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1, GMm
i =K+ U=cmo* ———
1. Write the total energy equal to the sum of the potential energy E > )
and the kinetic energy. i
2. Apply Newton's second law to the satellite and solve for the FG y ?:::1 R
. o
square of the speed. LR
GM,
sa vt =

"
1 GMp GMgm GMpm
i i E=—-m——"—-— = - o
3. Substitute into the step-1 result and simplify. Lo "
GMgm 1

( GMEm) |1 u
. E= o | —m—— | = >
4. Compare the step-3 result with U in step 1. > 5 "

The speed of an object in an orbit of radius » around a planet is given by v =, /G M- / r,andis

planet

also given by v= 271'1’/ T, where T is the period of the object in orbit. Equate the two expressions
for the speed and solve for T.

G MPIancl — 272'?’ - T — 275 rs -
r T GMPlancz

For this problem, the inner orbit is at Froee = 1.3 10'm, and the outer orbit is at 7o =1.7x 10°m.
Use these values to calculate the periods.

(7.3x10'm)’ e
(6.67x107" Nem’/kg? ) (5.7x10%kg)

inner

(17x10°m)’

— 4
(6:6710™" Nem?/ke? ) (5.7x10%kg)

outer

Saturn’s rotation period (day) is 10 hr 39 min which is about 3.8x10%*sec. Thus the inner Ting will
appear to move across the sky “faster”

than the Sun (about twice per Saturn day), while the outer
ring will appear to move across the sky “slower” than the Sun (about once every two Saturn days).



(@) The speed of an object in near-surface orbit around a planet is given by v=./GM / R, where

M is the planet mass and R is the planet radius. The speed is also given by v = 27.?R/ T,
where T is the period of the object in orbit. Equate the two expressions for the speed.

M 2=R M 4Az'R® M 4x’
G—— o — G —— - —> —3- = =
R T R T R GT”
: . . . M
The density of a uniform spherical planet is given by p = =- . Thus

Volume <zR?

M 3 4x° 3z

P IaR anGT° oT°
(b) For Earth,
= 3 5.4x10" kg/m’

GT? (6.67x10'“ N-mz/kgz)[(SSmin)(GO s/min )]’ )

Use Kepler’s 3 law to relate the orbits of Earth and Halley’s comet around the Sun.
3 2
(r Hailey / 4 E:mh) = (Tﬁnzley / Teren ) -

Thatey ™= Teamn (THa.l]ey /TEanh ):“3 = (ISOX Ioﬁk_m) (76 Y/I y)zu =

This value is half the sum of the nearest and farthest distances of Halley’s comet from the Sun. Since
the nearest distance is very close to the Sun, we will approximate that nearest distance as 0. Then the

farthest distance is twice the value above, or 5380%10°km. This distance approaches the mean orbit
distance of Pluto, which is 5900x10%km . [It is still in the Solar System, nearest to Pluto’s orbit)

(a) The relationship between satellite period T, mean satellite distance r, and planet mass M can be
derived from the two expressions for satellite speed: v=/GM / rand v= 2:'rr/ T . Equate the
two expressions and solve for M. o
4 2 3
\/GM/r z27rr/T o oM == z
GT
Substitute the values for Io to get the mass of Jupiter.
4r® (422x10'm)’ -
= ={1.90x10""kg|.

(6.67 %107 N.mz/kgg)(lf,"yd % @x 3600 S)_

st et it
J——

Jupiier-
Io

Id lh

(b} For the other moons:

47° (6.71x10°m) .
Jupiter- = 1L \ N 3 = 1.90x10° kg
mio  (6.67x107" Nom/kg? )(3.55% 24x3600 5)

47° (1L07Tx10m)
Gimes:(6.6710™" Nom®/kg® ) (7.16x 24x 3600 )

=[1.89x10" kg

= 2_




If the ring is to produce an apparent gravity equivalent to that of

Earth, then the normal force of the ring on objects must be given by -
F, =mg . The Sun will also exert a force on objects on the ring. 7 Sun
. un A
See the free-body diagram. m— q@
o 2
. . . = v
Write Newton’s 2™ law for the object, with the fact that the E,

acceleration is centripetal.
ZF =F =F +F, = mvz/r

M. m
Substitute in the relationships that v =2z7/T , F, =mg ,and F,,, = G—22—~, and solve for the

period of the rotation.

