
Physics 7A, Section 1 (Chiao)
Final Exam

lhiversitv of Caiifolnia. at Ilelkelev

\ lcxxhv, Nlay 10, 200lir.  12:l l()-3:30 pm. 1 irn(l  . l  ln\rnrtc

I\ I l ' (  )I ' IAN'l ' :  I \ ' i rr1, wlu l ir l lc. sl l . lcl l  I l )  rrurulx:r ' .  ( iSt rrrrrrL,..
inr( l  wnt! ( i is(r$sior) srrt iorr r lurr lxr 'ol the l irrrr l  ol lr tr.  l_rlrr lrrrr l i .' l ' l t is cxarrr (olrtait$ 5 qucstiors. l l td rvi l l  Ix 'grarlc'r l  orr l  o[ a
i.1^l rt  l(X) l)oiDts. Y(nl slxrrr lcl aDswrrr i t l l  th( 'qrx,sl i(x)s l() t l l ( ,
lx 'sl rrf  \1)1lr r l) i l i l l .  Y(nr alo al lrwxl lrrnlr sir lcs of t frr.r.c shcr, ls ol
h:rndwritten rrotrs, aurl t lur uso oI d <rrr l t  ulator. brr l  rro ()\\ , l i t l1 \_
l ir ' .vboirtr ls arc al iolvrxi.  Bxlr lrss a1l nurrrr,r ir :al nrsrt l ts to i l  sjgrr j f ir :rrrr l
I iqrrr.s. ' l 'hc folhrwing a,le rrst lul rrrrstarrts: ' l 'hc 

arrr:hrr.al iort r lr tc
{ , r  l . ) i r l l r ' s  g l l v i l v  i r r  t l x r  Uay  A tq r  i s  n . .  t ) d0  Dr / s ! .  I ' l l i .  l r i l r ' l l r s r l
Ir, l i rN ls rr.]  -= ( ' . j js x lOir krrr. Tlur rrrass ol t lrr:  l , lar '1h is,1//.  i i .0i,  Ir I
l ig. Nrrrvlrrrr 's (:ol lslt I l t  I(] l  ul l iv(nsal grd!i t  t i() l t  is ai..  r j  { ; ;  r l{ t  I
N r r r l k g : .

I ' i<' lsc shrrv al l  vortr wrrk irr vorrr lr lrrc lxxrk. [ap111111 1 1y, ,,1,r,"
i t r  r " r t t  t ' . r v , r r i r rA  i r r  r r , l r r . t r ' r r r . .  L t r t l i r l r  s r r r t ' , r l r , s .  l J , . r i l ' . , r l l  { r l t . l ' , 1 -
r r , . r '  . 1 r r l  i r i , .  l f r , ' r r , l , '  r r u r  s l r , ' r t  r . r . l . v ; r r r t  w , , t k  l ; r  a l ) .  l ) , t r l  , , 1  r i r
In!r l) lrnn. J,otr wil l  not lxr awar'dtr l  any cr(\ l i l ,  ov{xt i f  thc rrr istr,r.  js
{()rrr lJ, [ ,  yort Lccogrt ize t lul tn a]rs.$(]r '  t lxt rxrt rrutkc lr]rvsit. l l
sorrsc. lrxl y{nl . l() lot l lavc f iulc 11) f i lcl  }rrrrr o.ror. rvl i l .r , i i rr i i  v,rr
{ i lx)rv hhdf lho ruswer (:altxot brl (x)rr(x,tJ i tu(i  (xplAil  Irow vrlr l l rol,
lr l i is t(r lx '  ln(i .- (\4b wil l  awald soDx: c(xi i t  frr l  lcrrrguizi|g t lurr.c is
nr t.rror.) fur f ir l l  <rledit.  cxpJain yorrr reasotirrg r:arrdrrl lr ' .  sl lxv rr l i
st(l)s lr€,illll. arrd box vottr arswrrrs. Cross out auy r()r'k volr de(:i(l(,
is irxl lr lxl .  u' i t l r  iul {xplauit l  iol i l l  l  l tc l l targiu.

D.r tlxr (hsiosl probl({ns fir.si:. lirtr rlav irDsrvcr tll(.qltcslirjlls in
ir lrv rtr i( t  r 'or wisl i .  l)ut pl("$o clcarlv lnbcl rrarl l) trrbl{)rrr bv turrl l l rr,r
l() (\$rnr'1l lr t  j l  js Prolxrr lr,  grarl(xl.

