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.  This.  o l  corrrsr ' .  is  t , r l r r i r .a lcnt  to that  f i rurrc l  ear l icr

PROBLEMS

L i t g l i i r l g f  \  r t r t ' t l t . t l  s l r ' r t l i l  l r . , s t ' c l  i n  u l l  . 1  t l r c  l i r l l r x r i ' { pn rb l e rns .  ' . l e ss  s t a t t , c l
o t i i e r l  i se .

I 0 , l  ( . i r l c  r r l i t t e  t i r e  r n teg r . a l

1, .
J ,o t  :  J , ,  a l t io .  r ) .  i . ia .  t t ,  t l  l t

tbr the sirnple' l tat-nlonic osci l lator, Folkxi ' thc. anah'sis presented in Section 10.1. Shouthrrt/ ia r is an extrentrurr art cr :  L).
l0'2 Fincl the dif lererrtial equations oi' rnotion of'a projectile in a uniform grar.itational

f iclcl  uithout air.  resist iurce.
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lO.3 Filcl t|e acceleratiol ol a solicl lrnitbnri sphere rollirtg doun ir perfecth lolrqh. fired

inclined plane. Cornpare witir the resrrlt derivecl earlier in Section 8.6.

10.4 Tri'o blocks of equal rnass rl are connected bl a flexible cord. One flock is piacecl on a

smootfi liorizontnl table. the other block hangs over the edge. Fincl the acceleration of'

the blocks rrr icl  cgrcl rrssr. lrr i lg (a) the rnass of the cord is neql igible .rnd (b) thc cold is

I te , i r r .  , ,1  l l l Js :  r l

10 .5  Set1p the t t l ra t ionso l l ro t iono1 a" r loub le -c l l rb le . \h iooc ln lac l l i r rccons is t inqo i

one ihr.ru.i irrircfiirre lg'rth nasses rrr, ancl r/r" I conl]ecte(l Lrv nteans o{ a light corcl

passilg over a pullcv to ar secr,rncl i\hvoocl rnircliitte sith tttasses rtt r itttcl trt , Igllore

thenrasscsof  a l lpu l l c r -s .  I , ' i nc l  thc : rcce le r r r t io t ts1br t l t t ' taser ) I .  = r l i  . t r t ' : -1 t l t .

l i  ,  
:  2 l n .  a t t c l  i t t ,  :  t t i .

10.6 .\  l r tr l l  of l tass rrt  rol ls r lor i ' rr  i r  rnor,r lr le rrt t lge ot tr tass -\1 Tlrt 'ar lglt  of t l lc rvetlqe is d.

and i t  is free to sl ide on a srnootir l ior izortturl  srrr l , tct.  Tlt t  cotttrrct l renveett t i re lral l  l i rrd

the $'eclge is perf i 'ct lvrorrglt .  F-irrcl  t l le eccelerat i t ' r i  0l  t l r t  $tt lqt '

I0.7 A part iclc sl ir les on rr srnooth rncl inrt l  pi iurc rvlrrtst '  i rrci ir tat ir ln l /  is i t tcleasir lg at a col l-

stunt rate o. l l  0 :  () rrt  t i tni ' l  :  () .  at r i l r iclr  t inre t lre part icle starts l i rrrt  r tst.  f incl thc

sulrsecluerrt tuotiotr o{ '  thc pirrt icle.
lO.8 Slio.r.' ihat Lagranger'.s nrethorl arriornaticallv r,rclcls tlrr: corlect etltlattotts of ntotiorr for

apar t i c le  u ro ' , ing inap l i rne inaro ta t iugcoorc l in r r tesvs temO.r -y .  lH i r t t  T : : , / r \ ' ' \ ' ,

u: lrcre v: i(r  -  @q) + j l i l  *  ar.t l ,  ald I ; ,  :  -O\' /ax, F,r - -(t \ ' /AU

10.9 Repeat Problenl 10.8 {br t l rot iott  i t l  three cl imetlstotts.

10.10 Filid thc' clif{'erential equatiorrs of ntotion for ;rn 
'elastic 

pericLtlurtr'':.r parti('le ol tnass

pr attacf iet l  to n1 elast ic str irrq ofst i l f i ress K antl  rrnstretched length 1,, \ssrrnte t l t i t t

thc nrotiort tirkes plac'e in a vt:rtical plirlle.

l0. l l  A part iclc is ir t :e io sl idc al6rrq rr sruxrth cvcloidal trottglr u' l tosc srrr l i tcc is qivcrr lx

t lrc pararnetr ic erlrrat ions

r : 1 r 2 d  *  s i n  ) d ,

U  :  
l L t  

-  c o s  2 d r

ul icre 0 < 0 = r rurda is acorrstant. Find the Lagrartgi:rrt  lurrctrou irncl the'ecluri t iotr

of ruotion ol the part icle.