Mg m Az mr M, az’r
+mg = p - G—THtg=
r

F +FN=mv2/r - G

S 2
¥

At

472 (1.50x10" m 3
[ - ( (;(99X1(330k0) 17'8X1OSS—
. g 2
(1_50x10“m)2 +9.8m/s

The force of the Sun is only about 1/1600 the size of the normal forf:e. The force of theSun could
have been ignored in the calculation with no effect in the result as given above. I

G%’*‘*‘ 8 4/(6.67x10™ N-mz/kgz)

FIGURE 11-13 The particles are each

' located at i int P
- Calculate the magnitude of g, and z,: H=&= g fioeclad Tao;lt? ousepo s peintisa
7
. The ¥ component of the resultant field, the sum of &yand g, . is &= &y T &y =gsind —gsing =0
zero. The x component is th f : ;
p Isthesumof g, and g, : & T & T & = §rosd + g, cos0 = 2g cos O
2GM
=" o8 9
- Express cos 6 in terms of x, and r from the figure: cosft = i
r
- Combining the last two results yields §. To express g as a F=gd=- 26M ﬁf = - 20 i
function of x,,, substitute (2 + @)V for r: : oy r
2GMx,

=y
(x2 + 2232

2GMx -

- Xp is an arbitrary point on the x axis. For simplicity, we replace it - i
(x? + a?)2

with x;

oql
1




(#) 1. The mass M’ (the mass of the spherical shell with outer radius IR M = pv
and inner radius 1 R) is the density p times the volume V'
i 7 M M __M  sM
2. The density is the total mass M divided by the total volume V: p=y = ey ~CRP E;—WRS =R

. , ,431234133_;2123
3. Find the volame V' of the thick shell with outer radius § R and inner vV =37 e 373 &7

radius { R:

4. Find the mass M":

(B) The gravitational field at r = 2R is due only to the mass M':

6M 19 . |19
r F T = —M
M 7rRI 43R 56
. GM' . _ _GgM, _3BGM,
g=‘rz'—‘”@§)2‘ | e R

L/

(@) 1. Integrate dpg = AV to relate C to the mass M,
i where AV = 4402 gy (4772 is the area of a
| sphere of radius r so 4.2 g7 is the volume'of a
spherical she]l of radius r and thickness dr):

2. Solve for C in terms of the given quantities A1
and R.

(b) Write an EXpression for the field outside the
sphere in terms of the mass M, the distance  from
the center, and the un;t vector 7, The unit vector #
is in the direction of increasing 7

{©1. Compute the mass M’ that is within the radiyg
iR by integrating dm = pdV fromr =g 3R
and use the valye of C found in Part (a), Step 2.

2. Write an expression for the fieldatr = 1R in
terms of M and R,

M=fdM= pdv

R
= f Crldmr?dr) = CaR4
e

M
C‘

o

(r>R)

Rf2
M= {pdy = f Cr(dmridy) = CwR%16
o

, M

M 16

- GM’ GM 1
g=——?:2~1- '—Egr at r=3R

e




R - A Eaey A
tange ~L/2 < x < L/2 are source points, and point p
is a field point.

points on x axis in the

Gd
1. Find the x component of the field at P due to the mass element dyy; dg. = - rzm

2. Because the rod is uniform, the mass per unit length A is constant andequal  di = ) dy
to the total mass divided by the total length, The mass di of an elernent of

M
length dx, is equal to the Mass per unit length tires the length dx.; where ) = T
3. Write the distance 7 between dm and point P in terms of *gand x: rEx - oxg
. . G dm GA dxg
4. Substitute these results to express dg in terms of dg, = — — = - 5
r (xp — x)
M dxg GM
9. Integrate to find the x component of the resultant feld: g = j dg = ~-Ga f_ e = —m
E fi 1 . - f e GM 2
6. Express the resultant eld as a vector: g=gi= X~ (12 i
- GM .
7. Herex,isan arbitrary point on the axis in the region x > L/2. For g = —IT_*W i x>1/2
sitplicity, we replace it with x:

2

Center, under the assumptions Made, is givep by
Mg;,;nxy — }gun Z;:r:':v

Sun arbj;

- Substitute i the relationship that v = 27,

Sunarbi:/r.
My = m—-—"—)—i = 47°[ (30, 000)(9.5x 10”m)T
GT* \
00 o 2220}

ly ]]
= 3452X,1O4rkg ~

The number of solar masses is foung by dividing the result by the gojar mass |
&

M 3.452%10" ko
# StarS=‘ﬂ;;——L=m2=l.726XIO“ z



