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 (
Introduction 
–
 
Structures 
)
	 
 (
A structure can be any number of things that is made out of parts and erected to support or hold something up. Some common structures include your home, bridges, tunnels, 
jungle gyms and buildings.
Building “blocks” for structures can be pipes, cement blocks, or bricks. Structures have to be able to hold up the weight that is put on them, or dangerous situations can occur.
)
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 (
Forces
)


Some definitions:

Mass: is the property of an object that causes it to have weight, depending on gravity.  
In English units, mass is measured in slugs.  1 slug = (lb * s2) / ft.  In Metric units it is measured in kg (kilograms).  The symbol for mass is m.  

Acceleration: is the rate of change in velocity.  In English units, acceleration is measured in ft/s2 (feet per second squared).  In Metric units it is measured in m/s2 (meters per second squared).  The symbol for acceleration is a.

Force:  is a push or pull that can cause an object with mass to accelerate.  In English units, force is measured in lb (pounds).  In Metric units it is measured in N (Newtons).  The symbol for force is F. Mathematically:

F = ma

Acceleration due to gravity:  if two objects of different sizes are dropped from the same height they will both land at the same time. On the surface of the earth, they are both accelerating at approximately 32.2 ft/s2 using English units or 9.81 m/s2 using Metric units.  The symbol for the acceleration due to gravity is g.  The acceleration due to gravity on earth is not the same as the acceleration due to gravity on another planet.      

Weight and Force:  weight is the effect of gravity pushing down on a mass.  The symbol for weight it W. 
W = mg

Now you try it!

1. If the acceleration due to gravity on the moon is 5.3 ft/s2 how much do you weigh on the moon?







2. If the acceleration due to gravity on Mars is 12.2 ft/s2 how much do you weigh on Mars?






 (
Triangles
)


Basic geometric shapes are often used as the building blocks for structures. You have probably seen a square wall or a rectangular door. What about a house’s roof? It is made of materials put together in the shapes of triangles. These are four special types of triangles.
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 (
Right Triangles
)


A right triangle is a triangle that has one 90 degree angle. It can also be found by connecting two opposite corners of a rectangle, and splitting it down that line. Now you have two identical right triangles. One angle will be 90 degrees, sometimes shown with a small square in the corner. The other two angles can be found using a type of math called trigonometry that is based on the Pythagorean Theorem. The length of the sides of the triangle can also be found using this equation. Remember, “c” is always the length of the hypotenuse, the long side. The other two sides, “a” and “b”, can be interchanged.
            [image: ]
In mathematical terms:
a2 + b2 = c2
 (
The Other Three Special Cases
)

Now let’s look at the other three special cases of triangles.
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Equilateral triangles are special cases of Isosceles triangles. In equilateral triangles, all three sides are the same length. This results in a very special property – all three angles on an equilateral triangle are always 60 degrees.
Isosceles triangles are triangles that have two sides that are the same length. The two angles facing both these sides will always be the same angle, although not necessarily 60 degrees. 
Scalene triangles are every triangle that does not have a right angle, and does not have two sides that are the same length. They can be acute or obtuse.
An acute scalene triangle will have its biggest angle (facing the hypotenuse) be less than 90 degrees.
An obtuse triangle will have its biggest angle (facing the hypotenuse) be more than 90 degrees.
 (
The Triangle Relationship - SOHCAHTOA
)

The Pythagorean theorem is very important because it describes a special relationship between the lengths of the sides of a triangle and the angle that is opposite (or opens up) to that length. These relationships are called the Law of Sines, and the capital letter is the angle that opens up to the side labeled with the same letter.

The following equations are known as the Law of Sines: 

(a / sinA) = (b / sinB) = (c / sinC)

(sinA / a) = (sinB / b) = (sinC / c)

The above equations mean that the correlation between the length of side a, over the angle opposite, “A” is the same as the length of side “b” divided by the sine of angle “B”, and is the same relationship between the length of side “c” and the sine of angle “C”.

The following equation is known as the Law of Cosines, it is similar, but not the same as the Law of Sines.

c2 = a2 + b2 – 2abcos(θ)

So what is a sine anyways? Or a cosine? The following acronym will help you remember these rules.

S.O.H.C.A.H.T.O.A.
 (
c
)
 (
a
)
 (
A
)
 (
b
)

SOH stands for Sine equals Opposite over Hypotenuse.
The sine is the ratio of the opposite side to the length of the hypotenuse. It is associated with vertical measurements.
Sin(A) = 
CAH stands for Cosine equals Adjacent over Hypotenuse.
The cosine is the ratio of the adjacent side to the length of the hypotenuse. It is associated with horizontal measurements.
Cos(A) = 
TOA stands for Tangent equals Opposite over Adjacent.
The tangent is the ratio of the opposite side to the adjacent side. It is a very important tool in analyzing circles.
Tan(A) = 
Now you try it!
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1. For the triangle above, calculate the length of side x given that tanθ = 0.4




2. What is the length of the hypotenuse?



 (
Activity – Build the strongest card tower
)

	
We’re going to build a structure using the concepts we’ve learned today. Remember to use your imagination in the design and work together to make the strongest structure possible. 

Rules:
1. You must use less paper clips than index cards
2. The structure must be six inches tall
3. There can only be one fold per index card
4. The structure that holds the most weight after a forty-five minute building period will be the most successful

What can you use? 		50 index cards, 50 paper clips. 
Keep in mind:	 	Your tower must be six inches high! 

Concepts to think about: 
1. Forces and how they affect your design
2. Is it better to throw the weight on your structure or lay it down with your hand? Why?

 (
Competition
 – Strongest Card T
ower
)



Strongest Tower: 	Team whose tower holds the most weight wins. 

 (
Activity – Build the tallest tower
)

	
Now we’re going to build towers. The goal is to be the tallest tower in the competition. Being the tallest does not mean you are the winner! Keep in mind that a shorter, less expensive tower might be more useful. A very tall, very unstable and expensive tower is not the all-around best. The ideal tower is cheap, sturdy, and of course tall. At the end of a forty-five minute building period, we will hold different competitions to determine an overall best-in-construction.

What can you use? 		Pasta, marshmallows, gumdrops, wood sticks, straws
Keep in mind:	 All materials cost money!  Your tower must stand on its own for 5 minutes!
Material costs:	Pasta - $10 each			Wood skewers - $100 each
			Straws - $20 each			Gumdrops - $50 each
			Toothpicks - $30 each		Marshmellows - $10 each
			

 (
Competition – Tallest T
ower
)


Tallest tower: 	Tallest tower. 
Cheapest:		 Least expensive tower.
Bang for Buck:	 Height per dollar spent.
Best in show:		 Everyone votes on their favorite tower (can’t vote on your team’s).
Structural integrity:	 Each team has to move their tower to a new location.
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