
Gravity Notes
Last term, we had learned equations for the gravitational force and the gravitational potential that are valid
near the surface of the Earth:

The key component in these equations is g, an acceleration equal to 9.8 m / s², which tells us how strong the
gravitational field is near the Earth. We learned in this unit that this value of g is only true near the surface
of the Earth; as you move further away, gravity becomes less.

We know now that the gravity force we experience near the Earth is the same type of force that the sun
exerts on the planets to keep them in orbit. The Law of Universal Gravitation says that every two objects
exert a gravitational force on one another, where the strength of that force is given by the equation above.
The force is directed straight toward the other object.

Just as we can simplify the gravity equations near Earth and just use g = 9.8 m / s² and the equations from
last term, we can find the strength of the gravitational field at any point, allowing us to find the force on
various objects there using just F = mg. We can even add up the g vectors from each other object to find the
total strength and direction of the field.

A gravitational field is represented graphically by drawing a set of lines that
follow the direction of the field. You could think of this field as showing at
each point the direction that an object woud fall if placed there. The number
of field lines ending at each object is proportional to the mass of that object.
Where the field lines are close together, there is a lot of gravitational field;
the gravity force on an object there would be large.

Because the gravitational field is a vector sum of the fields created by all
objects in an area, sometimes there is a point out in space where the forces
from two objects happen to exactly balance out; an object placed there would
feel no gravity force. There is a trick for finding these "zero points" in the field sketch. If two field lines go
by each other heading in opposite directions, then near each line the direction of the field must match that
line. However, since their directions disagree, at some point in between the field must not know what way it
is going. The only vector with no direction is zero, so this is the zero point.

The potential energy equation can also be
rewritten to deal with large distances. Notice
that the potential is negative; there is zero
potential energy at a point infinitely high up.
Notice also that the equation divides by r, not r² as in the others. With this equation, and the old equation
KE = ½mv², we can solve problems involving how fast an object is going at various points in its orbit.



In addition to these things, we studied a few specific topics in more detail. In order for an object to be in
orbit, it needs both a force pulling it toward the center of its orbit, and a velocity that carries it in a circle
around that center rather than dropping it straight in. If I am whirling a ball around my head on a string, I
need to keep it going quickly to keep it from falling down, and I need to exert a tension force through the
string: if the string broke, the ball would shoot off in whatever direction it happened to be going.

Tides on the Earth are caused by the fact that the gravitational field varies slightly over the volume of the
earth. The Earth is being pulled toward the moon, but the near side of the Earth is being pulled a bit harder,
and the far side a bit less, causing the earth to be stretched slightly. The top and bottom of the Earth have
force vectors that point a bit toward the center of the Earth as well as pointing toward the Moon; this results
in the Earth being squeezed in along this direction.

Reproduced below is the table of the masses, radii, and orbital radii of a few of the larger objects in the
solar system. Note that the radius of a spherical object (like a planet) is the distance from the center of that
object to any point on its surface, and that when an object goes in an orbit around another, the orbital radius
is the distance from the object to its orbital parent.

Object Mass (kg) Radius (m) Orbit Radius (m)
Sun 1.989×1030 6.95×108 3.78×1020

 Mercury 3.3×1023 2.439×106 5.79×1010

 Venus 4.87×1024 6.052×106 1.08×1011

 Earth 5.98×1024 6.378×106 1.5×1011

  Moon 7.35×1022 1.738×106 3.84×108

 Mars 6.42×1023 3.397×106 2.28×1011

  Phobos 1.08×1016 1.1×104 9×106

  Deimos 1.8×1015 6×103 2.3×107

 Jupiter 1.9×1027 7.15×107 7.78×1011

  Io 8.94×1022 1.81×106 4.22×108

  Europa 4.80×1022 1.57×106 6.71×108

  Ganymede 1.48×1023 2.63×106 1.07×109

  Callisto 1.08×1023 2.4×106 1.88×109

 Saturn 5.69×1026 6.027×107 1.427×1012

  Rhea 2.49×1021 7.65×105 5.27×108

  Titan 1.35×1023 2.575×106 1.222×109

  Iapetus 1.88×1021 7.3×105 3.561×109

 Uranus 8.69×1025 2.56×107 2.87×1012

  Titania 3.49×1021 7.89×105 4.36×108

  Oberon 3.03×1021 7.61×105 5.83×108

 Neptune 1.02×1026 2.476×107 4.497×1012

  Triton 2.14×1022 1.35×106 3.55×108

 Pluto 1.27×1022 1.137×106 5.913×1012

  Charon 1.9×1021 5.86×105 1.964×107


