
Mechanics SPring 2003 - Test 3

problem 8.1 A pipe (a thin hollow right cylinder) of mass M and radius n, : 5ctn is placed on an incline r'r ' i t ir

coefficient of static f i ici lon /ls : tan60o and coefficient of dynamic friction Px: F"14. The angle of the incline is

45o. This problem is to be rvorked frorn the basic equations of motiorr not from anY derived fornrula in the text

(a) Does the pipe slip or roll without slipping immediately after it is released'/ Justify'

The horizontal clistance froni the startirrg location to the bottom of the ramp is d : 0'5nr'

(b) cornprrte the tirne it takes the pipe to roil (or slip) down the ramp.

(c) Crrrrprrte tle tolclrc alrout t lre centcr of mii,ss on tl ie pipc as it reaches the bottorrr of thc rarnll '

proble*r 3.2 6onsicler a rigirl borLy rn:r<le out of t inker toys (a nroclel of t l ie object is at thc fiorrt of the trlass)'

T lu r  bo r l r , r , ons i s t s  o f  f i ve  rna ,sses )  rn ,  a t  i oca t i ons  r - i :  ( 0 ,0 ,0 ) ,  
" - r :  

( o ,0 ' 0 )  ,  t 1  :  ( 0 ,n ,0 ) ,  i + :  ( o ' 0 ' 0 ) ,  an t l

' is  -  (0.  0,  2o,) .

(a) Clorrtprrtc the irlcrtia tt lt lsor a,bout thc oligitr '

( b )  ( ' , ) r I l l ) l l l ( '  1  l 1 r '  r ' t ' t t l ( ' f  ( ) f  i l l i l s s .

SrL'',st' ll1: |grlt. r1,1t,a.tcs a,]rout a lirrc fiorri the origin to nttrss 4 a,t a,rl a,ngrtla,r velocity ol c''

( c )  ( ' ; r L ,  r r ) r r t l  l l t t  ; r t t g t t l l l l  l t r o l l l { ' l l t l l l l ) .

(d) Calculatc thc kirretic elicrgv.

(c) Cltilcullitc tlrc a,trgle betrveerr thc tixis of rota,ti<-rti tuid the arigular llionlertturlr'

problem 3.3 A lvtrtcr. rockct (socla bottle filiecl with water irrid purn;lcrl with ti bicvclc llurr4l) ejctlts lua'ss trt tr

c'orrst:arrt rat,c (ttrtt l t:r t l tc i lssttrtt l l t iort ol cortsta'rit l lrcssurc),

' +  - ^ , - - p A l u * r l

rvlirrr. p: 1036jrg/rri j  i ,. t lrt t lerrsitv of rvatcr, 

' i t 

: rtnx 10-arn2 is the urea of the rrozzlc (bottlerxlck), atir i t ' ' , . '1 is

t l i r l I .c l t i t i r , .cr ,c ]oc i tYbet 'nveet l t I rcrot :kct i r t r t l t ] tce jet l ter lwt t t ,er . .T l icr t l l t r t ivevt l ]oc i tvc: t r r l lc
rrr'() rro clrcrgv krsstts a.s tlte rvattlr is ciectcrl,

u,hcrc ,f  is t l tc l l lcsstrre irr thc lo<:kct. ' Ihereforc the thrust,

, * r , , ,  :  2 p A
d,t

is crcrrrstarrt. Tlrt-. rr.rclict is irrit ially f i l lecl with Xtr,,, :2kg of watcr arid has an crnpty tttass of I{, : i).1p*. T}x-' toti i l

irritial rrra,ss is ,t1 : lt'l, + A1,,,

(a) Horv r''cli prcssure is required for liftoff? You may leave it in Pascals, but if you r,vant a rnore farniliar rrnit

1 .013 x 10i 'Pa-1,1.71b/ in ' .

l irrr t lrc r.errrairrirrg parts use P : 1001b/in2 :7 x 10EPa, the pressure rny bike pll l l lp call provicle'

(b) Firrrl t, l ier t irrrc t,, to c.iect all t l ie lva,tel.

(c) I"irrrl the velocitv trs a futtction of t irne'

(d) Nurnerica,l ly a,ncl sl,rrrbolicallv calculate the velocity at t l ie t irne eil l  the water is ejected. This should be the

rrraxitrtutri velocity.

(e) Set up the integral to calculate the height as a functiotr of t inie including appropriate i imits.

Bonus problem \\"ha,t the rniclclle namc of any of the rnechanics students who were in Berrradette's hospital room

\Iorrclt.rv rright ?
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fakc Home Problem

problem 3.4 John Hubbard's clad still owns a d.urnp truck. The truck is parked on an icy (frictionless) la,ke in

Utah. For this problenr the truck is modelled as two laminar squares as shown belorv. The smaljer sqllare has rrtass

Mr : l000kg ancl eclge length Lt:2nt. The larger square has niass J,V11 and edge length 12: |\. The truck is

statioltir.v orr thc ice. ,Josli Daily, stiil angry about the bonus points on the last test, siroots :rt the truck ll'ith :i

bor.i,lirrg b:ill bazook:r,. Tlie bowling ball strikes the truck in the middle of the small rectangle (as shorvn) rit an angle

of 45" 11cl rebourrris a,t an eclua,l arrgle of 45". The ball travels horizontaliy. The l-rall rcbouncls with half the speecl it

]racl lreforc it struck tl ie truck. The init ial speed of the bowling ball is uo :200rn1s. The tnass of the bowling ba]l,

rn.1,. is ,rrkg.

Truck

6 tl Cll lcrrrl l tc t lrr, 'rnorrreut,run a,ncl r:cnter of rna,ss velocity of thc truck after irrt l lact.

{ Otl (ltrkrrrlalc thc locatiuu of the ccrrter of rriass clf the truck. Draw t}i is locaticln oli t} ic cliagrarrt.

QG) ( ' ; L ] c r t l l 1 ' . . t 1 rea r rg t t l i l r i r r r 1 l t t l sec le i i v t l r . e r ] t o the t ruck ,-  
t r f  l r r i rss ( lc l iv( ' ret l  t 'o  thc tnt t :h r l t t r ing t l t t l  i t t tp i l t : t .

t  ( , t )  ( l lk l r la tc  t l rc

{ G) Ci.i lcrrlatc tlrr:

f gl ls l lrt: coll isiott eltrstic'?

f 
(S) Corrrpute .losit 's velocity (:rssume fuI.tu"t,: 60kg) after f ir ing

lrx)lrrcrrt, of irrerti:r of the truc:k aliout its ccntcr ol ntass.

arrgrrlar velocrity a,trcl pcriod of rot:rt ittn ol thrr tnlck after i lrtpar:t.
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