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1. n?iul i?i?~yu~n~uo~6Yninind6u~~d~iuidu~ki~ n'o 

0 = 
de - 
dt 

7GltJ O %l~?€Jd~i5i#tJ~/?~lfi 

nqiuiici~qy uGnnauo.~o~ninindoun"1d~;1iuidul~.~ n'o 

a = 
d o  - 
dt 

%mu a d~6aufiuniGuu/?uin"i 

~ r m s f i d o ~ n i n a ~ o u d ~ a u n ~ i u i i . ~ i ~ . ~ y u n ~ ~ ~  trii~ntrmni~nitsnir~i~~rls" 

1e1un"iuodi~uahn"~ n~5ifldoun"i~4idu ku' 

o = w0 + a t  

0 = o O t + $ a t 2  I 

02 = o 0 2  + 2ae 

I n?iuifuriui5::~ii.r n?iuA?i?qyuaa::n~iub~i?~y u f i n ? i u ~ ? i % . ~ i d u ~ ~ a ~  

n 3iu iiqluiiua if' I 

v = Or 

a, = a r  

2. n a ~ ~ o ~ u o ~ ~ ? ~ ~ ~ 5 " ~ n i ~ i n d o u d ~ u ? ~ n n u  iio 

Fc = mac = m02r 

k u  F, iio urcaquinai~ UR:: a, iio ~ i u i i q ~ p h n i q  

inslu'usi?qs::~iiqu3a 

F, = (Gm,m2)/re 



tan a = vZ/(Rg) 



L = r x p  

nofnid8dsina.r F n~mn"idooyninddd6~n6~6f~6n~i~6w~d r  ~unroudidad I ldou ria 

c i u n ~ z ~ i ~ m u u ~ ~ i ~ ~ ~ i i i ~ m n ~ ~ w ~ u ~ u ~ ~  da i io 



unr noinmuuonn'w6riin'uqu6 

Z = 0 

Qq J3:mn' 
i~oi?nuiouunCrra'a u"nfinuin?su"n~iuniuirnio1dC 

I. r~uuduu~uimidu?n"unir~~un"un~rr~~u~ r?u~snunimitrnuflid 

uot rnr t8oudfirnrwyuIbi 

2. o~ui~~rinmrdi~~iduan"u iirsdgubnnis urs wiuqubn nis  urslriu 62s 

n?iu d?nqrGu 3 3 ~ 0 ~ m d l n Q i  ~ ~ m m ~ n i ~ ~ ~ u s ~ ~ s n u d ~ s ~ j l A  

3. ~ 1 1 u i u u R ( U ~ s n ? 1 u ~ ~ 0 u u ~ s ~ ~ ~ ~ d ~ r s ~ r ~ i n ~ i m ~ ( i l s ~ l ~ ~ ~  Inunqu jun 
w 

rrnuuuiurrazrrnu~~in1A. 
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4. Y L ~ Q ~ M R ~ ) ~ T ~ ~ ~ u o ~ ~ u ~ u u ~ u ~ % ( Y U  ~ ~ l ~ ? l ~ ~ ~ ~ " ~ 6 ~ l ~ i l ~ i ~ 4 ~ ~ 1 ~ ~ ~ b  
ntns'uluruu&r?syuuosi.qiitsrn?s16 

5. id~uui~iuu~~u1uuosnmwnu~n~:nii~nmwnu~nvoso~ninn~~im~ 

niul.ir~~a~un'ufinni~nu~au~sim~irtsin?sl~u~a1flA. 
a. rrnnai?n'iu~tumfiuitui%~quCsiiu~ &siurnPdd~~snirnu luruu6u~?s~u 

un:noinmiulRioriisdw 7 ~uundbu~oirmioinIanb~ruuuuiln~~viiuunIn 



~ M l l ~ ~ ~ M ~ 6 i 3 4 ~ ~ ~ ~ ~ ~ ~ i ~ d 4 ! ~ l 5 l ~ d 6 M d 1 ~ 1 1 l l l l 1 ~ ~ ~ i l 9 ~ 1 1 d 3  1Mlln89: 
a d  d n d i 3 8 ~ m r w y u u f l m i ~ i n i i ' 6 ~ d t B ~ i i ~ ~ ~ ~ ~ n ~  afl:dnngmrdnic6~ruri~m~nu~U'o~ 

r w k n i r r i i l d ~ r z ~ n i  

0.1 Q I I W ~ B W ~ B ~ ~ ~ H ~ U  

fisi.icui~mt)u% m k  (rigid body) ~ ~ . r i i n i r m i i ' a u d ~ o ~ ~ i n ~ w y  M dun15 
dd a mii'ounndu~~n~udi~u3n"11n31u it-~iihy au~rna iu~ i34y  u  

n2iuii2A~quaa~naiu1Jqi%qyu 

w 1 ~ 5 1 8 3  l%ly u  lQh (average angular speed) ifQilll lj7l%Qy~lihRfl (instanta- 

neous angular speed) n'ou uh3.r~in3iu h i % - ~ y ~  (angular velocity) unzn3iu 1i.r 

1% yu (angular acceleration) 



AS = naiuuiauo.rhrrld AB d40yninmdouC(luiaciani t 

v = h ' ~ i f i a  t~~tduY"mmnu~4oynin 

t5isrninaiunYUriud~rni14 ~m~ifiatB~iAIUnYUo"m~iPsat%4yu sin 

v 6 X  ........ 6.6 

nunir (6.6) tilunaiubHird5rnii.~o"m5i8at~.~tduC~o'.~1Psai~~yu~o~oynin 
Kioynindnaiulia kydduu\dmirmm oynin$usriinaiutiad~yad4 

iiuiu~~do\dif 



a, = r[dO/dt] = r a  ...... 6.10 

rmuioymmn~oudt~ua~nnu~uoaniflddri~sinttr~~u'uriad tdatani t = o 

un:nni t riouioynino(idsiittwri~ 8, un: 8, imnautduuiilmsinunu x 6qdd 6.1 
lmuAuuimnaiudat%~yuIOu oo n'u o miu&G'u un:~uuinnaiu~t%dyun~n" a 

oinaunir (6.8) 

PDdo 
0 0  

= a j d t  

oinaunir (6.2) 

I b!' 8 = 8, - 8, = nimn0kt%dyu (angular displacement) 



ad8 = odo 



nied1-a 0.3 ariu~kn:nnuiid 0.1 lu.3 nyuICincioarauunu an:iIl~on~uifiouuou 

Inn: kedn~udonfianda~nuaa m annfu 6'-azd ~ a : n $ 4 f ~ r ) m d ~ ~ n " ~ 4 & 3 ~ n 3 i ~ d 3  

o,i ~umr/Iuil an 4 iuildouidnngii?mr) rn mdoufh!' 1.2 lum3 swiuuinnaiu 



y = 1.2 m 

'Zw' a = v u i m n a i ~ ~ i 4 ~ o 4 u a a  m > 

oin y = vyt+(i/2)at2 

1.2 = (0.1)(4) + (1/2)a(4)~ 

. . a = 0.1 m/s2 

~ u i m ~ o 4 n a i u t i 4 ~ o ~ u a ~  m iio 0.1 m/s2 

a = 0.1 m/s2 U"ri in.rdun~din"u~~~dimnaiu~i~~~u~~d~~u~o 
Ian:: = a, $ufio a, = 0.1 m/s2 

 in = V ~ / R  

nuni3n1~ lndeudae~ua~  m iio 
y = vyt + (1/2)$t2 

= (0.l)t + (1/2)(0.l)t2 



0.2 iiw drrua'nawiia~ii~~ciiugwdnai~ 41 41 

6.2.1 l laqjqudnn~~ (centripetal force) t d a ~ g a i i ~ t n 3 ~ w ~ u ~ a ~ t t n u ~ 4  

I a y n ~ n v l n o y ~ i n d d ~ : n a ~ n " u f i u a " ~ g ~ z t n ~ a u d f l u a ~ n n u ~ a ~ Q ~ p i n n ~ 1 ~ ~ ~ ~ ~ ~ ~ n n ~ ~ ~ ~ n u  

' 1 

n € l 1 4 ~ ~ 4 7 4 4  6 1 ~ ~ 1 3 ~ 1 ~ ~ ~ 7 4 6 7 ~ 1 ~ ~ ~ 1 3 d 1 ~ d 1 6 6 ~ ~ 4 ~ ~ 4 ~ ~ 1 1  A Id& B 
#uuin 7 {a At+o ad6n7iu1+4Cnnwuo4aynin ol pn A 8 d ~ 6 d i ~ p i n ~ 1 4 ~ 1 u f B I i i  

j l 
uocwnnu ~unnqiuti46ii  nn-ria1bdguhai4 (centripetal acceleration) tmuhu q ; I  

