Chapter 12
Gravity

Answers to Even-numbered Conceptual Questions

2.

10.

12.

14.

16.

18.

20.

A person passing you on the street exerts a gravitational force on you, but it is so weak
(about 107" N or less) that it is imperceptible.

(a) We can see from Equation 12-13 that if the radius of the Earth is decreased, with its
mass remaining the same, the escape speed increases. The reason is that in this case the
rocket starts closer to the center of the Earth, and therefore experiences a greater attractive
force. It follows that a greater speed is required to overcome the increased force. (b)
Satellites in orbit would not be affected. They would experience the same net force from
the center of the Earth as before.

No. A satellite must be moving relative to the center of the Earth to maintain its orbit, but
the North Pole is at rest relative to the center of the Earth. Therefore, a satellite cannot
remain fixed above the North Pole.

More energy is required to go from the Earth to the Moon. To see this, note that you must
essentially "escape" from the Earth to get to the Moon, and this takes much more energy
than is required to "escape" from the Moon, with its much weaker gravity. This is why an
enormous Saturn V rocket was required to get to the Moon, but only a small rocket on the
lunar lander was required to lift off the lunar surface.

Yes. The rotational motion of the Earth is to the east, and therefore if you launch in that
direction you are adding the speed of the Earth’s rotation to the speed of your rocket.

Skylab’s speed increased as its radius decreased. This can be seen by recalling that
T :(constant)r3/2 (Kepler’s third law) and that v =2mwr/ T (circular motion). It

follows that v = (Constant)rfm, and therefore the speed increases with decreasing

radius. You might think that friction would slow Skylab — just like other objects are
slowed by friction — but by dropping Skylab to a lower orbit, friction is ultimately
responsible for an increase in speed.

More energy is required to put the satellite in orbit because, not only must you supply
enough energy to get to the altitude %, you must also supply the kinetic energy the satellite
will have in orbit.

As the astronauts approach a mascon, its increased gravitational attraction would increase
the speed of the spacecraft. Similarly, as they pass the mascon, its gravitational attraction
would now be in the backward direction, which would decrease their speed.

(a) The satellite drops into an elliptical orbit that brings it closer to the Earth. The
situation is similar to that illustrated in Figure 12-13 (a). (b) The apogee distance remains
the same. (c¢) The perigee distance is reduced.

As the tips of the fingers approach one another, we can think of them as like two small

spheres (or we can replace the finger tips with two small marbles if we like). As we
know, the net gravitational attraction outside a sphere of mass is the same as that of an
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equivalent point mass at its center. Therefore, the two fingers simply experience the finite
force of two point masses separated by a finite distance.

22. It makes more sense to think of the Moon as orbiting the Sun, with the Earth providing a
smaller force that makes the Moon “wobble” back and forth in its solar orbit.

24, The net force acting on the Moon is always directed toward the Sun, never away from the
Sun. Therefore, the Moon’s orbit must always curve toward the Sun. The path shown in
the upper part of Figure 12-20, though it seems “intuitive”, sometimes curves toward the
Sun, sometimes away from the Sun. The correct path, shown in the lower part of Figure
12-20, curves sharply toward the Sun when the Earth is between the Moon and the Sun,
and curves only slightly toward the Sun when the Moon is between the Sun and the Earth.

Solutions to Problems

mny

r2

1. F=G

43x107''N

2

kg? (0.25 m)?

2
(b) F={6.67x10_“ N-m }(0'20 ke)(020ke) [ 1011 N

kg? (0.50 m)?
2. F=¢12
1”2
2
(a) F=|667x107"! N'“; .1 kg)(7'22kg) —[52x10° N
kg (0.75 m)

(6.67 x107!1 N'Hf)(m kg)(7.2 ke)
B) 7= [ - =[12m]

2.0x107° N

m
3. (a) W, =mg=(350 kg)(9.81 —J: 3.4 kN

2 24
) F:GmA;[E :[6.67“0“ N-m }(350kg)(5.97><10 kg):

r kg2 (35><106 m)2

4. Use your mass ~ 65 kg.

2 20
o mmy 11 N-m” |(8.7x10"" kg)(65 kg)
F—G—z—[6.67x10 J =|0.026 N

r ng (12><106 m)2
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5. The forces are equal in magnitude and opposite in direction.
mm
F=G-12

-

28x10712 N

2
(@ F= [6.67><10‘“ N-m ](012 kg)(0.20 kg) _

kg? (0.75 m)?

