
Flomework 7

Due Friday 312812003 at beginning of class
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Bonus Problem 8.1 (Dorrriri ic f i 'orn Car Talk) An errgirtecr is clrivitrg a trtrirt.
He lcts it coa,st to a, stop. He thc-.rr tries to drivc it agairr. Tltc trairr is too lxr:rvy.

Thc rvheels spin arid the tra,in rernains nrotioniess. Sand clocsri ' t, l ierlp. Wha,t
sliorrlr l lrr: r lt-r ' /
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r i , ,  is t l ie ini t ial  ntass of the'rocket plus unburned l irel.  rrr is t l re l l rass at i i tn' t i t tre.
f- is the specd of ' the ejec'ted fuel relat ive to the rocket. Ouing to the nirturt '  o{ ' the

ithmic l i rnct ion. i t  is necessarv to ha\.e a large f irel-to-parload rat io in orcler to artt i t in

speeds neeclecl lbr sntell i te l i luncl.ring.

La,uNcxrNc AN EARTH SATELLTTE FRoM Cape CaNavennl

* ir lo\\ '  i rorn Eranrple 6.5.3 that the spc'ecl of a satel l i te irr  a c' i rc 'nl irr  orbit  nc:rr Eart lr  is alrorrt
, l im, 's. Satel l i tes are launcherl torvarcl t l ie t :ast to take aclr,antage of l lart lr 's nrtat iorr.  Forapoint

*n the Eartlr rrcirr the erluator the rotational speed is approrirrrateh- ff r.o,tt,a r.,,,tt,. u hicir is iibout
&.5 krrr is. Fr.r i  nr-rst rocket frrels the rf{ 'ect ive ejc'ct ion speerl rs of t l r t ,  ol t l t ' r  o1'2 to - l  krrr 's.

5u eranrple, i{ 'u 'e take \ '  :  2.5 krn/s. then r i 'e f ind t lrat the nrrns rrrt io c' i r l t ' rr latt 'd ironr t-r l trrr-

6an i  i .9 is

1 1  : r , P ( + )  : . ' n ( # )  : c ' j = 2 o r

b acir rcve'or l . r i ta l  s l let 'd f rorrr  t l re.  grorrr r r l .  - l -hus.  
onlv a l , rout  5?i  o l t l re totrL l  i t t i t iu l  tnr tss t i r , ,  is

pa.1oad.

PROBLEMS

7.I  A svstc 'nt  consists o l  t l r ree part i r les.  e:rch ol  r tn i t  n-rass,  l r i t l r  posi t iot rs ancl  r t loc i t i t 's  i rs

l i r l log 's,

r , - i * j  v , = 2 i

r r : j + k  r ' , = i

r ' , , : k  1 ' 3 : i + j + k

Fincl t l ie posit ion :urd velocitv of the center of urass. F' ind also the l inerlr rnonrcntunr of
t l ie  svs ter r r .

7 .2 (a) Find the hnetic energl of the sl 'stenr in Pr.oblern 7. L.

(b) Find the vahre ol nrci, , , i2.

(c) Firrci  t l te augul:rr-nior)rentum aborrt t l re or. igin.

7.3 .\ bullet of trtass rrr is fired fioni a gun of nrass l/. Il the qrur car) recoil fi'eclv ancl thc,
trtuzzle velocitv of the bul let i  velocitv relatrve to the qun :rs i t  leaves t lre barrel ,  is r, ,  .
shoi.r. that the actu:r l  relocit , ,  ot the bLrl let relat ir .e to ihe qround is 1., , , ,1 - T arrd t lre
reco i l  ve loc i tv  fo r  the  gur r  i s  -71 , , , '  1  +  7  .  * l te re  y  :  tn lTL

7.1 A block of rvood rests on a snrooth horizontal t lble, A grin is f i recl horizontal lr  .r t  t l re
block :rncl the bul let passes throuqh the block. enrergiug s i th hzrl i  i ts irr i t ial  spreci. jrrst
before i t  entered the block. Shou't lrat the f lact ion ol the init ial  kine-t ic enelgr ot ' the lrul-
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(b)  Stros that  thc 'qrachent of  the ef fec ' t ive Potent ia l  f t r l rc t ion \ ' ( r t ' ' ,  ! / ' i  \ar l rc isS

L ,  a n d  L o .

