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Announcements

• Homework #4 available
today at 11:00 AM (after
lecture!) Due Sunday,
11/2, before midnight.

• Final exam date, time, and
place: Monday, Dec. 15,
10:30 AM, Hasbrouck 20

Astronomy 101, Oct. 23, 2008 Newton’s first achievements
were in the study of optics

• Invented the
reflecting
telescope

• Argued that
light is
composed of
fundamental
components
that are like
particles

“If I have seen farther than others,
it is because I have stood on the shoulders of giants.”

PRS question.
True or False: When a rocket

blasts off, it pushes off the
ground in order to launch itself

into the air.
1. TRUE
2. FALSE

You are a shuttle astronaut returning to the shuttle after attempting
to fix the International Space Station with a hammer.  As you are
jetting back to your shuttle, your lifeline breaks, your jets run out
of fuel, your radio goes dead, and you miss the shuttle. To get
back safely, you should:

1)  use a swimming motion with your arms and legs
2)  throw the hammer at the shuttle to get someone’s attention
3)  throw the hammer away from the shuttle
4)  make a hammering motion in the direction of the shuttle
5)  make a hammering motion away from the shuttle

PRS Question
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(1) (2)

(3)

The NASA
Pegasus rocket

While in orbit, the space shuttle does not
have anything to push against...

And yet, at the end of the mission, the shuttle
fires its rockets, and the pilot is able to direct

the shuttle back to the ground.

Forces and momentum are vectors.
The direction of the vector is important!

Force 1 Force 1
Net force is zero (they cancel
each other out)

Force 1 Force 2

Net force

To add vectors together, place the tail of the second vector on
the tip of the first vector.  The sum is the vector between the 
starting point and the ending point.

Example 1:

Example 2:

Rockets are based on
conservation of momentum.

• Rockets make use of Newton’s 3rd law: for
every force, there is an equal and
opposite reaction force.

• This reflects the conservation of
momentum! Rockets expel mass carrying a
huge amount of momentum. To conserve
momentum, the rocket must move in the
opposite direction as the expelled matter.
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What is our hero’s fate?

Correct answer:
Throw the hammer away from the shuttle

Why do objects remain in orbit? Why don’t
they plunge to the ground?

Newton’s Universal Law of Gravitation
   Between every two objects there is an attractive

force, the magnitude of which is directly
proportional to the mass of each object and
inversely proportional to the square of the
distance between the centers of the objects.

(G = the “gravitational constant”, a constant of nature)

The Acceleration of Gravity

• As objects fall, they
accelerate.

• The acceleration due to
Earth’s gravity is 10
m/s each second, or g =
10 m/s2.

• The higher you drop
the ball, the greater its
velocity will be at
impact.

Gravity accelerates all objects by the same amount,
regardless of their mass!
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Acceleration due to Earth’s Gravity
F = m a

The mass of the rock cancels out. The amount of
acceleration depends only on the mass and radius
of the Earth and the constant of nature G.

Both of these
equations govern
the force on a 
mass due to Earth’s
gravity. These forces
equal each other!

Two of Newton’s findings
explain why objects can

remain in orbit indefinitely:

1. Newton’s first law: objects in motion tend
to remain in motion

2. Newton’s universal law of gravitation:
Because F = ma,
the acceleration on
a small orbiting 
object is great, but
the acceleration of
the Earth is tiny.

Objects in orbit are continually
“falling around” the Earth

If the initial velocity exceeds the “escape velocity”, the
cannonball will leave entirely!

Depending on its initial velocity, the cannonball will
either fall to Earth, continually free-fall (orbit), or

escape the force of Earth’s gravity.

The minimum velocity required to escape the force of 
the Earth’s gravity is called the escape velocity.

The trick to flying is to throw yourself at the ground
and miss.

Douglas Adams, The Hitchhiker’s Guide to the Galaxy

An object in orbit around the Earth continually falls
toward the ground, but it always misses. The object is,

in a sense, “falling around” the Earth.
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Kepler’s Laws
3) P2 = a3 (closer planets move faster)

Closer planets experience a stronger gravitational force
from the Sun and therefore must move faster to stay in
Orbit.

Orbital Motion is much like a ball
whipped around on a string...

Gravity from the Earth (or the
Sun) provides the force that
accelerates the orbiting object
toward the center.

If the Sun disappeared (it
won’t, but suppose it did), the
planets would sail away into
space:

Newton used this to derive a more
powerful version of Kepler’s 3rd law

Next, he argued that gravity
from the Sun is the source
of centripetal force in the
solar system:

First, Newton used calculus to
derive an equation for
centripetal force: Fc = mV2

d

Newton used this to derive a more
powerful version of Kepler’s 3rd law

Next, he argued that gravity from the Sun is
the source of centripetal force in the solar
system:

First, Newton used calculus to derive an
equation for centripetal force: Fc = mV2

d
If the centripetal force and force of gravity are equal, then:

mplanet V2 = G mplanet Msun

d d2

The planet mass cancels out, as does one of the d factors:
V2 = GMsun

d
The circumference of a circle is 2πd, so:

Velocity = distance/time = 2πd/time = 2πd/period, and therefore
V2 = 4π2 d2 /P2

Substituting eqn. 2 into 1, we obtain:
4π2 d2 = GMsun
P2 d

equation 2

equation 1

Moving the d and G:
4π2 d3 = Msun

G P2
Kepler’s
3rd law!



6

Escape Velocity Escape Velocity
If the mass of the Earth
were increased by a
factor of 10, what would
the new escape velocity be?

1. 1/4 its current value
2. 1/3 its current value
3. the same as its current value
4. 3 times the current value
5. 4 times the current value

Escape Velocity
Suppose that you could
change a planet’s properties.
To make it easier to launch 
spacecraft off this planet, you
would:

1. Decrease the radius of the planet
2. Decrease the mass of the planet
3. Both of the above
4. Can’t answer -- need more information

Linear velocity vs. angular velocity:
recall our discussion of linear
distance vs. angular distance...

A

• Linear v = distance change/time
• Angular v = angle change/time
• Linear acceleration = any

change in linear velocity
• Angular acceleration = any

change in angular velocity
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Angular Momentum
• angular momentum – the momentum

involved in spinning /circling = mass x
velocity x radius

• torque – anything that can cause a change in
an object’s angular momentum (twisting force)

angular momentum = m x v x r

Conservation of Angular Momentum
• In the absence of a net torque, the total angular

momentum of a system remains constant.

angular momentum = m x v x r

PRS question.

True or False: To steer a
bicycle, you just move the

handlebars.
1. TRUE
2. FALSE

Actually, to steer a bicycle you must lean to move your body
weight and manipulate the angular momentum in the spinning
bicycle wheels.


