (e) Sketch the 

"potential. 
hnetic, a1d total energr

func t ions '  iOPt i t tna l : tuse l la t l i cad<t r l la thenv t ica top lo t thesefunc t ions .SetAandA
each eclual to l .  r

2'6 '{ particle of rltass //l llio'es aioug a tlictionless, horizorrtal plane u'itl-i :r speed gi'en br.
t ir I = a/r' rihere r is its cLstalrcc' fron'r the origiu ar-rd a is a positive c'onstant. Find the
fcrrce Ft.t  r  to rvhrch the part icle is subiect.
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66 Chapter 2 \E\\TONI.\\  \ tE(i l t .{ \ IC.S }tE.TILI\E,{t i  \ f  OTIO\ OF A ' . \RTICLE

A block of 'ass '\f rras a string of rrass ,r attacrretr t. rt. A rrrrce F is appriecl to thestring, arcl it pulls the trt":T ,t," fr'ictrorrress pro,,.. ir',.t is incrined at au argre 0 to thehorizontal. Find tlie force tirat the str.inq 
"*.r1, 

o,, the block
Giverr that the'elocit 'of a part icle in rectr l inear n,ot i ,u, r '"r i" ,  r i i t l r  the cl isplace'rerrtraccording to the cquaiion

o ' l

2.8

t  =  l _ , . r . . ,

ri'here D is a Positi'e constant' find the forc'e ac'ting orr the partic,le as a fjrnction of.r.i  Hbtt:  F = rn.t = ni di/&.:
2.9 A baseball  (radius : .0866 m. mass : .1a,5 ke,) is.clr.opped f i .orrt  rest at t i re toP of theErnpire State B.i lcl ing rheisht :  1250 f i)  caicLrtate i ; ' ; ; ; ; f f i  i ; , i" , , t i r t  eners' ofthe baseball '  lb) i ts f inal kinetlc e'ergr ' .  a'd icr thc total e'ei 'q '  cl issipatecl br the fal l i 'ebase'bal l  br.corrrptrt irg the I i ,e , , t*e,; i l  , , f i l ,"  I i r :" ; ; : ; ; , .  . .r , ;- i l : . : j , i ' : , ,* rrre ba.sc'al lstotzrl  distarrce of f i r l l .  (Jorrrpare this iast result to t l te r l i f l i , rerrc,t ,  l retu,ecrr thc, basebii l l .sin i t i r r ipo te l l t la l  energ 'a t , i i t s f i , ra l  k ine t icc r rc . rq r .  iL I i t t . r r t ] ) ( t t - t t ( ;  ru tk t . t t l tT tn t t i , ,a -l i .rrs rcl tctt  r : t :ul t tnttngtlu: l tr lTttr l tol i t . . f i t t t t : t iorts , , i l ,1rr, ,rr,  i , ,  , i , ,r :r :qi, ,g' , , ' ; , t  t l tc l i t t t ,integral. t

2'  10 A bktc'k of * ' .ot l  is pro.Jccterl  'p an ircl i 'ei l  pl i l ,  rr  \ \r  t i r  i r  r i tr .r l  speerl r  , ,  .  I f ' tht,  inc,;ra-tror oft l ie plane is 30o arrcl t l re coefTic, ierrt  ul ' . t i , l i , ,_ ' . , .n;; : , , ' , , ' t '_ ' ; i  : ' , .
t inre fcrr the block t2.,, Anetar,,,,"u",,,,'l,llml:i:li'lililliltin: ,,",,,": ".,,,:::i,::::, "hean oi l  so that  the brock s i r1 l 'ers i l  \ iscous lesjstarrc, t ' t l i r t  var jes as tht :  r l r ,2 i ror i . t , r  ofthe spt  ecl :

'1 the init ial  speed ofthe block is L1) i l t  r  -  0. shorv t lrat t l re block cannot travcl i i t r therthan 2nru j,2/c.

2'12 A grrn is fired straight up Assurninr: that the air rlrag o' the b.llet 'aries q,arlrirtical6.with speetl, shor..",that the speed vailies rvith heieht accorcliro i"'if ," ..0r",,"r,

f i r

l r ,  b
k

i t r l t t t u t t t  t t u t t i 0 n  t

i rr  r i ' l i ic.h.. l  and ts a* = c",,i ,,rie,.-] ii,ll)'lil::l'J:i::T'il;;ll,:,:,::::'ii;:.i]i,i::',ti:,;,1'l
rneasurecl positr'e upu'arcl, n'd th. graritationar for.ce is ,.rr,,,r"J ioi. co,start. )2'13 Use the abo'e resrrlt to slto*' that, *l irerr the brrl let rrit, tr,., f.,.,,,*l ir, '  i t, ."t,,.,,. t l ,"speed rri l l  be etlrral to the erpressrorr

1 , , 1  ,

i r : i  -  6 : 1 t :

in rvhich uo is the initral r,rps,arcl speecl anrl

D t  =  \ t i l g i ( ' , ) r , : :  t e r u r i l a l  s p e e d :  ( g / ( . ) r , :

lil];;:::t''t 
ailows otte to find the fi-action of the initial hnetic enersl lost through air
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a t l \ i-'artic ie o t t t t:lss- r rt is re le:rserl fi 't-rn rest a clistanc.e D {l-or n a lixecl origin o{. {brce that, r t t ra( . ts  thr  part lc , ie ac.c,or .c. i ing to t l te,  in i .erse square l t ru. :

F i r  =  - 1 ' t :

5 l r ,*  thrr t  t i re t inre reqrr i recl  fbr  the part icre to reacr i  the or ig in is

, fr l) ' '
\ s A /

al5 * \ ] ror i  that  t l rc  ternr i r ia l  spec.c l  of  a la l l inqspher. ical  o l t ject  is  g i r .cn Ll .

