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Ex.4 What 15 the rato of the 3rz.vﬁ.zH¢nz\ pull  of The sun on the
moon to thal of the earth on the moon =
- 2
Fsun/mgﬂ_ = GMfmAsun ) Ms { clear')'h \
z Wi &
F;adh/maou GMem - Me \C‘Suv‘
F;un/Inwn = )nq?X)()az‘:‘? / 308”’(‘0377) \ = 2.'8
F;adl«/moou 531z 10 kg \I.S'OXlO"m/
Ex, 4 Two_Uniform spheres , each with mzes M =and ragius R,
touch one ansther.
2 R R
F=GMM = GM / / \/ 4 \
l L M
e— 2R —3‘
Ex. 14 Rhea} one of Satuns meons, has 2 radius of Fé5 Wm znd 24

\ . 2 .
acceleration due to au\ravd')/ of 0,278 m_/s at i1ts sucrface.

M=2 ©=7

a = GN;_ M =2R2 :_Q,Z?Sm/sz (?65x303m>
R

G 6.7 x 16 N-m’/iq®
2! =
M= 2.44 %10 kj
‘ 21
)O - densnLy = mMmass = 1 = 244 %10 kj :
volume 2R’ 43 T (Fe5x107m )

3 3
C = L30x[O kq/m
J 7
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Ex.10 A v‘ane'Y orb hncj 2 distant si‘ar has =2 radivs 3. 'Z*wam-
2
\/e,srr‘?.(pﬁ‘xiom}g = (E—,M’Z \V/ = 2 M
] R .
2
CJ\=aCCe\er,z'Hoﬂ due Yo 3\—3\4'\’:-)/ = ng\ o S0, Neg = ZK%
2 3 )2'
o= Vese = (FLsxiomls) =|a.03 m)s*
J 2R 2 (3, 24+ X [o‘m)
Ex.25 For 2 satellite Yo be in a circdar orbit 890 kwm abeove
the surface of the earth, ... _
Z.) Vorb =7 Vork = G = [GMe = _Lp?—xlr;‘{ 5'.‘753;)(?*

\ T R+ h (o.37 210" + 810115

Vo = FHI2 m/s

T = 7. Z'JT(' = Vorb T T = ?‘W@F‘,—B) . 27‘( ((9.3?)('061— 3?0”3)

Vorlo ?LIIZ M/<

T=(o)5‘-15{ 1 he \ 1. Fl hours

3(0005 }

Hot D—ug}'l'ers In 2004 astronomers reporied the discovery

of a \arqe Jupiter - s»zed plane.T

’(/“> Mercuty = (5 ?9)‘!0 "”) = (o.‘~13XJqu
T=23.09 days (a(,,qoo.«,\ = 2_.(,_;%1055@5. M=Mg,, =°
} day / '
T%-unw’r M=y = ur (a.qaxloqy
GM GT* ((,.z.? x:o"') (2&%:0’)2

30

. a)

B d e 2T\ \G.H3xI0/ - S

_2 = oMY o v= 1514 km
v=?7 VY : 2 .18 4 ,é
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uniferm red has \eng'ﬂ) L and mass M, A small

Ex.38 A thin,
uniform sphere of mass m is placed a disYance ¥ from

One eﬂd O'F 'H'7€ rod o o 4V Ugr = ?
dL’ m
adll M N
777 7 w7 7 77 7/ — — = - e ow \_/L
= v > RY
e L e X al

The solution for Yhis ?rob\em czd be found in rny lecture notes.
du= - G m AL
X+ L'

e = —Gimioml ot

Q
S !
X+ L

Ugr = —Gm %(L;x) = —Gm2 /@n[\1+;>

<

Z

I

From Appendix C =% L (»\-)—'é) = Z-73

Uar = —Gmk( b b +---\= "Gmb\"é/"" L +\
} \X 2x* X \ 2x

Use £ —GMm_ [1=L_\ For x>»L  Usp = ~GM
Sr XM \ Zx/ =3 X 2 ‘ar XM

£
v
Fo. =—-aU = -4 (=G 4@\4{1*’\—\\“*‘6!7\)\(—/)()
’ dX  m 9x \ / A+
W
Far = —-Gm()\L> Fg,(x3= -GMm |
x? +Lx %2 1+ by

As x>y L  then Nrok T d | then |Fp(x) E —GMm_
X

¢ o,

a5 expecled for a \,Da'm‘)‘a\(\(e objec‘h
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Ay the C—ea)ax}{'s Cove. Astronomers Wave observed 3

smzall _massjve object al the center 6f our Milley Way galaxy.
7 7 S

Dizmeter = 15 l.qh'f-years = |5'<3x108MIs)(3.l(pxlO;5> = I.QQXID,?-W,

W

]

Veloc( 'H/
M =7

200 km[s = 200 x(0 m/s

V= ve]ocf‘h’/ of a circulzr orbt = \S G‘?N\ Vz’" GM
E— r

r

M=rv = (?.JOXIQém><ZODXIOBM/s)Z = 4,2<e,<,0“kg

G G.LFXIO " N-mY,?