®) | 2.8x1072 N

6. @ Fp=c"YME_pg"MM g,
T'E-s ™-s
Mg 2My
2 2
I'Es "™-s

rM-S _ 2MM

T Mg

~[2(7.35%10% kg)
5.97x10%* kg
=0.157

Slnce rE_S + rM-S = rE-M,

Mg +0.157r =3.84x108 m

Fos = 3.32x10% m

(b) . The spaceship mass cancels out of the equation.

MgMs _  MpMy

7. () F=G G

"E-S "E-M

M M
= GME [—SZ + _sz
T"E-M "E-M

2 30 22
_le67x10- 11N n21 (5.97x10% ke) 2.00x1011 kg2 . 7.35><108 kg2
ke (1.50x10' m)?  (3.84x10% m)

F=|3.56x10% N, toward the Sun

o) FGMM(M_M_J

2
M EM
2 30 24
_ 6.67X10-11N_n21 (7.35x102 kg) 21.?0><10 kg — 5.97x108 kg2
kg (1.50x10"" m—3.84x10° m)* (3.84x10° m)

F=|240x10% N, toward the Sun
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© F=GMS[ Ye , MMJ

"B S-M
2 24 22
= 6.67><10_11N—1121 (200)(1030 kg) 5-97X1011 kg2+ 71135><10 kg - .
kg (1.50x10°" m)“ (1.50x10"" m—3.84x10° m)

F=|3.58x10% N, toward the Earth-Moon system

=3.5395x10%> N

2 24 30
MEMS_[6.67X10_11N-m J(5.97x10 kg)(2.00x10° kg)

8. Fx=G =
s kg? (1.50x10"" m)?

2 24 22
MgMy, _[6.67X1011N m J(5.97><10 ke)(735x10™ ke) _ | geue 1020

Fen kg? (3.84x10% m)>

F=\F2+F}? = (35395107 N)* +(1.9848x10% N)* =| 3.54x10” N

L F 1 1.9848x10%° N
an ——mm—

O=tan ' L= T | 0.321° toward the Moon off the ray from the Earth to the Sun
£y 3.5395x10%* N
MM _ L2 ) 30 ] 24
9. Fp=G—"E=|667x107" N - (2.00x10 kg)(iwleo Ke) _35305x102 N
E-s kg (1.50x10" " m)
MM 2 ' 30 . 2
Ry =G=3"M = 667x107"! N - (2 00“101 kf)a 35x10 gkg)z =43577x10%° N
oM kg (1.50x10"" m)“ +(3.84x10° m)
Seen from the Sun, the Earth and the Moon are separated by an angle ¢ such that
8
sing = 3.84x10 =0.002560 and
J1.50x10'1)2 + (3.84x108 )2
11
cos g = 1.50x10 =1.000

J1.50x10')2 + (3.84x108 )2

F = \[(Fg + Fag cos9)? + (Fy sing)? =| 3.58x102 N

6 =tan™! _Fusing
Fg + Fyycos¢g
- (4.3577x107° N)(0.002560)

3.5395x10%2 N +(4.3577x102° N)(1.000)
=] 0.00178° toward the Moon off the ray from the Sun to the Earth

10. Each mass will be drawn toward a point halfway between the other two masses. Each of those other masses
2
m

r2

contributes to that attraction with a force component equal to G——cos30°, where r is the length of a side of the

triangle.

2 2 2
(a) F=2Gm—2c0s30°=2 6.67x10"1 N HZI (6.75 kg)2 0s30°=|3.37x107° N
r kg (1.25m)

(b) Doubling [reduces F by a factor of 4 F =| 8.42x 10717 N.
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11. (a) Let m =1.0 kg, my =4.0 kg, m3 =3.0 kg, and my = 2.0 kg.

m m4

F.=G—— +G124 050

”14 Vz4

mm m-m n
_g™M 4+G 2 4(14]

e’ N4~ \24

m myn
on 2.
14 4

{667x10 “Nk J(ZOk)( 1.0kg . (40kg)(0.20 m) j
g’

