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Our Sponsors

The AZ Science Lab is supported through very 
generous donations from corporations, non-
profit organizations, and individuals, including:
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Information on Rockets

Much of the material in this presentation is 
courtesy of the National Aeronautics and Space 
Administration, United States of America.

Go to their website: www.nasa.govwhere they 
have some great information for students!

11/4/17 V7.0 AZ Science Lab 4

http://www.nasa.gov/


Engineering a Rocket

ÅToday we will explore the science, engineering, and 

technology of rocketry.

ÅYou will experience the engineering processby 

designing, building, and launchinga model rocket!

ÅYou will learn to work togetheras a team!

ÅSo, how does a really bad and a really great rocket fly?
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[ŜǘΩǎ Ǝƻ ƻǳǘǎƛŘŜ ŀƴŘ ǎŜŜΗΗ
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History of Rockets

ÅIŜǊƻΩǎ ŜƴƎƛƴŜΥ сл ./
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Sir Isaac Newton
&

The Laws of Motion
ÅEnglish scientist in physics, 

mathematics, and astronomy, 
1643-1727.

ÅOne of the most influential 
people in human history.

Sir Isaac Newton summarized how objects 
moveǿƛǘƘ ǘƘǊŜŜ ǎƛƳǇƭŜ ƭŀǿǎΦ ¢ƘŜȅΩǊŜ ƻŦǘŜƴ 
called bŜǿǘƻƴΩǎ [ŀǿǎand they apply to 
everything in the world around us!
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bŜǿǘƻƴΩǎ CƛǊǎǘ [ŀǿ ƻŦ aƻǘƛƻƴ

ÅObjects at rest remain at rest, and objects in motion
remain in motion in a straight line, 
unless acted upon by an unbalanced net force.
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ÅA Forceis a push or pull exerted on an object

ÅNet Force is the sum of all forces acting on an object:
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bŜǿǘƻƴΩǎ CƛǊǎǘ [ŀǿ - Example
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bŜǿǘƻƴΩǎ CƛǊǎǘ [ŀǿ - Example
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bŜǿǘƻƴΩǎ мst Law Applied to Rockets

ÅA rocket at rest will stay at rest until a force is 
applied to move it upward.

ÅThe upward force called thrust must exceed 
the downward pull of gravity (weight).
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bŜǿǘƻƴΩǎ {ŜŎƻƴŘ [ŀǿ ƻŦ aƻǘƛƻƴ
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Å Forceis a push or pull 
exerted on an object.

Å Massis not weight, mass is the same no              
matter where an object is!

Force equals masstimes acceleration:  F = m * a

Å Accelerationis a changein motion, 
i.e. increasing speed or changing direction.

Å Massis the amount of 
matter in an object.
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Mass vs. Weight

Å Weight is the gravity force, 
W=m * g

Å At sea level: acceleration 
due to gravity (g) is 9.807 
meters/second/second ςa 
constant!

Å Weight (in Newtons) = 
mass * 9.807

Å Weightvaries depending on 
the gravity force, the mass
of an object is always the 
same!
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9ŀǊǘƘΩǎ ƎǊŀǾƛǘȅ ƛǎ ǘƘŜ Ǉǳƭƭ ƻƴ ŀƴ ƻōƧŜŎǘ ōȅ ǘƘŜ ŜŀǊǘƘΦ
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Acceleration

Acceleration is a changein velocity over time:

i
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Problem: A car starts from a stop and gets to 60 miles/hour 
in 5 seconds.  How fast is the car accelerating?

Hint: How fast is the car going after 1 second?

AZ Science Lab 19



11/4/17 V7.0

0

5

10

15

20

25

30

35

40

45

50

55

60

65

0 1 2 3 4 5 6

V
e

lo
ci

ty
-m

p
h

Time-seconds

Problem: A car starts from a stop and gets to 60 miles/hour 
in 5 seconds.  How fast is the car accelerating?

Hint: How fast is the car going after 1 second?

Acceleration = 12 miles/hour/second 
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The Force Equation

ÅForce = mass * acceleration:
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ÅThus, acceleration of an object is:

ïdirectly proportional to the net force applied and

ïinversely proportionalto its mass.

F =       a
m

m

╪
╕

□

*
or 

acceleration = Force/mass

AZ Science Lab 21



bŜǿǘƻƴΩǎ {ŜŎƻƴŘ [ŀǿ
applied to Rockets
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bŜǿǘƻƴΩǎ {ŜŎƻƴŘ [ŀǿ
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bŜǿǘƻƴΩǎ ¢ƘƛǊŘ [ŀǿ

Å An action is the result of a force, e.g., a cannon fires and a 
cannon ball flies through the air. The movement of the cannon 
ball is an action.

F=ma F=ma

For every action there is an equal and opposite reaction

ÅActions and reactions happen 
simultaneously.

ÅA reaction is related to an action, 
i.e. the cannon moves backward in 
reactionto the cannon ball moving 
forward.

i
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Rocket weight vs. engine thrust
ÅA Rocket is pulled towards the earth by Gravity.