7.11  - \P fo t ( ) l lo fu tassr ) i r , \ \ i th in i t ia l  ve loc i tv r ' , , . co lhc1es$ ' i th i rhe l i t rn la ton l ' l l l : i ss*

tlrirt rs i'itiallr' ,,t l.e{t. Ii tlt,, 'r'.to' lea.:es tlie p'int of i'rptrct at an irn{le c-rf-43

rts i .rngirral l i rr t  01 rnotiorr.  f i r ,d t l ,e Final \elocit ies of ctrch part icle. Assurue r isth

col l isiort i r  perl icth elast ic

7 . l i  \ \  ork pr.blenr i .  l -{  { irr  thc casc that the col l ision is inelastrc and thi ' r t  Q rs e';rd'a

forr l t l r  of t l t t ' i rr i t i . t l  ener'$ of the l l t 'oton'
7. f6 I leierr ing to lrr.Olr l t .rn i .  l  -1. f int l  t fr t  scattering i i r)qle oi t l le Protol l  i r l  the te

l l i i l ss  s \s t ( ]111.

7.17 f  inc l  the scat ter iuq i rngle o{  the protor t  i r l  t l tc 'cet t ter-o1-r l lass svstel l l  lbr  Prcbt

7.  f  g A par. t lc le of  r r rass rr r  r r i t l i  in i t ia l  r 'o ' re. tu,r t  l . r ,  col l ides ut th a.  part ic le,o l  c ;*"

."it. If t1,,. 'lilgrlitucles ,f tlie fi.al 'to.renta oi'the h.'o particles are p , arrC pt.

let that is lost as tnction:rl heat is i 
- 

I 7. tvhere 7 is the ratio of the mass of the buik

to the nass of t l ie bloc'k r7 < I) '

i.i An :rrtillcrr.shell is fir-erl at an angie of elevation of 60" sith iDitial speed u" ' -\t the *

per.r i lost prrrt  ol i ts trni. . t , ,rr .  t l ,el  slr . l l  bulsts into tr i 'o equal fragrnerlts. one o{ $l lci

ruror.es riirecth 
"p";ii. 

reiatrve to the grourrcl. \\ith initial speed e oi 9 \\'hat is the'i

;;;i;,' ,,,;;;.*'.t oL,tr" other. fi.ag.ent i'r.rediatelr.aiter tl.re Lrurst?

7.6 i t-,ntt r, clroppecl f.otrr a heiglit fi tnto a horizontal.pai'etnent ti tll:'::"T":::::t

;;;; ; ..;;"lii*. ,r," t,ir r,erticat ctistance the ball goes before.the rebountt

i s f t t l  +  e : ) / 11 -  e j i .  F inda l so the to ta l l eng tho f  t ime t l . r a t t heba l l bounces ' . ,

7 ,7 .\ snra]l car.clf.il ,.'...,, ,,. and initial sPeed U0 ."ol]i.I", head-on on an iC\.road lrith a!

of rnass .1,,, goi,,q to.r'orcl the car *'tihlniti*l speecl I t'; lf 
\h" loiltl:jl:"^li::111n

; iff;ffi;trti'. rrra|r" ,peecl ancl direction of each ''ehicle jLrst after collidi"s

7.g Shor,,. t6at tfr" f.in"til",,"rf if " 
h'o-particle s'steu is 1 nrc i,,' + I prt :' t'here tt' =

ttt r * nt ' . r: is the relative ip""d' nnd p ls. tltt: leduced mass '

7.g tf t.., budl.s u'clerg. a dir;ct collisiou, sho*'that t6e loss in kinetic cnerg' is

