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Homework I - Mechanics -Due Tuesday ll2ll2003
Turn Homework in at Dr. Stewart's Mailbox in the Physics Ofhce

Fowles Problems
,  - i ;  i
t l

y i ' t i t r  i  '  t I  ; ' " , :  l .
: "ri r

Review Problems

Rl. Draw the free body diagram and the extended free body diagram for a marble sliding into a

bowl. Does the marble rotate as it slides? Justify your answer'

R2. A hockey puck (puck 1) of mass m and velocity v collides elastically with a second hockey puck

(Puck 2) on a irictionless surface. The second puck is attached to a.stake by a massless string of

iength n. 1.n. direction of motion of puck t anO ttre string are at right angles. After the collision, the

troc-key puck revolves around the stake. The three objects of interest in this problem are the two

hockey pucks and the earth. The earth is assumed to be at rest before the collision.

1. Analyze the energy, momentum, and angular momentum using the universe as the system'

2. Analyze the energy, momentutn, and angular momentum using the second hockey puck as

the sYstem.

Bonus

Bl. What are the classic blunders?
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gives dilectll

a  :  - 1 ; r o l  s i n :  e  _  l t a l t e , .  _  b r . r j  s i l  0  cos  0  ee  _ f  2ba t t@r  r , os  d  ed
Thc point  at  t l r r  top l ias coorcl inate d -  0.  so at  that  pornt

a : * b a i e , . * 2 b a , a , e *

Tlr",h:: t  tunn on t l t t  r  iqlrt  is tht,  crntr\ tettr l  accelerir t ion. ancl
i t r  (  t r 1 , . ' . r t l ,  , r t  I  t ,  r t . t  | , i r i  r { ,  t ]  r c  l ) l  ! t  r ( ,  O f  t i t "  r r . i  t _ r l .

1 . 2

PROBLEMS

l . l  ( l i r c n t h e t \ \ . o v e c t o r s A :  i  +  j a n c l  B :  j  +  k , f i r r t l  t h e  l b l l o s , i r r q
( a )  A - B a r r d i A - g l

(b) 3A - :B

( c )  A ' B

( c l )  { x B a n d 1 A x B

( l i r t ' r r t h e t l r r t ' e ' e . t r r - s A : f i r j . t s = i + k , a r r c r c : l j , r i r t l t r r t , r i r i r . u i . q :

( a )  . 1  '  I J - C  l r r t l  , A : B . C

( b )  . { .  B  x  C , a r r c l  , A  X  B , . C
( c )  - { , X  B X C a r r r l  , A X B , X C

Fi r rc l  t l r t ' a r rg l t -  1 r t . tueer r  t irrt,se h*,,rcrtc,rs ,r"0,,.,::'il.:"':i::;,;l,',u ,,lli,il':1,,1_,i,:,',; ;i,[,,'J1l; ,]i:l_, , l  s : r l - : , t .  l r t  , r r i , l  l , t
(  l . r ls ic le ' r  i l  c t l l le  \ \  l lose er lgt 's  , t t  t - -cac l r  . i '  r r r r r t  i t ' r rqth.  t  )nt ,  r ' r r .ut , r .  cr i r rc. i rk ,s r r . i t l r  th.o r i q r r r . i  a . . o . r r 7 :  ( , a . t c s i a r i  coo rd ' a t t  s r s t e . r .  r ' h r t , e . i  t l r t  c rLbes . c l q t , s , , r t . , , , , l  1 i , , , , ,t l i t 'or iq in i t lo l rq t l r t 'posi t iv t '  d i le 'c t iorr  o l teacir  coorc l i r r r r t t , ;u is.  I , ' i r ic l  t l r .  r .e,ct . r  t l rat  'e-q l ts  iLt  t i re o l iq i r r  i r lc l  er terrc ls

(a)  a long t r  rnujor  c l iaqorral  of  thc c.u l r r , :
(b)  a long the c l iagorr iL l  o l  t l ic  lor i .e, r  lace oi ' the crrbe
(c)  ( , i l l l i r rg these vec, tors A arc l  B,  f i r r< l  C :  A X B.
(d) f- ind t lre arrgle bchveerr A ancl B.

.\sstnle t lrat tuo lc 'r . tr_rrs A arrd B are krrorrtr,
A .  C :  r r  i s  a  k r ron ' r r  r l r ran t i t vanc lA  x  C :
nraqritrrclc of .^1.
( ln el t i te t i  nte,-r i rrr irrg r ec,tor

t he  ] as t  t e rn t  i s  i l  t r t l n s re r se

l ,c,t  C bc an unknol 'rr  r  t-r , tor sLrt, l r  t l rat
B ,  F inc l  C  i r r  te rn ts  o1  A,  B ,  r i .  a r t r l  t l i c

1 .3

l -l

1 .5

t . 6

1 . 7

A :  i a t  t  jB t )  +  k "1 t  l

r t l t c r t ' a  p '  andy  a r t ' co t t s t t t r t t s .  f i n c l  t l r c  f i r s t  a r r t i  seco r r c l  t i r r r t , c k , r i r i i t i l t , s  r lA , r / t  a r r r l( l  :  Ai ( l t  I

