
Ilomework 8

Due Irriday 41412003 at beginning of class .(J'\Irowles Problems

{ . s z
1 O  o  8 . 6

( . s a  \
"  t  

? r - ! o  I  , ? * *  
L )

1 o o 8 . 9  
\ l

(  .  z rz

l O . 8 1 6

1 O o  8 . 2 0

(  .  , ' r ,

Bonus Problern 8.1 What, is thc namc of thc gcomctric f igurt:  i rrsi<lc . lennifcr 's

\ Magir:  l i l ighl,  Ral l .  Yt>u may rnake an observatiotr i f  you wish, but you may rrot

X \ takc i t  a,Jri l r t .

. l l
(  Cot " 

hf d rr0/Yt

l ^ ew



330 Chapter 8 lv lEClIA\ lCS OF RICID BODIES: PI-A\AR \{OTIOX

PROBLEMS

8. I Find the center of mass of each of the iblkru.ing:

(a) A thin u'ire bent irrto the fbrur of a tlrree-sided, block-shapecl " ] 
'with 

each srg-
rrent of equal length D

(b) A quadrant of a urrilbrnr circular lalrirra o1'ra<lius l_r

(c) The area Lrounded br, parabola y : r 2/b alcl the line y : b
(d) The volt trne bourrclecl bv parabokrid o{ re' ,-olut ion : :  (r :  + t12 t/b turcl t l re

irlane : : b

(e) A sol id uni lbrrrr nght circtr lal  corre of height 1r

8.2 TIre l inear de nsitv of a t ]r in rocl is giverr bv p : , . . ,  rvlrere c rs ir  constaut and r is the
rl istattce lnei lsurecl frour one cnd. i l  t l r . '  rorl  is of Lcrrgth l l .  { ind t lre cerrter o1 lr irss.

8'3 .{ sol id Lnri{ irrrn sphele oi rat l iLrs a iras a splrerical cari tv ol racl irrs a/2 ccnterecl at a
point a12 fronr the center of t l ie sphere. Find the ccnter ol nrass.

n'here k,.,,, is the ra&us of gr,-ration of the bodv about its center of mass, In this case Se
poiut O is the instantaneous center of rotation of the body just after irnpact. O, is calle{
tb.e center of peratssion about O. The two points are related in the sarne \\'a\-As the crs-
ters of oscillatiorr. definecl prerriouslv in our analvsis of the phvsical pcndulurn Equa-
t ion 6. -1.13) .

A_nvone u'ho has plaved baseball knori's that il the ball hits the ltat in just the nft
spot there u'i l l  be no "sting" on impact. This "riglit spot" is just the cerrter tf p"r"uroc
about the point at u4ricli the bat is held.

8"1 Find the tt tolnents of inert ia oleach of the objercts in Problenr E.l  about their svrnrr* I
trv l l \es.

8.5 Find t l ie rnorr lent ol irrert ia of the sphere in Problenr 6.3 about tur i txis passirrg t
tlre center of tlte sphere and the center o1'tlre cirritr',

8.6 Shou thzrt t l ic rrtourent of inert ia of a sol id unifornr octarrt of 'a splrerc of racl ius a is
t215. \ r r tu2  t ibou ta t tadsa longoneof th i ' s t ra ig l r te r lq t ' r . , \ i r t r ' :T [ i s is t l res t i rne f r r r -
rnrr la as that for a sol id splrere of the sarne radius. )

8'7 Slrou' that the tnotnents of irrelt ia of a sol icl  unifbrnr rectarrgular paral lelepiped. el-
I ip t i cc r '1 inder .ande l l ipso idar .e . respec t i l .e l i ' ( l r r /3 ) ( r r l+b l ' \ . i l t l 1 ) \a2+ l l2 ) .a l ld

rnt iS)(u2 * l-rr),  * 'here lr  is the urass, and 2a and,2b are the Principal dianreters oidE
solicl at right angles to the a:iis of rotation, the ixis being through the center in eac:hqi

J t . t  Shou'thai the peric,cl of a phrsical penchrluni is equal in 2-Vti igl t l2. u4rere r/  is the

i tance betu'een t lre point of srrspension O nnd t lre center of osci l lat ion O'.

