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Chap 3 Motion in the Universe

Modern Astronomy

Historical Background

Ptolemy
Copernicus  
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Kepler’s Laws of Planetary Motion

For a Solar System

Johannes Kepler (1571-1630)

Law #1: elliptical orbits for all the 
planets of a solar system, with the 
sun occupying one of the foci

Elliptical orbit

Kepler’s 2nd Law

Law #2: For a given time interval, 
a line drawn from the sun the to 
the planet sweeps out equal area 
no matter where the planet is in 
its orbit.

Kepler’s 2nd Law

What conservation law leads to 
Kepler’s Second Law?
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Kepler’s 2nd Law

Satellites in Circular Orbits

indep. of mass

Kepler’s Third Law:  The square of the 
orbital period of any planet is proportional to 
the cube of the average distance from the 
planet to the Sun.

Jupiter is 5.2 times farther from the Sun than the Earth is. 
How long is Jupiter’s year?
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Galileo Galilei: The Birth of Experimental Science 

Mechanics: deals with 
motions of material objects.

Galileo’s heresy trial.

Describing Motion: Speed

Speed is the distance an object travels divided by 
the time it takes to travel that distance.

Distance traveled = Average speed   x   Time of travel
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Describing Motion: Velocity

Velocity (v) has the same numerical value as speed, but 
contains information about the direction of travel. It is a 
vector.

Average Velocity and Instantaneous Velocity

Average velocity is that averaged over a finite 
time period.

Instantaneous velocity is the velocity at a specific 
time. (It is the average velocity for a very short 
time period.)
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Acceleration

Acceleration is the rate of 
change of velocity. It is the change 
in velocity divided by the time.

Unit of acceleration: distance/(time)2 SI:  m/s2
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Distance Traveled for Constant Acceleration

Galileo’s measurement of motion with constant acceleration.

2d k t

Distance, Velocity, Acceleration
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Acceleration due to Gravity

21
2d gt

v gt

g = 32feet/s2 = 9.8 m/s2

rock and 
feathers`

Projectile Motion
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-9.8 m/s2

In the absence of air resistance, the 
horizontal or x component of the 
acceleration is zero, and the 
vertical or y component of the 
acceleration is the acceleration due 
to gravity.  These two motions are 
independent of each other.

Range
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Motion in a Circle

Uniform circular motion is the motion of 
an object traveling at a constant speed on 
a circular path.

The speed, v, is related to the radius of the 
circle, r, and the period, T, of the circular 
motion 
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The acceleration of an object in uniform circular motion is called 
“centripetal acceleration”.
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Examples
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Examples

Examples


