4.2 Gravity and Kepler’'s Solar System
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Falling Objects

Objects that are acted upon only by the force of gravity are said to be in free-fall.
. . \

All three of these situations show free-falling objects.

p. 132 - 133
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Figure 4.2.2 Newton’s diagram explaining
why the Moon doesn't fall to Earth.
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4.2 Gravity and Kepler’'s Solar System

Gravitational Force, Earth, and the Moon

There must be centripetal force to keep the Moon is orbiting the Earth. Newton
explained that a gravitation force was required to provide this centripetal force.

Using known values for the period of the Moon and it’s distance from the Earth

Newton was able to determine the centripetal acceleration of the Moon as it orbits
the Earth:

A2R 47%(3.84 x 108 m) 2 7 % 10-3 m/s2
| A . = 2./ X ~m/s
a, T2 (27.3d'x 24 Mig'x 3600 s/H)?

The centripetal acceleration is actually the acceleration of gravity, g, due to the Earth
at the Moon’s location. Newton was absolutely convinced that it was the gravitation
force that provided the necessary centripetal force keep the Moon in its orbit about the

Earth and that the gravitational force must rapidly decrease as the distance from the
Earth increases.

p. 133
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4.2 Gravity and Kepler’'s Solar System

Johannes Kepler (1571 — 1630)

Johannes Kepler worked in Tycho Brahe’s (1546 — 1601)laboratory. Brahe is
famous for making precise observations of over 800 stars and accurate
records of planets over a period of 2 decades.

Kepler used these precise observations to search for mathematical patterns in
the motions of the planets. Kepler formulated three laws describing the orbits
of the planets around the Sun.
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Figure 4.2.3 Keplers second law
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4.2 Gravity and Kepler’'s Solar System

Kepler’s Third Law of Planetary Motion

3. For any planet in the solar system, the cube of its mean orbital radius divided
by the square of its period of revolution is a constant.

R3
T2

Note:

This is not Universal constant. Change the solar system or orbiting system in
question and you would have a new value for Kepler’s constant.

p. 134
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Planet Xerox ( a close copy of planet Earth) was discovered by Superman on
one of his excursions to the far extremes of the solar system. Its distance from
the Sun is 1.50 x 103 m. How long will this planet take to orbit the sun?

Earth's orbital radius, R = 1.5 x 1011 m
Earth's period of revolution, T = 1.0a
Xerox's orbital radius, Ry = 1.50 x 1013 m
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TZ = 1.0 x 10° g2

Ty = 1.0 X 103 a




4.2 Gravity and Kepler’'s Solar System

In this section, you should understand how to solve the following key questions.

Page #131 Practice Problems 4.2.1 Kepler’s Laws#1— 2
Page #134 — 135 4.2 Review Questions #1 — 8



