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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

Number & Number Relationships

Computation & Estimation

Patterns & Functions

Geometry

Measurement

	Subjects
	Activities
	Content

	Physical Science
	1. Center of Gravity Lab
	Determination of the CG of a meter stick and a meter stick w/uneven mass

	
	2. Calculation of CG for Lab 2
	Mathematical Formula for determining CG applied to Lab 2

	
	3. Calculation of CG for Lab 3
	Mathematical Formula for determining CG applied to Lab 3

	
	4. Percent Error Calculations for Labs
	Formula for determining % error between theoretical prediction and experimental result

	
	5. Pressure Problems
	Set of Problems; Pascals, PSI

	
	6. Water Bottle Rocket: Center of Lateral Area/Center of Pressure Lab
	Create silhouette of rocket to estimate its Center of Pressure

	Mathematics
	1. Center of Gravity Lab
	Determination of the CG of a meter stick and a meter stick w/uneven mass

	
	2. Calculation of CG for Lab 2
	Mathematical Formula for determining CG applied to Lab 2

	
	3. Calculation of CG for Lab 3
	Mathematical Formula for determining CG applied to Lab 3

	
	4. Percent Error Calculations for Labs
	Formula for determining % error between theoretical prediction and experimental result

	
	5. Pressure Problems
	Set of Problems; Pascals, PSI

	
	6. Area Problems
	Solve for areas of rectangle, triangle, ½ circle, and trapezoid

	
	7. Area of Parallelogram
	Graphical solution to parallelogram area


CENTER OF GRAVITY (CG)
In Newton’s Laws we calculated the motion of each object (the rocket, for example) as if it were a single small particle.  Many objects, however, are ‘extended’ objects: they take up more than a single point in space.  Examples are a baseball bat, a meter stick, and a pop bottle rocket, which, for example, can be one to two feet long.  There is a point on each of these objects called the “center of gravity” that moves as if all the weight were concentrated at that location.
Center of Gravity (CG):  The point at which the weight of the object acts.

Geometry plays a big role in determining the location of the center of gravity.  For a uniform shape, such as a square or rectangular flat plate, the center of gravity is the geometric center:
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However, if the plate were NOT uniformly flat, then the CG would shift towards the heavier side:
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The center of gravity is the ‘balance’ point of an object, where the weight to one side is balanced by the weight on the other side.  Three dimensional objects are the most complex.  It’s much easier to see in two dimensions.   A meter stick is a good example (It’s third dimension, width, is uniform.):
The balance point on a meter stick should be at the geometric center, 50 cm.  If the wood is uneven or damaged, then it may be off to one side or the other of 50 cm.

Center of Gravity Activity Lab
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A simple balance can be made using a round pencil (It must not have hexagonal sides.) taped to books stacked to equivalent heights: 

For example: a meter stick, with care, can be balanced lengthwise on the pencil.
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STUDENT WORKSHEET:  CENTER OF GRAVITY EXPLORATION LAB

Lab 1: Find the center of gravity of a meter stick (It won’t necessarily be exactly at 50 cm).

Procedure:

1. Measure the mass of the meter stick.             Mass 
= ________ gms

2. Place the meter stick on your balance and adjust the meter stick until it is evenly balanced across the pencil, not leaning toward either side.  Record the center of gravity (CG) as accurately as you can:








CG 
= ________ cm

Lab 2: Center of Gravity of a non-uniform object--Part I
Procedure: 
1. Tape a small mass (20 or 50 grams) to the meter stick directly over the 85 cm mark. (Be sure it is centered on the 90 cm mark.)  Use transparent tape, but don’t use too much; you don’t want to introduce a large error in weight.
2. Place the meter stick with the weight taped to it onto the pencil balance and use the balance to find the CG of the meter stick with the mass.

CG w/mass@85 cm = _________ cm = A1
Lab 3: Center of Gravity of a non-uniform object--Part II
Procedure: 
3. Tape the same mass (20 or 50 grams) to the meter stick directly over the 95 cm mark. (Be sure it is centered on the 90 cm mark.)
4. Use your balance to find the CG of the meter stick with the mass.

CG w/mass@95 cm = _________ cm = B1

What has happened to the CG over the last three procedures?

Sample Mathematical Prediction of CG
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Predicting the CG: Example

What we know:
The small weight is 20 gms and is located at 85 cm.
The weight of meter stick is 90 gms and the CG is at 50 cm.
There is a formula to calculate the new Center of Gravity CG:

let W = weight and let X = location of the weight.

