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Introduction
Rockets are a prime example for demonstrating Newton’s Three Laws of
Motion.
Image Reference
National Aeronautics and Space Administration. Retrieved 1-13-10, from
http://www.nasa.gov/multimedia/imagegallery/index.html.
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Rocket Science

Despite the complexity of rockets like the Space
Shuttle, the principles governing their flight are simple.
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Rocket Science
Although the application of rocket science may seem complex, there are several
simple laws of motion which govern all rocketry.
Image Reference
National Aeronautics and Space Administration. Retrieved 1-13-10, from
http://www.nasa.gov/multimedia/imagegallery/index.html.
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Teaching with Rockets
Whether flying a big rocket or a small one, understanding and
applying the laws of motion leads to “MISSION SUCCESS!”
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Teaching with Rockets
Rockets of all sizes work in the same way, and so small models can be made and
used in the classroom to demonstrate the general principles.
Image Reference
National Aeronautics and Space Administration. Retrieved 1-13-10, from
http://www.nasa.gov/multimedia/imagegallery/index.html.

3

Rocket Science: The Beginnings

Galileo Galelei 1564-1642

Galileo Galilei (1564–1642)
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Rocket Science: The Beginnings
Galileo and Isaac Newton were the two principal scientists that laid down the
foundations for rocketry.
Image References
1. Kneller, G. (1689) Isaac Newton. Retrieved 01-12-10, from
http://en.wikipedia.org/wiki/File:GodfreyKneller-IsaacNewton-1689.jpg.
2. Sustermans, G. (1636) Gallileo Galilei. Retrieved 01-12-10, from
http://en.wikipedia.org/wiki/File:Galileo.arp.300pix.jpg.

4

Rocket Science: The Beginnings
◼

Galileo demonstrated that
moving objects do not
require a continuous
application of force to
keep moving.

◼

Inertia is the resistance of
an object to change its
state of motion.

Galileo Galilei (1564–1642)
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Rocket Science: The Beginnings, cont.
Galileo was a mathematician who developed the astronomical telescope, which
he used to view stars. Galileo experimented with motion and dropped a large
and a small object from the Leaning Tower of Pisa simultaneously, discovering
that they fell at the same rate. He also developed the concept of inertia, which is
a resistance to changes in motion. Objects that are in motion will remain in
motion unless acted upon by a force. Objects at rest will also remain at rest
unless acted upon by an outside force.
Image Reference
Sustermans, G. (1636) Gallileo Galilei. Retrieved 01-12-10, from
http://en.wikipedia.org/wiki/File:Galileo.arp.300pix.jpg
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Rocket Science: The Beginnings
◼

In 1687, Newton
published Philosophiae
Naturalis Principia
Mathematica, one of
the most influential
books in the history of
science.

◼

The book identifies the
three fundamental laws
of (rocket) motion.
Published in 1687
Isaac Newton
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Rocket Science: The Beginnings, cont.
Newton is known for force and motion, the visible spectrum, as well as his work
which furthered calculus. His book Principia introduced the three laws of
motion.
Image References
1. Kneller, G. (1689) Isaac Newton. Retrieved 01-12-10, from
http://en.wikipedia.org/wiki/File:GodfreyKneller-IsaacNewton-1689.jpg.
2. Newton, I. (1687) Principia. Retrieved 1-13-10, from
http://en.wikipedia.org/wiki/File:Prinicipia-title.png.
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First Law of Motion
The Law of Inertia:
Objects continue in a state
of rest or of uniform motion
in a straight line unless
acted upon by an
unbalanced force.

Newton's First and Second laws,
in Latin, from the original 1687
edition of Principia Mathematica.
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First Law of Motion
The idea of inertia as presented by Galileo was incorporated into Newton’s First
Law of Motion.
Image Reference
Newton, I. (1687) Principia. Retrieved 1-13-10, from
http://www.miniwiki.org/wiki/index.php?wiki=_content.la_version.presenting..F
asciculus%3ANewtons_laws_in_latin.jpg.

