
Flrcrrr€work I

Drr,:  Tuesdt\y l2l I l2\0g at 5: i)Oprn in mv box rn physics. These tnav also be

l\4itchel l 's off ice hours in PHYS 228 f iom 4:00-ir:3Opm

Folvles Problenrs

7 . 7

7 .3

'7.8

'7 .9

7 . r2

7.r4

7 . 1 6

7 r ,

7 .26

lrandecl in at the t:rrd ol '  ,hrst, in
liter;clay.
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Prob len rs 3 1 9

\\e c 'onchrclc th i i t  ior i  roc 'kc ' ts are not rrselul  for  iaLrrrchinq
srr i table i i r '  c leep . \ l ) . r .e rr lssi i ) r rs \ tar . t inq l iorrr  Ear"th or.bi t
; r ropLi ls ion s\  sterns c 'arr  ] te,  r rs( , (1.

ltai 'kracLs tront lfarth brrt are
in , , r l ich ef ' f icrent l t r r t  gent le

Problems
7 ' l  ' \  sYstet t i  col ls is ts of ' t l r rec 'part ic ies.  : i rch oi ' r -ut i t  r r rass.  u j th posi i ious 'ur<l  r .c lsc i i i r :s  as fb l l r r i .s :

;  =; : l  : :=; '
r t  = k  v l = i + j + k

F ind  the  pos i t i o l r  and  ve ioc i t i ' o { ' t he  cen te r  o f  r l ass .  F ind  a l so  the  i i nea r . rno 'e , tun r  o f
t l r r  svs te . r r r

7.2 ( : l )  F ind , :he k i 'e, t ic , { ' l rerq ' .1 the s 'ster . r  i r  proble '  i .1.
t b r  I - ' i r r t l  r l r e  r , r l r r , , , , f  , r , r . 1 , ,  . t .

( c i  F inc ]  the  tL rq i r l t r r  r r i , r r c - , t . r r  i l l ) o l r t  t l r e  o r rg i r .

7 . l l  . \ i r u l l e t , r i n i i r s s r r i  r s t i r e c l 1 l - o r r r u q u r r o t ' r r r a s s J ^ l  i l ' t h e e ; u n c , A u r e c o l f i . e _ h  a r r c l t h t , n r u z z l e
r t ' l oc i t r  ' r f ' t l r t ' l r L r l i e t  ( r ' e l c t c t t v  re ia t j ve  to  thc ,gun  a .s  i t  l eaves  the  ba r re ) ,1  i s  r , , .  s l r . r r . r l r i r t  t l r e
rr t r r i r l  velx i t r  , r r  t r re hrr [et  r ] . , ratn ' r , to t i re { r r i , rnd i .s  r . , , i1  r  + y)  iurcr  t r re r .ec,oi l  re loci t r  { i r r
i . l t c '  g tu t  i s  - y r ' , , ,  ( , 1 .  - r  y1 .  r r ' l r e re  . /  =  , t t , J I

7" t  , \  i r lock o1'u ' r loc l  t t 's t .s  ot)  i t  snrooth lor izorr ta l  t r ib lc.  - \  g rn i .s  f l r .ec l  [ , ;1.17,  1t i r . l ] r , i r t  the l ;6ck
a r l c i  t i i e '  b r r l l e t  l ) i i : i s t ' s  th ro t rq i r  t he  bk rc ' k .  en re rq ing  r . l i l r  ha l t ' i t s  i l i t i r L l  speec l . l , r - s t  6e t i r r .  i t
e r t t t ' r e r l  i l r c  i r l oc f : .  S l i ou ' th tL t  t l r r ' l i i l c t i o r r  o f  t l i e  i i r i t i a l  ku rc t r c ,e r le rq \  , i t t h6 'bL r l l e t  t ; a f  i s
Ios t  as  f l ' i c t l o r ra l  I l r : a t  i s  ]  

-  
a / .  r i ' i r t r r '  7  i s  t l i r , ra t i c . r  o f  t l r e  r r r i r . ss  o l  t l r e ,bL r l l e t  r : o  t | e  r r r i l ; s

o 1  t i r e  b k r c k  ( / <  . l )

7'i; An arti l le'rr sherll is l lrcd at an aliqle o1'e,levatron of 60o uith irrit ial sPeed cr. At thr. uP,:r-
I l lost  ptr r t  o l  i ts  t r i l jectorr ' .  the shel l  bursts intc i  hvo equal  l ragrnents.  one of  r i 'h ich, , , . , , . r , ,
chrectlv upn'arcl' rc'lati l 'e to the groLrnd. urth initial spe,.,l u, i. \\tat i.s tl ie clirectiorr ancl
s i reed . f  the othe'  f i -agnrent  inrmeclr t r te l 'a f ter  the bLirst?

