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11. (a) The distance between any of the spheres at the corners and the sphere at the center

1S
r=10/2cos30°= (/3

where ( is the length of one side of the equilateral triangle. The net (downward)
contribution caused by the two bottom-most spheres (each of mass m) to the total force
on my has magnitude




image7.png
Gmm
2

Gmym
[Z

2Fy:2( ]sin30°:3

This must equal the magnitude of the pull from M, so

Gmm _ Gmm

I ([/\/5)2

3

which readily yields m = M.

(b) Since my cancels in that last step, then the amount of mass in the center sphere is not
relevant to the problem. The net force is still zero.
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12. (a) We are told the value of the force when particle C is removed (that is, as its
position x goes to infinity), which is a situation in which any force caused by C vanishes
(because Eq. 13-1 has 1 in the denominator). Thus, this situation only involves the force
exerted by Aon B:
oy = Fyp =S _ g 17 1070 N
IA?B

Since mp = 1.0 kg and r,, =0.20 m , then this yields

2 -10
= Fy (020 nj?l (4.317><l(2) N s k.
Gmy  (6.67x107" m*/kg-s”) (1.0 kg)

(b) We note (from the graph) that the net force on B is zero when x = 0.40 m. Thus, at
that point, the force exerted by C must have the same magnitude (but opposite direction)
as the force exerted by A (which is the one discussed in part (a)). Therefore

(()G;’(’)Cim‘;z —417x 10" N = me=100kg
. m,
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24. (a) What contributes to the GmM/i* force on m is the (spherically distributed) mass M
contained within r (where r is measured from the center of M). At point A we see that M;
+ M is at a smaller radius than r = a and thus contributes to the force:

G(M,+M,)m

2

|Foos] =
a

(b) In the case r = b, only M is contained within that radius, so the force on m becomes
GMyn/'.

(c) If the particle is at C, then no other mass is at smaller radius and the gravitational
force on it is zero.
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25. Using the fact that the volume of a sphere is 47R"/3, we find the density of the sphere:

4
Mo LOA0KE 4y giregrm.
17k 47(1.0m)

When the particle of mass m (upon which the sphere, or parts of it, are exerting a
gravitational force) is at radius r (measured from the center of the sphere), then whatever
mass Mis at a radius less than r must contribute to the magnitude of that force (GCMm/%).
(a) At r= 1.5 m, all of My is at a smaller radius and thus all contributes to the force:

GmM,,

= m(3.0x107 N/kg).
(b) At r=0.50 m, the portion of the sphere at radius smaller than that is

M= p(%inz]:l.i*)xlo3 kg.
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Thus, the force on m has magnitude GMnv#* = m (3.3 x 107 N/kg).

(c) Pursuing the calculation of part (b) algebraically, we find

6.7x107 ——
r * kg-m

‘on |

:M:m{ N ]




image12.png
29. The equation immediately preceding Eq. 13-28 shows that K = -U (with U evaluated
at the planet’s surface: =5.0 x 10” J) is required to “escape.” Thus, K = 5.0 x 10° J.
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35. Let m = 0.020 kg and d = 0.600 m (the original edge-length, in terms of which the
final edge-length is d/3). The total initial gravitational potential energy (using Eq. 13-21
and some elementary trigonometry) is

4Gn? 26t

U=~ d "\2d

Since U'is inversely proportional to r then reducing the size by 1/3 means increasing the
magnitude of the potential energy by a factor of 3, so

2
Up=3U = AU:ZU,:Z(4+\&)(7%) —_482x101].
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45. We take a torque that tends to cause a counterclockwise rotation from rest to be
positive and a torque tending to cause a clockwise rotation to be negative. Thus, a

positive torque of magnitude r1 £ sin 6 is associated with  and a negative torque of
magnitude r,F; sin & is associated with . The net torque is consequently

T=rFsing, - Fsing,.

Substituting the given values, we obtain
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7=(1.30m)(4.20 N) sin 75° - (2.15 m) (4.90 N) sin 60° = -3.85 N-m.
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The net torque is

T=1,+7,+7.=Fr,sing, — Fyrysing, + F.1.sing.
= (10)(8.0) sin135° — (16) (4.0) sin90° + (19) (3.0) sin 160°
=12N-m.
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47. Two forces act on the ball, the force of the rod and the force of gravity. No torque
about the pivot point is associated with the force of the rod since that force is along the
line from the pivot point to the ball.

As can be seen from the diagram, the component of the force of gravity that is
perpendicular to the rod is mg sin 6. If ( is the length of the rod, then the torque
associated with this force has magnitude

7=mg(sin€ = (0.75)(9.8)(1.25)sin30°= 4.6 N-m.

For the position shown, the torque is counterclockwise.
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48. We compute the torques using T = rF'sin ¢.
(a) For ¢=30°, 7, =(0.152 m)(111 N)sin30°=8.4 N-m.
(b) For ¢=90°, 7, =(0.152m)(111 N)sin90°=17 N-m.

(c) For ¢=180°, 7, =(0.152 m)(111N)sin180°=0.