8.9 (a) An i t leal ized si lrple pendulum consists of a part ide of nrass l I  srrspendecl t" . f l
-  . .-  ntassless rrtd of length a. Assunre t l tat nn actual sinrple pendulunr consists o1' l  t in l

rotl of urass rn trttirched to a spherical bob of nrirss -lf - rrr. If the radius o1'tlre sgi
cal bob is equal to b. and t lre lengtl i  of the t lr in rorl  is eclrral kt u - l t .  c 'alculate
rat io o{ t l ie periocl of the ac'trral sir lple pendrrlrrrrr to t lre' icleahzecl si lnple orre-

(b) Calculateavahre fbrthis rat io i fnr :  10 g, M : I  kg, a :  l .27 rn. andb = 5cra".

8'  10 The periocl ol a phvsical penduhrnr is 2 s. (Such ir perrchrl trnr is cal led a ' 'seconds-

clu l r t r t t . I  T l te mass of  the pendrr l r r rn rs r \1,  arrc l  i ts  center  of  nrass is  I  nr  bclcxv the lq

x*H#1:.._r{
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i 1 l  osc r l l a t i on .  . \  pa r t i c , l e  o1  l l t a ss  / / l  i s  i i t t l t c l l ( ' r l  t o  t l r c  l r o t t r - t t r r  o l  t l r t ' l l t  l r i i r r l r r t t r .  1 .  r  i r t

l r e l ou  t j r e  : L \ i s .  i u  l i r r r  r l i t l r  t l r e  c , r ' 1 t e r  o1  g r i r \  i t i .  1 t  i s  t l r c r t  l i r r r r l c l  t l r , i t  t l r t '  p , ' t r ch t l t t t r r
' l o ses  

t i n t c  i i t  t l t e  t e t t ' o f  i 0  s  d . l \ .  l ' - i r r d  t l l e  l . I i l o  o l  r i r  t o  - \ ' [

L l l  \ r , i r . q . r r l l L r ' ) r o o p r - , l  t a ( l i l t s l t s \ \ ' l n q s l s r i p l t r ' - s i t i r l  1 t , ' t t t i t t 1 t t t , ,  i i l ) ( r r l t . r l ) ( ) l l ) t r ) r l l i t t ' i t t c r t t r t -

f i , r t , n t r . .  F i nc i  t l r t ' peno t l  o l  osc , i l l r r t i r n  l i r r  r r r r L l l  a r t t p l i t r t t l e  i i  t l r ,  . l l t  l f  t o i r t t i o t t  t '

( a )  \ o n r r e l  t o  i l r t '  p l a r t t '  i r l  t l l r '  l i o r i l r

( b )  I r r  t l r e  l t l r t r t t ' o i  t l r t ' 1 r o o l l

L l 2  . \ r r l i l i r r t n s o l i ( l l ) u i l  h : r s i r t i ' n t r r n t s o l  l i g ) r t s t r i n g s o t t r t t i . t t o r t t i t l i t .  I t i l r l t r r , l " l  t l t i

s t r i l g  i - s  h t ' 1c l  s t e . r d r ' , r nc l  t l t t ,  l r , i l l  i s  ' L l l o r r l r l  t o  l r i l l  r r r r t l t r ' { l : t \  l t \ .  u  l r i L t  i '  t l i r '  . i t ( t ' l i ' r i ! t r ( ) r l

o l  t l r r :  t ' en t t ' r '  o l  t l r t '  l r a l l  :  . \ s s t t : r i t '  t l l t '  s t l l l t g  l  t ' t t t r t i t l s  r  t ' t  t i t  i t l

1 . t 3  Tuo  p t : o1 t l t  t r r e  i r ok l i r r q t h t , e  r r c l :  o l  i r  r un i i ) r ' n r  p l i u r l i o l  l t ' nq t ) ,  / r t r l t l t r r r t s s  r r ,  S l l o \  i l r r t t  r 1 '

n , , "  l i " r r i l  s r r r k l e r r l r  l e t s  go .  t l r c ,  l o ru l  suppc i r t t ' t l  l l  t i L t ' c r t l r t ' t  1 , , ' r s t . , t r  s t t , i t l , ' r r h  r l r r r ps  l i o r r r