I ,  :  r  / r i g . ( i ' +  t r . , . ' ! r ' , , : l l ' r  -  { r . , , , 2 r , , I
' ' r l r t ' t r  , . t / t  t l i t '  l i r r t 'ar  a l rc l  thc r l t ra i l ratrc ter 's  i .  the c l rag force ale take'  into account.r !6 [ 'rr t lr. ulr,rt 'resrr]t t. car.. l,rte trr" i"r,,,;,,"r ,p.*,1 ur-,ir,r,f rr,,rri l" '", rrrass L0 ; kg
i l ] ; ] : l ; : ] l lT . , l i , t '  

' " ' ( ' . t t rPr i r t \1)Lrr \ i t l r re* ' i t i r t l r t ' . , t l r tc ' , , l , t , i in , . 'c l t , rus inq

I  t -. - r '  

, , ; , , ' , : l , l  , i , " , . , 1  
' l l : t ' , 1 ' , ' l " " t i ' . 1  i : r l r e 1 r 1 r , 1 i r 1 1  1 r , t  ; r t l r r , , r r u r i , ' r  r l , t  r L r r . t r r r . c a r r t l  . i

ti,rcarrr,.,ur,",r'1":':i,:1,*1,,J ,,,1;,:,1,,.:'fl],:l::l[iliii:;llii],::,i:::il,:1J::,,
1 l lrr lc ' trorl  ol t tr l l t"  ctt t i  thc erl t tatro: i  of nrot ion be soh.ed bV sirrrple integratioDl clan i tl i .  sr l l r . i l  i l  t l re l i rr t  e is a pr.cirrct ofn { l ,n,t , ,rn ol trrrre :rncl ir  frr .ct io, of 'elocitr,?: - I8  l ' l r r  ib rc . t ,ac t inq  or r  

"  1 r , , r i i . ,1 , , , ,1 . , , , , , r ,  , , ' I ,  gn"n  f , .

l' : ALr.r
jrr  ut j t ' l r  (  is rr posit ire:: l l , -s:: l l l ,  Tht, parr icl t :  yrasses r l i rorrgh the onsin uith speecl r: , ,  i r tt i r i r c  i  -  0 .  F inc l  . r  t i s  i r  h r r rc . t io t r  o i . i

: ' I9 { srrr '1l lr 'c-qrl i r lq Pl 'cl j t 'c ' t i l t '  is l i . rac' lrcr l  l i . r iz. ' t . l i '  rr  the oct,arr 1r.,r  u statr.rrar\. \ \ ,a}.-

; .1, i ] ]  l t . ' l r ]  l ] t" ' r t i  
sPet'cl  t  

" . , . ' \sstt tr tr ' th,rt  i ts P..prr)sirrr s 'sreui lras l iLi lc,cl  arcl i t  is slo*,t ,cll ) \ ' ' 1  r ( ' t i l r ( l i r l q l . r ' t t ' g i r r r r l , r ' l : ' r ' ' -  . . 1 , , , ' l  . ( . )  l . ' i r r r l i i s s p c c c l  u s n L , , , c t i , , n . i . t i . c .t  1 '  F ' i r rc l  (b )  t l r .  t r . r t ' t ' l aP 'e t l  . r r t l  (c )  tLe  r l i s t r r .c .  t r ' ,n t ' le r l  * l re '  t l re  p ro jcc . t i le  f i r t r l l r( ,ou t rs  to  res t .  . . \  :u t r l  r i  rL r . t ,  l tos i t i r r ,< .o r ts ta l ts .  
-  - -  - ^ "  t -

: ' :o  \ss r l r r r ( '  t i r r t t  r l  r ' r ' r t t . r  t l r ' , ,P1 , : t  l ,L I l i , ,g  t i , , , , ,g1 ,  , r  i , , , ' , , i c i  r r t r r .sp l rc re  g ; i t l r t , r . s  , l )  , i i r ss  . t  i rI . i t l t  i l r r t t i s l l r , P o t t i . r r r r l l . i t s t r , s s - s t ' r ' t r J , , , , 1 , , r . , , . 1 . , { s s r r r i r e t l r a t t l r e , t l r r ' l e t s t u r t s
l t  r r t t t  t  t ' s t  'L I rc l  t l ra t  i i> .  i r r r i i i r i  I  iL r l r r rs  1 l ' ,  i s  rc r  s r r re l l  t l ra t  i t  sLr l l i ' r -s  r rc  r t , s is t i r r -  I . rc .a .  sho* .t ] r r r t  (a )  i t s  . rL r r i r i s  ' r r r r r  ( ' )  1 ts  s ' r , t , c l  i , , ,  r " . . . r , i , i , , " , , , . r ' r i i t r r  i i r r r r , .

COMPUTER PROBLEMS

9 ' l  ' \pa lachr r t i s to f  I r rass ,T t ) ,kq . i r r r r rps .  l iu r r r . rp l . r r rea tana l t i t , c leo f  32kmabor .e thesurl:rce of the Earth.
pilrts ,,egrcct r,o,,,o,,:,]1",",:;:i':il:.:,:i,fili[,?*i:J[il"!1i,.]''"":"T,,''',*
(a) clalc'Lrlate the t i t l re ol i i l l  i rrccu.ate to 1 s) u.t i l  g'ouncl inrpact. gr 'en, 'o air resis-t iutce irnrl  a c,onstant valLie of g.
(b) Calculatc' tht ' t i r 'e '1 1al l  .acc.rate to I  sr u.t i l  gro,rd inrpact. gi\ .e, constart galcl a force of air resistance gilen bv

F ,  =  _ / . . r . r .

r l iere I o is 0.5 jn SI units lbr a l i l l inq ntan and is constant.

r arr
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