37 v 7
M = 4.26% 10 kS( 1 Mo (So)armsz>\ = 2.4 %16 Mg

\ 1.89x10> kg )

No} W cannoey be = s‘mg\e orA‘mer\ stz ¢ Tts mass is NUGE,

3%
K. = Schwarzechild radios = 2GM = l(d, oF ¢ID )‘-! 2L % 10

2

c (3.00x10 )*

Ry = .31 x)O'om Yes, It will £} inside Ythe eaeths

orbit arcound Yhe sun. I.S'Ox)O"m

~~*Pre';vb -YA

Your s’rarshilp i +he Aimless Wanderer’_ lands on the m\IIS’)'erioLLS

P\anei” Mon?o. A 2.00 kj sone V,3 = 12.0 m/s t=4.80=

Y- y =0 M="7

2

Eq.3 = f/=v°5t-'—z 3,4,,151‘ AMongo = ZVey = ?—iﬂoOmJ_)s _
' ! t H.80s

, = 500 m_/_s2 3u> M=? gwma—' GN\M""‘P G M

. RMdngs C;:@Mongo / 271-—)

5 Q’Mﬁ N (2 OOx10 "“‘>(5 co MJS) = .éOxlO \4?

i (O=sD% (2, B L LT XY N-m34,42)
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Pra\o. 5¢ Cot’)'}"c"
b} Aimless Wanderer qees inYe _clreulzc erbiy 30,000 km
above The surfzce . czaleulate the Demaé of its orbit
/ Runpnge =Cire: [ar = 2;’0 o = 31810 m
3/2 2
T= _27C r = 2 (RM +h
A G W,
Mowg
3 7 = ‘3/2 A\
Yo.c7x16" )(2.00x10°°) \_36005}
T = 11.4 hours
Prob. 79 Il’d'erp]gnejatry Nay'\_f,a')'}on: The wosY efficient Waj Yo send a
space cratt from the earth Yo another Planet is by using z
N\
Hohmznan Transfer Orbid vsga, — - N\,
< =
Exdls = . P A \T&‘
Y= =11\ 4 ® = 298&xio M/-‘ // \AV
) i / Sun \ N LS
e e — m o 2&
e JGMe = 21510 /s N )
Om \ &7
/ 2
l“\!ﬁnuhav‘* \)el‘;‘he‘\iev\v \\\—y«\ //
What are the vahes for Vp_and Vp Yo N . A
-?or the e H.',p-b'ca.) Hohmann Yransfer ornt ? e
elipse Gun  ggtelite =gpacecras’y
TN (o) s P as)
E=-GMem =-CMam = KE(de)+ PE (ds
Z2a dE +d
2
’“GMQn{ 74/9 GMQV/ Yp =2GMg | ! |
dE +dM 2. dE d’s C‘E-'l'a“
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el

PPOLu ?-q Cc>n'}‘a

Vo = 2066720 " )(1A9x10™) 1 '
('50)“0" ().so+z.ze)ﬂo)

Excth
VF = 3,2F x qumls > Ve = '238xlo”m}s
q,&\"'%
‘ 5 _ Sun SATQ“‘Te 2 A
Vi % Eém]xe GM = \2 priv, =G Mopg
dg +d,, dm
vV, = 2GM, [ - \
\ dM dM+dE/
= 3 3
V) = —‘/ 2 (667410 ">(1-q‘?x'0°>/ \ - \
\2.23x:o” ().50+2.28)x|o" /
4 l‘vA\arb
V, = 2.15 x 10" m/s < Nu= 2‘~HxlD m/s

Earth to Mars: You wust increase Ythe speed of the spacecr=§t
in Yhe direction of the earths orbit ( mo}‘mn)

Mzrs Yo Earth: You must decrezse the sPeecl o the sFaCecra:ﬁi“

with resyec']‘ Yo Mars' orbita) vebc;‘h/.

b

T = 271— Q S 'H\e lDer‘xod OF '\'\ne -;u“ e\\‘u?‘}‘scz) orb]')‘

g
*“7@%

However, 1ye on‘q wznt o / £<:/4i_§. ;?““ \ Xt=177.
K now T/Q \1&’? the peried , \ 7’ /,77

The '}”mu?—os1 S—lg\ﬁ' 'grom Farﬂ)—? Mz cs.

o~
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Prob, 79 cont'd

T = T a where a=detdi = 1.84x10'w
2

NGm, 2

5/2

7
= 2.24 %10 s

T - 7w (1eaxw'
z (\e.c,?x;o'“,)(\h‘?‘bﬂo”)

=| 2689 daxlls

| Where sheyld mars be with respect Yo the earth when

?
la,unckq'n? -Crorn earH\ —> T3S -

] ) 5 32
-l;';l’b'\'.s = "per‘lod '?Dr marcs Orb|+ = 27T a w)')ere a:dM
> ‘1C7M® |
" 2
Thars = 27T (2.28x10") = 5.44x10's = (88 days
(G 216" (1.99x16°)
Hpohmzann
z/d’]‘;hS&r
. . =
fraction of mars' orbit = l2 = 259 = &.3%%

Toars €82

0.370 (360°) = 136" in 259 days

> O = 48C - 136" = 44°

-
2

N

[AV A hY g

N

ear

W a¥ launch Hwe

Mars must be 2hezd oF 'khel,\\ocj '-l‘-\oA"i? it s 30:’133 Yo be
2t the Z\lb\we\ion of the Hohmanrn Transfer orbit.