1)O NO'l' OI)EN TIIIS EXAtvt tTNTIL \'Otr AnE TOLI) l o
DO S(). S'fOI, ALl, lVOllIi \ iTIEN TOLD 't'O SO SO _{"t 'J,ll l.t
l lND oIi THU EXAT{. G()OD LIICI(II!
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PRODLEM l: A r)endulun, slidins down an illctiDe (20 poiDts). -^
1r l r l ' r l run.  wl i ( ,h  ( juNists  of  r   r t lssk,ss s l  r ins of  l . I rg ih 1 ot r r ( l rq t  10 . r  ur fss r , )
s{ i r r ls  l i (Dr  lh .  to l r  , ) l  a  r i6 id uros l , .  \ \ ,h i r I  is  i i r t l r (d | l { l  p . r lx , rn l j ( . rd l rh.  n)  a {  r r t
,.li,liua (l,xui a fin.ii()rlass irxlirrtd pl.ruo, for.xanrlte. dowl a 

 

iu,tir!nl nif,r^.t{
i r t l ) r . l r \ l  r iu i ( th  l r r  t I ( ,  r "h lc l , ) t ) ,  ?Ls st lown i r r  F isurr  1.  ' l .ho (  . t  i1 /  A . t  I  l i ,  I l i rss
, ,  r r . l r , rh r f lons( i ( l  h .or !  rost .  1h,r  hr( l t i rxr l  tnr | l ( , is  iD(1 i l { { l  11 r I  aust , , ,  \ . j t l r
, ( , i . t ! r ' t l i ) l l r c h o f i z n ( f l l , u r l r l | c r n a s s r i o f r t t c t ) c n ( l u t r l n ) i s n i ; r i l l l l r i r r . l i r r \ l r , l
; r l t  ] l l ra l , ,  , '  t l i lL  l tsr ) .c t  h  thc masi .  Y.r r  mN Assun.r  rhr l  t l )c  ( !u ' i  is  s f i t t i | i f l r r t r
l l ' i , . . i r ,  r , . . ' l t n  I I  . ,  r ' , .  r t , s r  r t r . .  

 

r r  : , s q . l l r l , t r  " , i , , r r  1 , i , r : 1 ,  r . t , r  r r r , ,
u l,.fA(xjs /,it.,'llr '(.h|lLtion &)wl tho ir|(rljr{' durilA t,lLc swirrsirrA nrorj(nr ,,1
r l r , lxr ' | l r luhun.  (FI INT:  Us. I tnrsr( ,n '  s  t , r i lx , jp l .  o f  c( t  i \ r l ( !  l ( , ,  j . . . .  t .h . t  o t ) lnnr
iv r1,1,!ntiolL is ,xlui\,ai(lri to ihc ;r1)pliCr.iio 

 

ol rur ,,,ti.ri rx, tsrR!ilrriolrl liol(t. )
l^) Wht m st t!. iniriril rel.ns. alElo r' l1r\r ro tr.i*) rhllr itr. po ,|rlur

Lrilrl|ix.s no swirgjlA lrxrtion  i all ,$ tho c.rrt sljrlos triiri,n .ssh.(1.^!l r|.
i l l . lnn l

(lrl bbr srroll ^lsular (Lisrurbauccs aNlr\, honr tllc arAla d,$,li.ti rbrr |ar<,
l ,nn! l  iupdl {1 l )  \ rh i  is  1 l i .  pcr io . l  o losr : j l lar jon o l t t ! ,pordxt ,  |  as t l l . { .  1
s l i (ks l i ic l i ,nrk iss lv  d,^vI  Ihc hr . i l iD. t ,
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l'igure 2: Iriguro for Probl:nr lJ.

PROBLEM 2: Collision ofputty and rod on ice (20 points). A thhr
rorl r)l ruAn\ .lI nDd leugth , is {lt rest o 

 

tlre fiictiodes$ surfai'€ of lul ic€-skrliiug
rjrk. hiti&lly, llc rod is $u(lder y strnck nt s distRllct $ {ronl its cf)nt('l. of rnaii$
by r pic.{re of puity ofr s.s,e nr. which is slidiDg lilt,tg tlre $urfR(xi of tlto i(e.
an(l rvl)idr iB iriltially trevelliru pe.rpc dkrularly ho thc r.t)d $'ilh n vclo(itrs v.
:t'lxr rolljbior l)chNeeu ihc Duttx hnd the rod i$ perfecily irxlh.$ti(f, and tllc Duttv
siids lo iho rod &fter iibi8 colliaiou.

(a) lvhai i! thc trrnslotiouel v{ocity V oI fhe no$' corrter i)l u,Arl3 ol llo
systour ofier blrc rclli$io ?

(1,) \\rhf!t is tllo aDguldx vclodty (!' of the $vstem aftcr ific collisio ?
(c) Ilo$'mucl\hedt cDo-ryyis rela:l.t(rd chuirlg tlrc collision?

