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about Earth, Not onlr.'does the perihelion of a satellite'.s orbit adr,ance. but tlie plane
the orbit precesses if the satell i te is not in Earths equatorial plane. Detailed anllrsis
these orbiis sho*s that Earth is basicallr "p.nr-shaped ald sor,,e,rl,nt lulrrpr "

/ 
' :' 'j PRoBLEI'ls

\ 
t Find the gravitational attraction behveen tivo solicl leacl spheres o{ 1 kq urass each ifs

spheres are almost in contact. Express the anss,er as a fraction of the s:eiqht o1'eithtr
sphere. (The densitr.. <.rf lead is 11.35 g/cm 3. )

6.2 Shorv that the gravitational force on a test particle inside a thin unifornr spherical sbd
is zero

\ t"l tsr'finding the fcrrce directlr
J 

,,---, (b) Bl shorving that the grar.,itational potential is constant/ \ \' 
\3 Assuming Earth to be a uniform solid sphere, shou'that if a straight hole u'ere drilkd

frorn pole to pole. a parhcle dropped into the hole rvouLleret.rrte-sirrrplr l r ,rrrrrorr i t .
tion. Shorv also that the period ofthis oscillation depencis onlv on the densitv ol Ea
and is independent of the size. \ \ 'hat is the period in hours? \R,o,th :  6.{ x 106 rn. :

6'6 (a) Shorv that the radius for a circular orbit of a sr.nclironorrs t2-1-h ) Earth satellitr i:
about 7 Earth radii.

(b) The distance to the Moon is about 60 Earth radii. Frorn tlris calculaie tlie len* .
of the month (period of the Moons orbital revolution)

\ 
6.4 Show that the rnotion is sinple harnronic u,rth the sarne period as thc prei'ious prob-

\ 
lem for a particle sli.tng in a straight, snrooth tube passing obliquelv throrrgh E;.d.' 
i Ignore ilnv ellects of rotation. )

i., 6.5 Assurntng a circular orbit, sho* that Kepler s thircl lau' {ollos s rlirectlr' {l-oru \eri-tcrw .
J second lau'ancl his lau'of 'grn', i tr ' :  ClLrn/r2 : nrc2ir.

through Earth (see Problen 6.3).
6.8 Calculate Earth's velocitv of approach torvard the Sun, s'hen Eartlt in its orlrit is at r

6.7 Shor.v that the orbital period for an Earth satellite in a circular orbit just abor.e Earti
surface is the sarne as the period of oscillation of the particle clroppecl into a hole dd

extrernum of the latus rectum through the Sun. Take the eccentricit'of Earth:
be I/60 and i ts semirnajor a; i is to be-gS.OOO.OtlO rrr i les .sce Figrrre 6.5.1 .

6.9 If the solar svstern were embedded in a uniform clust clorrcl of clensitv p, shos. thal
Iaw' of force on a planet a distance r from the center ol the Strrr ri or-rld be qii.err bv

6,12 The orbit of a particle noving in a central field is a circle passing throrrgh the onlw
narnelv r : r0 cos 9. Shorv that the force las' is inr.erse- fifth pos er.

C. \ l t r t  /+ \r ' ( r )  = -  
r  

- \ 5 ) . c , , c , -

6.10 A particle ntorinq in ar central field clescribes the spiral orbit r : r',,r,td. Shou tltai ttr
force las' is ilr.erse cube and that d varies loganthmicalh.u'ith t.

6.f1 A particle ntoves in an inverse-cube field oi'{brce. Shou'that. in acldition to the erpc,--
nential spiral orbit of Problem 6.10, h'o other tr.pes of'orbit are possible and gr.e
equatrons.
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6'l'3 A particle -ou", 
:l: 

spiral orbit gir.en br. r : a0.If d increases rinearh.*ith I, is the'' force a centra.r field? If not, det"riline tror' d n,rrt r.an.*ith / fbr a centrar force.6'l4 '{ particle ofunit ntass is projected iuth a'elocit' u,, at right angles to t5e radius 'ectorat a distance a from the oiigin of a *lri". o, attractive ibrce. givcn br.