6nfu ~ i a ~ r n n a ~ e u d l i 3 u ~ ~ n n u 6 a u ~ ~ ~ i f l a n o d  v)nunr:s:dn~iutitt(u'id 
1, I 1 
LI 
.I 

guinrn~'~a~7~nnumiuttu~Y~dtnua u r n ~ i i n ~ i u ~ i ~ i r " l i f l u w n o i n n i ~ ~ d ~ u u ~ " ~ ~ u a ~  t $1 
~ ~ I U E ~ L Y ~ I ~ ~  s t  

194 PH 111  
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B / O A  = (v, - v1)/v2 = Av/v2 

Av = (B /0A) .v2  

Av/At = (AB /OA).(v,/At) 

F, = ma, = m(v2/r) = mo2r ...... 6.17 



nisd14 8.6 1idut~~auu1~tffudigu6n~1a 12 ii? nquAjuOYRns? 33.3 rousiouii? 
tw~uqluina?~ 3 nra ?woyjduouuoattdut%ua oani 

n. ttrat~unniurtniiatt~uti~ua~u tn?uqlui fiitiuqluinI~d%oa 

u. ttrata~n~iutd~&8n#tvi1 fiinyuawuti?ua6~ub~i 4 s  rousiouii? 
ad 0 

? % W l  iIWddlfid8Idd 
o'slr~lt?t%ay a O = 33.3 x 2Z/60 rad/s 

= 3.49 rad/s 

T i  ttdutiiua r = 12/2 = 6 in. 

= 6 x (2.64/100) m I 



d u ,  
6.2.2 m.rdiuqubnai.r (central force) ~n~ziii'uaaa m dou~-anunmir 

4 .a' wiupmgu6nmc d~o1asz$~~ '1~1n5oaoon~1npm~u~n~1~ ~mziiuuimua.rur~u'uo~~u 
d 5rurni.r.rzniiaaa m o'upmgu6nnic t~.i~diugu6nmt~~tI]u~t~.ji.~~mazdG~~U'inip~ 

gu6nni.runz81flu w u~nsr$oonalnpm~u6n~1.r 

iu'omn~~iadoudrndl&nianaziiv8~iia~diuqu6nai~ TuiuuGuiSdy u - d -  brmsnuqudnai~ue.ri~a~ariiciiam& i i a z i ~ s h i u ~ ~ u ~ ~ d ~ u a d ~ a d ~ u ~ i i a d d i u  

p d n m  
4 J 4 -  d o  r uuiun'u F uuno uardtlm F n7m'i azdG~wiupm o ( Q R R ~ ~ )  61113' 

Qm~u6n~ld~5duQmmd 1 ~ & z ~ ~ ~ ~ i ~ ~ ~ 0 l i ~ 1 ~ u 6 ~ ~ i ~ 1 ~ ~ n 1 n ~ z 6 ~ ~ 1 t ~ n ~ d 1 m ~ ~ 1 u  

1 1154 w iugu6naic &anuai~sdn15~~dou~ubnwazdt~~.~n~zn"i ~flu~~5.rw'iu 

gu6nm.r lbu ~an~na.i.iou@adai~& ~ i o t n n t ~ 5 d n d m a d o i ~ m ~ ~ d ~ e ~ n n d ~ H w ' i u ~ ~ d d  

nawuo.rma~oiGn6aao btuu~ut5~yuua~Ian#uw"n~n"u~a.joifimu'ii4n~Ka~~uo 

A8di.r 6.6 iAquan m ynFinn'udniudon d~aomw'i~~~fln q i l a i u d o n 3 n ~ i ~ t l d  
R'cid~~iuetuuimndd a#a1n~ud~I3'3"m~tnd8udtfluadnnu inii r, 61R.ntlonlH'r"~d 
uoca~naudduuou'i.j4uwKu sin r, cilu r2 & ~ d  ~ q s z ~ n ~ o u d ~ i ~ ' 3 ~ P s a n i i ~ ~ u  hi 

A d v  
r, = 0.2 wmr ?YRq~nm~~mapnaiuPsat~.ryu 3 i5tAuu-?uiii-l 61 r2 = 0.1 luml Gqs~ 
m d o u i ~ i u n ~ i u f i a i ~ ~ ~ u ~ i - i l m  





6.2.3 n ~ A 7 1 ~ ~ ~ ~ d 7 ~ 6 0 f l ~ ~ I b 9 ~ 7 ~ 0 d  (Newton's law of universal gravita- 
23 B 

tion) 1 ~ l u n ~ d i i ~ ~ u u s ~ f f t ~ n 4 : ~ i i ~ u a n  irG'uirmu(5nKunpuuu a t f h n q i u i i  oymn 
d u s a a ~ ~ a q n a ~ a i d u ~ o n a w d ~ u ~ a ~ ~ o y a i ~ o u  7 dialiaa~ai9un'~d~ulnuaaan'u 

m,, m, irmuumuaaoynin 
t: 

r ~us:u:w1~4:~i i i~uaaw~ao~ 

G irmuriinc~-jlPdYutiqc (graitational constant) 61 G $uo@i'urzuuw~~udl$ 

us~~PdYud~tnriieiooynin~u~~u~~%ui-d~%ui ~rriii.u?kuotoynino:didn"u uri 

iiri~ls~uuindin'unszi~don"u~~n:n"u un:uu~ns:iioyh~~oda~du6;1~~wdeio1u~oYninn"~ao~ 

oinniswnnoduednirauf i~  (Sir Henry Cavendish) lug 81.8. 1798 76fii G 
u dY 

ndu 

G = 6.670 X 10-l1 N-m2/kg2 

d 4 i i i e h a  6.7 u a n v o ~ w ~ ~ n n . u ~ u l a n v ~ + ~ ~ i n ~ n " S o . ~ + ~ u a ~ n i ~ ~ u ~ ~  ~ v i i n " ~  1 nyu unz 
t: 

, u~nuosws~nnu~uIp1~~M'inVPI 500 nyu s:urwi~s:wiiswssnnuw~ao~~M'in'u 5 1vu8luws 

o ~ ~ i ~ ~ s ~ l ~ u t i ~ ~ ~ u w ~ ~ n n u n " ~  sod 
s4 0 

atmi oin F, = (Gm, m2)/r2 

l~wufii ml = 1 g , m2 = 500 g. r = 5 cm G = 6.67 x dynes-cm2/g2 

oz I6  F, = [6.67 x 10-~)(1)(500)]/5~ 

= 1.13 x 10-B dynes 

= 1.13 x 10'" N 



sinnunir (6.18) t~k: (6.20) 0$6<1 

W = mg = (G-,)/R~ 

. . . g = (Gme)/R2 ...... 6.21 

nun15 (6.21) ~nm.~lflt#uji n~i~t~~td~~sinn~iulu'ud~~iir i i~n' in"unum liji?Y.gs:ii 

u-~~tn'ilm ('li$un'uuqn m) UR: g dr i i r i ou~ i~n~R j  tdorein G n ~ :  me iin'intsi? rhu 
R tlmriiu'lr~~nhumiu{mii4 q uupi?l~n 

d L ~ inu 'nuo t i~g f lu t t r  biotiin~?uflun~5~mi~r::uvnl~ n~~uuo~&nu"nlu 

5~uuto4o Ao Sgn'u unrlurzuu+$ton Ro 'lad 61 glurzuuknaG-ii ea ear-?uil-2 an:: 

980 N~u'%oIvII-?uI~-'  R 1 ~ 1 ~ 1 6 ~  d l  g ~ I D ~ ~ ~ T I I ~ ~ ~ ~ I J M R Q ~ ~  { ~ ~ ~ ~ ~ Q ~ O P ~ ~ n O I O  

d i ~ a m l $ ~ i n a r u n i ~  (6.21) 

me = g ( ~ 2 / ~ )  ...... 6.22 

do R ~ Q I i i ~ ~ d l R f l  = 6370 8 ~ ~ ~ 1 9 5  = 6.37 x l o6  WGI5 

g = 9.8 ~um~-?ldiq-2 LLRZ G 1 6.87 x 10-l1 Q ? $ M - u I P ~ ' ~ ~ / ~ ~ R ~ S " U ~  
u t: 
mduu me = -[(~.8)(6.s?xl0~)~]/(6.67 x 10-11) 

= 5.98 x IO~~I .~ IR~!EJ  
dinivrii g uacmi?m?adu 7 m u i r n h u ? d ~ ~ u ~ ~ u ~ ~ t ~ n : : ? ~ ~ i j u o . ~ m i ~ t ~ ~ i ~ ~  

m i n d  6.1 erunm~di g uodmi?m5irflu5zuu~?ur 



Average Sidereal Radius 

Body Mass,kg radius,* g at surface, period, of or bit,** Vescape 

Krn m/s2 days km km/s 

Moon 7 . 3 5 ~ 1 0 ~ ~  1,738 1.62 27.3 3.8 x l o5  2.3 

Sun 1.97 x 1030 696,000 274 - 
Mercury 3.28 x 2,570 3.9 88 5.8 x lo7 4.3 

Venus 4.82 x 1024 6,310 8.9 245 1.08 x lo8 10.3 

Earth 5 . 9 8 ~ 1 0 ~ ~  6,370 9.80 365.26 1.50 x lo8 11.3 
.. 