For us, 

W1 = 20 gms and X1 = 85 cm.
W2 = 90 grams (mass of meter stick) and X2 = 50 cm (location of CG of meter stick).
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  = 56.4 cm = calculated value 

(This is where the meter stick should balance when a 20 gm mass is placed at 85 cm.)
STUDENT WORKSHEET:  Calculation of CG for Lab 2
Try the above calculation using your values from Lab 2:
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cp




W1 = 

(small mass in grams)

X1  = 

(position of small mass in cm)

W2 =

(mass of meter stick)

X2  = 

(CG of meter stick…from Lab 1)
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=  __________ cm = A2
Did this answer come close to your experimental result, A1?  Find the difference between the two answers:
                                             A2 − A1 = ________ cm

STUDENT WORKSHEET:  Calculation of CG for Lab 3
Try the calculation for Lab 3.
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W1 = 

(small mass in grams)

X1  = 

(position of small mass in cm)

W2 =

(mass of meter stick)

X2  = 

(CG of meter stick…from Lab 1)
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Did this answer come close to your experimental result, B1?  Find the difference between the two answers:
B2 – B1 = _______ cm

STUDENT WORKSHEET:  Optional Percent Error Calculations

Optional Error calculation:

Lab 2

1. Find the absolute value of the difference between your answer and the ‘theoretical’ answer:
Absolute value of difference = | A2 – A1| = ________ cm

2. % Error = 
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Lab 3
3. Find the absolute value of the difference between your answer and the ‘theoretical’ answer:

Absolute value of difference = | B2 – B1| = ________ cm

4. % Error = 
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 PRESSURE
As you walk you apply pressure to the floor on which you walk.  The pressure is your weight (a force due to the Earth’s gravity pulling you down) divided by the area of your shoes (or shoe, if you’re standing on one foot!).

Example of Pressure Calculation:  Harold weighs 600 Newtons (about 134 pounds).  His shoes take up an area on the floor of 0.054 square meters (about 84 square inches).  What pressure does Harold exert on the floor?
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       (1.61 pounds per square inch).
You may be more familiar with the English units, pounds per square inch, or PSI.  A bicycle pump often measures air pressure in PSI.  Typical bicycle tire pressures vary from 35 to 70 PSI.  However, the metric system uses Pascals.  In metric units, these same bicycle pressures would be 241,317 to 482,633 Pascals!  Often kiloPascals (Pascals ÷ 1000) are used for convenience, so these numbers would be 241 to 483 kiloPascals (abbreviated kPa).  
You can see that air is capable of applying pressure (a force over a given area) just as you apply pressure to the floor.

Summary of Units:

	Metric
	Symbol
	Conversion
	English 
	Symbol

	Pascals (Newtons per square meter)
	Pa
	1 PSI = 6,895 Pa
	Pounds per square inch
	PSI

	kiloPascals (thousands of Newtons per square meter)
	kPa
	1 PSI = 6.895 kPa
	


STUDENT WORKSHEET: Pressure
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1. Edward weighs 453 Newtons.  His shoes cover an area of 0.051 square meters.  Find out what pressure Edward exerts on the floor.  Don’t forget to write down the units you are using (remember, Newtons ÷ square meters = Pascals)
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2. Ellen weighs 91 pounds.  Her shoes cover an area of 75 square inches.  Find the pressure Ellen exerts on the floor.  Write the units.

3. Convert your answer in Problem 2 from PSI into Pascals.

4. A seamstress presses on a needle with a force of 10 pounds.  The needle tip has an area of 0.000016 square inches.  Find out the pressure the needle tip exerts on the fabric.

5. Compare the answer in problem 4 to the answer in problem 2.

Write these values down:

Ellen’s weight = 
_______ lbs

Area of shoes = 
______ sq. in.

Force on needle = 
_______ lbs

Area of needle = 
______ sq. in.

What do you think is the key factor in the amazingly large difference between the two answers, the force or the area?

CENTER OF PRESSURE (CP)

Now we are ready to discuss the Center of Pressure.
Center of Pressure (CP): The point considered to be the “aerodynamic center.”  Aerodynamic forces (forces due to moving air) acting in front of this point are equal to aerodynamic forces acting behind the point.
What’s important about the CP?  Place the CP below the Center of Gravity (CG) on a rocket and the rocket is stable as it flies through air. (Why isn’t this important in space?) This is because objects (like rockets) pivot about their CGs.  If the wind force is greater below the CG, then the rocket will be forced to point into the air flow as it climbs upwards.
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An unstable design will have the CP in front of the CG, causing the air to turn the rocket away from its flight path.  The rocket usually spirals out of control.  Note the smaller fins.  Why do the smaller fins cause a problem?
Unfortunately, the Center of Pressure (CP) is not as easy to measure as was the Center of Gravity.  Forces due to moving air are complicated by drag forces as well (discussed in Section 103).  The best way to find the Center of Pressure is by using a wind tunnel.  However, there is a way to estimate the CP.
Make a two-dimensional tracing of the rocket (a silhouette) on a piece of cardboard and cut out the shape.  Hang the cardboard cut-out by a string and determine the point at which it balances.  That point is sometimes referred to as the Center of Lateral Area (CLA).  
For simple rockets, it is roughly the same as the Center of Pressure (CP).  In general, the CP and the CLA are fairly close on rockets that are shorter and wider (such as pop bottle rockets) but not as close on long skinny rockets.  A definition of the CLA is:
Center of Lateral Area (CLA):  the point along the rocket where the wind forces on either side are equal.
How does balancing a cardboard rocket on a string give you the CLA?  Wind force depends on area: the larger the area, the greater the wind force.  But area is also related to the weight of the cardboard silhouette.  A region with a larger area will weigh more.  So by balancing the weight to either side of the string you balance the area…which balances the wind forces.