I t  x i  =  Q l112oz.

(a) Find the polar equation ofthe resultins orbit.
(b) Hntutou* 

|.ot.:,1t 
take the particle to travel through a' arsle 3zl2? \\,1ere is t5eparticle at that time?

(c) What is the velocitv of the particle at that tine?
6'15 (a) in Exanrple 6.5.4, find the fractional change i, the apogee 6rolr, as a lunction

;li ;l;1l;)::tional 
change i' tr'" l"ii" .r r,oost speed to .i."u1". o.bit speed.

(b) tf the speed ratio is 1clo too great, bvho',v much ivould the spacecrart r'iss the \loo'?
fThis problern illustrates the extreme accuracv needed to acirier.e a circurnlurar orbit.].arO Conipute the period.of.H"ll"y;;;;";;m the data siven in Section tj.5. Fincl also thecomet s speed at perihelion and aphelion.

6'17 .{ cornet is first seen ot o di,tnn""',,i J urt.nnomi"rt units fio' the sun ancl it is tra'el-inq *ith a speed,of 17 tilnes the Earth's sfeed. shor,"'that the orbit of the co'ret is hr.pe rbolic, parabolic. or elliptic, a"p""Ji,,! 
"" 

u,hether the quantit.r.g 211 is greater tlian.-..- erlual to, or less than 2. respectirjlr.,- "
f g 

ii:ffi: ffifi 
t" 'n 

"'ipii" o.bitin un ir'"".r"-square frrrce fierd. pro'e that the prod-
- ,najor aus a'd , tl'iir#:'ifr',::;ilj.0""0'is 

equai to t2ra/r)2-, w1"." o i, the se,r'i-
t'19 '{t a certain poi't in itt^"itipti"ut o.t,rt about the sur, a pianet receives a srnall tangential

il'i1H::,*::',jiJ."jl,?tu "h"ng"rf.oJ-r*to , + 6r.. Find the resuttant small c,hanges
r'!o 

fl:iil: iTj :i:H" 
averase of the potentiar enersi'of a pranet in a' elripticar orbit

(b) Calculate the time average of the hnetrc energ\. of.the planet.
"qg '\ satellite is placed into a low-rrdng orbit b.v launching it with a r$,o_stage rocket fr.rrr{rape cana'erar witrr speed ,, -"ri";Ji;;, tl. 

"".tizJ uu;;, 
";;;, a'gre du onreaching apogee or tne initral 0.urt, tr," ,""",ra stage is ignited, generating a velocitr.tnost tu, that places the pavioad into a circular.,i,, i*? n,!ri""ii.r,'", 

fJr"l,iii,:[:i$,'.r, 
speed boost Au, requrred of the second stage to ',ake the

tbi r-aiculate the altitude i ofthe finai orbit. Ignore air-resistance ancl the rotationalniotion of the Earth. The nass ancl ,adiu, Jf th"^ E".,1, ;.;;.; = , ,, ^ 10:r kgald r9, : 6.1 x i03 knr, respectirei"i", ru = 6 km/s and do = 36o.4i" 
i# t" 

apsidal anqle for nearl'circular orbits in a centra.l fierd fbr u.hich the larv of

f t , t :  -1,f1 * --)
\ r "  r "  I

li:-no =g:.4

:1Y:'-:"1

^  - L .

f  r  :  - f t t  -
!".

::f :f,*!L
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Figure P6,21 Tu'o-stage launch to place silt-

ellite in a circular orbit.

6.23 I l the solar svstelu \ \ 'er( 'enrbeclcled ir  a urt i l i rrr t t  clust clorr<l Isce Prt lblt : trr  6 !Jr. rrh.t t

n,oulcl thc apsiclal arrqle o{ a planet be {br rnotion in a nearlv circtt l trr  orlr i t? This rras

once su4iesiecl as a possible explarrat ion fbr thc advarrt 'e ol ' t ]re pt 'r i l rel ion o1 \ lercrtrr

6.24 Shol ' t l i i t  t |e sta[ i l r ty colcl i t iorr { irr  rr circular orbit  rr l  t- :Lt l i r ts a is t ' t l t r i r  alertt  to t . l t t '  cr.rtr-

cl i t ion that t l2L'/dr2 > 0 fbr.r :  r i .  s 'hele L trr is t l re cl l i 'ct ivt 'Potertt i l l  c lcf inetl  in Sec-

t ion  6 .1 I  .

