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Laws of Planetary Mot



https://youtu.be/cTIGOe5ckj0

Keplar’s First Law

» Law of Ellipses
* The path of the planets about the sun is elliptical in shape.
» The center of the sun being located at one focus

« An ellipse is a special curve in which the sum of the distances
from every point on the curve to two other points is a constant.

* The other two points are known as the foci (focus) of the ellipse.

* The closer together that these points are, the more closely that
the ellipse resembles the shape of a circle.



Keplar’s First Law
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An elliptical orbit of a planet

{greatly exaggerated)

http://astronomer-wpengine.netdna-ssl.com/wp-content/uploads/2013/06/kepler1.gif

http://slideplayer.com/6838902/23/images/4/Kepler%E2%80%99s+first+law+planet%E2%80%99s+orbit+the+Sun+in+ellipses%2C+w
ith+the+Sun+at+one+focus.+the+eccentricity+of+the+ellipse%2C+e%2C+tells+you+how+elongated+it+is..jpg



Keplar's Second Law

» Law of Equal Areas
» Describes the speed at which any given planet will move while orbiting the sun.
* The speed at which any planet moves through space is constantly changing.

» A planet moves fastest when it is closest to the sun and slowest when it is
furthest from the sun.

» Yet, if an imaginary line were drawn from the center of the planet to the center
of the sun, that line would sweep out the same area in equal periods of time.

. Tr?esaphelion is the point in the orbit of an object where it is farthest from
the Sun.

» The point in orbit where an object is nearest to the sun is called the perihelion.



Keplar's Second Law

The Law of Equal Areas

« The areas formed when the earth is
closest to the sun can be
approximated as a wide but short
triangle; whereas the areas formed
when the earth is farthest from the
sun can be approximated as a narrow
but long triangle. These areas are
the same size.

* Since the base of these triangles are
shortest when the earth is farthest
from the sun, the earth would have
to be moving more slowly in order
for this imaginary area to be the An imaginary line drawn from the sun to any planet
same size as when the earth is sweeps out equal areas in equal amounts of time.
closest to the sun.

http://www.physicsclassroom.com/Class/circles/u6l4a2.gif



Keplar’'s Third Law

« The Law of Harmonies

« Compares the orbital period and radius of orbit of a planet to those of
other planets.

» A comparison between the motion characteristics of different planets.

« The comparison being made is that the ratio of the squares of the
eriods to the cubes of their average distances from the sun is the same
or every one of the planets.

 Additionally, the same law that describes the T?/R3 ratio for the planets’
orbits about the sun also accurately describes the T2/R3 ratio for any
satellite (whether a moon or a man-made satellite) about any planet.

« clip. Third Law Clip


http://ccar.colorado.edu/asen5050/projects/projects_2012/kumar/style/apophis_orbit.gif




Kepler’s Third Law of Planetary Motion

P? years = a* AU The amount of time it takes
a planet to orbit the Sun is

————————

-—--r\\P related to the size of its

' orbit by Pz(years) = a3(AU)
— 1 AU (astronomical unit) is
the semimajor axis of the
'1
M |

Earth’s orbit. Earth’s
average distance from the
Sun.

— It doesn’t matter how
elliptical the orbit as long
as the average distance i1s

: : the same
P = time to complete orbit

. . o 11
a = semi-major axis




Newton’s First Law of Motion

Newton's First Law of Motion

Law of Inertia

An object at rest remains at rest
and an object in motion
maintains its velocity unless it
experiences an unbalanced force.

Inertia: the tendency of an
object at rest to remain at rest or
continue moving with a constant
velocity.

Voyager video.

An object at rest Unless acted on by

ill remain at rest... an unbalanced force. AN object in motion

will continue with
constant speed and
direction, ...

... Unless acted on by
an unbalanced force.

http://postonphysicalscience.weebly.com/uploads/2/2/8/8/22888994/_5890677.jpg


https://youtu.be/cTIGOe5ckj0

Newton’s Second Law of Motion

* The unbalanced force acting on an object equals the objects’s
mass times its acceleration.

 Force = mass x acceleration F= ma
« Measured in Newtons
* Force: the cause of acceleration or change in an object’s velocity.

* Net Force: combination of all of the forces acting on an object. If
net force is zero - no acceleration. Objects accelerate in the
direction of the net force.



Newton’s Second Law




Newton’s Third Law

* Law of Action and Reaction
* For every action force, there is an equal and opposite reaction force.

 Forces are equal and opposite, but not balanced because two different
objects are involved.

« Some forces result from contact interactions (normal, frictional,
tensional, and applied forces are examples of contact forces) and other
forces are the result of action-at-a-distance interactions (gravitational,
electrical, and magnetic forces).

* Friction: the force between 2 objects in contact that opposes the
motion of either object.

 Hidden Figures Video Clip



https://youtu.be/mdxXT8INVV8
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Hero's Engine

http://scienceprojectideasforkids.com/wp-content/uploads/2009/12/physics-204-hero.jpg

vton’s Third Law

action: reaction:
air balloon

rushesll - = goes up
down |

http://thezerolife.com/kobnaghar/wp-content/uploads/Physice_For_Kids_Balloon_TheZeroLife.Com_.png



Inverse Square Law

A principle that expresses the way
radiant energy propagates through
space.

* The rule states that the power
intensity per unit area from a point
source, 1f the rays strike the surface
at a right angle, varies inversely
according to the square of the
distance from the source.

» For gravity and electromagnetic
forces spreading out in a complete
sphere, the area of the sphere
increases with the square of the
radius of the sphere.