, , , u , i t , , i r r g r l . S h o r i  i L l s o t l r r i t t l i c i r r i t i a i  t I , , , , ' , t . t , , r t l i r c t i ' l t ' r t t t i t , t i , r l  t l r t i l ' r ' , ' e r r ( l  i \  {

l . l 1  . \ r r r r i l i r r r r r s o h c l l t l l l  c o n t r r i r r s r i l r o l l o u ' s p l t t ' r i t a l  c l L r i t r . l t i t s ( ( r l l ( r ' .  1 1 r ,  r ' . i r l r r t r o i t l t t ' L r t -

i t r  l r t ' i r r q  . l  t l r , '  r a r l i r r s  r i l  t l r t '  l r L l l .  S l r os  t l r i r t  t l i c  e i  t  t ' l t ' r L t i o t t  o l  t  l r c  l , , r l l  I  ' , l l i r r l  (  l i r \ \  1 r  i L

r O r r q l r n r c . l i n c < l  P l . u t r . i s . j r r s t ! ) \ ,  l 0 l  o l  t l r r r t o l  i r r u t i l i r r t l s , , l i t l  l , . L l l  t r t t l t i t r , , ; r r t l r  \ r ' 1 r
' f h i s  

s r r gg t ' s t s  a  r t t t ' t l r r l c l  l i r i '  t r o t l t l t ' s t r t t c t i \  ( '  t ( ' s t i l l q

! - l ;  T . r ' o  s t ' ' i q ) r t s  g l  r r r , r s s  l i r ,  i l i ( l  r r i .  a r t ' t i t , r ]  t o  t l r l  l t t t l s  o l  i r  l i g l r t  i t t i . . t , ' t r . j 1 r l , ' i  ' r t ' l  
' l ' l r '

( o r ( i i ) i r s ; c 5 o \ 1 ' r i r f o n g l l p r r l l i ' i o f r ' , u l i r r s , t i u ) ( l r l r o l r t ( ' l t t o f i t i t ' r ' l i r t /  l ' i r r , l l l r , ' . ' . , ' l ' ' t , L -

t i o l s  s 1 ' t l r , . s t  i g l r t s .  , L s s , , r , r i , r q  / 1  r  : >  / i ? .  r i n c l  i q t i o r i t t q  l i j c t r o r r  t r r  t l t t '  r i r l , ' o 1  t l r r '  I r l i l t ' r .
g .  I O  . \ r r r r i l i r l l l g h t - r ' i r r ' r r l 1 r ( . \ l i l ) ( l ( , r o f  r r u l i r r s r r i s l r t l e t r t t ' t l o t l t l r (  t ( r l ) o l  r L p t r ' l i t t h  t o r t g l r

f i r e r l  r , r ' l i r r c l c l  6 l  r u , I r r r s  ! t  l t ' -  , 1 .  t l r t  . r - r ,  s  o l  [ ] r t ,  t so  c r l r r , l ,  r ' s  1 r t ' i t r ' 1  1 l r t l , r 1 l l l .  I 1  l l , r ' l ' ; t l

a l c e  i i s l i q l r t ) r ' r l j s t r r r l r t ' c l . s l r o t t l r r r t t l r l l o l l r r r q c r l r t r r l e r ' 1 c ; t r t ' s I I r t ' i i r , ' t I , , r r , ' r i I t , r r t l r t '

l i r t e  o f  t t ' t t t t ' r s  t r t e k t ' s  i i t t  i l r l q l ( ' \ \ ' j t l r  t ] r l  r i ' r ' t j t l l i  o l  t r r s  i  I  I

t . l 7  A  r r p i l i r r r t r  l , t c l c L , r  l , " r r r s  l l q i t i n s i  i r  s t n o o t l r  r t ' r ' t i c ' l r l  u l r l ] .  l l  l l l t '  l i , r , , l  l s  i i L \ ( )  s l r l ( ) { i l l i .  i l ) l ( 1

t l r r ' i l i t i i i l  i p r q l ( , 1 ) (  t \ \ ( ' (  1  t l r r ' 1 l e e r  , , r , t l  t l , ,  L L r l t l t ' i  r s  l i ,  . : l r o r r  i l l , , i  r l , , ' l , i r l ' 1 , ' r '  r l r  s l i r l i r i {

c l e g ' 1 .  l i l l  i 1 1 s t , c r - r r r t r r c t  u ' i t l r  t l r t . u i r l l  u l r c n  t l r r ' ; r t t g l t ' l t t r l r t t ' t ' t i  t l r ,  l l , r l t  i t l t L t l r , ' 1 , , ' l t l t ' l
, l