Fo t  u l t t r t  r i l l r r t ' , o :  r r r l r r t ' s  o f  rT  i s  t l r t , r t , t , t o rA  =  i 17  -  t i j  _  k  1 te r1 ; c r r c l t c . r r l a r t 6  t l r t ,\ r t r . r  B = i 7  , 7 j - ! k :

i*
tr
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r t i r  t l re
r,r l  f ionr
that lx,-

lr  t i t i r t
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the

PRT)BLE.\IS 

3;
l ' 8 cr'e a' arge braic' pro.f ancl a geon letric r)roof' of trre fbr o*i ng relatio r rs.

l A + B j  < i e j  + 1 r 1

r . 9  . r . r . e t h c r .  
l A ' B i  =  l A i  l B i

l . l 0  T r , , n , . " " t u . r ' l t u r  
i d t ' t i t r  A  x  B  x  c r : B t A . c )  -  c i A . 8 , .

, , r  t r , , ,  1 ,uro i l ,1 ' r t t t l  
B r "Presc| l r  (orr (  nr |e j ) t  r i r req of  . r , , , r " j i . i , , * , , , , , ,  r ihurr  t l r . r t  t l rc  r t r . r -aI . I I srr*,i ,iffitt'grii'r 

is ctlual to la x r 1
l . l2  T1, . , , "  ,  

"c to. i  

(B x c) is  not  eqLr : rJ  to B .  iA x c i .
tlrat the '"rt,,l'1'^l:'-ll'd 

c represcnt th
r rs \eriri the ,.,lll.1ilf]': 

p"'"rr"i";;;;;l:,T;;?:]l:'i;"f;;t" pararrerepipecr Si'to*
lo*.ed br. ,,'--nsrorrnatior'atr* for a rotation about the:-,r-iis trrn_rugr, rrrr a'gle d rbr_

I I l,?,t:, r;Jtii"J;:":fi,il: I ;nll.""rt 1l* *, i, ffjilrr g :l,',;,'.;,:i,:''
r.l5 c,,,rr;J*;;.; 

ute:-iuis t*iiclr coi'cirL: 
1",]] 

,r*. -*r, ,i.ffi n,, arqte o1.30.iffk,;::iill{+,fi +.ril:;::ri:!:i,;;n*aid:*l*,:,.mih,
r,""', l,,,,i"al,Tl,;li]"l,ill L::l:l':':.,.:'concl' al,o't 'u ",,1" .)-",,, (*.i,rcrr rrtrs ,r,ric'or.Pone'ts ,,r 

" ,,,,tiffi. i ', i l jJ 
-r*is 1*tich hir.s rrl.s, becrr rotirtecl). F.ird tlrc

rc,ction ol thc, .r,, r, e ro,sf. r; ;: j ;ljnl;*: i# ::i,".|1 "[;];,;;,; :|;fi;:l,,;:#]: ijr;,,! ,  -  n ,  t ,s .  f  , ,  r  t  r  t  i  t  t  i , , , , , ,  r , ,  i  r , '  ^ '  i  r ' , , , , ' ,  i ,l . l6  . {  rac. ing c,ur  r r r r
t r , r e / i r c co rd i r ) \ eso t l i l c i r c r l c ' . 1 ' co l t s t a ' t , r t r d i us l .  I i t hespec r l  o1 . t l i e c ,a r r . ; L r i es * , i t h
n,rq l"  1r" t . , , " " , - 'g to 

u le er l t rat i r l t t  t  :  ' : '1 .  r i 'herc.  is  ap. .s i t i r : t  c , r , , r rst ,ur t .  s l r . r i . that  t l re
: Hirtt At ,1,i, t i , lr,, 

r.c_r.citr.\.octor.ar(l ,,,".: l :,.."1.:."i l ;,.",, i ;,:;,1,;: 
at ri i 'e t : t,6i.i t t  t t t t tgtt i t t tdc. , t t te 

t l te furtgertt iol  t tnd ttort

r . r7  . . \ s rnarba l l  i s * , . t . , , . . ,  . ^ - ,  - '  

' " , " , " " ' . "u " (o t t t \o t t ' t t t to f ' l l u :u t t 'e lc ra t i " "nn ' ' , y , ,n l

r,.,r,,'o'".i,,,;iil;i":?;,lil;,ll'i:1,1',::,;lJ;,,,1i',,.,, ,,,, ,rrri, s,,ci'*:^ rrr:,rtr,

xherc, a'cl  o a. 

r(t)  = ih cos 
" l  

+ i2lt  sir t  tot

find u at ;:';;'rt: 
consta'ts Fi'd tlre speed oI'the b.ll as a furctic.' .{.1 L 'ar.ticul.r..