Mars 6 . 3 7 ~ 1 0 ~ ~  3,430 3.8 687 2.28 x lo8 5 .O 

Jupiter ,1.88 x 71,800 26 4,333 7.78 x lo8 6 0 

Saturn 5.62 x lo2e 60,300 11 1.08X lo4 1.43 X log 3 6 

Uranus 8 . 6 2 ~ 1 0 ~ ~  26,700 10 3.07 x lo4 2.87 x log 22 b 

Neptune 1.0 x 24,900 14 6.02 x lo4 4.5 x log 24 

P ~ U ~ O  9.09 x 104 5.9 x lo0  

* Bodies are not exactly spheres. 

** Orbits are actually elliptical; the values quoted are mean distances 

6.2.4 w k s i ~ a " n o S T f i a ~ d ~ . r  na1uli~i%a~o1nn31u10d"u~a~wdu~iam1n~~'a1nn 

riinunIw'iitiindg3 uariioioii7?1nndusz$u61d5d (w6.riu~nidW'~Ianfiuguk) ori1.r 
aid u idhnsorn3mqnYooyrnnmiouwdIn~iidnn ifiii nlsmnuod~~dszu-n31u~d~1nii3 

I idoilrsuuduun'u5"~iuo~Inn a~nunstiiuotmsadoun"uo.ra"6;1~lnn~inii~ 

Inn lRiiri m7.rDYUniWiom13duu szuz6i~5~bldw~jdiu8n6fiuguu" riniiuiudpmrii.r 

~~nlanfiuou'uelmm~w&~~u~nflm q nilbioinrmms (4.56) ~nu~$~~einnurns (6.18) 

4.1 r i~num~~ri i i i imo~dpmguina~~uo~Inn azCii1 





431173Xulu6 u. ainholiidd 6.8 ~dn' i~f i~f l t )w~aoon~dain~~nu"uduni i  

k=ndanqnriir (escape speed) unuP;?u vescape w ~ o I u ~ d ~ o ~ t ~ n t m o I  i junj i  naiui% 

nqndir (escape velocity) 

i i i i s i ~ ~ i l r m n i ~ w n ' . ~ i u ~ a u  e:tiiuiin~iud~wgaGu ii~on3iuG3siudi7h 

d~&dl~33~df i l t%d@d6 &l3Jf l l3  

E = (1/2)mv2,,, - (Gmem)/R 

= (1/2)m[v2eScape - (2Gme)/R] 
= 0 

4 . . Vescape [ (zG~)/R)]"  = 1.13 x 10  IS ...... 6.25 

d urotnufii G, me unr R n&mna (6.25) a:l6vempe= 11.3 ihef ls-%dl%-1 w?odin'u 

40,700 8ntum3sio$~lu~ h w ~ u n ~ ~ u ~ ~ ~ ~ a G u ~ o ~ a ~ ~ ~ n ~ ~ : d a ~ ~ d ~ q  i i~ iu?~lEiOin 

mn13 (6.25) k u ~ q # h ~ ~  nainmi3itd 6.1 

td€ll?al3fMl~orfl13 (6.26) 6 6 # 7  ~ ~ ~ ~ ~ 1 ~ 7 1 ~ ~ 7 ~ q ~ ~ ~ ~ ~ d a " ~ t ) ~ ~ ~ ~ ~ 6 7 1 n ~ ~  . 
I: 

~un 'uu~nuo t kpw iooY~ inuu  q odijl3RI u3c w~'n~udsio~ni~tdot~.~?"~t)aud 
d d 

n ~ i u ~ ~ d i n ' u n ~ i u ~ ~ w q a w ' u  e:~bthCuu?nuo~~t)6au r ~ d u t w ~  wndo5lnu1fl 
u dd 0 nnuiimqlao3?awCn 7 anrai~tfiuaa?dwqj 7 7~k~ni3tn~ot~uaununia".~q.~uin 7 

" d i d  f i 1 n ~ 1 u l 4 7 w ~ a w u u a c t d u c i i d ~ r u i ~ ~ o ~ n ~ a i u ~ a ~ ~ . ~ w ~ n ~ r t R ~ a i ~ d ~ n n ~ r ~ u  w'qlnn 

t d o ~ ~ 7 ' ~ t ) ~ ~ ~ ~ d a i n ~ ~ l ~ n 6 ~ ~ ~ 1 u G a w q a w " u  vesWpe ~ i u m n i r  (6.25) ad6 
f i i ~ugut tdo~rurm~t~uo~u~  i i i n ~ ~ u G ~ b i n n i ~ n ~ ~ a ~ ~ a ~ p a G u  ( w ~ d d i u = i d  

cr d s  
E > o) ~~orC~ncmdou~~iun~iuGafiiwif.~d~ru:ni.~~Cud fiin31ua~nw.rlnnriou 

niin~iuG3wqaHTu (wGdiur3u E < o) ~ t )a :mnn~l lu i&~u l~nan uonaini6imt) 

$ u ~ t . ~ n d ~ t ~ 1 & ~ 1 n ~ ~ 1 a u a ~ 3 a ~ i o u ~ ~ ~ d  an:~nmtn~iuG~dduu~tdn.~ 

fi in?iu~?wga~ruodai3vy~ (Mercury) riouniiuodlnnuin o ia8uhl iu l6  

ii a i ~ ~ ~ ~ i ~ u ~ ~ u i n i n m 8 o ~ o ~ u o ~ t n u  t4utRla3Cua3~airni d3uai3qni (Venus) 

dn~iahwq~fiutirliio~~tvii 7 Cuuodlan uo~ai~o'Jni.~ (Mars) t9u 118 diuodlnn 
4 u &$uu~~uininetutn.~dtw8oo~~'idu~~ududd?uu'ou n?ilca~m?ilcna~uu~~uinin 

uua i~6n i~oun i iuu lnnu in  huai~m.nt.dacl?ddu 7 n~iud~wpaGuuinni ivo~lnn 
4 u o t w t w ~ o u ~ ~ u i n i n ~ ~ t ~ u o d  usioli i~hii l~iu o'7ud~rnwuotu~ruiniplyuaiatn~ird~ 

trmnsiidainlnn63u 



s i n n ~ i u f ~ o . r n ~ i u l 7 ~ ~ ~ m ~ u  ~.rr:~dszlu~u7ums~s1sm1n"iv~~~m~uain 

unuininuo.rlnn oiaib~i1ii i~~dszn~u~9uussuininu"uo~9unni~nu~~n~i~4ou 
d ~nl7qnnino.ruo.rriifino4~anu (root mean square speed) go v,, uadulllmqnuoc 

f ivwi l6s innunis  

vms = . r ( w  ...... 6.26 

d o  k = dintpiiuo.rlundwiu (Boltzmann's constant) 

T = QtunlJG&J¶$d 

m = u~nuo.rluinqnuotfiiv 

v,, uo.rri iv~vculuussuinin~~nz~~m~~~ia~uuo.rlnn r i t i i & a n m h n n t  

6.2 

1 

miai.r 6.2 r i i  v,, uotliiaflgmnrJ~~aiuuo.rInn 

d d 1 d m  a o i f i u u d u u  v, ,uotf i iasin~intn 6.2 r z ~ i i u ~ i u m ~ o u n i i  veScaFoinmnis 

(q.25) u i n  riilflnnuotlsiriussuinin~opiuo~ 1 lvs i8~nqnuo. r t~ id in~ ia18~od"ouni i  

