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On substitutinq the eryressions fbr the prinred quturtities ancl their clerir.atfi'es fronr tLre
preceding eqtlatiorls ir lto Erlutrtioris 5.6.3a ald b. t l ie fblloujng resrrlt is obtainecl. ir l i tr
collecting terrns ancl dropping ternts iur.olrir-rg c,.r,t.
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5.9 In the problenr of t
celeratiorr lelative t

5 . IO I f ' the  bead on  t l r t  r
to thc rr icl l  r t t  i ts r irr
f i rnct ion of t inre: (b
leaves the encl ol th

5.I I  On the salt  f lats at I
in I94i became the
due north at this spt
ing c.ar to t l ie u'eiql:

*The raclius of the Earth s nearh
-nuh t ,  r  orrntex. ln, . l . . r ' i . -  i r ,  a c. , r .

5.4

D . D

(' * ?') "",, ' t + (i i-r ir) 
sirr r,, 'r : 0

ancl.iui idertt ical eqlratio-n.9rce'pt that t l ie sine ancl cosine are rer.ersecl. Cleiir lr. t ire irrt..ceding equation is satisfied lf the c'oe{ficients of tlie sine alcl cosine tr:rnrs both .,o,ii-r}r-
r r iini Lrl\'.

i + f r : o

: i  + f y : 0

(5.6 6a;

(5 6.6bi

These irre tl ie cli l ferential erltratiorrs of the hlo-diurensional hanr-ro1ic osc,i l later dls-
ctts-setl prerioLrslv ir l Se'c't iort -1 -1. Thrrs. the path. projectcrl on thc rrT plane. rs an ell ipr*
$itl i .frerl orietttrrt itttt in the uriprirt iccl svsteru. In ihe prirnecl ,r.t,.,rrlh" pirth is an clhlr*
that urrrlergoes a stciicl 'precessi<.' *it l i  arrquiar rp.,"i l  , '  : r,.r sirr ,L

I r r  ar ld i t ior l  to  t l r is  t rpc r t l 'prect 'ss iorr .  ther t '  is  arrot l rer  nr t l r t r r t !  prcc.essiorr  6f ' the
sllherical l le rrt lrrhrttt. rvlrich ts rlrdinarilv nrrrclr l i trger thiur the rotatiopal precessi6rr rr*-
t ler  c l isc ' r tss iot r .  I Ios 'evt ' r .  r I  t l re  perr r lu l i r r r r  is  carc l i r lh 's tar t t : r l  l r '  r l rar i i rq  i t  as i t l t , * i t ] r  e
thread ancl letti 'g it stitrt l irrtt rcst b'lrtrrrring tlrc t l ir i .arl. the ri ittrrral l) l.ec.esslo1 ls r( '$-
( l e l ' r ' ( t  l t r g l l q t l  r l r  s t r [ t l l . '

D , J

, . ' I 'hc 
rotatiortal prt 'cession is ck;chvise in tl ie Nr-rrtherrr I lerrrisph('rc'an(l coglteE-

cr lochi ' isc in  t l re  Southcrn. ' rhe Pt ' r ior l  ishr /ot '  :2r / , , . .as i r r , \ )  :2 j rs in, \  h .  Thrrs.  a! r
latitrrde of -15'. the period is t2410.707) h : 33.9.{ h. The resrrlt u.as first clernonstrated
lrv the l-rerlc' l l  pli l 'sic' ist Jeirtt F'<xrcarrlt in Paris in the lenr 1851. Tlc F'uc.rrlt pe'c6rlu,n
I t i ts cotl le to lre a trat l i t iorral displav in nrrr jor planetar: irrrrrs t lrrotrglrorrt  t l ie. urrr lcl

5.8

PROBLEMS

5' l  ' \  120-lb persotl  st iuds_ott a batl troonr spring scale u4ri le r i t l i lg i1 an elt ,r 'atur. I f  the
elt ' rator has ia) Lrps'arcl ancl ib) dori lniu'r l  ac.c.c-leratrol o1'g/-1, u,hat is t l t t ,n.ciglrt  i lc i ;
c ' tr tecl orr the scalc in errch cusc?