I S  S l n  '  i ;  S n l  t / 0

8 .18  A t  ( ) ape  ( . l l navc t - t r l  a  S l r t l l n )  \ ' r o r ' k t , t  s t ; u t c l s  i n  i t  v t r t i ca l  1> r l s i t i o t r  l i ' i ( h  1 ( ) l  l i i t l l i ( l l  L  l l -

i i r r t r r pa te l r .  be l i r r e  f i r i r r g .  a  s l j g l l t  ( i i s t l i r i r l l r ( { ' ( r i . us ( ' s  t l r e  l o t  l . t ' t  t o  i ; t l l  r l r ' r .  F ' i r r t 1  t l r t '

i r o r i zon ta i  a r r c l  v c r t i ca l  r . o r r r po r r c r t s  o l  t l r e  r euc t i o r t  o r r  t l i c '  l r i t L r i r ' l r  1 l . i t l  r t '  I r r t r ,  t i r  ' l n  . i

t | e  i uq l e  d  l r e t u ' een  t h t  r oc , ke t  and  t l r t , \ ' r ' r ' t r ( a l  r t t  a t t r  i t t s t i t t t t .  S i r ou  l l o rn  t l r i s  t l r : r t  t l r t '

r . o c k e t r i i l l  t c n c l  t o s l i c l e b a c h v a r c l l b r d < t r o s  I 1 ] " i l ' r L t r t l  l i r t l i t t t l  l i r l f /  - - - ' , o r  L  I  l l

iAssulne the rr - rcket  to l re r i  t l t i r t  u l ) i t i ) l ' t l t  ro(1.

6 . I 9  A b a l l  i s i n i t i a l ) r ' p l o l e c , t e r l . u ' i t l r o r r t r o t t t i o l r . r r t : i s p t ' t ' t l  t , , r i l ) , r l . o t L q l r i r l c l i r l c t i l l l i i r i t ' o i

i l c . i i r r i r t i oudanc i coe f f i c r t ' r r t o i s l i c l i l g l r . i t t i o r i p r . 1  l ' - i r r <1  t l r r ' pos i t i r r r t , , 1  t l , , ' l , , r I l  , i s , t l t L r t t -

t i o l  o {  t i r r e .  r r nc l  c l e t e rn i nc  t hc  pos i t r on  o t  t h t ' ba l l she r t  l r t t t t '  r ' o l l i r r q  l l t ' q i r l s  . \ s sL t t r r t

t i rat  p1 is  qrei r ter  t l tat r  = tan d.

E .20  - \ | i l l i a r c . l  l t a l l  o1 ' r ad i r i sa i s i u i t i a l h  sp i r r n i ng . t bo l i t r L l t o t i zo r t t i t l  i \ 1 \ \ \ i l l t . t t r g , t i . l t  s l ) . t ( 1 . d ,

a l d r i i t l t ze ro i i - r t r i i i r r l spee r l . i l t l t c c . r . r t , f f i c i t n t o l ' s l i c l j r t q l i i t t i o t r l r t ' t r t t ' , ' i r t l r , ' i r . r l l  r L r l c l

t hc  l t i l l i a rd  t ab le  i s  p t1 .  f i l d  t h t .  c l i s t , i r r , r , t he  l r . r l l  t r i L r  t ' l s  l r t  l i r t '  : l i p y r i r r g  (  i  r t s t ' :  t o  r t t  (  r t r - .

8 . 21  F iq r r r e  1 ,S .21  i l l L r s t r a tes  t l o  r l i s c , s  ( ) i  r i ( l i i / i  r r r r c l  / r  r r r o rn t t t ' t l  i r t s i i l , - ; i  f i ' . 1 ' 11  i 111111 , r r ; , i r l ,

c i r c u l a r t r i r c k o l r a d i u s . . s L r c , l r t l r e t ( ' - ( t -  l l . , T l r r , ' c i ' r t t t r r 1  t i i s c . t i t , , , , , , , 1 1 i , ' i L t o : ,

c l r i r e r u l e t t p o r t t O  D i s c  B i s s . u r r l u i r ' 1 r r ' r l  l r e t u e e r , t l i c t ' . 1  r L r r i l i r . r c l i ( . r i t l , l , . L l t  r ' ,  , 1 1

u i t l i ou t  s l i pp i r ' t - qs l i e r r  c l i s r  . \  t s  c l t  j l r n  l ) \  i i l  i ' \ t c r ' r i { l h  r r pp ) i t ' , 1  t L ) t { i r t L ' l l r r , r r ; 1 i r  r i ' . l l i r t '

