gravitation, problem set #2

1) We know the radius of the earth, RE = 6.4 × 103 km, and the gravitational ﬁeld on the surface,
g = 9.8 m/s2 . Also we know moon goes around the earth once in T = 29 days and its orbit is almost a
circle.
a) Find the mass of the earth.
b) How far is the moon from the earth?
c) We see the moon on the sky with θ = 0.5◦ angular diameter. Use previous part to ﬁnd moon’s radius.
d) Find moon’s velocity relative to the earth.
e) With more accurate observation, we see that earth is rotating around the center of mass of the earthmoon system which is located at RCM = 4.7 × 103 km from center of the earth. Find mass of the moon.
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2) Consider two planets with masses M1 and M2 , and radii R1 and R2 , sitting at x1 = 0 and x2 = r.
For the ﬁrst two parts assume they are not moving.

a) Find the point between these two masses that the gravitational ﬁeld is zero and call it X.
b) We throw a stone from planet 2 to planet
1 from point P .
What is the minimum iniWe only
tial velocity, vi , needed to do that?
need to reach the point you found in the previous
part.
Now we assume that M1 ≫ M2 , and M2 is rotating
around M1 in a circular orbit. You can think about
sun-earth or earth-moon for example, but there is no
spin. It turned out that to throw a stone with minimum push, from planet two to planet one, you should
throw it as shown in ﬁg. 1, using Hohmann path. We
throw the stone, with velocity v relative to M2 , in
the direction that M2 moves so it adds to the velocity. This path is an ellipse which you know the
major axis. It touches the surface of planet 1 and
stops.

Figure 1: Throwing stone using Hohmann
path.

c) What is the velocity of M2 around M1 ? Call this V , and deﬁne vi = v + V .
d) Angular momentum of the stone with respect to point O is conserved in this path. Write down an
equation for this in terms of vi , vf , r, R1 , R2 .
e) How long it takes for the stone to travel this path? (r ≫ R2 )
f ) Using the fact that the energy of the stone conserved through the path and previous parts, ﬁnd vi .
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