5'2 . ' \rr  tr l traci 'r l tr- i l i rge' lras a lotat ionir l  speecl oi,5(X) r1s. Lar I i incl the c,r,ntr i l i rgal lbrc,e, '
a I-pg palt icJe rrr t l te sartt l t l t 'c l tarnber i f  the partrcie is 5 c,rn t ionr t ]re rotutrelal t5r:
ibr Fxprcss t ire resrr l t  as t lre lat io ol the centi i l l rgal f i rrce to thc,teiqht 6f t l re p.rt i t . l r

5 . 3  A p l u : r r b i i n e i s l r e l d s t e a d r r i h i l e l r t , i n g c a r . r i e c l  . r l r . r r q i n a n l ( ) \ i n g t r . . r i n .  I i . t l r e r r r a s s , r i
the plunlb bob is nr. f incl the tettsion irr the cord arrd the del lect io,r 1l-orrr the local r.**
cal if the train is acc'elc'r'ating lbrrvard uith constarrt ircceleration g/ I 0. i Igrroru arrr ci-
lects ol Ealth's rotat ion. r

'The natural precession sill be clisc,rrssed bric,{h.in Chapter l0
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5'{ I1- '  in Probler[ 5.3. the plumb l ine is not helcl steadl bLrt osc,i l l t r tes as a sinrple penclu-
luni. find the period of oscillation for srnall rrnrplitrr.l..

5'5 A hiiuling tnrck is tla'clurg on a level roaci. The irir.er sudrlelh' applies tlre lrrirkes. r,,us-
ing the tnrc k to clecelerate lrv an arnoru.rt g/2. This causes a bor ir'ti,e 1.e a1- ,,1 the tnrr.k
to sl ide { irnvarr l  I{ ' the coe{i ici t :ut of sl idiug I i . ict ion bet*.cen the bor anrl  t l re trrrr,klred
is  I /3 .  f i r rc l  i l t i ' r i t r ce l t r tL t io r r  o1 ' the  l ro r  le i r r t i vc  to  (a )  thc ' t l r ck  iu rc l  (b )  t l re  r . i r r l .

' i '6 ' f l re 
l l r lsi t iorr oi a palt icle in a h.rccl i r icrt irr l  1r ' i i rnc of relert ' r ice is girt ,u I1 t lrr  r1c,t.r .

r  =  i i r , ,  r  l i  cos  ( ) t  +  jH  s i r r  Ot

rrtrt ' rc J,, .  I l .  anrl  O art,  c.onstarrts.
(a) sho*' t l iat t l re Pa.t ic lc r lror es irr a circre \\ ,r th (.orst ir ' t  \rree(1.
( b )  C a l c r r l a t t ' t h e r ' - i u t t l t T ' - c ' o n t p o r i e n t s o l  t l i t : r e l r c r t r o {  t h c p a r t i c l t , r l l a t r r . t . a

f irrnre oI rcl irre'ce. r. tat irrq, i , i th a'  angrrlar 'e]ocifr.  u :  ko,,
(c) I-e' t t ing the f ixct i  antl  rotat ing i l 'arrres of relererrct 'c,oinc. i t lc at t i rrrt 's I  :  g iurt l  l t , t

t i n g r i ' : . r '  + l V ' ,  f i l r l r r , i l ) . a s s u r u i n g t h a t O +  , r u .  , \ ' o l r . :  i :  f  t
5 ' 7  A I r e $ a s t e r o i r l  i s d i s c o v e r e c l i n r r c i r c r r l i r r o r b i t o l ' r i L c l i r r s - { r  r . \ t ' t r l r r r r t t l r e s r r r r . r l t s ' t , -

r iot l  r l l  r t ' rolut ion is l l r tciselv2 r 'cals. . \ssurrre t lrat at I  :  0 i t  is at i ts cl ist i inct,ol c, losi,st
, t l ) l )1 , . r ( .1 ,  l r ,  t l r r  I - . : t r . t l r .

(a) Firtd i ts coort l i r tatc.s [rr1). r7i1]]  i rr  a i |arne ol reibrt,nc.c f ixc<l ir .r  I , , iLrth bLrt N.lrost.
i l \es rcl l l i l i t l  f i recl in oricrttat iort rclat ive to the distant stars. .{ .ssrrrrrc th:rt  t l re.r.-rrr is
point.s tcxi.arcl the asteroicl at i : 0.