6.25 Find the. condit ion fbluhich r:rrcrr lar orbits art 'stable i1' the l i rrcre f lr t ict iort is o1't l rc f i rr*

i,t-'it, t ,  -
N C

; - ;

6.26 (a) Shorv that tr  circrr lar orbit  o1'rarl ius r is stalr lc '  in I ' r 'oblent 6.22 i l ' r  is less tharl  b'

(b) Shrx.'that circrrlar orbits trre unstirble in an ittvetse-cLrbe firrce ficltl.

6.27 A conrc't is goilg in a parabolic orbit lr.ing irr thc plane o1'l'larth"s orbit. llegarclinq I'.arth:

orbit  as cir i ' , , laiof rai irrs a. shor.r ' that t l re points s'here t lre cortt t ' t  i r l tersccts Eirrths

orbit are given br'

c ' s d = - l + ?

* 'here p is the pcrihel ion dist irnce of thc c'otrret r l t ' f i rrecl at d :  0

6.2g Use the res,r l t  i r l  Probkrrn 6.27 to slrou't l rat the t inte ir t terval t l rat t l rc cotttc ' t  relt tr l i r ts

ir-rside Earth's orbit is tlrc' tl'actitln

l r r l l l '  -  ,  \  1 i  '  -  1 ' \ ' '
3 n  \ a  /  \ -  , t  I

o1'a vear and that  the t r r i r r i rnurt t  v i i lue o[ tL is t iu lc i r r t t ' rval  is  2/ :17 \ ' ( ' i l r '  or  i i  5 c lavs

co r respon r l i r r q t< l p :a /2 'C -on rpu te the t i r t r c i r l t e r r ' , a l { b r t l a l l e l ' ' sCo tnc t l l : ( ) ' 6 l i

r  L + - \ L l
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6.29 Jn ach.ancerl t t ,xt
or ,,,iiss ,,, ',, ,i'" lillll:::]:ii1ili',i ,,ll :'L:11::l ir'at trre.potentiar e'erg, or a particre'tate spheroi(l. like Earth, is approximatelr.

\  ,  :  - l ( , - : )
)l;;.j;"il:,,\;.lt*,,,":'i,r the equatoriarpra'e, k = cirntas berore, a'd e =

;11at?ri,rl,,1';;i1,1::'lf;::;l;ili:l'ilf ""0 'ro 
" 
'r* a'n";'# be*"eerr the

a ,earlr .i.",,tni o.i,,ilni;," 
",,ii..^;,il!1.I,:^l*,u.lansle 

fbr a sateilrte n,oring in
rn = t,: n,,l"l.- 

,.,rt, iu tlre erlrratorial plane of the Earth. *,here R : 4000 miles and6'30 '{ccorcling r" ,,r" 
ir:l::,,ljreor.r of relari'itr, a particre,roring in a ce,trar fieicr r,".ithpoterrtia] errersr'1'rrr ri.ili descr.ibe the sanie o.t rt ttr"t u-po",?," _rirr,i pote'tiar energr.
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IillHiff;il:1l::,::llo:r:rali\j:tic l=*,r,r' 
1n-c E is *re totaj e'erqr: ,,r,,

.trrgir ' l ,r ,,rui,.,,, t,,"" 
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",.,i, .'",,',,;,;iHll.,Jl'[: ij.];::l,lt',,i '"c' 
r lj.rrr the sun. anci its cti-

tn;ti.r i*is of thc c'ltiptic,i,i;;,;;i;;,;.::j l.:l: '*tl,, ' r'ector f.otr tlr. su'. Sho* that thcr ec't,r c,f tlic 
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c s c  2 d /
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o,.,ed in Exanrple 6. r0. r.
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