(020 m)>  [(0.20 m)? +(0.10 m)>]*'?
=1.288x10° N
=G24 sin0+G 0
”24 V34

m-om 7 msym

= G#[ﬁ}r G304
2 | g 2

4 \724 734

4 34
2
_l6.67x10-11 N rr; (2.0 ke) (4.02kg)(0.10 m)2 — 3.0 kg2
kg [(0.20 m)” +(0.10 m)~] (0.10 m)
=4479x10° N
F=F2+F? =J1288x107 NY? + (447910 N)? =| 47x10° N
F -8
H:tanfl—y tan —1 4479><108N
Fy 1.288x107° N

= | 74° below horizontal, down and to the left

(b) |All forces are reduced by a factor of 2?2 = 4, including the net force on my.

The directions of the forces are unchanged

. . 1 1 .
12. Let m; be an arbitrary unit of mass, then set m, = 7m1 , M3 = Zml. With 5, =x and r,3 = D —x, the forces on

my cancel out when

mm m-m
¢ 22 g™ 23
12 13

mo_ m
X2 (D—x)2

1
ml(D2 —2Dx+x%) = Zmlxz

4x2 —8Dx + 4D2 = x2
3x2 —8Dx+4D% =0
(3x-2D)(x-2D)=0

2
x= gD orx=2D
x =2D is rejected because m, is not between m; and mjs.
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M
13. gp=G—
Rp

2 24
@ v 6'67X10_11N1121 0.0553(5.97210 2kg): 370 mfs2
kg (2.44x10° m)

8.88 m/s’

- N-m2J0.816(5.97x1024 kg) _

(b) gy =|6.67x1
kg? (6.05x10° m)?

4 a__GMe 1 GMg
T Re+h)? 2\ R

(Rg +h)* = 2Rg*
h=(2-1)Rg

(2 -1)(6.37x10° m)

=|2.64x10® m

15. A sphere acts like a point mass at the sphere’s center.

2 2
F=Gm—2= 667x10‘“N m’ ) (63 kg) =|55%x10° N
. (0.22 m)>

0.00270 m/s?

24
16. g=GM—f=(6.67x10‘11N m J597x10 kg _
r

(3.84x10% m)?

(6.67x10_“ I\li'g”z‘z)(l.35x1023 ke)

GM
17. gr=—rpr= — =| 1.36 m/s?
Ry (2570x10° m)
18. (a) F= GME”’
I"
= GMEm
6 67x10_“ Nm )(5 97x10%* kg)(4.0 kg)
- 20N
=12.8x10" m
(b) aZEZ—Z'ON =|0.50 m/52
m 4.0kg

(¢) Since the gravitational force is inversely proportional to 2, doubling r [reduces F by a factor of 4. Its
lacceleration also reduces by a factor of 4] since the force has decreased by that factor and the mass has not
changed.
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19. ¢=M
R2
GMy 1| GMg
RMZ 6 RE2
R 2
MM: M2 ME
6Rg
2
(57e)
6Rg
1
=|—M
9 "

20. (a) | Use %mvl2 =mghg to find g, and use g = G_]l24 to find M.
R

2
(b) %m[134 9) = mg(5.00x10° m)
S

2
(134 m)
__\Ts)
2(5.00x10° m)
m
=1.7956 —
S2
o (1.7956 %)(1.82x106 m)>
m=8% _ s _ =|8.92x10% kg
G 6.67x107 11 N-m-
kg2
M M
21 (a) Fp=G L -Gl M Ry
"E-s ™-s
Mg My
2 2
"E—s "™M-s

nes _ [Mw _ [7.35x10% kg o011l
s VMg \5.97x10* kg
Since TE—g +rM—S =TE-M

Fe_ +0.11097 =3.84x10% m
e =| 3.46x10° m

(b) [The net gravitational force on the astronauts will steadily decrease, reaching zero at the location found in par
(a), and then gradually increase in the opposite direction. However, since the astronauts and the spaceship
have the same acceleration, the astronauts will appear to float inside the spaceship. They will not “walk” on]|
the floor or ceiling
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2 15
M 11 N- . -
22. (a) gA:G—é\:(é.mxlo 1 N-m JG 45107 k8) T 651073 mys?
R

2 kg? ) (12x10° m)?
2GM 5 e
R 2 . 3 _
(b) w=-5 A _ |Z8A :\/2(1 610 - W) _[5.2x107 radis
A Ra Ra 12x10° m

3. 72| F ]r”

= 27 (1.74x10° m+110x10> m)*'?