Vescape l~~iuisniai~uzusc~.r~muo.rlnnunzniroonld~ulnnrb; ido.rain v,, 8udi 
d u r l u  d d d d v  rwauvosnainrOa wnriunaiui1uaun11i1~au~u~n~nnounmauna1u8~g.rnii v,, rlnz 

d d' PY t: a i r u i n n i i  vesCape .a.rlu~nqnuoiasznild~inlnn lmu~aw1z61lu~nqnmdiuo~9~~u 

u n u i m n d q u u u  kumisi.~d 6.2 a z ~ ~ u ~ ~ d w n i o ~ ~ ~ ~ ~ ~ u i n n i i f i i v ~ P d U n  l~nzlflulnqwn 
d d W  ~iiw"ilu%uussu~ni~uo.r~si~~univlalms~ou~in~~~~uuor'ou ~ i n n i s ~ i m n z l u l m u o i f l u  

i ~ s s ~ r i u c i a . r i i ~ a ~ n s ~ ~ u ~ ~ o ~ n I ~ ~ " ~ ~ n n ~ ~ u ~ m s i ~ s z u i m  1.3 x 10.2 ozmouio3ui~ i  $4 
u -  d 

I~UULSU(~IIJ~ZUIN 600 i i l~n%Pioil  R Y ~ ~ R U ~ ~ I ~ ~ I U = U L ~ Q ~ ~ ~ I I ~ ~ ~ ~ L ~ I I I ~ I ~ ~ L O ~  
iiu?u~l~u~d~.rnuna100~limnd7.~n"u~d k u 6 a ~ ~ n u ~ n i s i . r  '1 i ~ ~ i n t u  



miugdr:t~iiniaduutn~~u~6;1iu5d~6~ K i n a i x l 6 u u i n n  iiimi(ou4 
B d r:niiufYunuiamu (1) atduaA (ellipse) iguinaituo~~nnli lu~~fYn~nnd~ w Ro 

~inu'nuo~i6;1qiiia~~tou'~d.pm4uu"na~~vo~~an aazvuim~~u8mdauwniun"u~iK~no~ 



0 4 4  uodrrurnidsinpubnniduod~nn [fiililuiiimBoud#u~ oio~ilrjkdniudodni5ldduu11dnd 

~ ~ u u 1 n u n r f i ~ n i . r ~ ~ ~  ~ifl~~$uffarliluwiriluni (parabola)] iiimdoudmiunuiumu 

(2), (3), (4) IlRZ (6) ~jl?hl5dd~?l~lf? V, bhJltllkl 30 ~ 6 d l ~ 5 7 l J h f l J f ' I l ' l  (6.27) 
d w  J- d ujiin'iaouniipub (E < o) iiimdounudud1nunao1ndaudnuiu~nu (3) duhor 

so~finnwa# iiimk'oudnuit~~nu (4) l f l ~ f E d f i l ~ d d 9 r 8 ~ ? 4 f l ~ ~  un~81ndoudnuiulnu 

(5) nn"Yuiflu-r-a%3n 

~don~iud~Guu~~nia~~uui in ' iu in~u o~iilflwnj-aiu~?~ E iin'iBupub 
J d (E = o) sd~iiil~8~ud1nlnsslflunuiu~nu (13) wduwiriiuoi imzdowficiur?u E ii 

n'iuinniiqub (E > o) adaiii1nsmuiu1ou (7) lildadoJluni (hyperbola) ?.rhos 

nuiulnu (6) 118: (7) liluqkoilrign (~oni~duuorIrinCuuidPaduGuo'n~~ii~) 
J d n i ? ~ ~ i u u ~ d n n i u a t ~ d u d ~ z ~ ' ~ ~ ~ n ~ r u ~ o d u ~ ' ~ ~ b ~ ~ ~ n o r n d i u n u i u n u  (3) wyo 

d d m d  W v Y  nuiulnu (4) rrdui~n-r~ns~-rnlno5lnddua~nnuuin lun-ruouezw'oi~nri~nwiz?i;lnes 

dlilu?tnnudi$u 1nuri i~~nrnin~iul fa~doln?d1n0~rou1nn~~nwiz~~~~1~uri~.~~z~i i~ 
4 '  d # hnn'uni?tn'uu rinflurnruodt~rddn5~n"in"u~i?~nuunnidoin~ngubnni~u8d~nn r 

~ndouililw-annu 

lfl T = niuuddm~1nor (period) 



axlnis (6.30) li]u?dmiunpu'o 3 uo.rmdaof (Kepler) ddn~'i?l~<i ~ikaadvadniu 
a nisTn~sez~~osa"sldaosT~umss~u~i~~aiorva~sauT~~s 

mi~duanniuIdnonlndddi4Rfiu-r"mqmnotii4t& nt~ititiied'ilwu'n w u8.r 
hto.rtrii~udfluus.~ns::n'i fi&tts.rdguu'nic v2/r 7tdi;un3iatiduo43"mqmnotii4tfi 

6 L u  
g t~ ~hosuu uuno 

iY-edis 6.9 mi~cn'u~~nost~u~~naxl~us::uiuddiutduquu'~msvo~1an tm::iigubnmc 
~basi~xlo'uguu'naituo.~Ian stlwiiini r u o ~ ~ ~ I n o s d ~ i I ~ m i ~ c ~ u x l a o u d ~ c ~ o t ~ u u ~ u  

nudofid~uu~nn fiilwumlfl me = 5.98 x 1024 filanyxl 
Pd 8 aim mi?duaaiimu:iunii Geostationary Satellite dhsrrou~affiunai 24 &3Ixl.r 



&adid 6.10 ~~1!?mmu~od~1?!iuun"~ma~!flu?dnnu~81~ 8,000 iiTn!ums (me = s.g8 

X fi1~flYI.J) 
a4 0 asni uwufii me = 5 . ~ ~ 8  x lon4 kg, r = 8,ooo krn = 8 x lo6 m lunnubriu6doIdid" 

T = ' (27tr)/v 

i v  = miqF 

&adid 6.1 1 m?duulna~8u?tnnud~zuzgd 300 iilaemsainpi?lnn Y~iuodnndin'u 
6,400 filn~ums an:: g = 9.80 !ums/?uiii2 Q ~ M I  

n. maiufiausderia!iuu u. munm T n. n?iulCQijuinait a, 
-4 0 aswi ~~wufii R = 6.4 x lo6 m, g = 9.8 m/s2 



k s d w  8.12 mi~~~uan~awdau~n iso flnnfu lfitriduwnnarwtan oidiannlnn 
1 , 0 0 ~ - 5 % a ~ ~ m ~  WHI I 



Fc = ma, . . . a, = Fc/m 

= (1.1 X lo3) / l60 

n. ~ 3 i ~ r i . l ~ q l l b f l ~ i ~  a, = 7.3 ru ms/?uifiz 

T = [27t(R + h)]/v 

mi~r~laudu~udn~i.ru'urrci3d.ru'ulflnossou1nnEu iidsduado6i~uinuiu 

mi~durr~::ddsharla6i.r~s6ouu'~o~n'unisns'i.r~rn:Tm~ds::n~n"1~ni~~~i.rmi~~3~u~~ q 

~.ro:nn'i?lmufirudfi$ 

~~udmmiwlar?umd~:mna~uBieSo"Iuni5d.rmi3r3uu do $ulfln 
dl ud4 urrodnnl6BieSoruon 4 qmnu 2500 rra:dolnnnijoru7m6ds:mn3iudidolu 

nisd.rmi~r3au 40 isndnnal.ra u'~l~[1norsoulnnl6dieSolui4doui auii.rilsqu'u6ii 
d41Y mi~r3uulnsnoulnnnniuw'um3~ d.rmi~~uuudn:m~~nn~uuIdEu63uTm~ds::n.rn'd 



Iuoi 2 maa (NOAA = The National 0,ceanic and Atomsphere Administration) d 
d d 

NOAA-6 an: NOAA-7 un:~nmatnualdu~ia~tiuuuoa~~u 40 ZlBollea 

(GMS=Geostationary Meterological Satellite) 

2. R I ~ ~ ~ U U ~ ? ~ % R U U ~ R U  ~ ~ f l ~ ~ ~ i ~ l ~ l ~ l ~ ~ ~ ~ l P I ~ l ~ i i ~ ~ i ~ ~ f l l ~ ~ ~ 1 ~  1 

InnlEioriitramdauin Imunisl%n1sdoms6aum1~~4uuIm~n1sd~fyy1mld~mi~duuC( 
Inssad ~n'a1flmiaduu~unoidda8ndonda ari~u!6iium:~i~io~1uds:inn!wu in 

nui~oauni~ci1uno~nn~1nI~sM"nu~us1un1sn1sanua~4~a~:~~n~d1Cy q ainnnil 

ouu?ni n4o~auonIanoinyI.nI Tiwiloiiuiln oi.n1s:namrn.raiu~nsain!fluian~ 

~luao'un"uds:m~u q 116 & q ddszmdntlo~riiaainds:~~~&nn'ia~aiuw"uii1niums 

ds: ln~u ' -~uni~$f l i~donis~ iumia i~uui l~s l~~7~~~Lj i luau1~f la~~ui~1~~~uu1n% 