10.12 A sirnplc pcnclulunr of length I iud ut i lss nt is suspetrded t lorn a Poir i t  (rr]  the t i r-

c,,nrf'e.e,rc'e of a thin ritassless disc of raclius n that rotates uith a coustant arlgular

velocitv o about its celtral il-ris as sho*n in Figure P-l0.12. F incl the eqrrrrtiolr of trlo-

t ic.rrr olthe ntass r/r.

't(]}

v

Figure P10.12

\ r
\, \

\
I  b , ,
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ro' 13 '{' bead of nlass /n is colrstrai'ed to slide along a thin. circular hoop of radius 1 that ro-tates *ith constant-angular'elocit' r,,, in a hoiizontal plane abouri fo-, on its rim a-is l tour t  in  F iq r r re  p10,13

Figure Pl0. l3

(a) Find Lagrange! equation ofmotion for the bead.
(b) sho"' that the beacl oscillate s like a pendulun'r about the point on the rim dia-rrretr ical l l  opposite t lre point about ivhich the hoop rotates.
(c) \ \ 'hat is t l re ef lec,t ive.. lerrgth, '  ol ' this  ̂ .penrlulunr,,?

lo ' r {  T l le  l ro i r l t  r r1  s t rPpo l t  r i l ' a  s i rnP)e  Penc l r rJ r r rn  i s  be inq  e le 'a tec l  a t  a  cons ta . t  acce le ra ,
t] f  

] ]1 "t '  
t l , t , t  t l re l ieight ol t l r t '  srrPport is ]  ar1 ani i  i ts . .ert ical vclocitr. is at Frncl **, l r t l ,  r i  r r t i . t l , , , i 1  r t l ( , t l r l  r r , o l i , r r r  l u t . s r r r , L l l  o s r . i l l ; t l i u r r s  r . , l  t l r e  p e n r l r r l r , , , ,  b ,  f - n q r r , r g . l -

rne , t l to r i .  s l ton  t i r r i t  thc  per ioc l  o l  the  pcnc lu l r r rn  i s  r r rU l (g  j  a t ] r , i .  u .here l  i s  the  le r re*, , 1  t l r ,  1 r ,  1 1 ' 1 1 1 1 1 1 1 1 1 .
lo'15 \\ i rrk Pr.blertr 5 l2 lx rrsirrq the nrethocl of Lagrarrge. rr l ' l t ipl iers. (a) Sho*.that theaccelcrat iorr r.r l tht_ l ,rr l l  is Ig (b) f- irrcl  the tensurn in the strrng.
lo'16 :\  l tea* elast ic spri 'g.f  tr t t ihrrnr st i f l i ress trrrr l  clensitr ' ruppuri,  a block oi rrass r,  I :rr t , '  is t lx '  rr tass .{ the sprirtg arrcl A i ts st i f fncss. sl i .*. t i rat i t t"  p". iuJ,, ir ,ert ical ox. i

l a t lo r l s  ts

1-his problcnr sltos's the el lect ol the rnass of the spring on the period of osci l lanm.
rl l i r t t  

' f i t  
sct up t lrc.Lrtgrutngiutt_ftnrc:t ion.forthc r, / ,r t , , , ,r ,  assunri tr tat the cektcity tq(ttttl Port 'tf tltc spr-ing is propttrtiottttl to tts tlisraice frorn tlv poirtt rtf ntspen:.ittn

lo'  l7 L'se the Inethotl  . f  L,agranee rrrrr l t ipl iers to f incl the tenriuns in the ,rJ'o str ings of t i rclorrbl i ,  , \hrrrot l  rnachirre of Erarrrpie 10.5.,1.
l o' l8 '\ sr tlootli rtxl of ier rgtit 1 t otittes ir r .t plar rt, *ith ir constant angular 'elocit' c,., abcz r,. n i .  h r c r l , r l  r r 1 1 1 ' , ' ' , , 1  o l  l l r c  r r r r l  : L r r r l  1 t e 1 1 . , , . 1 1 , . r r ] a r t '  t l r e  p J r r r r e  o f  r o t a t i o , , .  f  t . i ] , :