\/(6.67 x1071! Tig";z) (7.35x10%2 kg)

-[198]

u. T=| 2E_ |32
JGM:

11 N-m? 24
V_27rr _27”@_ My (6.67><10 & )(5.97><10 kg) R

T 27132 r 6.37x10° m+1700x10° m

27 ) 3/2
25. T=| —|r
%)

2/3
r_(T«/GMJ

2r
2/3

=(lj GM)"3

2

2/3
86,400 s 1/3

(320 days)(’i) 2
_ . day 6.67x107"1 N—n; (1.99x10% kg)
= 1.4x10" m

- 27 (9378x10°m)*/2

(6.67x10_11 Ii'gnf)(o.losxsmxloz“ ke)

SECT

-

254



Physics: An Introduction Chapter 12: Gravity

( 20 jz (1.07x10° m)>
6.18x10° s) 6.67x107"! Nom®
kg

1.90x10%7 kg

28. (@) | UseT = [2—”J /2 solved for Mog31-

VOM 431

2
2 3 3 3
(b) M243I:[2—”J L 27 (89x10" m) _—[8.9x10'° kg
r) G (19h)( 360"5) 6.67x10711 Nem®
h kg?
2z 3/2

29. (a) T= r
=]

2

(2.0x107 m+6.38x10° m)>/?

-

(6.67 x107!1 Plf(gfgz) (5.97x10%* kg)

—_

2h

7
(b) V:2ﬂr:27z(2.638xlg m): 3.9 km/s
T 4266x10" s

30. (a) Inalower orbit the gravitational force is stronger, resulting in a larger centripetal acceleration and a higher
orbital speed for satellite 2|.

ro| 27 |30
JGMy

((6.67x10_11 Pl’('n;z)(smxloz“ kg)

() v= Mg _ £ =[5.59 km/s
2R

2(6.37x10° m)
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GME 2 GME 2 3 m
(© v= ,3RE =\/;[ 2R, Jz\/;(5.59x10 ?J: 4.56 km/s

~

2

3. 7| 2E |2
JGM;

2z 3/2
T= 2R
(@) J( E)

7

= 27 (2x6.37x10° m)>’2

\/(6.67 x107!1 Plf(;gz j(5.97 x10%* kg)

(14,318 s)[&j
3600 s

(¢) [The periods do not depend on the mass of the satellite] because the satellite mass cancels out of the equation.
They depend inversely on the square root of the mass of the Earth)

32. (a) Because T « 3’2 and Diemos has the greater period, [Diemos is farther from Mars than Phobos is

2z 3/2
b) T=
o) { 2 ]

L10 105 2/3 N b 1/3
. X _ -

= 2—S] [[6.67><10 1 —mJ(O.108x5.97x1024 kg)]
T

=12.36x10" m
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33. mp=mg=m
d = separation

r = orbital radius
The force between the two stars is given by Newton’s Law of Universal Gravitation.

2
N Gm
F=G % =—
d d
Assuming a circular orbit with radius r, the centripetal force is F, = mra?. Equate the gravitational force to the

centripetal force, and substitute 27 /7 for @ and d/2 forr.

Gm? [dj[z;:jz
—_—m| — —_—
d? 2N T
22td?
GT?

27%(3.45%x10% m)?
(6.67x10111\]]<'“§2j(2.52x109 5)2
g

=] 1.91x10% kg

34. Assuming a circular orbit with circumference C and diameter d, the orbital speed is

12
poComd _zB45x107m) mrm

T T 2.52x10° s

35. AU =U,-Uj
:_Gm_[_ij

) i

:GMEm(l—ij
n n
2
= 6.67x10‘“N—“21 (5.97x10%* kg)(83.5kg)( ! —- ! 5 )
kg 7330x10° m  6610x10° m

=|-4.94x10% J

mmy

36. (a) U=-G

There are s?x contributions to the total potential energy of the system.
11 N-m? J (1.0 kg)(2.0 kg) . (1.0 kg)(3.0 kg) . (1.0 kg)(4.0 kg)
ke? 020m  Jo20mP+@.10m?  010m

U= —(6.67x10_

L20ke)30ke)  (20kp@d0ke)  (.0kel40ke)

| —1.5x107% ]

(b) Itlincreases by a factor of 4] because each term involves the product of two masses.