7

Balanced Forces
Two equally matched players exert equal but opposite
force against each other. Therefore, the forward motion
of both players is stopped.
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Balanced Forces
In this example two rugby players of equal mass are pushing on each other.
Because they are of equal mass they exert equal forces and there is no
movement due to the forces being balanced.
Image Reference
Vogt, G.L. (2009) Rockets Force and Motion. Center for Educational Outreach.
Houston, Tx: Baylor College of Medicine.
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Unbalanced Forces
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◼

Two equally matched
players exert equal but
opposite force against
each other. Therefore, the
forward motion of both
players is stopped.

◼

When a third player is
added, the forces become
unbalanced and the group
accelerates to the left.
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Unbalanced Forces
Adding another player to one side adds more mass, and thus more force. This
produces movement in the direction of the lone player due to unbalanced forces.
Image Reference
Vogt, G.L. (2009) Rockets Force and Motion. Center for Educational Outreach.
Houston, Tx: Baylor College of Medicine.
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Equal Forces: Different Results
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◼

The same force is applied
to the elephant and to the
mouse.

◼

Because of differences in
mass (expressed as
inertia) the force affects the
motion of the mouse more
than that of the elephant.
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Equal Forces: Different Results
The same force exerted on different objects can produce different results. In this
case the same force is applied to an elephant and a mouse. The mouse has less
mass so it had less inertia. The mouse’s inertia is easier to overcome and it
moves a greater distance than the elephant. Because of the elephant’s large
inertia, it is harder to start moving, but also harder to stop once it gets going.
Image Reference

Vogt, G.L. (2009) Rockets Force and Motion. Center for Educational Outreach.
Houston, Tx: Baylor College of Medicine.
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Mass vs. Weight

Why use mass in our examples?

Why not use weight?
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Weight
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◼

Weight changes, depending
upon your environment.

◼

Earth’s gravity is about six
times greater than the
Moon’s. Thus, an astronaut
on the Moon weighs 1/6th as
much as he or she weighs
on Earth.

◼

Within the microgravity
environment of a spacecraft
orbiting Earth, an astronaut
would register zero weight
on a scale.
www.BioEdOnline.org

Weight
The measurement of weight changes depending on the environment. The same
astronaut would weigh 360 lbs. on Earth, 0 lbs. in microgravity or in orbit, and
60 lbs. on the moon. In environments where there is more gravity, weight also
increases.
Image Reference
Vogt, G.L. (2009) Rockets Force and Motion. Center for Educational Outreach.
Houston, Tx: Baylor College of Medicine.
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Mass
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◼

Mass remains the same,
regardless of the
environment.

◼

The amount of matter
(mass) making up the
astronaut and the space
suit remains the same, no
matter where the
astronaut is.
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Mass
Mass, on the other hand, remains the same no matter the environment or gravity.
Mass is simply the amount of matter than an object contains, and this remains
the same.
Image Reference
Vogt, G.L. (2009) Rockets Force and Motion. Center for Educational Outreach.
Houston, Tx: Baylor College of Medicine.
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Newton’s Law of Inertia

It takes the same amount of
unbalanced force to change your state
of rest or motion whether you are on
Earth, in freefall, or on the Moon.
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The First Law of Motion and Space Flight
◼

The first law of motion has
major implications for space
flight. A rocket requires
enormous quantities of
propellant to escape
Earth’s gravitational pull.

◼

After the rocket propellant is
exhausted, the spacecraft
continues its motion and
travels billions of kilometers
without additional thrust.

Voyager 1 launch (Sept. 5, 1977)

Spacecraft 15 billion km from the Sun
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The First Law of Motion and Space Flight
Although rockets require a great amount of fuel for liftoff, once they are in orbit
they will continue to remain in motion without any additional force needed due
to their inertia. Their path may change due to the gravitational pull of
approaching objects, but it will continue to remain in motion.
Image Reference
National Aeronautics and Space Administration. Retrieved 1-13-10, from
http://www.nasa.gov/multimedia/imagegallery/index.html.
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Third Law of Motion
◼

When one object exerts a
force on another, the
second object exerts an
opposite but equal force
on the first.

