Problem 1 GP1-L12

As seen 1n the figure, two spheres of mass m and a third sphere of
mass M form an equilateral triangle, and a fourth sphere of mass
m4 is at the center of the triangle. The net gravitational force on
that central sphere from the three other spheres is zero. (a) What
1s M in terms of m? (b) If we double the value of m4, what then is
the magnitude of the net gravitational force on the central sphere?
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Problem 2

(a) What will an object weigh on the Moon's surface if it weighs 100 N on Earth's surface? (b) How many Earth
radir must this same object be from the center of Earth if it is to weigh the same as it does on the Moon?
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Problem 3
Left over from the big-bang beginning of the universe, tiny black holes might still wander through the universe.

If one with a mass of 1 x 10* kg (and a radius of only 1 x 10 '° m reached Earth, at what distance from your
head would its gravitational pull on you match that of Earth's? Treat your body as a point particle.
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Problem 4

One model for a certain planet has a core of radius R and mass M surrounded by an outer shell of inner radius
R, outer radius 2R, and mass 4M. If M = 4.1 x 10** kg and R = 6.0 x 10° m, what is the gravitational
acceleration of a particle at points (a) R and (b) 3R from the center of the planet?
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Problem 5

Certain neutron stars (extremely dense stars) are believed to be rotating at about 1 rev/s. If such a star has a
radius of 20 km, what must be 1ts minimum mass so that material on its surface remains in place during the
rapid rotation?
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“g " becomes zero. Neutron Stars
A neutron star is about 20 km in diameter and has
GM : R3{02 the mass of about 1.4 times that of our Sun. This
)= — R = M = _ means that a neutron star is so dense that on
R’ (7 Earth, one teaspoonful would weigh a billion tons!
Because of its small size and high density, a
R=20000 mand &w= 21 rad/s. neutron star possesses a surface gravitational field

about 2 x 10! times that of Earth. Neutron stars
can also have magnetic fields a million times
stronger than the strongest magnetic fields
produced on Earth.

M=47%10"*kg=5x 10" kg

https://imagine.gsfc.nasa.gov/science/objects/p
ulsarsl.html.old




Problem 6
Two concentric spherical shells with uniformly distributed masses M;=M | and M>=M 2 are

situated as shown in the figure. Find the magnitude of the net gravitational force on a particle of A
mass m, due to the shells, when the particle is located at radial distance (a) a, (b) b, and (¢) c. & /,f’
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Problem 7

The mean diameters of Mars and Earth are 6.9 x 10® km and 1.3 x 10* km, respectively. The mass of Mars is
0.11 times Earth's mass. (a) What is the ratio of the mean density (mass per unit volume) of Mars to that of
Earth? (b) What 1s the value of the gravitational acceleration on Mars? (c¢) What 1s the escape speed on Mars?
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Problem 8

A projectile is shot directly away from Earth's surface. Neglect the rotation of Earth. What multiple of Earth's
radius R gives the radial distance a projectile reaches if (a) its initial speed 1s 0.500 of the escape speed from
Earth and (b) its 1nitial kinetic energy 1s 0.500 of the kinetic energy required to escape Earth?
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(a) From Eq. 13-28, we see that v, :\/Gﬁff /2R, m this problem. Usimg energy
conservation, we have

1 (a)the distance it reaches, r= Rg

5 mvo GMm/Rg = — GMm/r
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(b)the distance it reaches, r= Rg

which yields » = 4Rg/3. So the multiple ot Re1s 4/3 or 1.33. | 4. ans:=2

(b) Using the equation 1n the textbook immediately preceding Eq. 13-28, we see that
this problem we have K; = GMm/2Rg, and the above manipulation (using energy
conservation) in this case leads to » = 2Rg. So the multiple of Rg1s 2.00.



Problem 9

The Martian satellite Phobos travels in an approximately circular orbit of radius 9.4 x 10° m with a period of 7 h 39 min.
Calculate the mass of Mars from this information.
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Problem 10

The Sun, which is 2.2 x 10*° m from the center of the Milky Way galaxy, revolves around that center once every 2.5 x 10°
years. Assuming each star in the Galaxy has a mass equal to the Sun's mass of 2.0 x 10°° kg, the stars are distributed uniformly
in a sphere about the galactic center, and the Sun is at the edge of that sphere_. estimate the number of stars in the Galaxy.
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