::l::: jl ,.',:ltl-]llr 
,'rsiti.rretl 

ar the statiorrarr e'il ,f. t'e iod ancl qi'en a slisht ix-r*srrr l t  thi t t  j ts i tr i t i rr l  speecl cl irec,tet l  along t lu: rocl is t . , / .
(a) f- i , t l  r l re trr.e i t  takcs t lrr :  l reacl to reaclr thc other e,cl ol the rrd.
(b) L'se the Irret l tod ol l ,aqratrge rr iul trpl iers to f incl the reaction ftrrce l-  that t i r  r*t .r t ,r ts orr t l re lx,acl.

l0'19 A Part icl t 'ol  t t l r tss , i  perchetl  . .  t 'p of a srnooth hernisphere of racl ius r l  is cl isturtrc ievel so slighth: so that it begins to slide do*.n the side. irincl th. no.nrJ iu.." 
"?.* 

..
straiut erertecl b'the herrrisphere on the particle a'ci the a.gle relati'e to the rsc_
cal at *lich it lea'es the hcririspher'". Lrs" the .etrrocl of Lairange *rrilpri.^ ,,
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l0,g0 A particle of mass r)t I slides do*,n the smooth crrcular surface of la&r-rs of ctrrvature rr

of a wedge of mass ni" that is free to nove horizontalh' along the smooth horizontal

surface on which it rests (see Figure P10.20)

Figure Pl0'2O i.  i

(a) Find the equations of uotion for each rtrass.

(b) Find the normal force of constraint exertetl bv tl.re ri edqe on the particle U se

the method of Lagrange multipliers.

10.21 (a) Fincl tiie general clifferentlal equations of urotion lor a pirrticle rn c'r'jrndrictrl co-

ordinates: R, d, :. Use the relation

. . :  -  , . 2  * , . 1  +  , . : l
L  

-  r f f  L d  '  .  i

: A : - f i j d : + ' l

(b) Flncl the general differential equations o{'nrotion lbr a particle in splterical coor-

chnates: r, d, d. Use the relation

t 2 : r i + x i + t i

=  t . -  -  r : 0 :  -  r ' -  d : . r r r -  t l

t \ote. Conrpare your results u' i t l t  t l te resrl t  deri tei in Cltalt trr 1. I t l r t t t t iort,s 1 )2 . :3

aru !  1 .12 .1 .1  by  se t t i r tgF  :  r t ra  an t l  t r t k i t tg r t t t r tpor tu t ts

1O.22 Find the difl'erential erluations of ntotiorr it'ttltrte ciittie'lsiolts iirr a partit,le itl .t cell-

tr.rl field using spherical coortliuates.
10.23 A bar gf soap sl ides in ir  srtrooth bos l  in the shape of an i t tvertet l  r ight circtr lar c<.rne

of al>ex a,rgle 2o. The irtis of the cone is vertical. Treating thc bar ot soap as a partic'le

of ritass rrr, firrd the dilferential equations oi nrotior using spherical coortlinates sith

0 = ct :  constar)t.  As is the case sith the spherical pertdrr lurtt .  Exanrple 1().6.2. sho\\ '

that the particle, given an initial motion ri'ith $s * 0. nust retttaiu behleeu hto l-rori-

z o n t a l c i r c l e s o n t h e c o n e .  ( H i t t t :  S h o u c t h a t t 2 : f t r , , r c h e r t ' f l r ' : ( ) l t a s  f l t ' ( ) n ) o f , !

that rlefne the turning points of tlrc motiotr in r. I \\'hat is the eflectii'e potential lbr

this oroblem?
1O.24 In Problern 10.23, find the value of @,, such that the particle reuraius on a .singla.l.rori-

zontal circle: r : ro . Find also the period of srlall oscillations airout this cilcle if dn is

not quite equal to the required value.

10.25 As stated in Sectron 4.5, the differential equation of ntotion of a partrcle of mlrss r)r and

electric charge g moring with velocitv v in a static t.tragnetic fielcl B is gilen br'

1 7 1 i : q { r . X B )

Shox' that the Lagrangian functiott

I
l = ; n t L r + r / r ' . A
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rielcls tlte correct erlriition of n.rotion l,here.B_ : V X A. The tlrantrty A is called Aiet:cctor potctltitr' : Hint In this probrern it tiil.be.,,rr"rro.rf ,o' ,,'l,),'iiu, ,n, gerterar itx-_
, , r , , , , , , , , , ,1 ; r , ,  

r1  _: . t id t  =rnf6r  +yaf /ay +:df ia : . f l . , , , r  i , r " t i r r ' i ) , " r t tnroh. ing, . . -1

=# 
[*  

i i .  * r iA, ,  - . . {  
]  