(¢) Itfincreases by a factor of 2|
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MEm
r

37. U=-G

~3.12558x10% J

2 24
(@ U, :_[6.67><10_11 N-m J(5.97x10 kg)(5-0 kg) _

kg’ 6.37x10° m

~3.12509%10% J

2 24
(b) U, =_[6.67X10_11N m ] (5.97x10** kg)(5.0kg) _

kg )6.37x10° m+1.0x10° m

(©) U,-U =|49x10* ]

mgh = (5.0 kg)[9.81 %j(l.0x103 m)=| 4.9x10* J
S

2 2
38. AU=U,-U, = —Gm—-(_c’”_J —Gm? (l_Lj

n U n n
2
@ AU=|6.67x1071 M {059 kg)z( ! —sz 74x10711 ]
ng 024m 1.0m
2
) AU=|667x10" M 059 kg — L | _[9ax107" s
ke 024m 10.0m

39. (a) K=U,-U,

= _Ui
Mym
"R
_| 667x10 11 N.mzj(msuo22 kg)(29,000 kg)
kg’ (1.74x10° m)
=182x10'"J

1.8x10'% J

(b) K= G%:(é.muo—

11 N-m?2 J (5.97x10** kg)(29,000 kg) _
E

kg’ (6.37x10° m)
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40 E, =E,
1 M 1 M
—mvg GIE f—Gm E
2 R, 2 R,

GM 1 GM
—E= ( g p)+—E
R, R,

GMg
R —
’ 1(v -V )+GME
B 1
e
2GMy ' R,

1
(3.64><103 %)2—(4.4@103 %)2

+ L
2.00x107 m

2
2(6.67 x1071 Ii'—mzj(syh 10%* kg)
g

=|2.40x10* km

2 6.67x107 11 NmM 1 108%5.97x10%* kg)
k 2

2GM
41, Vege = R M = £ =|5.04 krn/s
M

3.39x10° m

42. Its speed at B is determined by its kinetic energy at B, which equals the potential energy lost. The potential energy
at a point is twice the potential energy due to a single asteroid. So,

lmv =-2AU
2

Ao o]

=2GMm [L - LJ

B TA
4GM(L_LJ
4(6 67x10"1 N S ](3 50x10'! kg) !
ke 1500 m [(1500 m)> + (3000 m)?
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43. E, =E¢
lmv2 -G mMg =-G mMg
Rg 2R
lmv2 =G mMg
2 2Rg
L [GME
Rg
\/(6.67x1011 I\li'g“;z)(5.97x1024 k)
6.37x10° m

- [Tt

44. Energy balance:

1 5
—mv° =mgh
5 g

2(6.67><10_1“\11(‘g";2)(7.35><1022 kg)(325x10° m)
- (1.74x10°% m)2

26M

[ ko]
GM
R

45. Vs =

2(6.67><10“ 1\11('“2‘2)(0.0553><5.97><1024 kg)
g
(a) Vesc = 6
2.44x10° m

=|4.25 km/s

2 6.67x1071 ' Nm? }(0816x5.97x10% kg)
kg2

(b) Vesc =

- [104 s

_

6.05x10° m

Physics: An Introduction

46. (a) The speed of Halley’s comet at aphelion is its speed at perihelion because more of its energy is in
the form of gravitational potential energy and, therefore, less is in the form of kinetic energy (energy

conservation).
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(b) E, = E
M M
lmvaz—Gm s_1 vp2 ¢S
2 R, 2 Rp
1
+2GMS N
a Rp
3m 11 N-m? 30 1 1
(546><10 +2] 6.67x10™ — |(2.00x10° kg) - "
kg 527010 m 8.823x10"" m
=[2.81 km/s
47 E =E;
M M
lmViZ—G Mm 1 tg_ Mmm
2 Ry+h 2 Ry
> 26My _ 5 2GMM
" Ry+h

~ 2GMMh
" Rut Ry + )

