Chapter 12

Gravity @




Overviewof-the-universe

http://www.5min.com/Video/OverviewOf-TheUniverse
1383218

Questions:

1. Why do apples fall down from apple trees rather than go
up?

2. Why there are tides on the Oceanside?

3. Why there is no air outside of the atmosphere?

4. Is the gravitational potential energy alwamgi?
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The force accelerating an apple downward is the same force that keeps the Moon in it
orbit.

Hence, Universal Gravitation.

Newton's Law of Universal Gravitation
The force of gravity between any two point objects of mass m and m, is at-
tractive and of magnitude

niy iy
F=G— 12-1
e

In this expression, r is the distance between the masses and G is a constant re-
ferred to as the universal gravitation constant. Its value is

G = 6.67 X 107" N+ m?/kg? 12-2
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The gravitational force is always attractivefil K| (1 Qa ¢gKeé e2dz ¢l y i
and friends!andpoints along the line connecting the two masses:
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The two forces shown are an actiogaction pair.
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Gis a very small number; this means that the force of gravity is negligible unless there
a very large mass involved (such as the Earth).

If an object is being acted upon by several different gravitational forces, the net force or
it is the vector sum of the individual forces.

This is called therinciple of superposition.



12-2 Gravitational Attraction of Spherical Bodies

Gravitational force between a point mass and a sphere: the force is the same as if a
the mass of the sphere were concentrated its center.
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12-2 Gravitational Attraction of Spherical Bodies

What about the gravitational force on objects at the surface of the Earth? The center of
Earth is one Earth radius away, so this is the distance we use:

mM GM
F=3G E=m< E)
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12-2 Gravitational Attraction of Spherical Bodies

Gravity (and hence, weight) decreases as altitude rises.

Earth’s radius R = 6.38 X 10°m

Astronaut, mass m
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w = astronaut’s weight = GmEm/r2
N s iesses iy r = astronaut’s distance from the center of the earth
[ r — Rg = astronaut’s distance from the surface of the earth
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12-2 Gravitational Attraction of Spherical Bodies

The Cavendish experiment allows us to measure the universal gravitation constant:

ThreadJL
Mirror a

?y-'”

Light
source



1220 YSLJX SNXa [l ga 217

Johannes Kepler made detailed studies of the apparent motions of the planets over man
years, and was able to formulate three empirical laws:

1. Planets follow elliptical orbits, with the Sun at one focus of the ellipse.

Planet or
e comet

Sun
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Our Solar System
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2. As a planet moves in its orbit, it sweeps out an equal amount of area in an equal an
of time.

1 month

\.\__-
1 month
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3. The periodT, of a planet increases as its mean distance from the Suaised to the
3/2 power.

T = (constant)r>/?

This can be shown to be a consequence of the inverse square form of the
gravitational force.



12-4 Gravitational Potential Energy

Gravitational potential energy of an object of massa distance T N2 Y (G KS 9 N.
center:
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12-5 Energy Conservation

Total mechanical energy of an object of masa distance from the center of the

Earth:
mME

¥

E=K+U=3ym?*—G