R U ~ I ~ ~ U % Z W ~ I ~ " ~ ~ I ~  (International Telecommunication Satellite Consortium) n?o 

~ u o n ' u i i  INTELSAT lug a.n. zso8 i~u'ufiuois~m'~auls~udiCyluniswuiu~u 
~Yud~i~nisdomsn"udiads:i~~~w"unu"u nilan nirmqnisd dauji~m~nuinuiu 

Cuszuunisdomsu~jlnuauiiails~uirZ u o n a i n ~ u ~ a ~ ~ i ~ y y ~ m m ~ a i ~ u u d i ~ ~ d i  

(PALAPA) uoads:mn5uIaQlgu ui\a?unisImdodiunomsiunisI~sw"nu' dolfliiin~ 

flisrians~un~u!d~adszl~n!w u 

3 . R l 3 l w " ~ o l ~ l 3 3 ~ ~ a " w ~ l f l % 5 % % o l ~ ~ ~ ~ ~ % % ~ l ~ l ~ ~ ~ ~ l ~ ~ l ~ 4 l f l d ~ ~ d l ~  7 'UQaInfl 

nli7~iuirjinnzdPrn~inniw~iiuiinzfyyimu~ ~oau?~amffinbtnisdirasiiwdad 
d m  t: PI ~ ~ ~ a ~ i u i i ~ ~ u ~ ~ u u ~ ~ n z r j 6 n s i z d i i  u?~?mnmuuuu~~~~:YsY'ia ds:indnu~uImsanis 

4 u d  di~aa~%uinsassuaiIKau~ia~quu iuoaun 14 Cuuiuu w.n. 2514 !Ki(u'iSauluInsa 

nis~iafrrudisaon~wuins~nwuo~nn~~oiu3ni Imuu'di$n~iunmzn5sunis?~urda 

aiiiClu@ds:iuciun'u NASA an:~u~u~d~zmunis~f lu~n~su'oyn~~nmiai~uu 

r:wiiao~R'oisuinn"u ~%niuluds~~nania~~uuC(l~~~~nisu"i;o  i ia~dl19m (LANDSAT) 

n1iauaiuC(!6Yuu3nis !6iifi nsu~muifku nsuili!C nsuandszniu nsurjrinislnums 

nsuni~uinmsii! rhu'oaiu~nugiianisinu~s d~u'nciuw~aiuiriaai nsupnnmmi 

4n4 
u Y 

4. nn~Buolynsnnmi aiLmGiuieluilapuuu 'IKlmfi mi jai l i rn i  Yndu 

diafn~miaduu~iuniwnisindou~~a~1ay~~a1na5"~ia q idu riiknms giuaram r i i f io  
w p l Y  

l a 4  rd~ninian'iniu~~~flo~n"uds:innai5~nnuu ~ a ~ ~ i ~ ~ ~ d m i a i ~ u ~ ~ ~ ~ U % 6 ~ ~ f i  



nialilaureaueuuo~Q~~4~ aia i+uaaiiiill (SNAP) vodmqo iu7m 
s. mia~ileuldenidnui iri~na\lu#doan'uairim~mf urruinin unaoanin 

arm ~ ~ n n l n n n i i d o d o u f l ~ a ~ n i ~ o i ~ ~ i a 1 ~ ~ 1 1 $ u ~ d d ~ ~  7 mnuim~in imrat?"a~~di t  7 

fluiain~onnrlfi unzldo.ro~naiat+uu~~'~n~"~fiauurauinin ~ial+ua~~tmuiantiiu 

niraatnadw 7 lfifaa'cllaunii~u~nn uenoinfl ai?i+ouk~fluu~cirn~n~dw'qau' 
nqua mtii 7 8nuinuiu klu?nnrnnninioniw una?nui~i~(mfiianiw ~aoriiruaraia 

duudot~~ranui l f i l i f i  aiaiiluunoa-ii ai-~i+uu81o aia i+uu~ondwnoi~o iflu6u 
x u . ,  uon~inaia~ou&finmaui~~~iau o.ruaiaduuflcriidaz1uru'~u 7 lKanuin 

0.2.0 ni~anreuni.rI64 (~mking of curve) mnlazr(ndt%~ urddpufnnid 

~nociiwda i lo nirnii~nuul8ua~im niari~anIdmranidI nuur~nzri~anldorh 

nhdlGi8ur nia 1di~quuo'nnituocn7iu16~~11~~7~~(~ni~16~ ~dolfl~liallaa~puudnni~d~ 
uaauiuni~urdio~l~~~du1du~miuni~16~~~ ttildnfi.r1$18ucnifiKdndia ilad~pudnnt 

~ ~ 6 ~ d ~ f i ~ l ~ l ~ l l ~ ~ d 8 7 ~ ~ ~ ~ 5 t ~ ~ ~ ~ d  l f l ~ ~ ~ ~ ~ l m ' ~ ~ 7 l ~ l ~ ~ R ~ l ~ ~ ~ l l ~ ~ ~ f l ~ ~ 8 ~ 1 f l  Idfl 

6.4 una.rniatBuclmm.rrnld ( ~ d  n) ur~~naziidom i io &nf i  w = mg unritrd 

tan a 



iirqi3umniu = p n g  

nizin8oudifluifiuIfiq 



v = 20 m/s , r = 80 m , m = loo kg , j~ = 0.6 

1 1 5 ~ & ~ c f n ~ l ~  f = (mv2)/r ' 

= [(100)(20)~]/(80) 

= 600 N 

&wfiuo~flikruiuuud = mg = (ioo)(s.s) 
= 880 N 



tan 8 * f/F, = 600/980 

n~n-noj 6.1 
Ifl~ndnvi&lnm~usi.jo'n5tliu"Iu~uiu~~iX~nuinii~im~~tl.j~"s~"Iu' lu 

o'nvnrrociijl5uo:aomnR'o~n'~~uni~ tan e = v2/rg njo"Iu' 

a7n m, mioudii~oin~nccyu r, iin7ialY~1Q.rltYu v, = or, rmii~iuonduo~oyninrn 
m, add 

(i/2)m,v19 = (i/2)mO%le 
rl maoynin m,, m, da7an~lod d i ~ ~ ~ y ~ ~ d l i ~ u ~ n z ~ w ~ 4 4 i u r n u ' u ~ 4 9 9 ' ~ ~ ~ ~ ~ ~  wauan 

r e a  k ~ i u o n d r e ~ e ~  m a t t d a r : ~ ~ ~ r ~ ~ ~ n ~ ~ ~ ~ ~ i u ~ a u  oynin 
udn~&oisda~nunnrcr:: i i~rin~~~~~u~ii~n'u udnnuh~8qasr:lriiR'u~mo kc E, 
1duw&4iurnd37h?koroyn1fln"4Mum 

& = (1 /2)0 ' (m,r ,~+ m2rz2+ m3r33 + ...) 
= (1/2)08 (+llifi~) ...... 6.36 

1 



f i lnol  h , r t  13tlndi Tuluw~wsrnaiulbsn (moment of inertia) dainu~n 
i 

nauct u n g o l a u ~ i a a ~ ~ ~ o a o y n i ~ n ' u d i f i ~ o a ~ o a ~ r u r n i a d a ~ n ~ ~ ~ i a c i n ~ i n ~ ~ ~ ~ ~ a  
er1mwhs~qinud4i ~lum~uiodo i lmlae~flwtTanl-lum* n'i ~$uo~n'uii~i~Gq 

Y uoa~tnuuqui~nr~hauoa.r'lilq i~nmimxnuaoaiuo.r'mqbi~u ear ri iTorrarnia~utiu? 
Raincinoynin P iaiinuuyu 

c . I - Emir? 
i 

10 gm - (0.01 kg)(0.06m)~ + (0.02 kg) 

(o.oam)e + (0.03 ki)(o)z 
3 c m  = 6.7 x 10+ kg.me 

j u. oynind B nnt: c o@~uurm &U"M~YJIIIU~~ 
A 13 uoan~iutdou ~ i o  

.30 gm 4 c m  I Zrnirt 
i 

= (0.03 kg)(o.o4m)e + (0.02kg)(o)* 

+ (0.01 kg)(o)P 

4.8 x kg.mg 



nquiiinuuuiu (The Parallel Axis Theorem) 17]unqu~dn6iah 

lmun4ud~uuiun'u AB uar~w17]u~ruzni~ln'in'u h 

M I, 1tluIuluusiua~naiuldouuo43'm~~6ullnu AB mdalniiaailfltunu AB 

viiuunu z nnu DE o~uu~ru iu  YZ k y . 1 1 s . s  a U  
Iz = I (x2 + y2)dm 

/6iIfl I, 1fluhluuduotnaiu186~~6~11nu DE fib 
IDE I R2DEdm ...... 6.38 

.I t: I ~ u n  RDE - rrurmJainsin dm 8~llnu DE ninnuii 
REDE x'+ 

= xg + hg - 2hy + yg 

116 ydm l o  r h u d a r n o u v o . r l a m ~ o ~ 6 i ~ ~ n ~ ~ ~ 6 n ~ i ~ u a ~  (R,-M) niuuuaunu Y $4 

luny6iikio oc rrldiJ ydm = o 
/ 





am4 0 

11011 

n. ununyu$tainn'uniu~~~:w'iu~m c sdl 

nrti~uinaiv~ iiuuh q ni~8u3 irnvIiillEiu lnu i3on iinumuin~ (axis of symmetry) 







Diagram of System 

- .*-------- 
axlw c3- 

(-1 
L- -' 

. 