ÅIt is pushed upward by the expanding gases 
from the nozzle, in our case by the water/air 
leaving the nozzle.
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(FthrustςFgravity- F friction)
mtotal

arocket =
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The Three Newton Laws

ÅAll three laws work together for rockets:

ïLaw 1: Thrust force overcomes the gravity force ς
unbalanced net force is upward. 

ïLaw 2: How fast a rocket accelerates is directly 
proportional to thrust and inversely proportional 
to the rocket mass.

ïLaw 3: The downward force of the engine gases 
moves the rocket upward into space. 
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Rocket Stability

ÅThe stability of the rocket in flight depends on:

ïThe Center of Gravity of the Rocket ς
the balance point

ïThe Center of Pressure of the Rocket ς
the surface area center
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Center of Gravity

Å The center of gravity (CG) is a point 
through which the entire weight of an 
object appears to act.

Å!ƭƭ ƻŦ ǘƘŜ ƻōƧŜŎǘΩǎ ǿŜƛƎƘǘ ōŀƭŀƴŎŜǎ ŀǘ ǘƘŜ 
CG point.

= CG

ÅThe CG is the point about which an 
object will rotate.

ÅFor a rocket, end-over-end rotation 
about the CG is to be avoided for a 
safe, efficient, tumble-free flight. 
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Center of Gravity, (Center of Mass)

Where is the center of gravity in each of these examples?

All objects have a Center of Gravity
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Aerodynamic Forces

ÅAerodynamic forces act through the
άCenter of Pressureέ ƻŦ ǘƘŜ ǊƻŎƪŜǘΦ
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ÅGenerated by the nose cone, body, and 
fins of the rocket. 
ÅBased on surface area and location of 

each component.
ÅAir moves across all of the surfaces of 

the rocket.
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Center of Pressure
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Rocket Stability

ÅTo be stable, an unguided rocket with fixed 
fins: the CG (center of gravity) must be above 
the CP (center of pressure):

ïThe CG is the point where the rocket weight 
balances.

ïThe CP is the point where the aerodynamic 
forces balance.
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Gravity
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Rocket Stability

11/4/17 V7.0 AZ Science Lab 33



Unguided Vehicle Stability

Thrust

Center of Gravity (CG)

Center of Pressure (CP)

Fins are used to shift the 
CP belowthe CG, this 
increases the surface 
area lower in the rocket!

CP required to be below CG
for Vehicle Stability!
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Rocket Control
Gimbal Mount Exhaust

ÅIn real rockets, complex guidance systems, 
gyroscopes, and swivel mount nozzles guide the 
rocket on its path.
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Gyroscope
ÅA device for measuring or maintaining its orientation 

in space.

ÅA rotating device that exhibits the property of 
bŜǿǘƻƴΩǎ CƛǊǎǘ [ŀǿ ςit resistschanges in direction.

ÅRocket guidance systems use gyroscopes to monitor 
position/direction.
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Gyroscope Demo
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Rifling
ÅMaking helical groves in the barrel of a gun or 

rifle imparts a spin to the bullet around its long 
axis.
ÅThe spin creates a gyroscopic stiffnessς

resistance to change in the projectile direction.
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ÅFor unguided rockets and projectiles, spinning 
ǘƘŜƳ ƎƛǾŜǎ ǘƘŜƳ άƎȅǊƻǎŎƻǇƛŎ ǎǘƛŦŦƴŜǎǎέΦ

ÅFor our rockets we use tilted fins to spin the 
rocket.

ÅLike the football, the rocket resists changes 
in its direction.

Spinning stability
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Aerodynamic Drag

ÅDrag is air 
resistance that 
works against 
thrust and will 
slow down the 
rocket.

ÅDrag must be 
minimized for 
best rocket 
performance.

i
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Rocket Aerodynamics

For our bottle rocket, a 
paper nose cone like this is 

simple and effective:

ÅThe shape of an object greatly 
affects its air resistance (drag).

ÅA nose cone is very effective 
at reducing air resistance.

i

11/4/17 V7.0 AZ Science Lab 41



Air Flow Reaction to Fairing
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Air/Water Rocket Launch Setup
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Water is 
expelled in the 
first second of 
flight. 

Low empty weight 
and low drag are 
crucial in this 
phase.

Gravity and 
Drag take over.
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Slow Motion ASL Rocket Launch
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[ŜǘΩǎ wŜǾƛŜǿ ςRocket Engineering
Rocket AerodynamicsςThe Nose Cone creates a smooth airflow at 
the front of the rocket.

Stability- Center of Gravity (Cg) must be forward of Center of 
Pressure (Cp) ςuse Ballast(rocks) in the nose and Fins.

More aerodynamicsςThe Fairingreduces turbulence at the rear of 
the rocket.

Gyroscopic Stiffness- Spinning keeps rocket in straight line - use 
Tilted Fins.

PropulsionςA combination of water (mass) and pressurized air 
(force) overcomes gravity and propels the rocket upward.

AZ Science Lab 46