(b) clak'rr late t l ie 'el ,c i t 'o{ the asteroi<I. rel ir t i r .e t .  Eart lr ,  rr t  1 - 0.
(c) Firrr l  t i le r- at ir i  t7-cortt l tr>trents ol t l re irr ' tele'r-at ion oft lre astt ' r-oir l  in t l r is i l . rLrrrt , .1'

rc l t ' re t rc t '  l r t teg | t t t t ' t i re t r t  t r i i t t ' to  s l ro*  t l ra t  t l r t , rcs r r l t i r rgpos i t io r rs  i rs  r r  l l r r ( . t io l r
o f  t i r le  l ig r r , ( ,  \ \ . i t l l  l ) i l i . t  i  l ,

(d )  I ' l o t  t l r c  t raJ t ' c t , r r  o l  the  i t s te ro i< l  i i s  s .e l )  h I ) r r  t l r rs  n , r r ro ta t i r rg  i r ; i r r r t . , i  r . r , l i , r t . r r . t ,
attac'herl  to Earth Ibr i ts 2 rtrrr orbital periorl .  t l l i t t t :  ( 'st f  I t t t l i , ' t tutt i4; p"r, , , , . ," ,-
ricPll..ft grupl tit t g tool. t

5 ' 8  , \ c o c k | o a c l i c l ' a * l s * i t h c ' o t - t s t r t n t s P e c d i r a c i r c ' . l a r p a t l r . l ' r i r c l i r r s 1 r , r r . r ' l r r r r r g r . a , l r
trrr l t talr le rr-rtat ing uit l l  c.t tstatrt  angrr)rrr sprecl a.r.  Tlre c. irc.r] ,rr.path rs t : ,rrrctrtr ic,u.rt lr
t l ie c'erl ter ofthe trrr lr t .Lir le. I f thc nrass ,, t ' the inst 'ct is lr  iurcl t i re t ,r t , l l i r , i t ,nt o1 stetrc,
f i ict ion uith t lrr :  srrr. lace ol ' t l re trrrntable i .s g.. .  l rou' l trst.  relrrt ive to t lr t , trrr.rrt i r i r le. c,a't l re'cockroach cr:NVl lrefore i t  starts to shp i i ' l t  goes r:u in t lrc cLrec,t ion ol r6t. t i .rr  i ' rcllb) opposite kr thc cl irect ion of rotat ion?

5.9 In.the probleur of t l ,e,bicrclt  r i .hrr l  r , ,uucl i i rg a clrrve. Erarnpir,5.2.2. s. lrnt is the ac_cele.at iorr relat ire to tLe ground or ' the poirrt  at trre'er.r r ic,,r t , ,r the *f iee.l?
5' lo I f  the bead on the rotat ir tg r o,1 of Erani le i .3.r l  is ini t ial lr .  released fr.o'  rcst r relat ir .e

to the rod) at its trridpoinf calculate (a) tir. clisplacernent oi tlre bead irlonq t;e rotl as afunction of tirne; (b) the time; and (c) tlre VelocitY r relatir.e to the r.ocl) $irell the beadreaves the errd ol t l re rod.
5,1 I On the salt  f  ats at Bonneri l le. Utah ( lat i tude : . t  1" \  )  the tsr i t ish r.rto rac.c. J.6'  CoSlrin 1947 beca'e the firstrra_u to trar,s] x1 ,r speed of .l00 mph o' to,ra. il:tr" *.irs irt,aclecl

due north at this speecl, f incl the r:rt iu of the rrraqniturle of the coriol is forc,e r i ,  the i .ac,-i 'g car to the * 'eiglrt  of t l ie c'ar. \ \ ' rrat is trre direct ion oi trre corioris force.,

'The raclius ol t]re Earth s ttearh circLrlar orbit is I AL,-. or' I irstlonornrcal riil it. Botii tlie Eartlr lncl tht, asteroicl: r roh'e cr lu l t terc lochr jse in a co ' ln lon plane aborr t  t l re Sun as seerr  f iorn the rr , r . th p. le star .  p. l r r rs
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5.12 . \par - t i c lenroves inahor izon ta lp laneonthesr r r faceof theEar t l ' r .Shorv tha t themi rq-
nituclc of t l re i ior izontal corrpolrent o{ the Coriol is force is independent of the cl irec-

tion oi tlie nrotion o{ the particle.
5.13 If a pebble u'ere dr<-rpped dour an elevator sliaft of the Ernpire State Builchng r/r =

1250 ft. latitude : "tt'N). find the deflection of the pebble due to Corioiis force.
5, 14 hr \ankee Stadiur.n, \eq'lbrk. a baseball is driven a distance of 200 ft in a fairh'flat tra-

jectorr'. Is the amount of deflection due to tlie Coriolis force alone of much impor-

tance? (Let the angle o{'elevation be 15".)