=*  r ,

. i.-1. a.{.- t ; - r t l  - . - t
c/r .  dU

a.{,
^ d :

r t t t t l  .s i t r t iLar l t l  - f l t r  t l te other dt t - ixr t i tes.  t
r0.26 \ \  j ' i tc the Harni l toniar f i rnct ior ancl f incl Hamiltons canoricai ec|rat ions for thethrec-rlinre'si.r.l r'otion of a projectire t;.; ;;;;;, gra'itationar fielcl *.ith nt_, osresistance shori' that these equations lead to the s.me equatio.s of r.otio' ar.s rbi,n,in Section .1.3.
1O.27 Fincl Ilaririlton's canonical equations for

(a)  . \  s i rnple penrhrhrnr

(b)  : \  s i rnple . \h loot l  machine

(c)  . \  part ic le s l i rhnq dou.n a snrooth inc, l i r recl  Jr larrc
lo '28 ' \  'ar t ic lc '  . f . rass rr r  is  srrb ject  t .  r r  centrerr .  at t r .c . t i r t , r i r rce gi ' r , r r  l^ .

I i l / . .  l t  :  _ e , . i g 5 p  r r

u l t i ' rc  t  r t t t i l  B : t r t ' l los i t r .e c.nst i ruts.  /  is  t l rc ,  t i r lc , .  urc l  r -  is  r l is t l r r rc.  to t l re c. t , r r tcr  <r-r i r ; r ' r , ' ( a )  F j r r< r  t r r e l r a r . i l t o r r i a r r f i r nc , r r o ,  l i r r t hepa r t i c . r .  G t  f r , ; , ; ; r ; ; , t l r t , ga r r i u -
t . t r iat t  t .  t l te t , t iL I  t ' r r t ' r 'g ' r ' . f ' the Par- t ic ie.  (c)  I .  t l r , ,  , , , r " r* .  , , i , i , "  f l , : i . , r " . . r rse^.L! ;I ) r s t  r r s s .

l0 '29 1\rr  PtLr t rc ' )cs uhosc nrassr.s are rr r ,  arrr l  / r?.  arc col l l lc( ter l  l r '  a r russless s ' l . i 'g  ( ) : : :s_s t ' t ' sser l  L ' r rq t l r la r rc l  s r r r i r rgc ,ns ta ' tk .  T r rc ,s rs t . r , r i i , . . i , ;  , . , , ,n " ' , ,u i ,  , , t , . .a " , ,o*of a srtro.t lr  horizorrtal Plarre that ser\es as i ts srrpport.  (a) Ir irr t l  t5e I lurrr l t 'nr i .n,. 't l t t  s 'stctt t  (b) Flrtr l .Harni l t tns ecluati ' rrs . f  rn.t ior. (c) \ \ :hat generul izecl ,r()r ' r-@if arrr'. are consenecl,.r
l0'30 -\s r i 'e kt l '* '  the kinetic energr' . . f  rr  part iclc: i .  orre-cl irre'si .rral rrot io. is i  rrr i l  ufu.

P.te' t iai  c 'r tersr ' is prolxrrt i ' ral  to r l .  sar..1 A..r: ,  shrxv 1,. . l i ;" . . ;  
" ir ; ; ; . lut i , , , , , , t  t t .d_icrrr s r ariati.rral?r'rrrcrPIe. 6 [ t- dt = r). trr.rt trre e,lurrtio' 

"f 
i i ," ,ryi;;,",1,r,",.,,".**

lu t r . r r  is  o l r ta i r t r . r  l

COMPUTER PROBLEMS

c  l0 '  1  " \ss t t t i t t  t l r i l t  t l l e  sp l rc ' i ca l  per rc l t rh rnr  c l i sc ,ssgd i .  Sec t i .u  10 .6  i s  sc t  i ' to  u ro t r r , is i t l t  t l r t , f i r i l ou- rng  i r r i t ia i  c , r rnc l i t io r rs :  ry ' , ,  :  0  ru t l .  g5 , ,  :  t , ,5 f  , . , . i . . ' . ' a , ,  :  , ,  +  . , .r r r r r l  d , ,  =  o  r , r l , s .  l , r , t  the .  ie r rg t l r  , f  t ' e  p t , . c l r r l r r r r 'e  0 .2E- l  r r r .
(a )  t : r rc  t r ra t t '  d ,  * r r r r  d " .  t l re  ' . ra .  auqu iur  r i r ' i t s  o i  thc  r r r . t i . r r .

l

1 0 1  
: - L ' r | r  - r - C = ( )

Hir t t .  Sol t  t ,  t l t t  er l rLr f t  [ r . t t t  nurr tc r ical l t l . f t t  r  t l t t  t .or i l i t  io t  t , t f  i , ,  :  ( . ) ,

. &
,.?9

;# .
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