: r - r l e  I n i t i a l h . t l t e s r s t c n i r s a t t e s t s r r c , h i ] i r r t t h e t l . t s l r t t l l t t t t ' - . c l t ' t t o t t l t g t l r r ' . | . i t l . L 1 r r r 1 t ' l t -

t a t i on  o f  c l i s c , s , \  i r nd  B  l i l c  i r p  l i o l i zon ta i h ' i r i  t Lc  f i q r r r e .  . \  ( o t l s t . t t l t  t ( ) r ( l l l l  K  i '  . L | l l l i t t l

l o r ; t  t i l t e  1 , ,  t h ro r i g l r  t he  d r i r e  ; l r l t  c : r us i : r g  r l i s c  : \  t o  l o t r r t t ' .  : t t r ' l r  t l r i t i  , r t  t r r r r , .  1  t l r t '

\ 1 S



3,32 Chapter 8 NIECHA\ICS OF RIGID BODIES: PLA\AR lUOTlf lX

Figure P8.21

r l i r-sirccl l rr i t ,clerrot irrqits spati i i i  or ientat ion nrakcs iur augle a rvit i r  the honzontal.
l)rsc B rolls lrehveen the track artcl disc A. and its orientation is denoted bv the rt*"&r4,
l i rr t .  rrrakrrrg arrcl rurqle B sit l r  the cl irect ion tos ard O, Calculate the f inal angular
r , i  t l r t . h r r , , l i i ,  r  o , , r r r t l  o .

8.22 .. \  t l r  i rr  r  rnitbrrrr plank ol lenqtlr  /  l ies i i t  rest on a horizontal sl ieet of ice. I f  the plroi l
givi'rr tr kick at one errrl irr a clircc'tion nonn?il to thc plank. shos' thtrt the plarnk rrrll he.
qrr to rot i l te al)out a poirrt  locirted a r l istarrc'e 1i6 l ionr the center.

8.23 Shox that t l rc cdgc icrrshiorrr of a bi l l iarr l  table shorrld be at a heiglrt  ol 7/10 of t i*&,
arrrett ,r 'ol  t l rc bi l l iarr l  bal l  in orclcr t l rat no reactiol l  occLrrs berhvcen thc table surtc
errd thc bal l  sher the bal l  str ikt 's thc crishiou.

t 1 . 2 1  . \ i r a l i i s t i c ' p e n c l u i r r r r r i s n r a r l e o f a k r n g p l a r r k o l  l t n g t l r l i r n d m i r s s n l .  I t i s i r e e t o
aborrt orrr crrcl O ancl is ini t ial lv at rest in a velt ical posit ion. A bul let of rrrass rn' r
lrorizort ir l lv into the per(lulurn at a distanc'e 1' bekrrv O. the bul le' t  coming to res

I ' l , t r rk .  I l  t l r c  r ' *s , r l t in '  ln r l ) l i tu ( le  o l  r ; s t  i l l a t io r r  o f  t l r c  Pcr rdu lunr  i s  d , , .  f ind  t l re  tp - -4 j
t l r . ' l , t r l l t  t .

6.25 Tu o rrnifbrnr rods AB rrncl RC ol t'qual rnilss nr and equal length / art-' smoothlr'
at B. The svsterr is i l i t ial l" 'at rest or] r t  srrrooth hol izontal surface, the points A. I
C h inq in a str-aiqht l ine l l  al  inrpulse P is appl ied at A at nght angles to the roC
tht irr i t ia] rrrot ion ofthe s\ 'stcl lr .  r l / l rr1: Isolate the rods.)

COMPUTER PROBLEMS

C 8.1 Tl ie talr le slrour lr t ' rr  <l isplavs the <lensitv ola 10-solar rnasi starversus radial
frorn i ts cort, .  Tlrt '  t l t ' rrsi t ie s i l l 'e qivel l  as loq1,,pr 'p, .  rvhere p is the ckrrsrtr at t i r  &r.
trurct 'r ' turcl p. is thc c'orc densit l  of thc star. Thc cl istances r lre given as l iact ixsdt i u l L ( ' /  i u l L t p ,  l 5  u l t ' L L l t L ' ( L r i l J l L \  ( ) r  L i l t ' 5 t i u .  I  l l L  u l s L f u l L U S  z t l C  !

t l re st irr 's r ir t l i rrs r '1l l* r .  rvhcre R* rs eqrral to -1 solar radi i ,

o  - - - - - - r - -
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