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National Science Standards:

Science as Inquiry

Physical Science

Position & Motion of Objects

Unifying Concepts and Processes

Change, Constancy, & Measurement

Evidence, Models, & Explanation

Science and Technology

Understanding about Science & Technology


National Math Standards:

Problem Solving

Reasoning

Connections

Computation & Estimation

	Subjects
	Activities
	Content

	Mathematics

Physical Science
	1. Newton’s 1st, 2nd, and 3rd Laws
	Discussion of motion: Dynamics (the reason for motion); suitable for handout

	
	2. Force conversion
	Student Handout: Metric-English, English-Metric

	
	3. Weight conversion
	Student Handout: Metric-English, English-Metric

	
	4. Length conversion
	Student Handout: Metric-English, English-Metric

	
	5. Acceleration
	Definition; Student Handout

	
	6. Force and Acceleration
	Student Handout: Newton’s 2nd Law

	
	7. Force and Acceleration Exercises
	Student Handout: Problem Sets


Newton's 1st Law: the Law of Inertia
 An object at rest tends to stay at rest, and an object in motion tends to stay in motion.
or,

An object at rest will stay at rest and an object in motion will stay in motion unless acted upon by an unbalanced force.
Key points:

1. Objects resist changes in their state of motion; they are said to have inertia.

2. Establishes the concept of an inertial reference frame.  
Definitions: 
Inertia:  a measure of an object's resistance to changes in its motion.
Mass (not weight!): 
a measure of the amount of material in an object; a quantitative measure of inertia.
Inertial reference frame: 
A region where Newton’s 1st Law holds true.  For example, if your car is moving straight at a steady 30 mph, that would be an inertial reference frame.  Once you apply brakes, it is no longer an inertial reference frame until you either stop or continue at a different steady speed.
Example of an object having large inertia: 
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USS Nimitz:
Length: 332m (1092 feet) 

Beam (width): 40.8m (134 feet) 

Mass: 86,183,000 kg (190 million pounds)
Speed: 15 meters/second (34 mph) 

We suspect this object, having a large mass, would strongly resist a change in its motion.

So if the carrier is moving at 34 mph and shuts its engines down, how far will it drift?  A thousand feet?  A mile?
In turns out that the stopping distance (in a smooth sea) would be about 32 km (20 miles), if no active measures are taken to stop the forward motion of the carrier (such as reversing the engines).

Video clips demonstrating inertia of large objects: 
1. Speed 2: final scene of cruise ship crashing into dock.
2. The Lost World (Jurassic Park 3): similar scene towards end of film where ship crashes into dock.
3. Star Trek: TNG: "Nemesis": scene near end where Enterprise rams alien spacecraft.
Newton's 2nd Law: the Law of Proportionality
The acceleration of an object is directly proportional to the net force and inversely proportional to its mass.
This is more readily expressed mathematically:
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Here, F = the force on the object (in units of Newtons), m = the object's mass (in kilograms), and a = the resulting acceleration (in units of meters per second per second, or meters/second2).

Key points: 

1. A force that results in an object accelerating is an unbalanced (or net) force.
2. The acceleration is always in the direction of the net force.

Definitions:
Force: a push or a pull on an object
Mass: 
a measure of the amount of material in an object; a quantitative measure of inertia
Acceleration: the rate of change of velocity with time
[image: image4.wmf]seconds

 

5

mph

 

300

=

=

a

on

accelerati


[image: image5.wmf]second

per 

hour 

per 

 

miles

 

60

second

mph

 

60

=

=

[image: image6.wmf]elapsed

 

time

change

velocity 

=

=

a

on

accelerati

[image: image7.wmf]seconds

second

per 

 

meters

=


Newton's 3rd Law: the Law of Interaction
For every action there is an equal and opposite reaction.
Key Points:

1. Forces always occur in pairs.
2. If an object exerts a force on a second object, the second object exerts an equal but opposite force on the first.

Often considered the basis of rocket and jet propulsion, Newton’s 3rd Law establishes that you cannot exert a force on an object without the object exerting the same force back on you.
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In rockets, the hot gases in the combustion chamber press against all sides equally.  Water bottle rockets work the same way.  The water bottle acts as the combustion chamber of the rocket.

When the bottle is opened, the pressure on the opposite side of the combustion chamber is now unbalanced and pushes the rocket.  

[image: image10.png]


[image: image11.wmf]ma

F

=



STUDENT WORKSHEET: Conversion . . . Force
Procedure:
1. Set up a conversion table, as shown below.
2. The top row is for the numerator and the bottom row for the denominator.

3. Units desired are placed in the answer column (last column).
4. Units to be replaced are put in the opposing row. (For example, to replace ‘seconds’ in the lower row, in the next column place ‘seconds’ in the upper row.)
5. Multiply all numbers along the same row.

6. Divide upper row by lower row.
Units of Force:  Metric (SI) = Newtons (abbreviated as "N");  English = pounds (lbs)



   There are 4.45 Newtons for every pound.
Calculate your weight in Newtons (N)
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	lbs
	   4.45       N
	=            Newtons

	
	  1.00       lb
	


A rocket weighs 3,471 Newtons (N).  How many pounds is this?

	3, 471     N
	   1.00       lb
	=                      lbs

	
	    4.45       N
	


A payload for the Space Shuttle is 2,880 pounds.  How many Newtons (N) is this?

	
	
	

	
	
	


A NASA patch weighs 0.35 Newtons (N).  How many pounds is this?