L
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FiFl!(l 3: Figllrc for Pmblorr :J.

PITOBLEM it: Maxwelt-whool Yo-Yo (2O points). A lftw*ell's wtxrel
(xn r$i$t$ of & $olid (ylinder of radirre .R alld rna.sB If ioiucd solidly to rn cyliidricel,
I rrll rAI a"{e oI rAclius r and rllass m (see Figuc il). The redhN r i6 firnrllpr th8ll
tire rndill|] .ll. Tllis wherl hargs by nreans of o !$!t.icel tlBrod ftom the ccilil)A
n, r VlYo conligrrrrr.ion as slown irr Figurc 3: Tbc r.op of strirrg is att*hcri
10 lhc {:eiiiD8, &Dd th.j bottom of tho string is wmpped rn&ny tirnes ffound tlo
t.clrir'nl A"\10 of tho $h€{1, whicl s€rv€6 es o spool lor tl$ tlllr)ad. A$sun& thRr
lllc lhr*d dot* Ilot 6lip wibh rcspect to t]rc surfAr'.c of thc rL{a druins d ) $,hcal'$
)noli.{r. lvlut i,{ r.hc cL)rurwAr(ls liuaar R.ccloraljon of the itaxqlJt's w[(,t ,hu,
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fiallri ,1: Iril{llr, ti]r Probl(,ru ].

PR.OBLEI{ 4: A siphon connectins two tubs (2o points). -{ sitnll,lr
tulx' .,,usisls ,t sl?Ns t,ubillg lr.nt iuto a suri(:irclo of rrdnrs | = 76(J rullr, a|,1
tl|.|l i.rirr\l ilt iis lrvo ends to rN) linrg. \,crrticRl sliriglrt s({rtiims.)l sllrss trrl)ila
(s|  l . i [urc J).  r t , .  hsnlo t \drus. = l .1l  nnn., f  r i r is i lb irrA is ln(L surnl l i ' l
lLhl l  r .  ' l  l (  s i l ) l lnr is iu i t i i lh i l rv(,r l (d nrto a U-tuLc corLl isuatn' i ,  c( , !pL,,r |L\
l i l l \ l  $ ' i t I  l i ( lu i( l  unxcury, and l l ior)  r i , r l r to( l  i l l ton \ ! )r t i ( . r  (xnr l ig l l  r t i1,u sh( 'wrl
n '  l i iAlre l .  s '  l lHt j ts lwo op. lnrgs nrc sirDrl ta qnrsh irunxls.(L uno t(r '
n l ' lu l iu1 t l l l ,s, , l  nxxcrrry,  I 'u i  i r i  I i rs( witho i  tLra Nrtor l t r r i I |B pr. , ,s(\rr  in (1lc
fiehr il1l). Jr is t|.\r olxcrved ihat Llte I|(xcruv lcvcls ,,u h)tlr s;d,]5 ot I l)c sil)jr()l
th.r dr!t) d,\nr to 1$'o.rqual lvrls /r/ : h = 7tj0 xrur, tlnrs nritiall\'.roarilB I
\r(!'ur 

 

ir) tlre ul)Ircr. s(imi(irllnr lr t.f hlic siplLon. Thc iiroo idcntn" t l,s oJ
rn"f(rrrr plu:cd or lhc horizontll tal,l.'li)l) consist of t\tu idcnriclt cl'lnll.rs witlr
{u i rrsnl ,)  ra( l i t rs l ,  = 111 ruru sl i ich ;s rxucl  larB,x.{h,ur o. \ ' i th th( rr)Fr(ru.!
UllirA lbc lcft tub lo a ln:iAhl ,1. :ir tlrc risbt rul) ro { Lcisht /1. lvirl I . ]]
r! Iilsr. Assun,r ihar -4 tln.l l] xr. boil) nrrlch larg.i thar /r nud /)'. \(N (nri'r
i !  In, | f . ( l  nrt , )  t l l f  r ig l i  tu l)  i , )  d hcigl l l  r {  C.- 25..1 uu al) ,rv.  th r i l l t -h; !( l



lu{flury level. ]'ou are giv€r thflt tlrc dursity of mercury is 13.6x10r ke/lll:r.
ADd ttlot tlle dcnsitv of ratcr iu 1.00x10r kg/rn:t.

(A) Wllrti is fhe boight [/ of tbe m€Icury lavcl o tlrc right sjde oltor rhc wor.x.
lurs l)oer pouc(l iDlio tlrc:iglrli tub. s,rd tllc syste t ha.s come iuto qdlilritmt?
A$swa ih{t thc ntnosphqio presrure rcmains the 6ame on tlre left arld dsirt
sidcs, An(l tllllt \l?ter tlnd ruelcnry sre in i6cible liql[d$. Assurxo thal] thc
uler uy and thc water ue incornprcssible.