I  , , ,- r r u ' { l  -  € - j) '

r l l te rcp t is t i le l . c r lL r t le t l l r lass . t l s t ] re re l t r t i r 'espeedbe lbr .e in lp i rc t .ande is t } r r i
c te t r t  o l  r ( ' s t i t l t t io l l

7. 10 .\ trtoritrq prrrtic le ol' tttitss rir ' collitles eiasticalh' ri'ith a 
:arqct f iitt:l: :i,l:',1:::lj

, :  ; ,r ; ; , ; i i ;  l r t  r t-st l l  the c. lhsi,r ,  i ,  ht.ut l-u. sh,r* that the i .cicle.t  prrrtrcle lose e

,t. , tr ' t" , t ; , ,  ,r t 'u, u.gi, ," l  kir let ic t ' r lerqr" t t l tere p is the recl 'c 'ecl t t tass altcl  t t t  = r '" '

T . l lS l l t l l r ' t i l i r t t l l t - a r l q r r i a r l t t t - l l t t t . t t t r t t t l o l . a t r r r l ' 1 l : r r t i c l c s l . s t e t l l i s

r,.,,, X trtr',.,,, + R x !'1'

l  l r t - re i r i  :  r r l  I  + t r t .  '  p  is  tht '  reduccd r l lass R is t l re rc lat ivc posi t ior l  vector '

tht :  re l i l t ive veloci t r 'o f  the hi 'o Part ic les ,  ,  ,  r  : -
7.r2; i ; " ; i ; ; , . " i l r . l . iu , l  , , f t l l "burarr .s 's te_mcr,gnrrsx-1.pres ' rnedtobeab'gbi r

a Slack;o1:. is 5.G da's. If the miss.of the risible c'ort.tpotrertt is 2.0 lI; and theLi

;;i;il ; ;;r;i 1;it., stiorv t;trt the se''ri,najor ^is ot tlre r.rrbit r.,f tl,e bl{iU

relatir e to the risiblc star is roughl,,'one fiftli the clistance fiorn Eiirth to the Sra I

7. r3 (a) Usiilg the coorclinate r,oD\relltioll give'n irl sectiorl 7.4 ior the restricted tiul

yrr.rl,i"tr,. fi'cl thc c.ot-clinates (r" y') of t;e h'o Liigra.giiru points' L' ':J
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r ihere ry'  is the angle betrveen the paths of the ts'o part icies af ier col l idinq.

;-19 A part icle of nrass l i ,  ui th an init ial  kinetic errergv I,  nrakes i l r t  t ' l i lst i(  c 'ol l is iotr r i ' i t l r

a part icle of urass rn, ini t i i r lh 'at rest. nl,  is deflccted frotn i ts oriqit lal  direr ' t ion r i- i th

a hnetic energv* ? i  through an anglc'  d l  trs ir t  Figurc 7.6. l  Lett ing a : i )r  z 'r ' l l  r  i tncl

7 :  cos  @r ,  shorv tha t  the  f rac t ion : r l k ine t icenerp ' los tbvr r r  ' . I f , r7 ' r  :  tT r  -  7 ' i l " f r .

is given br'

ATr =
Tr

t w
- : - y + \ 6 - - v -  I
\ l  - r  a l -L * a

:l ,O A part icle of urass l l  l  sctrt ters elast ical lv f i 'onr a part iclc ol r t t i tss trr.  ini t i l lh . i t  t  t 'st . tr

clescribed in Probleln 7.19, Find t l te crrrve r-1dr ) such that the t irnc' i t  takes the sc'at-

terecl particle to travel frour the collision poir)t to irnr'p<-rirtt alolg the cLlrve ls il c'orIstallt.