5.15 Show tliat the third derivatir.e u.ith respect to time of the position vector (jerk) of a par-
liclg plering in a rotating coordinate svstenr in terrns ofappropriate derir.atives in the
lo ta t i r rg  s rs te t t r  l s  q iver r  b r '

i :  i '  +  3d  X i '  +  l la . r  X  i '+  ib  X  r '  *  3 r r r  X  (a r  X  i ' )

+  (b  X  ( ro  X  r " t  *  2a  X (A  X r ' t  -  a2 \a t  X  r '

5.16 A bLrl let is f i red straight up r i i th ini t ial  speed r i  .  Assuminq g is constant and ignoring

air rcsist irnc'r ' .  shos' thirt  t l ie brr l let wi l l  hi t  the ground w'est oi the init ial  point o1'up-

l irrrl rl ot ion lx nr r rrnioLrnt {a,, t .i') eos d/l} _q 
:. rvherc ,\ is the latitr rde and &, is Earth's

' r l r l l l l i r l  r  r ' l U t  t l t .

3.l i  I t  the brr l let i r  Prolr ierr 5. I  6 is f i rccl due east at an elcvation angle a f rorn a point on
Eirrt lr  sirose lat i trrcle is *,{.  slros'that i t  s. i l l  str ike t lre Earth nrt l i  a lateral deflcct ion
g i r t ' l  l x  1a t , ' , ' l  s i r r . , \  s i r r l  a  c 'os  a /g : .

5.18 ,-\  satel l i te trar e' ls ;rrorrnrl  t l re Earth irr a c' i rcular orbit  oi racl ius R. The anqular speed of
a satclhtc'r ' i rr i t ,sirrr.ersc-h u' i th i ts distarrc'c{ iom Earth accorcl inqto a2 : k/R3.u'herefr

is a c.oustrnt. Ohsen'ers in thc satellite see an object nroring nearb\'. also presumablv in

orbit alrout Eartlr. In orcler to descrilre its uroticrn, thev use a coorclinatc svstem fi.recl to

tlr e satellite ri ith r-ixis pointi ng au'av i nrr n Iiarth ancl r7-aris pointing in the clirection in
s hich the satcllite is uroling. Shou, tlrilt the e.quations of nrotion for the rrearbv object
u, i th respect to t lre observers' l rarne of refererrce are given approrimatelv ln'

r  -  l tzr i  3o:r - ( l

i j + 2 a i : 0

i st, t  Erarrplr 2 i l .2 1br t lre l i rrce of qrari tr  that Earth e\erts or) an object at a cl istance r
h-orn i t  rrrrcl  iqrrorc. t l r t 'qrrrr i tat ional ef lect o{ the satcl l i tc on thc oblcct).

5.19 Tlrt '  l i rrcc orr a clrarged purt icle in lrr  elerctr ic f ield E and a rt tagnetic f ield B is given br

p - r 7 i E * v X B )

rn ru irrert irr l  svst( 'nr. u,ht 're r7 is the charge arxl v is thr. r 'eloc' i tvolthe part iclc in the
irrt ' r t ial  svstenr. Sl ior i  t l rat thc cl i f ferential cquation of rnotion rcferred to a rotat ing co-
orclrrratt ,  svstem l i th angular velocitv a :  -(,q/2nt tB is. {br small  a,, ,

r r r i '  :  9 E

tlrat is. t l rc terrr i rrrr.r lr ingB is el inr inated. This result is krro*rr asLurrrL.rr 's t l tcorcrrt .
5,20 Oourplete the steps leaclirr.q to Equatiorr 5.6.5 for tlie clifl'erential equation of nrotion of

the Foucault ;rerrdulurn.
5,21 The latitucle o1' \{erico Citv is approxinratelv l9oN. \\'hat is the period of precessiorr <-rl

a !-oucault pendulunr there?
-o.22 \\brk Exanrple'5.2.2 using a coordinate svstem that is fixed to the bicvcle s'heel and

rotates r i i th i t .  as in Example 5.2.1.
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