2 (6 67x107!! hll(m )(7 35x10% kg)(110x10° m)
g

1630 + 3 3
(1.74%10° m)(1.85x10° m)
48. E; = E;
M M
lmviz—Gm E —lmv%—G—m E
2 Rg 2 h
Rg Rg 2 2Rg h
O:GmME _GmME
4Rg h
h:4RE
= 4(6.37x10% m)
= 2.55x10" m
49, vy, - 2GMp _ 2G(10ME) —10 2GMg

The escape speed is [10 times that of the earth).
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50. Ei :Ef
L2 omMy ] wY ., mMy
' Ry 2 \2 Ry +h
1 M M
Vi ——v12—2G RM_ ZGR Mh
M M+
) 2GM
=— —— Ry
2GRTBA4—%V1

2(6.67><10“ I\]]('“f)(7.35><1022 k)
_ g/ ~1.74x10° m
2(6.67x10_“ N'mzj”'mo kg)—i(lzso m)z
S

kg? ) (1.74x10°m) 4
=| 457 km

2(6.67x10_11 Ti'gfgzj(z.ooxlo” kg)

(3.00>< 108 %)2

52. (a) E = E

m? 1 - m?
-G—= 2(—mv J—G—
i 2 1t

mv? = Gm? i—l
T A

V= Gm(L—lj
Tonh

= (6.67x1011N'—“2‘2j(0.148 kg 1
kg 145m 355m

=12.01x107" m/s

(b) Increase, because v is proportional to Jm.
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. 1 . .
53. On Earth, with h << Rg, E; = Ef = Emv2 =mgh = v=./2gh. So, on the asteroid, using the formula for escape

velocity, /2gh = /ziﬂ And since My :gﬁRip,
A

gh:%ﬁGRAzp
2
- [3eh_ | 3(9.81m/s2)h [ i o0mt0” m
4rGp \/47;(6.67><10_11 N'ff;j(3500 k—%)
kg m

54. (a) F=4(6 67x10-11 N.mzj(65 ke)(10°x2.00x10° kg)(1.8 m) _
: : 2 3
kg [(106 mi) (1609 %)}

(b) r=

_4GmMaT/3_ aGmma ] [a6Ma "
. F 10mg 10g
_ s 1/3
4(6.67x10_“ Ii'lg)(z.oouo% kg)(1.8 m)

g

10(9.81 m/s?)

- 2.1x108m( m j
1609 m

=1.3x10° mi

1 4
z—a. So,

55. For r>>a, —
(r— a)2 (r+ a)2 ”

F-F =G mMg G mMg :4GmMEa
(r—a)2 (r+a)2 3
2
) (%mfp)
56. (a) F=G 5 =G 3
(2a) 4a
A6t p?
2 2
_4 6 67x107! N—“; 244
kg
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2
m®>  4GmMga
b G ==Lt
4a r
1/3 1/3
. 16°my | [16a*my | (12mp )7
m %7[(13/7 p
1/3
M) ] 12(5.97x10% k)
(©) rE=[—Ej = . k - =[1.90x10" m
7r(3330 —%)
m
1/3
24
rs=(12MSj= 1205.D(5.97x107 k) | _[¢ 7107 m
P

72'(3330 k—%)
m

57. U=-gM"™

r
There are three contributions to the total potential energy of the system.

U _( 6.67x10-11 N-m2 J[(I.OO kg)2.00kg) (100 kg)(3.00 kg) _ (2.00 kg)(3.00 kg)}

kg2 1.00 m 2.00 m 1.00 m
= -6.34x10710 J
58. With 4 <<R, mgh:lmvz, where g:G—M. So, G—Mh:lvz.
2 R? R 2

(Rvy? | (3560107 m)(3.00 ?)T

2Gh 2(6.67x10_11 Ti-ngz)(o.sm m)
g

=11.50x10** m

2 22 24
59. (a) F:GMM—MzEz 6.67><10_“er1 (7.35x10 kg)(58'97X210 ke) [ 98x102 N
oM kg (3.84x10% m)
My Mg _u Nem? ) (7.35x10%2 kg)(2.00x10°° kg) 2
(b) F=G =] 6.67x10 - — —=>=|436x10°' N
.M kg (1.50x10"" m)“ +(3.84x10° m)

(¢) [It makes more sense to think of the moon as orbiting the Sun, with a small effect due to the Earth] The
gravitational forces from the Sun and the Earth have the same order of magnitude, but the force due to the
Earth is smaller by roughly a factor of two.