◼

This law often is simplified
to say, “To every action,
there is an equal and
opposite reaction.”
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Third Law of Motion
The Third Law states that an action occurs in one direction and an equal but
opposite force will cause a reaction in the other direction.
Image Reference
Newton, I. (1687) Principia. Retrieved 1-13-10, from
http://en.wikipedia.org/wiki/File:Prinicipia-title.png.
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Third Law of Motion
When the cannon
fires, forces become
momentarily
unbalanced. The
explosion of black
powder throws the
cannon ball to the right
(action) and the
cannon recoils to the
left (reaction).
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Third Law of Motion, cont.
In this example, the force on the cannonball and the cannon are equal, but since
the cannon has a greater mass and a greater inertia, it is more resistant to
changes in motion and moves a shorter distance than the cannonball.
Image Reference

Rockets

Vogt, G.L. (2009)
Force and Motion. Center for Educational
Outreach. Houston, Tx: Baylor College of Medicine.
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Second Law of Motion
◼

◼

An object’s acceleration is
directly proportional to the
net force acting upon it and
inversely proportional to the
object’s mass.
The Law can be expressed
as “f = ma.”
◼ f = force
◼ m = mass
◼ a = acceleration
Newton’s First and Second laws,
in Latin, from the original 1689
edition of Principia Mathematica
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Second Law of Motion
The acceleration of an object is related to the amount of force exerted on it, as
well as the mass of the object.
Image Reference
Newton, I. (1687) Principia. Retrieved 1-13-10, from
http://en.wikipedia.org/wiki/File:Prinicipia-title.png.
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Second Law of Motion
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Second Law of Motion, cont.
While the cannonball and cannon are acted upon by an equal force, there is a
small acceleration of the cannon due to it’s large mass, but a large acceleration
of the cannonball due to it’s small mass.
Image Reference

Rockets

Vogt, G.L. (2009)
Force and Motion. Center for Educational
Outreach. Houston, Tx: Baylor College of Medicine.
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Rockets vs. Cannons
Rocket forces are continuous.

Cannon forces are instantaneous.
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Rockets vs. Cannons
In the case of a rocket, there is continuous force being exerted, which produces
greater and greater acceleration, enabling the rocket to move a greater distance.
Cannons, on the other hand, have an instantaneous force and don’t move much.
Image Reference

Rockets

Vogt, G.L. (2009)
Force and Motion. Center for Educational
Outreach. Houston, Tx: Baylor College of Medicine.
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Rocket Scientist Tricks

Rocket stages enable the upper part
of a rocket to reach higher altitudes
by dropping off lower parts (thereby
reducing mass) as they empty.
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Rocket Scientist Tricks
A rocket contains several sections also known as stages. Each stage is a rocket in
itself, as the rocket progresses firing, the stages are dropped off to make the
rocket more efficient.
Image Reference

Rockets

Vogt, G.L. (2009)
Force and Motion. Center for Educational
Outreach. Houston, Tx: Baylor College of Medicine.
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Delta Rocket
This rocket consists of
three stages, with nine
strap-on boosters around
the first stage.

BioEd Online

www.BioEdOnline.org

Delta Rocket
Strap-on boosters are attached to the first stage for propulsion. The boosters fall
off first, followed by the first stage, second stage, and third stage in order.
Image Reference
National Aeronautics and Space Administration. Retrieved 1-13-10, from
http://www.nasa.gov/multimedia/imagegallery/index.html.
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Solid Propellant Rocket

Cross Section
Hollow core to
increase surface
area for burning
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Cross Section
A star-shaped hollow
core increases
burning surface for
even greater thrust.
www.BioEdOnline.org

Solid Propellant Rocket
Hollow cores of solid rocket propellants allows the rocket to burn from the
inside out. This also increases the surface area that burns, which allows gas to
exit faster for a better thrust. The edges of a star-shaped cross section further
increases surface area for burning.
Image Reference

Rockets

Vogt, G.L. (2009)
Force and Motion. Center for Educational
Outreach. Houston, Tx: Baylor College of Medicine.
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Liquid Propellant Rocket
Liquid propellants can
produce more thrust than
equal amounts of solid
propellants.
◼ LOX = liquid oxygen
◼ LH2 = Liquid Hydrogen
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Liquid Propellant Rocket
Liquid propellant rockets can be shut down by turning off valves in case of
detecting a fault. Liquid oxygen and Liquid Hydrogen are the most commonly
used types of liquid rocket propellant.
Image Reference

Rockets

Vogt, G.L. (2009)
Force and Motion. Center for Educational
Outreach. Houston, Tx: Baylor College of Medicine.