For additional information on the Center of Pressure, see the following website: http://www.grc.nasa.gov/WWW/K-12/airplane/rktcp.html
CENTER OF PRESSURE - CENTER OF LATERAL AREA LAB: 

Water Bottle Rocket
Purpose:

To determine the Center of Pressure on a water bottle rocket.

Materials:

Soda pop bottle with nose cone and fins (1 Liter or 2 Liter)

Cardboard

Pencil

String

Procedure:

1. Make an accurate tracing of your bottle rocket onto the cardboard.

2. Cut out the shape on the cardboard of the rocket’s “silhouette”.

3. Make a loop in the string and secure the cardboard rocket shape in the loop.

4. Move the loop along the cardboard until the front and back of the “rocket” is balanced.

5. Mark the spot where the loop is located and label it as “CP”.

6. Stand the cardboard silhouette next to the actual bottle rocket and accurately transfer the CP spot to the actual rocket (you may need a marker for the plastic).  If you have previously determined your CG, you can now tell if your rocket will be stable.  If not, refer to the Center of Gravity page for instructions. 


STUDENT WORKSHEET: Calculation of Area
Areas are in units of length squared (in2, ft2, cm2, meters2, etc.)

	Shape
	Description
	Area Formula
	Additional Comments

	Trapezoid
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	Quadrilateral with one pair of parallel sides


	Reduce the object to rectangles and triangles and use those formulas
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	Parallelogram
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	Quadrilateral with opposite sides parallel
	Place on a grid, restructure to form rectangle.  Instructions below.
	Rotate so two sides are horizontal:

	Rectangle
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	A parallelogram whose angles are all right angles
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	Right Triangle


[image: image20.png]



	One interior angle is 90o
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	Semicircle
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	Half a circle


	
[image: image23.wmf])

(

2

2

1

r

Area

p

=


	
[image: image24.wmf]1415927

.

3

=

p




STUDENT WORKSHEET:  Sample Area Calculation of Trapezoid 

Given a trapezoid with the following dimensions, find its area:
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Break up the trapezoid into a rectangle and a triangle:

[image: image26.png]|5




We now have a rectangle of dimensions 2 m by 5 m.
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We also have a triangle whose base = 2 m and whose height = 5 m.
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Add the rectangle and triangle areas for the answer:
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STUDENT WORKSHEET: Area Calculation

1. A rectangle has sides of 4 meters and 9 meters.  Find the area.

a. 3.6 meters2
b. 40 meters2
c. 36 meters2
d. 32 meters2
2. A triangle has a base of 2 meters and a height of 5 meters.  Find its area.

a. 10 meters2
b. 5 meters2
c. 1 meter2
d. 100 meters2
3. A rectangle has a base of 23 cm and a height of 34 cm.  Find its area.

a. 782 cm2
b. 57 cm2
c. 805 cm2
d. 600 cm2
4. Find the area of a triangle with a base of 3 cm and a height of 6 cm.

a. 5 cm2
b. 18 cm2
c. 9 m2
d. 9 cm2
5. A semicircle has a radius of 4 feet.  Find its area.

a. 16 ft2
b. 12.6 ft2
c. 50.3 ft2
d. 25.1 ft2
6. A semicircle has a radius of 34 cm.  Find its area.

a. 1816 cm2
b. 1156 cm2
c. 3632 cm2
d. 53.4 cm2
7. Find the area of the trapezoid shown below:

a. 60 m2
b. 12 m2
c. 13.5 m2
d. 20 m2
PARALLELOGRAM AREA LESSON

Objective:

Determine the area of a parallelogram, using a grid, by discovering that it can be reformed into an equivalent rectangle.

National Math Standards:

Problem Solving

Reasoning

Connections

Number & Number Relationships
Computation & Estimation

Patterns & Functions

Geometry

Measurement
Materials:

Pencils

Scissors

Tape

Student worksheet



Time:

About 40 minutes

Procedure:

1. Gather the materials listed above, collecting enough for each student. 

2. Have the students create two trapezoids from the parallelogram, as shown below.

3. Have the students cut out the two trapezoids and reform them into a familiar shape (an “equivalent” rectangle).

4. If the students need help, suggest they slide the left trapezoid to the right of the figure.

5. Have the students count the squares of the grid to determine the sides of the equivalent rectangle and compute the area.

Process:
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STUDENT WORKSHEET: Area of Parallelogram
Figure 1: Parallelogram

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


1. First cut out the parallelogram in the diagram below (along the thick black lines), then cut along the dotted line to create two trapezoids.

Figure 2: Parallelogram redrawn as two trapezoids

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


2. Move the two trapezoids until you come up with a shape for which you can calculate the area.

CG
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