,, 8 *l;;:l, lllri::il #,,,:j,;,;,ll .l. :,,: :1,,.::ti;:ilIlri., 
a, r,s ri,i,,i,, u.,

Shori that trre nra 

r(1) = i f  sin rt ' ' l  *  i l t  cos at * krtr

_ are c.,st ir , t .  
_--gnitucle olthe acce.lerat iorr of the f lr . is constant. proricled b, a, t tnr l t .l  '  19 '{  l ree 'qoes 'ut { i 'orn i ts hi 'e irr  a spiral path g^ e' in plare poiar c,oor( l i rr i i r .s D'

r i l rerc,D, A., trrcr c . ,  

' '  = [ ' 'kt  o :  ct

j;Jl:il ;:ffiffiff:ffi::::1il:.::];; tlrat trre ansre beh'ee,, rrie rerocitr r,.c-
1 . 2 0  \ \ b r k p r o l , r c r r r , r ,  . , ,  , . . r , - . ; ' " ' l " t t o r r s t a t t t a s t l r e b e - r ' o \ c r o j r h ' a r ( l  

u i i ) i , ' i ) , , , , t

, 2r ,,* 0".,,,,,, ",":;1ff:fJllj:Xji";:]i;:,iJJl::ff = b 6:,,r .,,d: : r1r
r i f  ;  =  i ( l  _  e - r , r  _ r_  j c l ,
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ri 'herc'A.is a posit ire construrt,  Fincl thc velocitvand ac.celerat iol o{.the part icie, Skek,hi ts  t ra jec to r r .
r '22  ^ \ l t i i t l t c ra r i i s ' I l t l i esur i t ceo{ 'aba l l  .1 ' rac l i ' s I ins r rc l r i l r }z rn r }c r t l ia t th t  

ru r t .s r 'o t io .i .s gn en rrr sl tht,r. ical c.oorcl inates br t l te equations

r  :  b  6  =  o t ,  :  i l t *  1 " , , r , . r . r , - l
- L

I ; i rr l  the speccl of the i tr t  i ls i t  l i rnr,t ion ol. t l
b.. t l , .  nbo'r.  

"quations? 

Lte t ir tre 1 \\ ' l rat sort of 'patl  is representecl

1.23 l)rove that r.  .  a :  Lr. arrd. hence,. that fbr. a rnorirrg part icle v arrcl a arc Perpentl icrr larto c'aclr other il thc' speed t is constirnt. (Hirt. Dffi:rerrtiotu tr"t|i .riiir,s tll tltc cLlrtotio,r " v = r : r u i t l r r e s p t ' c t f o 1 t r i r f c .  t i s n o t t l t s a r t t ' a s l a l . t t i . s t l t c t n a g t t i t r t r l t , t t f t l t t
uccclcrutittn of tltc purtitlt alortg it.s itr\tont.trcou., di;cctio jt ,,.f ,,,,,rrti',,,i1,21 Proi e t l iat

i n . , r '  x  a r l  :  r .  i '  X  d )

1.25 
l l l :,:::1": 

n," tangential c,ouiponent of the acceler_trrion of.a rnorirrg partic,le rs gl.r,ni l l(' (:'\pression

v a
, l _  =

l r n r l  t i r t  no r r r i i L l  co r r r pon t , r r t  i s  t l r t , r t , [ i r r c

t t .  -  , t ' -  , , ;  ' ,  =  1 , ,  '  ' ' '  i ' '
L  , .  I

l '26 [-]sc t lr t 'al-r,r 'c t t 'srr l t  b f incl t l re tarrgerrtral a'cl  rr.rrr ial  rorrp.rrt ,rrts.r ' tht,ac,c,t , l t ,ratro'
r rs  l ru rc t ions  o1 ' t i r l t . in  p robk ,nrs  l .1E anr l  1 .1 , ,

l ' 2 7  P r . r ' t ' t l t i l t i I  x  a i  : t ' ' \ / p ' r i l t t ' r c p i s t h . r a c l i r r s o l  
c u ^ i r t r r r e , l ' t l r e ' a t h , 1  a r r r . r i r r qp r i r l i l i r ' .  

' " " " 1 " "

l '28 { * lret ' l  ol ' racl ius b r. l ls akrrrg t l te g.u'r l  * ' i th c, 'st iurt fo^iar-r l  acc.r, l t ,ratrrrr rr, , .  Sh.*.t i lat '  t t t  al tr  qi 'ett  i t tsrant. t l i , '  nragtr; tu(lc of the acc,elt  rat i* . l 'ar^. p.rrt  .rr  t lLc r i . l ree,l  rs' . t ; '+  1 t11 , t ' r ' r re ra t j ' ck r t r re .e i r t . ro f  t r re* , r iec l  , , , , ,1  i r ; i r , , - , , , ; l  i i ' ; ' . , , ,  (J  +  t . r ia : r ) .-  '2t ) /u ' ,b r sin dl l  :  r t ' l rr t ive to thc ground. l l t ' r-e r- is the iustarrtanc,r, , ,  I i , , . . .ur, l  ,1,"",1.i trr t l  d clc' f i r t t 's thc l .cat ion of the point o' thc * ' l reel.  rrrc.surt 'cl  t i r , . , . , , . , i ' i iu,n the lr iq6-tst Poirrt  \ \ 'hich point lras the greatest i iccereratiorr rerat ir .e tu , t ,"  e., , ; ,ra.,

l l

f{s
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#
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