60. Force from the 2.00-kg mass:

2
;N J(l.oo k)200ke) | 10y

kg? (10.0 m)?

r

Fy = Gml—’;zz(6.67xl

Force from the 3.00-kg mass:

2
A= 667x10° 1N = (1.00 kg)(3.0§) k8) _5001x10712 N
kg (10.0 m)
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The vertical components add, the horizontal ones subtract:
F, =F;, —Fy, =(2.001x107'% N)cos 60°—(1.334x107'? N)cos60° =3.335x107"% N (to the left)
F, = Fy, +Fy, =(2.001x107 N)sin 60° +(1.334x10~'% N)sin 60° = 2.888x10™'> N (downward)

F=\F2+F2 =(3335x1073 N)? 1 (2.888x1072 N)? =| 2.91x107% N
1 F [ 2.888x10712 N
3335x10° 3 N

} = | 83.4° below horizontal, to the left |

61. AK+AU=0
AK =-AU = —~(U; ~Uy)
K =0.
2
U, =3 =" 3 —.67x1071 m” |25.0ke”) _ 500 1610
r kg 10.0 m

Upon arriving at the center, the center-to-center distance between pairs of spheres is 2(0.0726 m) = 0.1452 m.

Us =3| -6.67x107"! Nem? | @5ke®) _ 5 008
ke® )0.1452m

3(%771\/ j=3(%j(5.00 kgh? =—[—3.45><10‘8 J—(-5.00x107"? J)J =3.40x107% J

2(3.40x107° J) _

6.73x10™> m/s
3(5.00 kg)

62. (a) AK+AU=0
(K¢ —K;)+Ur -U;)=0
K =U; =0
Kf——

—Gmpa M
_mAV ma Ej

667 10711 Nm® }(5.97410%* k
(2GME 8 e )07 &
(73,600 mi)(1609m)

1 2 1 2 1 4 31,2
b - - e —T
(b) K 2mv 2pl/v 2p(3 r jv

3330 X& ( 1.0x10° m)*(2.59x10° m/s)?
2 m3 3
= 4.7x10" J
G(% 7R} ) Yol
63. (a) | Since on any given planet g = 5= 3 = g?Z'GR p, reducing the radius to half its value
R R
will reduce g to half its value also.
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_1 m _ 2
(b) g—2(9.81 s2j_ 491 ms

Physics: An Introduction

64. (a) | Since on any given planet g =

M . . . .
—-» compressing the radius to half its value will quadruple g.

- m_ 2
(b) g—4[9.81 S—zJ_ 39.2 m/s

65. ma=F
2
M
m A4 _ G EM :
Rg +h (Rg + 1)
)2 GME
Rg +h
v GMg
RE +h
66. mya; = myady

n n
mn =mpn
m_n
mon

|1
13

67. may = F

3
m|—|=
n

27n 2
T Gm2

Gmlmz
2
(n+n)

NCEEYN
4y G(jm)
™ (45’
2.3
T 19277 K
Gml

266




Physics: An Introduction Chapter 12: Gravity

68. From Problem 46, v, = 54.6 kms, v, =783 =, R, =8.823x10!" m, and R, =6.152x10'2 m.
S

(a) L,=mu,R,=(9.8x10" kg)[54.6><103 2j(g.gzsxmlo m)=| 4.7x10* kg-m?/s
S

(b) L, =mv,R, =(9.8x10" kg)(783 2j(6.152><1012 m)=| 4.7x10*° kg-m? /s
S

2 47z2r3

GM

2

o) ot Nen? (0.108)(5.97x10** kg)[(24.62 h)(%ﬂ

r= = . X
47 ke’ 4’

69.

1/3

=2.05x10" m
r=R+h

h=r—R=205x10" m—0.34x10" m=|1.71x10" m

70. (a) Since its altitude is higher than geosynchronous, it moves slower, and so its period is |greater than 24 hours].

(b) The satellite lags behind the Earth’s eastward rotation and thus moves [westward.