7'6 i  A bai l  is  cL 'opped f l 'or t r  a her iq]r t  / t  onto a ] ror izontul  pave,rnerr t .  I1 ' the coef l ic ient  ofrest i tu-
t i r i r l  is  e-  shorv that  t l re tota l  rcr t ical  d ist turce t i ie  bal l  qoes belore the r .eboLurcls c,ease is
/ i ( t  +. t ; , '11 -  e:1.  F ' inr l  a l .so thc tota l  length oi ' t in ie that  t l ie  ual l  bou'ce,s.

7 '7 A srnal l  cr l r  o i 'a  r l lass t r t  at rd i r i i t ia i  speecl  L ' , ,  col l ic les hea<l-orr  ou ru l  icr  roaci  u i t l r  i r  t r -gck of
nlass - l r r t  ' lo i r rg tnr i 'ar t i  the car n i t l i  r  - r i t ia l  spee.c i  ; r , , .  l f  the c, , lc ' f l lc ie, i t  c , f  rest i tut ion in t [ r , :
col l is i t l l  i i  , .  i i , rc l  the speeci  and c l i r t :c t inn t f 'each r .ehic, le lust  af ter  :o i l i r l ing.

7 ' 8  S l l o u  t l i a i  t h t ' L r t t t ' t i c : _ t ' t t t ' r ' g  o l r r t * ' r : - p a r t r c . l e s r s t e n r i s  - ; r ) 1 a : . , , , +  
I l r l . r ' , ' l r e . r e r i r : : / / r r * r r ? i .

r  r . s  th t , re , l , , r t i r e , . sP : ,ec1 .  a rc l  p  i s  t l r t , r . r : c lL rcec l  u ra .ss

7 ' 9  { f ' h i o l r o t l i r - s t t t r c l t r r q o a c l i l e c ' t c ' o l l i s i o r r . s h o u ' t i r a t t h e ,  l r , s s i r  k u i e , t i c € , . ( . r $ , i s e c l u a i t .

. , u r ' l t 1 - e t )

\ \ l re l ' t  I  i t ;  t i re ' rechtc 'e ' t l  l l t i ISS. t ' rs  the re latr rc speecl  beibre i r r rp i lc t ,  an, : i  € is  t i rc  r ' .1ef f l6.1en1
o1  r t , s t i t r r t i o r r

7 '10  - ' \  t l i o r r t t q  p t t r t t c ie  t r i  t l l r l ss  r r r ,  co l l i r l c ' , ;  e l i r s t i c ,a l l r  r i - r t l r  a  t i r rqe t  p iL r - t i c l r ' , - r f  r rass , r . ,  * .5 rch  i s
i r i i t r a l l r  r I t  r t \ t .  I 1 ' t he  co l l i s i o r t  I s  L . r i c i - . r , .  sho r i ' t ha t  t l i c  l i i c l c j c r r t  pa . r t i c l :  l , ses  i r  I rac t i r rL
l t r ' t ' l r i  Ot  i ts  t - r r tqtr ra l  kr l tet ic  cnerg\ ' .  u ' l rere rr  rs t l re r rc | rcet ]  pr i r .ss i l l l ; i  t ,  =, , ,  r -  / / r r .



320 CHAPTER 7 Dynamics of  Systems of  part ic les

7' t  I  sho* ' that  the turgrr lar  t r . r 'e ' t . r r  , { ' r r  f , r ' r -part ic le s;r .s t t . r r r  i .s

l , - , , ,  X l l?\ '1. / / /  *R )(  uy

u' l iere nt  =, t r  + / / i . .  p is  t i re reciucecl  r lass.  R rs t r re rer i r t i r .  posi t ior i  rec, t , r .  a.c i  r  is  t i r .  rc l_at i i  g \ .e l6c, i t r .  of  the t , r ,o part ic les.