- 4::. ------ 
c 

Solid and Axis 

Cylinder about 

the axis of figurq 

Cylinder about a 

central diameter 

Solid Sphere about 

any diameter 

Thin Spherical Shell 

about any dismeter 

, 

Block about a 

central axis 

I 

(I/~)MR' 

(i/4)MR2 + ( I / I ~ ) M L ~  

I 

(2/6)MRZ 

( 2 / 3 ) m 2  

~ [ a '  + bP)/12] 



I 

(I/I~)ML' 

(1/3)ML9 

( 1 / 2 ) m 9  

(3 / 2)MR2 

(~ /2 )@:  + %'I 

Diagram of System 

*i I- - 

axis 

(- r 

Solid and Axis 

Thin bar, about 

axis at center I to 

length 

Thin bar, about 

axis at one end 

Hoop about a 

diameter 

Hoop about a'  

tangent line 

Ring about 

axis through its 

center I to the plane 

of the ring 



\ 

IQdi~ l i~pi iuunu K ~ ~ J $  6.8 Mtnu X unr Y oduurruiuuo~imp rr16 

I, = I py2dV 
I, - Ipx2dV . . . I, = IY+IX 

laud x liar y ilo5rurnn dm (iiopa P) liottnu Y ttnrttnu x miun'lh ttnrtdotoin 

Q ~ U U U U ~ ~  $38 lZ . I, + I, 



Ix  - IY 

Iz Ix + Iy 
MR' = ' 21, 

% L: 614 q n'u idonqiumnan irioialm i~ijouiiu~n~o~?'mquun~6ou~~u6uo cu 6111ni4 
~d~1~u~nuz~1~rrur:nd~a1npmu"u'1d~iinun~u kdunii LJlelrr'u (radius of 

gyration j, k ar1~r=ur~iinuhuihui~~A~0~na11~idou~0~?'~1~u"u do 



iiasdip 6.22 imgnnuiIu?n M llRrs"prij~Ol5u k nf~n~miuiu18u~ 
nUn6~dQm x ~$ai%pm Y Qp~+ijo*R~fi~i3~~#~1flu~rii1m 
44 0 asni gai5oli~ddi.rriiad' 

X 



0.3.3 Tu1uu6'uik y uaomsintta.~syni~1 

Tuiuunirl?.~ip~ (angular momentum) tdooyninu~n m in~ouf!6au 
naiuiat3di#u v (~uiuuLi3~iiYu p = mv) lutuuRYUi3dyu L uo~oyninmuqr o iio 
wnqoctan~~oiuo~~ani~oiuoniitinsl.~n'ul~tuuKu~3~~fi &pJC( 6.9 Auuldu~umil6~i 

L = r x p  

= r x m v  

...... = m r x v  6.46 

L = r x p  

= r x m v  

= nnvsin9o'l; 

= mv& 



nsh (Torque) 

L = r x p  

= v x  (mv) + r (dp/dt) 

moa u~nld~lfluqud imnnoan6 oir Auulu~nouuo~ur~ i f i d  . 



nofnfluIrruiturantolof ~~Ciifiouuieidfiqin 

Z = rF sin $ 
$ 1~lu~uimnuAo j r m i i  r iii F iinuoq z or&ainfirruiu F unr r 

n4auuo;rnos'n iie nGauuo~ 1154 x srurn1.j iio ii-rtiii-ruols 

L: " a  nrriivriiuu u~uun"uci11lmirBiir.~nrri16au iio r flioynimodn"pm o 1154 F nrrGioio 

7 = (rsin $)F = Fr, 

d o  z = r(Fsin $) = rF, 

r, (= rsin $) .go otR'llrrnauuo.r r ~ujin&ainn"u F 

F, (=  sin $1 iio otddrenauua4 F luiiudhainnir r 



- rFsin 8 

= (0.6)(10) sin 9d 
d .I.. Y .'. n. nosnninmuu = 6 N.m 
. . z = ~a t 



. . 0 = (1/2)(0.04)(10)~ 

= 2 rad 

luoni l o  Tuid arnyu'1flK = 0/(27r) 

= 2/(27r) 



trunn4lfli4~41 tli~i~~niutu~znii~oy nia 2 qnifipln q nrzfi~luuu~ i#u 



oin5~d 6.11 maii# F, - -F, miun~h 3 umii7nir ~aaqauo.rnoin 2 noin 
il&UY 

7, + 7, = (r, X F,) + (re X F,) 
= (r, x Fl) + r, x (-F,) 
= (r, - rs) x F, 

u G n n a o f  (r, - r,) ~flflriammu~l~udouar~ii.ro~ninn"~a8.r m.ruufii F, n3zvhn 

Iuuu~uuiun'ulff~l#oueioa~~ii.ra~n m, llnz m, [F, unr (ri- r,) lilui~nimoiduuiu 
n'uHiouuiua~un'u] 1167 ori# 



d 4 niedir 6.27 r . r ~ i n o r n l u o ~ c i n l l r . r n i d u l l n t : ~ i ~ ~ n i u u d  2 oynin 



miu~d F1 tin: F, fluwniuuonnniirio m, liar m, miuoiR'u rhu F12 iinr F,, 

liluii~aniulun~riisio m, iinr m, ~iu6 i l id~n 'u  
i t ~ 4 ' 1 a ~ d  m, ii0 F, + F,, ttnr 

ii5a5aud m, do F, + F,, - 

W 2, tor 2, flunofn$wns:riiuu m, liar m, . . . 2, = r, x (F1 + F12) = rl x F1 + rl x F,, 

2, = r, x (F, + F,,) = r, x F, + r, x F,, 

lid , . F12 = -F21 
rinauni~fliuuu sriifuiiflil~uaiuo~~uni5~6ii~4nos'no~nlillu 2 iau iio (r, x 

J d F, + r, x F,) r ~ i d u w n n u u o ~ n o j n ~ d o ~ ~ i r ~ n i t ~ ~ n ~ u ~ o n  unr (r, x F,, + r, x F,,) 

tfluwasauus~nofnido4~1n ii~~niulu . . . rl x F,, + r, x F,, = (r, - r2) x F1, 

r12 X Fi2 
= 0 



6oiniiouiiu7n~wumu~dr::u~~7u~~d~er~inni~un ~tuuflurmniilfiiid' 

Lorb = rm x P = rcM x MvCM ...... 6.68 

L = L, + rcM x MvCM ....., 8.69 

n~iuwuiauo~nunir (8.68) jio I u t u ~ . V U ~ % ~ ~ u ~ o ~ ~ ~ ~ m q  jio W ~ U ? ~ U Q J  

b ~ ~ u ~ ~ % ~ ~ ~ ~ Q u Q ~ ~ ~ ~ ~ . ~ ~ J u ~ A v Q Q ~ ~ I I u  ~ ~ 1 l J U ~ d d ~  ~d in '~~ inn15~n'n8~d~0d 

guGnm~u~nrauc)a~ 

wnd!fisinmmr (8.69) iin'o ~inirindoudro~imqdt~wi:nirw~u~~~iinud 
diugubnniau~n Iu iu~Bt%. ryuuo~ i~qh  7 iin'o LC- iw'11zlun~~d' VcM = o Iuiuu 

I rl 

Li%ayauo~imt]5ou~erpGnoi~u3n sdsunii a'Ju (spin) uodf q& .iolii~lu&~ 
fifi1it-i mnnbouduoP~I5tiInd IuiuuBi~~yudrmouAiu 2 hujio LcM idotsinnir 

wyuuad7an'o iin: rcM x MvCM idodsinmmyun-ia (precession) uodhladnd mnir 

(8.69) ~ d ~ ~ d 1 ~ ~ ~ 1 ~ ~ l ~ ~ ~ ~ l l ~ d ~ ~ ~ 6 d 6 l a " ~ ~ 5 6 ~ ~ M ~ ~ ~ ~ ~ ~ 7 ~  



