220A Solutions
Assignment 7

6-1. Draw the free-body diagram. The distance R g @Rere R is the
Earth's radius, since the spacecraft ig @Bove the surface.
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The gravitational force is given by the following:

mimso
F = G R2 y

where the mass of the first particle (the Earth)=nMe and the mass of
the second (the spacecraft) is mm = 1400 kg. Thus,

5.98 x 134 kg -1400 kg_
= 1 m?2 2y =

6-4. To get g, we calculate the force on a mass near the surface and divide
by the mass.

mg

The gravitational force is given by the following:

SO

where the mass of the planet m =g3dhd the distance R is the same as the
radius of the planet which is given to be the same as the radius of the
Earth, R = R. Therefore,



3.5.98 x 104 kg

We could have reasoned that g is proportional to the mass, so the g = 3-9.8
m/<%) = 29.4 m/8.

6-9. The force on the mass at the origen is the vector sum of the forces
F1, F2, andFs.
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Get the magnitude of the three forces, write them in,thaotation and
add. The magnitude of the forces is given by

mimy
F = G R2 .
For i, mp=4mand R =y
m-4m
F1=6 yp2

and since the force is along the y-direction,

_...m-4m

F2 is calculated similarly, changing the mass, distance, and direction

. .Mm-2m
Fo=iG X02 . (2)

For 3, mg = 3m and R a/xoZ + yo2,



_ m-3m
F3=Cxo2 + yo?
The x-component of this isgf€os0 and the y-component i3Ein 0.

_ m-3m . -
F3= Gx02 ¥ 02 (i cosB +] sinB)

We calculate the angle by observing that the hypotenus of the triangle is of
length\/x02 + yo2, so cosB = xoli/x02 + yo2 and sin® = yo/i//x0Z + yo2.
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F3=Gy 2 1 yp2 (i X0VX0Z + y0? +j yolVXo? +yo?).  (3)

Now we add egs 1 - 3.

m- 2m X0 M-3m
o] +

m-4m yo m-3m
* G (%02 + yo2)3/ 2

1[G 2+ G (kg2 + yo2)3

This could be simplified by factoring out a G-m

6-48. The mass is an inherent property of the brass ball; it is 3.0 kg
everywhere. The magnitude of the weight is mg, so on Earth,

W =mg = 3.0 kg-9.8 n¥s= 29 N
and on the other planet

W =mg = 3.0 kg-12 m#s= 36 N.



6-11. If the Earth's mass were doubled, keeping its same shape and
density, the the radius would have to get bigger. The density is the mass
per unit volume, so the volume would have to double. The volume of a

sphere i%T[RQ’. The old radius is &and call the new radius &kthus,

4 4
§T[R '93. =2 '§T[Re3,

which means that R= 21/3Re. Now that we have the new radius, this is
straightforward. The force on an object is

where m = m is mass of the object,o1s the mass of the Earth, and R is
the radius of the Earth. For the normal Earth,

_ mMMe
F—GReZ,

For the altered Earth,

L Mm2Me m-2Me
F'=GRre = Cpiiry2

The ratio of these two forces

F'/F = (2/12/3) = 2113 = 1,26, so the weight is a factor of 1.26 larger on the
altered Earth.

6-19. Draw the free-body diagram.

The net force on the satellite is




toward the center of the Earth, so the 2nd law is F = ma, but since the
satellite is going in a circle, a 2AR.

mM
Rize: ma = m ¢/R.

Divide both sides by m/R to get

R =R+ 600 km =6.38 x 1®m + 600 x 18§ m = 6.98 x 16 m

[ M
vV=+ Gﬁe

5-98 x 134 kg _
)(6 98 x 16 m) ~

-\/(6 67 x 1011 N m2/kg2 +7.56 x 18 m/s.

The velocity can be either *, the speed is 7.56XmM/3.

6-22. We may obtain the time it takes to circulate the Earth if we have the
speed. From problem 6-19, the speed needed to go in a circle is

?M
= G7e

5.98 x 1¢4 kg _
11 2 2‘

7.91 x 18 m/s.

and the distance ist®Re = 21:6.38 x 16 m = 4.01 x 18 m, thus the time

time = distance/speed = 4.01 x/10/7.91 x 18 m/s = 5.07 x 18s. In
symbols,

_ — R/~ faVe - RS _
T=2RN = 2R/\[ G _m;zGMe_5.07x1@s.