(1, F(,r smoll disiiurl)arc.€s, $ftat ruc tle oscjlla.tion pcriods .t tlm rivo lii]rrid
rx}(ur"v ftrvels .}lr tho l(ft s l riglt sides of the FiIrLIorl ui slrcwn iu I'iA(rc Ji
Derir€ algobroi( {xlrree6ion$ for thqqc two p(]riocls, trlrd (tvl uatc ruNcric{lly to
rlD'(c riqrrifi, rlrt figr[as. Si,(1 , >> n. wll call nnEleci clA.lrg(s ill hcights ol ill(
lluids i llx' tnbs. Oonsider sepa.retoh, s urll diFtubAncd or the lcll aDd or tbo
riglt, Atld comrrr(,It on wlrcther tlrcsc oscillatioll per.i()c[e (liffq.

((, No\v lo\rcr l'orticellv tlle siltlon tuho dceper into thc t$.o hlbs, so th.i,t
lrt A (x]r'to:iu ilepth of irDmor6ion, tho vncuum ilr the top. scmicil.culff l)5rt of
tl(| sil)llox jrlsl bardy disrppellls. For slMll disturlxuxro8. wlmt is the ne$,
,N(jlhtirnr pe ()d of l.lr{, cntire li(lllirl sy$lcxl llfter the vllcuurn lms.jusi Lorch
rlis&ppo{lrecl? Dexive $,n a]8euniic cxFe$sioD {or this perkxl, u,nd nvahru(e nu-
uxricAllv to lrl$e$ sigui6cant figues.



*v-------'
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Figurc 0: Figru.r for Problem li.

pR.OBLEIVI 5: Two colliding caussian pul6oE on a ropa (20 pofills).
A stlo])Hhol. &l I .= 0 of trvo cuurtq+mlrogatirrg Cl&rlsriirlll U r,ol, m ll disliurl,r(l
r()l)a is $ho\\,D tl FiSurc 5. Th(, ropo is \'cry l)ng, lm"s s uuifol.nr lhlrH) ]u +l
r!.rlsiLy (,{,o. ou([ is strolcll(rd ()I[ witrh e unilbr r LoDsiur 7'. Ar eqldiil)riru 
h'lblc it *ru tlisturbed, lho r(,po $a.s (olrlploteiy str:ii8ht, axd (x)in(idccl \\.icll
tln ,rr rxis. llut lro1\,the disple(cmolt of tho ropr oi t = 0 is gitcn by

(  /  ,  t  , 2 \  /  ,  , 2 \ \

r t h . t  =  t ) ) , " a { , " r , { - l [ " * * )  I  - * r , l - i [ '  - ' " )  
l  f

\  z \  t '  /  J )

lrhj(lr (lc$(lib$s n supcrpoHiti)n of two GauBsjou prdse$, ns s|own h Figurp b.
fLr't)rdsrl poak{!.I at -.r0 is trtvclliDB to lbe right, iutd blte puls(t l,cg&t,ivclv
J)crkcd ;Ll +rr0 i$ irardliru to tlnr lefi. so ihot tllov wiu oveutuslll couide ot tbc
.{!rl4r ol the rop. bc&led &t .r = 0. Asstune tlxit iio is rnrKh largcr rhRu n.

(r) \\,lutl doc$ lhis solution to the r^'i'|rc cqu&tiorr for tltc ropc b(lcomc al. nqy
:ubilrAry tirn(j l?

(lt At $lral lah.timc t = t4ol (lo the hvo Gllussi&r) lulseB collda, s cb rhAt
Lltnl. tbeif r,spocijw lnrl".cjunuu ard rrriDjr llrt coirLci(lo at r,=, 0? Iixprc$s voLr
ros(rll iD teniN ol rjo, ?, ard p. Fird the sot tio t(,r., = 1,.,0), ar(l $kcich n
snri)sllor oI lvhal drc ropc wo d Ln,k like iriD ilis illsrllDl. of tim..

(,, \r-|crr rli(t tlrc alleqlgy of tl'e two pdscs go ot f = r,, ? Slx)wtrour t){rr
[r) tlt't r\rcfAlt is lr)rl.icncd wLen t + *,x,. aDd u-lso i)r drc ca$c of t = t,., 

 

J .,
whcrc e is $nall. (HINTS: Tlu enaryv of o pulse I -E,,,,1," = ./]i] rf t y l}y /0t)2.
For.r snll l a'. oxp (s') = 1+€'. ALso. since /kv) = .fl: c\p (-o.l) dr: = v6i6,
tLr.n -ri.r(,t)/dn - .fjj r: exp (-,'rr) d.r - vG7;6t).