8.1.6 ~ ~ ~ R ~ O U ~ / ~ ~ U J I O I ~ U T R ~  'l~laalmd (gyroscope) dnnouhoiloqu 

d~~~~!?'uuunu~uer"n~~curdiinuor~~uidduufi~ni~!~oiar aqXo G Hyuaouiinu 
AB kodunu , AB f i ~ iu im~~u!~ iou~~ i inu  x iinzimu z !ohnInd AA#J!~~U 

u t: siiii~li~~!iiInoinnazii muu!Mnd~.rri~w~uu~dw uiuiu7n~ifi~ni~uoq iinu!~ 



-4- lunaolnanoinlnnr:iiiol~Ia~1~d o:ilniaidbuud naluiuudiu i8aY u t o  
d 4 dL -Zdt&s:d ~ ~ ~ i 1 f l U i U ~ d i ~ ~ ~ 1 i d ~ ~ ~ ~ d d 9 i f l i 8 ~  ( i l d ~ ~ i ~ ~ f l a i 8 ~ )  HlJ1~fl71Ujl 

i i ~ ~ ~ ~ 4 9 l ~ d f l d 9 : d n 1 5 i f l d ~ ~ d ~ d 5 ~ ~  i inu~a~o 'u~da  . nia~mdouduoaiinu~~u~u 
n'nvol:iwu$ tun i i  n%r& (precession) diaodiaiiu q uooniia~~~ih l o  n1.r 
adouduoapniia fildd 6.13 

pnriiadaaia hl8aya wuo&i~uLddya ~ a o u i i n u ~ ~ u  k i i y a  $rY"iiuadq 
U Y  Y Sitad 2 lira na:iidopniia Rau ui~u'nuocpni~a~~n~ana~inqu6n~~iauoauao uor 

4- 8 i d d a % ~ i n a A 8 p n i i ~ d n ' ~ 1 ~ i ~ ~ R  o vjtj;r~uiiuado noinaoupcl o difi~oinna 
d u e  d ~ ~ u i d t i i i ~ u p 6 i d o a ~ i n i i u u u o a ~ ~ i ~ ~ s l ' u b a u " ~ d ~ ~ u  RaUU &HUY~ Mg lnl#ui 

fiilfltii~noinaoupa o 
Z = O C x F  - b x M g  

b  ~ u R i u o n a : u r t i i a u o a ~ a ~ i n t l i a ~ a n ~ ~ n ~ n i ~ i Q ~ u ~ a p n i i a  o itor z dilndain 



yu~w$i~in'uwnrauu8atanipll8s' (L + AL) idodein AL ~+ninn'u L tin-iiuuimiinuin 
4 o.roieiio16iiuui~uoa1u iuuiu i~aYu~w~duuim irii igu udfinidduuld &hpnuiar: 
imifoun?lutiuu~~%'(1~ur8u~~nuf .~&aufi~iuffalQayu ro, 

d o ,  = AWAt 

IRUB AQ - AL/(L sin 0) = (TAt)/(L sin 0) 
. . Op = T/(Lsin0) 

= (Mgb sin $)/(L sin 0) 
% = (Mgb)/L ...... 6.60 

db8ainn : naiudai3ayuuoariil~~QuuoaOn(li1aet:~u'u'un"uYu 0 iioiildrwnriir 
n"u1u iuuKu i3ayu cf11uiuuritlQay uddiuin maiulfa i3ayuuoarirlandiriu oziidiu'ou iio 
cfipnhany uda u i r r r m ~ ~ & ~ i ~ u ~ o a  

ninndou~iiuuvc3am'uQu oielduulu5~uowni~1or*l6fiu' 

Z = UpxL 
~ldnd0 T ,= Mgb s h  0 

k e d w  6.99 pn~iapn~~aiiuan loo n i t  iduoamrhuniin'u 2 ~ a u R i u ~ ~  (R,,) 

i~nqmgubnaiauanoy~Om~iaeind~~~iinnuinin"u 3 iruiimmr samo'.nmrhuldo 
lflpnhwyu so roudo?u% bT 1 = 
r d  e am1 ein o, = (Mgb)/L 

= (Mgb)/(IO) 



8a~7sdw 6.30 gnui~nyu Aiuo'Rnfiq so roudoiuiii iinuqun'iya so* n'u iiu?@~ gn 

JwC?o 0.6 8lnniL driilu~uuduo~n~iuidou ti x lo-& filn nl.min4 iumr dp~gud 

nrn~s~nciwsinp~nyuuo4gnU'i4 4 ~ruliumr clipnU'itn4ulu3n~iuiduui~niido 
U O J ~ ~ ~ ~ & ~ U U U  9 4 ~ 1 ~ 3 ( ~ ~ ~ 1 f i ? ~ ~ ~ ~ ! l V ~ " ~  ~ ~ R z o Z ~ ~ P I O C ! ~ J ~ S  

nd m asni n n  ( O  - z/(b sin 0) 
= (Mgb sin $)/(L sin 0) 
= (Mgb)/L 
= (0.6)(0.8)(4~ 10-~)/(6 x 10-~)(6.28 x 30) 

= 2 rad/s 

6.9.6 r n ~ n i f w u a ~ 7 ' ~ ~  (nirnyuiiorniridoud) mr indouduor~q 1144 tin% 

n i l n m i i u n i ~ ~ u  a oil4 ilo niridaud (translation) iiormrnyu (rotation) i m q  
.I 4 c  nn8rem~nirn4urouol"3io~iint:ifi~oud&~u irie~~circuiiavrimi4nd~~o4?'mqdd~d 

Y 

i~uinriimiiu q iiorifivturmuimr I ~ U  nirn34uo4nr~nrruonnou nr4nru 3 4 1 1 ~ 3 ~  
4 0  u w f ~ ~ i u e o ~ o ~ ~ q n n i ~ ~ n d ~ ~ i u i r f l  itunoon iduw f~~iueou'uo~nir~~u~aut~nuddiu 

gudnai4u?n (d~duiinumuimr) n'uw~nusnu'uo~rnrdou~ua~~~dnni~u3~ ~iiuu 

i~ununirl&ii  

fii?'Rtp"GJ"id R nb;Wmu~u1~ulGdnirloo (sliding) e r k f  (O = vm/R 

* % - (I/~)&~(V~~~/R~)+(I/~)MV~~~ * * 

(1/2)(b/Rg + M)veCM 



(n) 
6.1s n. 4qnnanbn~miur:uiul~u~ wnj~iuiitiins~i fii11j~mrbu!on 

Y u. Tmqnnunnsmiaszuiu13u.s 1killt-i ~ ~ I I H ~ U  n54n5:uan ~in~'n~~nna 

miuldd 8.16 (n) T m p n a u d r i o u 1 G n & n ~ u i m ~ u ~ ~ u i ~ ~ ~ ~ ~ ~ i n ~ ~ ~ ~ n ~ i u ~ ~  h 

Inulrju'nnii'uIon l n ~ l ~ ~ ~ n n i ~ n ~ C ~ u ~ ~ w ~ ~ i u  

I% bottom = Ep, top 

( 1 / 2 ) ( h / R 2  + M)veCM = Mgh 



u. lmu37niw nmad 
oinngh 2 uo~ii7iTu 

F = Mgsin 8 - f = M a ,  ........ (I) 

........ q = N - Mgcos 8 = o (2) 

mnisuo~noin z P ~ = h a  
a  = &/R 

f R =  

f .-  (IcM/R)*(+~/R) 
= [{(2/6)MR"/Rq.h 

f = (2/6)MkM 

unun'i flu (1) 0~16 
Mgsin 8 - ( 2 / 6 ) M h  = M h  

Mgsh 8 I. ( 7 / 6 ) M + ~  . . . a, = (6/7)gsh 8 

68d14 6.82 ~ i 4 n i ~ ~ f l ~ U l l R ~ 3 ~ 1 1 ~ 7 ~  ~~3~1ll~r'~1u'lri7n'ulU 80 M 1lRZ R Q111Ud16k 
nfta~nirrinriul8uq1idniidu"10~ t ~ n i c l ? i r r l f ? ~ ~ ~ l h u a : : n ~ i u ~ i ~ ~ ~ ~ ~ d u u ~ f i ~ ~  
u~numlp&no~ddllaiud~~uo~i::uiu~~u~ 