24

Rocket Types
Thermal
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Rocket Types
Besides solid and liquid propellant, there is also nuclear thermal, a rocket type
that has never been built, and ion propulsion, a type of electric rocket. In nuclear
thermal rockets, the internal liquid hydrogen heats up and the hydrogen gas exits
through the back of the rocket. Ion propulsion rockets have solar panels on the
side and ionize elements such as mercury or cesium and create magnetic ions
that by stripping electrons off of the atoms. A magnetic field shoots the ions out
of the rocket, propelling the rocket forward.
Image Reference

Rockets

Vogt, G.L. (2009)
Force and Motion. Center for Educational
Outreach. Houston, Tx: Baylor College of Medicine.
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Thrust

Thrust
increases
as outside
atmospheric
pressure
decreases.
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Image Reference

Rockets

Vogt, G.L. (2009)
Force and Motion. Center for Educational
Outreach. Houston, Tx: Baylor College of Medicine.
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Rockets in the Atmosphere
If the inside and outside
pressures are equal, there
will be no thrust.
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Rockets in the Atmosphere
The outside pressure is the atmospheric pressure which pushes against the
rocket, the internal gas pressure of the rocket pushes in the opposite direction. If
the two pressure are equal then there is no thrust.
Image Reference

Rockets

Vogt, G.L. (2009)
Force and Motion. Center for Educational
Outreach. Houston, Tx: Baylor College of Medicine.
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Rockets Moving Through Space

BioEd Online

◼

If the inside pressure is
greater than the outside
pressure, there will be
thrust.

◼

Thrust is maximized if
there is no outside
pressure against which
the rocket must fight.

www.BioEdOnline.org

Rockets Moving Through Space
Rockets have thrust if the internal pressure overcomes atmospheric pressure. As
the rocket lifts off the air gets thinner, there is less atmospheric pressure and
therefore more thrust. Rockets work best once in space where there is no
atmospheric pressure.
Image Reference

Rockets

Vogt, G.L. (2009)
Force and Motion. Center for Educational
Outreach. Houston, Tx: Baylor College of Medicine.
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Rocket Engine Nozzles

f=ma
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Rocket Engine Nozzles
Adding a nozzle to the rocket increases the acceleration of the exiting gas, which
therefore increases force as well.
Image Reference

Rockets

Vogt, G.L. (2009)
Force and Motion. Center for Educational
Outreach. Houston, Tx: Baylor College of Medicine.
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Space Shuttle Main Engine

Nozzle

Combustion
Chamber

Bell
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Space Shuttle Main Engine
The narrow nozzle on the rocket causes gases to exit at high speeds, increasing
the thrust.
Image Reference
National Aeronautics and Space Administration. Retrieved 1-13-10, from
http://www.nasa.gov/multimedia/imagegallery/index.html.
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The First Law of Motion
◼

An unbalanced force is
required to start the rocket
moving.

◼

Once in motion, a rocket
will continue moving in a
straight line unless an
unbalanced force alters its
path.
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Image Reference
NASA. Night launch. Retrieved 10-20-2009, from
http://mediaarchive.ksc.nasa.gov/.
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The Second Law of Motion
◼

The magnitude of force
is determined by the
equation f = ma.

◼

The greater the
propellant mass burned
and the greater the
acceleration of the
exhaust, the greater the
thrust (force).
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Image Reference
NASA. Night launch. Retrieved 10-20-2009, from
http://mediaarchive.ksc.nasa.gov/.
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The Third Law of Motion
◼

The force produces an
action (exhaust gases)
and reaction (movement
of the rocket) that are
equal but opposite.

◼

In outer space, action
and reaction is the only
way to deliberately
change the speed or
direction of a spacecraft.
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Image Reference
NASA. Night launch. Retrieved 10-20-2009, from
http://mediaarchive.ksc.nasa.gov/.
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Liftoff!
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Image Reference
National Aeronautics and Space Administration. Retrieved 1-13-10, from
http://www.nasa.gov/multimedia/imagegallery/index.html.
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