7 ' r2  Th ' : ' r l l r se ' r ' ec lPer ioc l  , f  t l i e  l r i t t r t r r  s . r - s t i ' r r r  o rg . r r s  \ - r  p re - \ r , r t , r l  t ,  be  a  S r i r4 lL t  s ta r  anc l  i rl l l a : k  h o l e '  r s  5  6  c l t r r s  I f ' t h e  r t l a s s  o 1  [ h t -  r r s i l , ] , ] c . , r r , r p r r r e n t  r s  2 ( )  - \ 1 -  i r l ] , : l t h e  l , l a , c k  l r o l . l r a sa  I l - a s s  t l l  l 6  - \ 1  '  s h o r r  t l i a t  t l r e  s t ' r t r i r i i r l . r  t * i s . i ' t h ' e , , r i , r ,  , r t  t i , , "  1 , 1 , , ,  k  ] r . l e  r e i u t i r e , t .  t l r er r s i [ r ] e  s t a r  i s  r o r r q h h . o n e - l i f t l r  t l r " , ' l i s t . L r r , - .  [ , , , , r  F , r r r t l L  t o  t h e  S r , n
7 ' l L l l  (a )  us i ' g thec ' .o rc l i r l ' ' l t t ' c ' . t ^e . t i t rq i ' e r r i ss r , , c , t i , r r7 . - l f i . r , . t i r e res t r i r : t e r .1  

t l r ree - l - ,oc l . . ' r . o l r -lc' lrr ' f l lcl tJ-ie c'o'r 'clirtales (-r'. 11'r ol'th,: t*', L,aqrarrqirrrr p,rrt:;. 1-. u',: l l_..(b)  sh ' r i ' that  the gracl ient  o{ ' the 
" t l " " , r r : "  1r , r t , , , , ' , t in l  { l r r , : , t i . ,  \ - ( r , .  r r , )  i .ar is}res i r {  L. ,  .nc lL_,7 '14 A p 'otor l  o1 ' t t ' iass rr i , , t l ' i t i t  in i t ia l 'e loci t r  r ' , ' ,colhr . le ' : ;  * r t i :  r r  hr , l i r r r r r  ar : ( ) . r .  , , ra.ss -1rrr , , ,  t l ra l  rs inr-t i a i l ' a t res t  l f  t hep r , ton le tL l . t f ] re1 - , , i , , r t , , i t , , , 1 r , , , - . , i L t tu ra rq le r : , f ' - r , , 5 " * i t l r r t : ; o . i 4 , ru l l i r i e . f

t t t t t t i , t . t .  I i 'c l the l ina]re locr t ic-s o l .each F,ar t ic le . \ : , r , , , , , .1, i , . I r i , " . , , t i , r , , , , r  is  p, i .y- .6.- | r  e la.st ic
7 '15 \ \ork Problenl  7 1-1 Ibr  the case that  the r :o l l is io ' is  i 'e last jc  iurc l that  p is  err . ra l t , : r , . rne-[o,r t . ] ro{  t }Le in i t ia l  er)er .g\ .o i ' t i te protorr .

7,16 Referrr i 'g  to Problem 7,1.{ .  f i 'c l  t i re scat t r : r inq a.gle, l l . the prot ' .  i .  t i re, r ,cr t r : r r . r_,1.r 'a.ss.systenr.

7 ' l '7  Fi 'd l the scat ter i .g an11le o{ ' the protorr  i r  the.enter-r i - r . r i rss s 's ter .  rur  l . ) roblerr  7 15.
7 ' l l l  A  pa ' t i c le , f ' t r t ass  r i i  * i t h  i r r i t i a l  t t t c t t )e ' t r r r r rp ,  r ' r l l i r i es  * i t h ; i pa r t r c le , . i  e r l r ra l  r r r ,Lss  r . i t  * , s tI1 the nraqni t r r r les of ' tht ' f ina]  rnonrenta of  i r ie 'h ' , ,o Partrc. res a1-( .  p l  anrr7r , . .  r r . :spect i i  t r r .  shor ithat  r : i ie  er jerg\  loss of  rhe col l is iorr  is  g i ren br

t , t i ,  t t ' .
t1 = -t c.os 14

ul lere r / ' is  the anqle l lehi 'een the Paths o1. lhe t t rc par. t ic , les af ter  crJ l ic l i rg.
7 '19  A 'a r t i c l c  o f  r r r . ss  r r ,  * - i t h  a ' i r i i t i i r r k ine t rc  e .e rq \  7 '  r . akes  i ' r , ra , r t i c ,L ,o r I i s i , : )u  * , r t i r  a  pa r_t i c le ' , f r t i i us r r i o r r l i t i t r l h ' ' t r . s t  r r i , i sc le l l ec ' te , : l I i r , , r l i t so r . rq : l . t r . c l i r c , c , t i . ' r i i t 6 ; rh re t i , . , e r re rQ) .