« The intensity decreases as the
inverse square of the radius.
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http://hyperphysics.phy-astr.gsu.edu/hbase/Forces/imgfor/isq.gif



https://media1.britannica.com/eb-media/90/106990-004-FAF670F4.jpg

Mass, Weight and Gravity



https://www.youtube.com/watch?v=MTY1Kje0yLg
https://www.nyu.edu/pages/mathmol/textbook/weightvmass.html

Gravitational Force — Newton’s Law of
Universal Gravitation

« ALL objects attract each other with a force of gravitational attraction.
Gravity is universal. This force of gravitational attraction is directly
dependent upon the masses of both objects and inversely proportional to
the square of the distance that separates their centers.

 Since the gravitational force is directly proportional to the mass of both
interacting objects, more massive objects will attract each other with a
greater gravitational force. So as the mass of either object increases,
the force of gravitational attraction between them also increases.

 Since gravitational force is inversely proportional to the square of the
separation distance between the two interacting objects, more
separation distance will result in weaker gravitational forces. So as two
objects are separated from each other, the force of gravitational
attraction between them also decreases

e gravitational force and velocity vectors



http://clarkscience8.weebly.com/uploads/2/6/3/7/2637711/gravity-orbits.jpg?1020

Law of Universal Gravitation

» m, = mass of first object Gmym,

dﬂ

* m, = mass of second object

« d? = distance representing
objects centers

« Equation results in the units of
force - newtons

where (5 Tepresents the universal Emitaﬁnn constant
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(66750 107 1 ke 0595 1 10% keed 70 ke
Fraw = —
= (658 % 10° o~

Epaw = 686 N




Centripetal Force

Centripetal Force
« Any force that pulls or pushes

an object toward the center of Centripetal force: any force that
the circle. causes an object to follow a circular path

e For object's moving in circular » Centripetal means center seeking or towards
motion, there is a net force S GETiAT
acting towards the center
which causes the object

= Sl Unit: Newtons (N)
» Equation: F. =mv2/r

to seek the center. * F. = centripetal force (N)
* m = mass (kg)
» The presence of an unbalanced « v = velocity (m/s)

force is required for objects to « 1 = radius (m)
move in circles.

+follow+a+c




Uniform Circular Motion




http://energyphysics.weebly.com/uploads/3/8/9/3/38930371/417724.png?494


https://www.youtube.com/watch?v=MTY1Kje0yLg

Kinetic Energy

Energy that an object has
because its in motion.

Depends on mass and velocity.

Kinetic Energy = Mass X
Velocity?/2

SI Unit: 1 Joule

Depends on velocity more than

IMass.

Small increase in velocity = a
large increase in energy.
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https://qph.ec.quoracdn.net/main-qimg-9c858a08741c89ealab80b6a8f3675d5
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Law of Conservation of Energy

Energy cannot be created or
destroyed.

Energy can be transferred.

Energy Conversions: Energy transfers
or changes form to another type of
energy.

Total energy in the system stays the
same

Closed: flow of energy in a system is
small enough to be ignored

Open: exchange energ¥ with the
outside. Example - Earth

Chemical enargy
{photosynthasis)

https://images.tutorvista.com/cms/images/44/conservation-of-energy11.png

Mechamcal
Energy

{moving,

thinking, lving)




Momentum

A quantity defined as the product
of an object’s mass and its
velocity.

An object’s momentum is in the
same direction as its velocity.

Momentum = mass X velocity
P=mv
The Sl unit is kg*m/s

Law of Conservation of
Momentum: the total amount of
momentum 1n a system 1s
conserved.

8.2 Impulse Changes Momentum

If the change in momentum occurs over a short
time, the force of impact is large.




Magnitude of Collisions

* |[n a collision, a force acts upon an object for a given amount of
time to change the object’s velocity. The product of force and
time is known as impulse. The product of mass and velocity
change is known as momentum change. In a collision the impulse
encountered by an object is equal to the momentum change it
experiences.

« Momentum is conserved in all collisions. If the objects collide and
momentum and kinetic energy of the objects are conserved than
we call this collision “elastic collision”. On the other hand if the
momentum of the object is conserved but kinetic energy is not
conserved than we call this type of collision “inelastic collision”.

» series of car crashes



https://www.youtube.com/watch?v=DbXVhhY_86U

http://hyperphysics.phy-astr.gsu.edu/hbase/imgmec/swball1.gif



Inelastic Collisions

* |f total kinetic energy is not
conserved, then the collision is
referred to as an inelastic
collision.

A large portion of the kinetic
energy is converted to other
forms of energy such as sound
energy and thermal energy
etc..

https: / /researchthetopic.wikispaces.com/file/view/Picture1.png/258614476/Picture1.png



There are two kinds of collision:

Elastic collision Inelastic collision

N RS
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Objects that collide move separately after collision. Objects that collide move together after collision.

Total momentum and total energy of the system are conserved.

Kinetic energy is conserved. Kinetic energy is NOT conserved.

Test Your Understanding

Is the collision between the bird and the ball elastic or inelastic?




Perfectly Inelastic Collisions

» A perfectly inelastic collision is
one in which the maximum
amount of kinetic energy has
been lost during a collision,
making it the most extreme case
of an inelastic collision.

Completely inelastic collision

* In most cases, you can tell a
erfectly inelastic collision
ecause of the objects in the

collision "stick” together — —

. If the objects stick together, the collision is completely
/ demonStrat] on Inelastic. Some or all of the kinetic energy is lost.

h3/Completely+inelastic+collision. jpttp://slideplayer.com/7976957/25/images/g


https://www.youtube.com/watch?v=cMNG5t0sYeg