i 2l A uni{brur chain lies in a heao on a table. If or-re encl is raisecl r'erticallv s itir ttrtiiirrttr

velocitvc, si iou,that the rrpi i i rrd force that rrnrst be e\erted ort tht ' tr tcl  of t l re r ' l rain is

eqrral to the *'eiglit of a lelqth ^ + (u 2/g) of the chtril. s'hcre : is the lcnqth that lras

been uncoi lecl at anv instant.
7.22 Find the diiferential equation of lnotion of a raindlop {lllinq tlrrorrgh a ttrist c'ollectinq

rrass r is i t  lal ls. Assurrre that the clroyr rcnrairrs splrt ' r ical rurr l  t l r i r t  t l r t :  ni tc uf.rtertt iutt  is

proport ional to t l ie cross-scctionir l  area of t l rc r lro.1-r nrrr l t lpl ied l l  t l r t 'speerl ol 1,r l l .  Shou'

that i f  the drop starts fronr rest * 'hen i t  is inf ini teh srrr,r l l .  t l t t 'n the i tcceleri t t iot i  is (ott-

stant ancl eclual to g/i.
i .23 A unif<rrnr hearr,chirur ol lelgth n harrgs init ialh r i i th a part of l t ' r tqt lr  f  l t r i t tqirtq ol ' r

the edge of a table. The renrainingpart.  ol lenqtlr  a - i r .  is t 'oi lecl rr l t  at t l re tdqt ol t l r t '

table. I f  the chain is released, shorv thirt  the speecl o1't l re chair i  u' l tetr t i te last l jnk lcaves

the  end o f  the  tab le  i s  [2g(a i ]  -  b ) ) l102 l1  2 ,

7 .21 A balloon of rrass ,\1 containing a bag of sand of rrass rlr0 is fillecl u'ith lrot :ril rrntil rt be-

cornes buovant c'nough to rise evcr so sliglrtlv above the groturd. s'here it tltcn ltovers

in eclui l ibr iuur, Sand is then releirsed at a constarrt rate such t lrat al l  of i t  is clLrrnped out
in a t irne f , ,  .  Firrd (a) the height of t l rc b:r l loou and (b) i ts velocitv u lren al l  the sartcl hns

been released. Assume that the rrpr.r'ard buol'ancv lbrcc renrains constallt anrl neglect
air resistance. (c) Assunre that e = rnnliff is ven'small. and fir'rcl a po\ver sc'ries erpiur-
sion of vour solut ions fbr parts (a) and (b) in tenrrs of t l r is lat ici .  (d) I-ett ing.\1 :  500 kg.

rno-  I0kg ,andf ' :100s ,andkeep ingon lv the f i rs t -o lder te rur in theexpars iousob-
tained in part (c), find ii numerical ','ahre for the height aurl r'ekrcitv attauied s'hen all

the sand l-ras been releasecl,
i .25 A rocket, whose total urass is rn u . contains a cluarttrtv of l uel. niose rr rass is

ernu (0 ( e < 1). Suppose t irat,  on ignit ion. the fuel is Lrurnt at l  corlst i l ) t  nr irss-
rate k, ejecting gasses u'ith a constant speed V relative to the rocket. Assttutt' that
the rocket is in a force-free enrironrnent.

(") Find the distance that the rocket has travelecl trt tlie rlonrent it liiis burrtt .rll
the fuel.

(b) \\'hat is the ma-dr.num possible clisiance that the rocket can trartl clurinq tlte burn-
ing phase? AssLrnre that it starts from rest.
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COMPUTER PROBLEMS

C 7'l Let hlo l)articles (rir : ,l' : t kg) repel each otlrer*'itlr erlual and opposite tirrces
giverr bv

7,26 A rocket traveling through the atmosphere erpeliences a lineirr air resistance -ll'.