r i  t l u ' o r rq l l  i i ' a ' q le  o .  i t s  i r t  F - iq r r re  7  6 .  1  I - c t t i r ' r q  r z=  , t . i t ) t  rL r rc l  7 ,=  c r . s  d r .  sh r r , . t ha t  th rI l ' ac t i ona l  k i . e t i c  energ \ ' ros t  b 'n? , .  A r , ; ' ' f ,  =  ( r ,  -  - t i ) / . r  
) .  r s  q i re '  b r

f r '  
=  2  _  2 ,  

_ r  . , ,  * . ; j  
- - : - - -  

,
T \  

-  
t + a  ( 1 * a ) I l " ' r \ a : - + Y - * l  / l

7.2O l)erir .e Equation 7.6,I S

7 '21 
" \  

par f ic le  o f ' t t rass t r i r  sc : t t ters  e last ica l l ' , ' f .o r r r  a  par t r r , , le ,  r -1 ' rna.ss , r ,  i r r i t ra l l r  a t  re ,s t  ast l es t ' r i l ' r eJ  i r r  P rob l rn i  i . 19 .  F i r r t l  t l r r ' , ' , r , ' r - - , ' ,  , ,  , " r u , . t ,  t i r r i r  t l r t , t i r r r t . . i t  t r r k r :  t l r c  s r . . r t t e r c . r lpar t jcJe t ' t rar .e l  { l 'o ln  the co l l is i , 'p ' i ' t  to  ' r ' r  l , , r r i t  a l , ' r1 the cr r r , , .e , is ,  c . rs t 'n t ,
7'22 '\ urtifi:trtt.i 

:litl,!"t 
in a heaP on a table. If.cre c'rcl is raisr-,cr, e-rticalh.*ith rrr:Lifi-,r-rr-r r.,3]o1,-i t 'u '  sho*' t i rat the ttp*' t trcl  f .rrc'e that nr 'st,5er e:terteci , ,n t l ,= 

".r j ' , , i : ,n" 
chdn is r, ,quaJ tothe * 'eight of a Ienqth: - l  (r : : ,g).{ ' the'ch.i ' .  * 'h,, :re: is the l  rqth thi,r t  h..s Seerr u'c,oi le,clat anv r[rstttnt.

7.23 F-ind thc cl i f lerential equ:Ltion of nrot ion oi a rt t inr lr .op t i i l lLnq t l trrrrrqlr a rni.st r , ,ol lec,t irrg rrra.ssa's it 1il' s '{ssttttte t}r.t t}ie' tlrtp rer rririrr.s sPirt:ri':,ii 
" 

,,r 1,,,i rr,,:,; ;: ,,;l;, ,1,..,t,,,,, rs 'r.',r.ti.':rJto  t i re  cross-sec ' t i t ) r1a l  . t ' 'e i '  , , f  i l i c  r l rup, , rL , l t ip l ie r l  l r r  thc , .spted, r l  i r l i .  , rh , , , , . t lLat  i1  t f re  r l r .1rst i t t- ts f l 'or l l  rest *-hett i t  is rnf irr i telr snral l  the' thc iLccelerlat i ,r  is crrrrsta.t  arrclt .clrral to g., i

jaS
r'Sj

"J;F

.:n
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i.21 A unilbrnt he,arl c,rarn oi'lerngth a hanqs initirllr ri' ith a part oi Ie'ngth b iranging over tlie

edqe ol a table. ' l 'h,:  re'nraininq part.  ol. i t  nqth a -Lt. is coi lecl up at t l ie ed.qe o{ ' t} ie table. I1'

the r:hain is rc' leasecl. shou lhat the speetl  o{ ' t l re c'hrr in u' l tet i  t ]re last I ink lea'u'es th: erid of
r  |  |  1  r  ' .  .  - r .  :

t l l r ' t . r l ) l t  l s  l : g (  ( l  -  t )  )  ) 0  )

7 .25 .\ billloor"r oi'rnrrss ^\1 contiunrng a brrg o1 siurrl ol nrass rn,y is iilled ruth hc,t aLr urttil it becorlres
buor,arrt enough to rise ever iio siiqhth above tlr,: qroLrrid. s,here it then I'rorr:rs in equilibriurri

Sand is then releasecl at a constant rate sucl i  lhat.r l l  of i t  is durr ipecl c,ut in a t inte f6. Find

(a) the height oft l ie bt i l lo,ur ancl (b) i ts velrci tv u'hen al l  the s:rncl has been r: leased.