	
	
	

	
	
	


STUDENT WORKSHEET: Conversion . . . Weight
Units of mass:   Metric (SI) = kilograms (abbreviated as "kg"); English = slugs

Notes:  Slugs are not often used in measurements anymore.  On Earth we can convert kilograms directly into pounds (of force) by a simple multiplicative constant.  However, this is good ONLY while on the surface of Earth.  You become lighter as you rise from the surface of the Earth, but your mass (the amount of material you are made of) remains constant.



    Each kilogram of mass results in 2.2 pounds of force on Earth.
Calculate your mass in kilograms (kg) from your Earth weight in pounds.
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	lbs
	   1.0       kg
	=                     kg

	
	    2.2        lb
	


The mass of the solid rocket fuel in a booster is 650 kilograms (kg).  How many pounds is this on Earth?

	650       kg
	   1.0        lb
	=                      lbs

	
	    2.2       kg
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The Centaur rocket upper stage weighs 35,000 lbs fully fueled.  How many kilograms (kg) is this?

	
	
	

	
	
	


A piece of equipment on an astronaut's space suit has a mass of 0.65 kg.  How many pounds is this?

	
	
	

	
	
	


STUDENT WORKSHEET: Conversion . . . Length
Units of Length:  Metric (SI) = meters (abbreviated as "m"); English = feet (ft)



   

There are 3.28 feet in one meter.
Calculate your height in meters (m):   

(HINT: If you are 5 ft 7 in, convert that first to feet = 5 7/12  feet  =  5.58 feet.)
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	ft
	   1.00       m
	=                     m

	
	    3.28       ft
	


The solid fuel rocket booster on a Space Shuttle is 46 meters in height.  How many feet is this?

	65         m
	   3.28        ft
	=                      ft

	
	    1.00       m
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The Centaur rocket upper stage is 30 feet in length. How many meters is    this?

	
	
	

	
	
	


The diameter of a small fuel line on the rocket is 0.024 meters.  How many feet is this?  How many inches?

	
	
	

	
	
	


	
	
	

	
	
	


STUDENT WORKSHEET: Acceleration
Understanding acceleration:
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A dragster races ¼ of a mile in 5 seconds.  Its final speed is 300 mph.  How fast did it accelerate?

On average (the acceleration isn't even), the change in velocity is 0 to 300 mph.  The time interval is 5 seconds, so:  
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This means that every second the dragster's velocity increases by 60 mph.  Knowing this, complete the following table:

	Time (seconds)
	Speed

(mph)

	0
	0

	1
	

	2
	

	3
	

	4
	

	5
	300


When we say an object accelerates at 40 m/s2, this is really 40 m/s per second.  Every second the speed increases by 40 m/s.

STUDENT WORKSHEET: Force and Acceleration
Force (thrust) = Mass x Acceleration

Or,

Acceleration = Force ÷ Mass

Example:  

A rocket engine provides 28,913 Newtons of thrust.  The rocket has a mass of 2,350 kilograms.  Calculate its acceleration if it moves HORIZONTALLY (we don’t want to fight gravity yet) on some frictionless surface.
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Solution:

Acceleration = (28,913 Newtons) ÷ (2,350 kilograms)

Acceleration = 12.3 Newtons per kilogram

  


         = 12.3 meters per second per second




         = 12.3 m/s2
That means that every second the rocket’s speed increases by ______.

STUDENT WORKSHEET: Force and Acceleration Exercises
a. Using F = m × a
1. Your bicycle has a mass of 9.1 kilograms.  You accelerate at a rate of 1.79 m/s2.  Calculate the net force that is accelerating the bicycle.
2. The Space Shuttle has a liftoff weight of 2,041,000 kg and accelerates at a rate of 16 m/s2.  Calculate the force (thrust) that is accelerating the Space Shuttle.
3. A rocket accelerates at 56 m/s2.  It has a mass of 800,000 kg.  Calculate the force (thrust) that the rocket engines must supply.
b. Using   a  =  F ÷ m
1. A runner has a mass of 89 kilograms.  He produces a force of 84 Newtons between the ground and his running shoes.  How fast does he accelerate?
2. Calculate the acceleration of a car if the force on the car is 450 Newtons and the mass is 1300 kilograms.
3. Calculate the acceleration of a jet car racing on the Bonneville Salt Flats if the force on it (the “Thrust”) is 500,000 Newtons and the mass is 2,100 kilograms.
STUDENT WORKSHEET: Fighting Gravity!
If we fire a rocket vertically, its acceleration will be a bit less since it must struggle against gravity.   
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For vertical ascent (neglecting air resistance):

        Acceleration = (Force of Rocket – Force of Gravity) ÷ Mass of Rocket
Why?  If the rocket moves vertically, it sees two forces: the upward thrust of 120 Newtons, and the downward pull of gravity, which is just the rocket’s weight, let’s say 13.7 Newtons (which is a mass of 1.4 kilograms).
Solve:

Acceleration  = Force ÷ Mass

Acceleration  = (120 Newtons – 15 Newtons) ÷ (1.4 kilograms)

Acceleration = 75 meters per second per second
Now you try a similar problem:
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A water bottle rocket has a mass of 0.248 kilograms.  On Earth, this is a weight of 2.43 Newtons.  When the water sprays out the bottom of the bottle rocket, it creates a starting thrust of 77 Newtons.  Calculate the water rocket’s starting acceleration:

Acceleration = Force × Mass 

Acceleration = (                  −                  ) × (                )

Acceleration = (                                     ) × (                 )

Acceleration = _________________ meters per second squared
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