-4 e asni I# c i~nunsansau a n h  L L R ~  T L L ~ U ~ Q L L H ~ U  

(1/2)MRB 

MRe 

VCM,C = VC VCM, r = V, 

~ C M ,  c = 8C ~ C M ,  r 
4 . 4  

= % 
x = szuznia ifinounmiu~ruiu 
8 u Y 

= uCzuiuii nuwunu 
h = xsin 8 

QlflTIUfl75 Vm = [2gh)/(I + EM/MR2] 'I2 

lln :: kM vZCM/2x 

unudi : nsanseuon oe16 

VC = [(ggxsin 8)/ { (1 + (1/2)(MRS/MR2) ) ] I / ~  
= [(r/s)gxsin 8)  

% = [(r /s)gxsin 8]/(2x) 
= (2/3)gsin 8 

3atl~au od6 

Vr = [egxsin. 8)(1 + MRe/MRe)]'/e 
= (gxsin 8)'/% 

ac = (gxsin 8)/(2x) 
= (i/e)gsin 8 

.I oinAodirn 6.31 une 6.32 oelfluii ciiuo~naiud2llnrfi21uuiau~a~uinnia 
,.a U U d  u2n ~muunurnulmeu2n ~uiufiaiuiitti%qu'~dnsainu'o~n'u Miiinii~You2nsz 

u i l ,  niin'un3o~ifiniu ~iddoulfln&narn~iuszuiu~~~a~ins~muniiu siiafiszn&na4a 



lun7daiu7n 140 F = o l o 1 ~ L c w n ~ u i i w ~ o ~ ~ ~ t ~ ~ d d n ~ r n " i n " u o ~ n i ~ u ~ ~ m ~ ~ u ~ u d  
oynin&rmifoud~flutdhrmwcr7unaiufiantd r miunpdb I uotihih miuldd 6.18 11ns 

L = mvd ~~ufiuiarrnd 





&ad14 6.34 Q I U ~ R U ~ ~ I U U ~ O ~ ~ ~ I ~ ~ ~ O U  1, ri1&uyu6~un~~ud~l8.jyu q rau 
4 A rwmd7aiGn-a1u~~ucln1u u~~ddauln'plnn~~dau~unnuno'unu.rnGlu~uudua~ 

n~1utBau I, ddl8~0ddd ~ ~ Q l f l ~ ~ ~ 1 ~ f l ~ ~ ~ ~ ~ d ~ ~ ~ ~ d 6 3 ~ n " ~  &ld QdH1 

n. b~uuL~3~qun~u~kdd~~1H'~~uQa~n"~~fi~11n"11lut~~diu~9.~yuri~~ddau 
u. n8~~~u~nriuatn1rwyun1~~sr"~ddaulfl~~u#~u~utfiuun"uwC~~1u~nriu0~ 

mmyuriauddau 





u u r  4 
&edi4 8.86 nun6iu?n m o'Rn1'7 v ~nnaqjuuoananuui ~~ifiueuduoanaiu 

U u 18oalriirit 1m(uPi?unnuI1?1Sayrru a,, owinaiull~1J~~unor"~~innunu"in1t:n~1u n4nu 

rnuiiiiiinni1unjflunor"40inn~=:nu &pl , 

Li = 1% (fifl~) + mvb (nun&) 

4 = IO (fifi) + mvb (nun&) . . . IO, + mvb IO + mv'b , 





(CW = clockwise = aiul~uui%ni, CCW = counter clockwise = n?ul~uui%ni) 



oinmni~uuotnuqnuo43'pllp~t44~n"r4 

zz, = 0 

T(DB)-W(3m)-w(2m) = o 
r m u ~ i  DB = 2 tan 37° = 1.5 m ozldi' 

(1.6 m)T = W(3 m) + w(2 m) 

= ( g o x i o N ) ( 3 m ) + ( 1 6 ~ 1 0 N ) ( 2 m )  

tan 8 = F2/Fl 

= 1060/2000 



= d z r i F  
rf = 2R - h 

n u u i l f l ~  duyuC1 N viin'uu~uasl oinad (u) 
nu niaBH =ccw = x'cCw 

........ W r~ = Frf (1) 

w i g h t  . e Dl& 

F = Ncos 0 ........ (2) 

ZFup = =down 

Nsin 0 = W ........ (3) 
oin (I).. F = W(rw/rf) 



tan 8 = 

8 = 

N = 

-a 

- - 

F = 

F = 

8 = 

- - 

tan .(W/F) 

(600 N) d2(0.8m x 0.3 m)- (0.3 m)2 

2(0.8 rn) - (0.3 m) 
386 N 

tan (500/385) 

6 2 . l  

a!d 
~uicunn~~ndd~~u~u'o4n"~ni5nyu ibu yrr nmui2134yu n ~ i u b i 3 ~ y u  

hruuR'n+~iuidou noin~nhruu~r~~yuu'n~irrl~uw"udn"ui~u~~u~n"~ n i 5 r n d o u ~ t ~ ~ ~ t ~ u  

~ u i ~ ~ ~ ~ q u 6 n n i ~ u n : : i ~ ~ ~ d i u q u ~ n ~ i ~ ~ ~ u ~ u ' o ~ n " ~ n i ~ r n i ' R o u d r ~ ~ ~ ~ ~ u 1 f i ~ u n ~ ~ ~ u u ~ d n a ~  
J d ~~idu~d~iunn'nn15n4K~uo.j~u~rruK~~i34y~~ 



naiul l?t~~yuuo~~io~u~d~ama~Iuo"m~if i~~aoin 1,000 7our iou i l  a.rui8Iu r o o  

seudsuil lutaai 6 iu i l  

n. odrtinaiutid i 9 ~ y u i t n z ~ i u a u ~ 8 1 1 d ~ y  u~flu~a~iani 6 iuin'finciiah 
I 

u. (ro&or~od1~ianid8~d8nuiui~ii1m itrrrtqm 

Vl8l.I fl. -12.6 l 7 l f f ~ ~ d 8 ? ~ 1 ~ ~  U. 68.3 7811, 3.3 ? U I ~  

mhuan 1,000 iilnn?ududulnaidou"u6aunaiuia 10s i lmum~eio~alu~ 
u3taotni J f i d k 8 ? ~ 8  i t i ~ ~ a i u l f i ~  160 tun7 smiti~ddqu6nni.r naia ii.rdquinnid 

fidsziln#uo~naiu tdumniu~rrt~iduidn"~ f luu 

81821 6,000 iiai" , 6 ium79ieiuifiz,0.61 



6.10 ~ ~ w i ~ ~ ~ ~ h s s u o ~ m i ~ i ~ u u  d~lnsnoulnnwd~sw~ui7ni 1 %.I (sidereal day) . 
d.riiini, 86,iar iui; Lnl lauo~mi?t+iuadin '~  ~vi-175 

mav 4.22 x lo7 m ; 3.08 km/s 



6.12 u3n loo niu Iup~ duInnniud~uI~~uo.~n~.jnr4nnu94~uu d i d  0.25 lumr 
4 4 claw v Inudulnnnunsin1n~~qndi3un~iu~r~uniu~u 7 1 I 

4 u. a~niIuauduo~a~iu~a~ur~u~~nu y llnz6iu~lu~&4i~onu'0in Q = (IIP)IW~ 

mu n. 40 cm/s dinsuaa 3 kg; 80 cm/s di~jj l lu3n 1 kg; 1.12 J; 
I 

U. I - 0.66 kg-m2, 1.12 J 



6.16 o i n h  16 

n. 1 # n ~ u i j u n ~ i n u u u i u w 1 ~ ~ u ~ d u o ~ ~ ~ 1 u ~ 8 o ~ a ~ ~ ~ ~ n ~ d u ~ 1 ~ n " u  n u  z wiu 

qudnnitu3n 
u. bl' x' lift: y' 1duunu1ur~uiuuoa~J diugudnni~u~~i~nruuiu~u6iuuot 

dlwdsu o t w i  11~15. I#mmr 6.6 mr~odimouludb n. 

818'11 n. 26 kg-me ; u. I,. = 18 kg-me, Iy' = 8 kg-me 







ll~lclffd 20 I ' Y U ~ ~ U A ~  1 1 0 ~ 1 ( 1 C l l H ~ ~ l l ~ l ~ ~ f d  10 

IO)IUGLUPIS i u a n f i a ~  A 2 8nnSVU t~nzaanfia~ B 
s i l n n l a  y n A a n ~ u l ~ i a u X a ~ m r ~ w o i  R j p l  61 
~ i a u I ~ i n i . r t n f f a u d  a z u u ~ a ~ ~ n ~ t n n i U a z ~ ~ ~ a ~ d  
AiuQn t i ~ i 3 ~  y a in& unrna ia lh l~ t3anadn: :  
i#uort3utnilcl (g = lo ruola/iuile) I Jniu11uu1nn'~d 6.26 

nau a = s t a d u u / i u i d ~  , T, = 22 Sa8u , T, - s7 Ga6u 



I SOON 1 