Assunte t lrat the up*,ard brrovancr force'rcr lains constant ancl neglect air resist;nce. (c)

Assunre that e = ntr l \ I  is verv small .  and f ind a po\\,er series expatrsion of vour solu: ions for

part: ,  (a) and (b)in ternts ot ' t l ls rat io. (d) l ,e' . t ing l /  = 500 kg. rns = l0l(g,arrclfs = 100 s.

and lieeping onlv tlie lirst-order terrn iir the e;pansions obtaine'd rn part (c), find a rlurller-

ic:il value {or the height iincl velocrtv att.uned u'hen all the sanci has b.:en released.

i,26 r\ ror:ket, x'hose total urass is lrr,,. contains a illrantitv of fuel, lviros,: tnass is e rne (0 < € < l).

Suppose that. on ignittou. the frrelis birrned irt a corrstant mass-ratr: k, {ecting gitsses uith a

consr:ant speed \- relative to the rocket. Assunte tirat tlie rocket is ui a force-free enrdrrutnent.
(a) trind the clistancer tliat the rocket has travelecl at the n.rorn€:nt it has llurnt all ihe ftrel
(b) \\:hat rs the n.rixinrurn possible distarrc,e that the rocket cart travel during tire burnirtg

phase? Assunte' t l iat i t  start.s i iont rest.

1.2i - ' \  ror ket trarehng throuqlr thc atnursphere erperiertce s a i inettr air resistance -kr ' .  . : ' i rrcl  the

di l ferential erlrat ion of 'nrot ion s'hen al l  ot l i r :r 'este'nral forces are neq[gible. lr t teg;rate t l le

eciua.t ion and.shou that i i ' the rocket strr l ts frr;nr rcrst,  t i ie i lnal spered is given br. '

r .he'e l  is rhe rclat ir  e spee,l i ; :  i : , :- ; . l :  

" l1,r,ol 

= 
", , ' ' , ra' . ' t .  

r i r , , is the ini iat rnass

of the rocket pltrs l \rel,  ancl ni is thc'f ini i l  uras:; of the rocket.

7.28 Find t l ie e'cpation of rnotic,r i  f i rr  a rocket f i recl vert icalh upuarcl.  asstint ing g is cor- istant.

FinrJ the r;rtro of ftrel to p:rvload to aciiieve a {inal speed equarl to tire escir.pe speec c,, frott.i

the liartli if tlie speecl of the erliaust qas is ftr.. u'here k is a given cc-,nstant, ancl the fuel

bur:Ling rate is lr i r  l .  Comprrte t i ie numericia. l  , 'alue of the fuel-pay' load rat io {brft  = *, trncl

I  r ir  I  equal to ITc of the rrrtrss of the fuel per second.

7,29 -\$ha Centauri is the nearest star svstem, about I light vears fror.n Earth, Assutntt that an

ionrockethasbeenbur i t to t r t rve l  toAlphaCentaur i .  Supposet l reexharLrs tve l rc i : r 'o f  the

ions is one-tenth the speed of light. Let the iriitial rr,ass of the fuel be iw'ice that of the par-

krad (ignort- tire n:a.ss of the rocket. it.self). llso. assume that it takes about lr3O lrours tir

exhaust al l the i i ielof the rocket. Hou'krnq does i t  take the rocket to reacl ' i  Alpha Centauri?
(The,speecls are snral l  enouqh thatvou can neglect the effects of special relat ir" i tr")

?'.30 Con:;icler the ion ro,:ket described in Problent 7 29. lx,'t.s cornpare it to a cherlical rocket *-irose

erhaust reloc'itv is 3 knr,s. in tlie case o1'the ion rocket. I kg o{ {uel ac.':elerates 1 kl of pav-

load t,r a firal velo,:itv r-';. \\-hat luel nrius is re,quirecl to accelerate tJre sirttte paviolid to the

sanrt: liial velocitv grtir dre chenrical rocket'i (h-r each case. ignore the n-i;ss o{'Lhe rocket.)

Computer Problems
L  7 , 1  L c t  r v o  p r L I ' t t t  l e s  ( ' ) 1  =  l l l  '  . =  I k q r  r e p , ' i  , ' u t  l r  o t l i e r  r r i t l r  e q i r a l

I r l
l t ,  ,  = 1 4 " . ,  , - - - F r ,r

anclopposi te {brces gtvet t  br
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