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Kepler’s Laws of Planetary Motion

For a Solar System

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

Pin
focus 1 Taut
{ inflexible /
string

Pin

focus 29'/

/

Ellipse

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.

What conservation law leads to
Kepler’s Second Law?

Kepler’s 2" Law

Johannes Kepler (1571-1630)

Drawn ellipse

Elliptical orbit



Kepler’'s 2 Law

4. A planct orhits the Sun in an elliptical orbit (see figure).
The distance along the orbit from A to B is the same as
the distance from C to D. Compare the time it takes the
planct o move from A 1o B to the time it takes the planet
to move from C to D, Explain your reasoning.

5. Suppose two ditferent moons, X and Y, follow the same el
Tiptical orbit around a planet. Which moon is moving laster
according to the fgure? Will the faster moon ever catch up
to the slower one? Explain.

X

Satellites in Circular Orbits

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.
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t* = const x R*

Jupiter is 5.2 times farther from the Sun than the Earth is.
How long is Jupiter’s year?




Galileo Galilei: The Birth of Experimental Science

Galileo’s heresy trial.

Mechanics: deals with
motions of material objects.

Describing Motion: Speed

Speed is the distance an object travels divided by
the time it takes to travel that distance.
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Distance traveled = Average speed x Time of travel



Describing Motion: Velocity

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

?. As you drve north on the highway at 65 miles per hour,
the cars in the opposing lane are traveling south at 65 miles
per hour. Do the cars in the opposing lane have the same
speed as yvou do? Do they have the same velocily? Explain.

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.)



Acceleration

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

Final velocity — Initial velocity

Velocity

Acceleration = -
Time

Unit of acceleration: distance/(time)?

Time

AV =axt

SI: m/s?

Acceleration

10. Unfortunately, your car has developed an oil leak. One
drop of oil falls from your engine every 3 seconds, leaving
a trail of oil drops on the road. In the figure are four pat-
terns of oil drops you've lefl over the same 200-meter
stretch of road. For which one{s) is your car accelerating™?

For which one(s) is your car moving 4l a constant speed?
For which one is your average speed the greatest?
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11.

Unfortunately, your car has developed an oil leak. One
drop of oil falls from your engine every 3 seconds, leaving
a trail of oil drops on the road. Tn the figure are two pat
terns of oil drops you've left over the same 200-meter
streteh of road. In which case do you achieve the highest
instantaneous speed? In which ease do you have the high-
est average speed? In which case do you achieve the great
est instantanecus acceleration (acceleration al a specilic
point)?
e 200 metars ——=|
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Ts it possible for your speed to be zero when your aceel-
eration is not zero? Explain,



Distance Traveled for Constant Acceleration

Galileo’s measurement of motion with constant acceleration.

Galileo's apparatus: inclined plana
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Acceleration due to Gravity

g = 32feet/s* = 9.8 m/s?
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Projectile Motion

v
viw g v . . Horizontal motion (m)
Y ",: < In the absence of air resistance, the 12 24 36 48
¥ w! v, . T T 1
" ‘{ vy horizontal or x component of the
. . 10
Yife v, acceleration is zero, and the
W N . s
R Vx\r vertical or y component of the 2
o e:——+ acceleration is the acceleration due _ *
=ty | ’ . . =
Xv to gravity. These two motions are : *
o) . .
ke independent of each other. sof
v,
60
LI L
o= 0= 0 0= 0~ 0= 0> 0= O~ O~ 70
v, v, v, v v, v, v, v, ¥, v,

S0m's sol
30mis g Tt
= 45" i
AX=v, 1

o A= 18 M
——— A= 163 M ———=

Ay =Vt +%gt2

-9.8 m/s?2

L]



Motion in a Circle

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

a circular path. -
The speed, v, is related to the radius of the o Qe
circle, r, and the period, T, of the circular e
motion Centripetal
acceleration
2nr
V = ——

The acceleration of an object in uniform circular motion is called
“centripetal acceleration”.

Examples

10. Imagine that a new asteroid is discovered in the solar sys
tem with a circular orbit and an orbital period of 8 years.

a. What is the average distance of this object from the Sun
m Earth units?
b. Between which plancts would this new asteroid be
located?
1. The four Galilean moons of Jupiter are To, Furopa,
Ganymede, and Callisto, Their average distances from
Jupiter and orbital periods are listed below in terms of 1o’

values.
Relative Relative
Muoon average distance orhital period
Io L.t 1.0
Europa 1.59 244
Ganymede 2.54 405
Callisto 446 042

a. Plot the square of the relative orbital period versus the
ctibe of the relative average distance for each moon. In
wiords, state the patlern you find in your graph.

b, Trom this information, do you agree or disagree that
Kepler's third law (as applied to the moons of Jupiter)
holds for Jupiter’s four Cralilean moons? Explain.
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Examples

It takes light (speed = 3.0 % 1P mis) 833 minutes to lravel
{from the Sun to the Earth and 1.3 seconds trom the Moon
to the Earth. What is the Sun’s average distance from the
Earth? The Moon’s?

While iraveling out in the country at 30 miles per hour,
yvour car's engine (and brakes ) stops working and you coast
to a stop in 25 seconds. What was your average accelera-
tion during the time after the motor shut off?

Starting from rest, a train reaches a final, constant speed in
35 seconds while accelerating at a constant rate of 3 km!
houtrs.

4. What is the final specd of the train?

b. What is the total distance traveled by the train during
this period of constant acceleration? (Be careful here
with your umts, )

Examples

Two balls are released simultaneously from the same
height, 10 meters above the ground, The first ball is releasad
at rest and the second ball is released with a horizontal ve-
locity of 15 mfs. Which ball reaches the ground first? Why?

A girl prabs a bucket of water and swings it around her in
a horizomal circle, at a constant speed of 2 m/s at an arm's
length of 0.7 metlers. What is the centripetal acceleration
of the bucket of waler?

The space shutlle orbits the Farth in a near-circular orbit
at a constant speed approximately 100 miles above the
Earth's surface. If we assume that the centripetal acceler-
ation is equal to the acceleration due Lo gravity at sea level
(9.8 mis™) and the orbital radius is equal to the radius of
the Earth (8380 km):

a. What is the average spead of the space shuttle?
b. How long docs the space shutile tuke to make one or-
bit around the Earth?!
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