© 7= 2% erz

JGMg

3/2
= = [(23,300 mi) (w)+6.37x106 m}
\/(6.67x10_11 1\12;22)(5.97“024 kg)

mi
SEET)

71. E; = E;, where the potential energy at a point is twice the potential due to a single asteroid. So,

lva2 —2G@=lmvﬁ,2 —ZGM
2 I"A 2 }”B
Vp = \/VBZ +4GM(L—LJ
A B
2 2
= (0.953 Ej +4{6.67x10_11 N H; J(3.50><1011 kg) ! -
s kg J500 m)? + (3000 m)? 1500 m
=[0.935 m/s
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72. The force between the Moon and the Earth is
MMy _11 N-m? ] (5.97x10%* kg)(7.35x10%? kg)
Fr=G > = 6.67x10 5 T3
Re.Mm kg (3.84x10° m)
The force between the Moon and the Sun is weakest when the Moon is farthest from the Sun. Then,
MgMy, _11 N-m? }(2.00x10°° kg)(7.35x10%? kg)
Fs=G 5 =|6-67x10 3 T )
Rs M kg (1.50x10"" m+3.84%x10° m)
So, even at its weakest, the Sun’s pull on the Moon is greater than the Earth’s.

—1.98x10%0 N

—434x102° N

73. r=| 2% |32
JGMs
3/2
3.16x107 s 27 1.50x10'" m
M) ——|= - (r) U
" \/(6.67><10_“ I1'“;)(1.99><103° ke)
g

3.16x107 s
yr

JT:(3.16><107 sTh AU 2)3/2

_ yr 3/2
T_(l AUMjr

74. In a circular orbit,
ma=F

2
(e
r r

M
K:lmvz :lgﬂ
2 2 r

1.30%x10'0 J

(@ K =l(6 67x107!1 N-m’ J (5.97x10%* kg)(1320 kg) _
' 2 - (1609
2 kg (12,600 mi)(1609m)
(b) In a circular orbit, E=K+U=%GM—GM—_1GM

r r 2
AE:—lGMm 1
2 L6
=~ 6.67x107 T |(5.97x10% kg)(1320 k _
2[ ke ]( 320K | 25200 mi 12,600 mi 1609 m

=1 6.48x10° J
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75. In a circular orbit,

76.

77.

78.

ma=F

2
o7
r r

/GM
v=|—
B

(a) @; m drops out of the expression for v.

() v=

© 7="
\%

The smaller mass has an orbital radius of (2/3)d.

2
m(;_]: Gm(22m)
gd d

|

M — =2(cos30°)G
R

(6.67x10_“ “lggzj(s.wxloz“ ke)

2zr  272(250x10° m+6.37x10% m)

250x10° m+6.37x10% m

ma=F

2n§d 2
T _G2m

2 Ay
3d d
2
(2_”J =3¢
T 43
2rd?

\3Gm

T =

Ma=F
v2 M2

V2= GM
2R cos30°

T 27R — 2R /2Rcos30 _
% GM

M
v =G
B
K :lmv2 = GMm
2 2r

7.756x10° m

(2R cos 30°)2

R3
237, —
GM

7.8 km/s
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79. F, =2(cos 6’)GM—Z1
r

ol X G . Mm .
Jx2 +(1500 m)? | x” +(1500 m)
2GMmx

[x% + (1500 m)>T*/?
2(6.67x10_“ blf('ﬁf)(s.sono“ kg)(2.50x107 kg)x
g

[x% + (1500 m)> /2
~ (1.17x10° N-m?)x
[x% + (1500 m)> /2

F (N)
200
L L x (m)
-3000 3000
-200 -
80. E =E,
1 M 1 M
—mv12 ~¢Z :—mv22 ~gZ
2 n 2 7
M M
W —26= =13 -2G=
n 12
2 2
M=_1""
2G(i —i)
non

(4280 %)2 —(3990 ?)2

_ 2
2| 6.67x10711 Nom e H
kg 22,500x10° m  24,100x10° m

=|5.97x10%* kg

2
81. (a) ﬂszjsz
r r
GMg

r
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(b) E=K+U
1 M
=—m? -GZEL
2 r
2
=—mv" —r(fy)
=—mv" —rmag,
1 2 V2
=—mv" —rm| —
r
1
=——m?
2
=-K

(¢) [This result applies to an object orbiting the Sunj it applies to any object in a circular orbit around a much
larger object, and not significantly influenced by other objects.
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