Find the di{ferential equation of rnotiou n{ren all other external forces are neqlieible.
Inteqrate t l te equatiort and shou'that i f the rocket starts frour resi.  the f inal speed is
q iver ib r .L  :  \ ' a l1  -  i r r i , /n ro ) i " ] . r r4 rere \ ' i s there la t i vespeedof  theexhaust l i re l .
a : rh,tk : (onstrlnt, ntn is the initial rnass of the rocket plus fuel, and nr is the finai
r r ra :s  o f  t l r r  lockr t .

i,27 Firid the equation of motrort for a rocket firecl verticallv upu arcl, zrssuming g is uunsG:t-
F-iutl tlte r:rtro of frrel to parload to ac'lrieve a final speed erryal to the escape speecl t..
frorn the ltarth if the speed of the exhaust gas is ftr,,, u'here k is a given constant. iud
tire t irel burning rate is ir i r  ] ,  Cr:nrptrte the numericir l  virhre ol the, { irel-parload raho fu
I :  ; .  and ], i r  I  equal to I  % of the nass of the iuel per second.

c 7.2

c  7 .3

/ ,  1

F , -  :  ( l . . r r  -  - l ' :

r ' l r e r e b : l . a . c l  A = l \ . . \ s s u r r e t l r a t t h e i r r i t i a l  p o s r t i o n s o f n r , a n c l  r r r a r e g r \ r
l x  , r , .  ry r  1 , ,  :  i . -10  O.5r  n r  anc l  1 . t , ,  ! / :  , ,  :  i0 .  -0 .51  ur .  Le t  th r - . in i t ia l  r .e loc i t r  o iq .
l r t  l { t  r r r  s  i r r  t l r t  - . r  r l i l l c t i l r r  u r , , i , , r .  l ' ,  , t r  r ' , , ; 1 .  \ r r r r r l r i t  i r l l r  i r r t r q r r r t -  t l r r . - , 1 , 1 o 1 i a 1 -
o l  t r r . l r . r r  l i r r ' l l r r s r  t r i r ,  | ; i 1  l j 1  l e .  ' , , , , 1 ,  , g , , , , , g  l l r i r  t r r r ' - t l i t r r l r r : i r , 7 1 . 1 1  , , , 1 ] 1 . 1 , , 1 ,  

l

(al) l ' j lot t l re' i r  tr-ajecrt<tr ies l lp t() . t  lx) i t1t rvlrt ,r 'e t l reir r l istanc,r '  of separatiou is I  ( l  rr :
(b) lvleasure t l te scatterinq arrqle of t l ie inciclerrt  part ic ' lc arrd the recoi l  anqle ofd1.

scattered particle. Is the surtr ofthese hvo angles etlual to gUo?

(.) what is the vector sum of their final momenta? Is it equai to the inititrl nrorDe-
turn ol the incident particle?

Using a nuttterical optiuization tool such as lfntltenttit'a's l-inrll/inin rln flnc.hm
find the coor dinates (r'. y' ) of the l,aqrrurge poirrt 1., in the restricted three-boch.pc*-
leur. Do not assurne',  as ' 'ou probablv did in Problern 7.I3, that 1.,  is locaterl  at urc 4
the c'onrers of arr equilaterul t'iangle rvhosc opposite bast' is firrrnecl b' the h'o p:-r-
rrraries. I lorvever. r 'ou should star-t  thr. search l i r l  the coordjnates of 'L.,  bv usinq a
point rrear the posit iol  oi ' t l re suspected sohrt ion. i
The total nrass ol a nerv experir lental rocket. inclrrcl irrg pavkracl.  is 2 x l06 ke. and
90% of i ts Inass is luel.  I t  burrrs fuel at a ( 'or)starl t  rntei i  l i . txto kgis arrd exhausts : ie
sPent gasses at a speecl of3000 tt t /s. Assrrrrre that the r-c'cket is launched vert ical ir .  fu
rrore tht- rotat iou o1't lre Ealt lr .

(a ) I gnore arr resistanct'. and assu rne thirt g, the- acceleration drre to qravrtr . is rr.a-
sta't .  calc. late the nriuirnurr alt i trrde attainecl b' the larrrrr. l r t ,d rcckei.

(b)  Repeat Part  f  a, .  but  inc lucle the ef fect  of  i r i r  rcs istance ancl  the var iat io l  o i ;
a l i i tuc le.  Assunre that  the rocket  prest"r ts  a r t ,s is t ive srrr face to a i r  t l rat  is  eqi ; r* ,
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